NBER WORKING PAPERS SERIES

SORTING CUT THE DIFFERENCES
BETWEEN SIGNALING AND SCREENING MODELS

Joseph Stiglitz
Ardrew Weiss

Technical Working Paper No. 93

NATIONAL BUREAIJ OF EQONCMIC RESEARCH
1050 Massachusetts Avemie
Cambridge, MA 02138
November 1990

Any opinions expressed are those of the authors and not those of the National
Bureau of Econamic Research,




NEER. Technical Working Paper #93
November 1990

SORTING OUT THE DIFFERENCES
BETWEEN SIGNALING AND SCREENING MODEIS
ABSTRACT

In this paper we analyze games in which there 1s trade between informed
and uninformed players. The informed know the value of the trade (for
instance, the value of their productivity in a labor market example); the
uninformed only know the distribution of attributes among the informed. The
informed choose actions (educaticn levels in the Spence model); the
uninformed choose prices (wages of interest rates). We refer to games in
which the informed move first as signaling games — they choose actions to
signal their type. Games when the uninformed move first are referred to as
screening games. We show that in sequential equilibria of screening games
some contracts can generate positive profits and cthers negative profits,
vhile in signaling games all contracts break even. However, if the
indifference curves of the informed agents satisfy what roughly would amount
to a single crossing property in two dimensions, and some technical
corditions hold, then all contacts in the screening game break even, and the
set of outcomes of the screening game is a subset of the cutcomes of the
corresponding signaling game,

In the postscript we take a broad view of the strengths and weakness of
the approach taken in this and other papers to problems of asymmetric
information, and present recammendations for how future research should
proceed in this fleld.
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In recent years a good deal of interest has focused on markets with
asymmetric information in which some of the participants have information that
the other participants sesk to acquira., Often informacion can be infarred
from the actions taken by the informed participants, The uninformed may try
to induce the Informed to take actions that convey information and the choices
of the informed are influanced by the fnformation conveyed by those choices,
Of coursa, actions also directly affect the payoffs of both the informed and
uninformed, In generas] the actions taken and the information transmitted is
likely to be sensitive to details of the econoaic environment. We shall focus
on one aspect of the economic anvirorment: whether informed agenta move before
or after uninformed ngentn.l

In models of markets with asymmetric information the equilibrium outcomes
ara sensitive to assumptions about how participanta react to previous moves,
It sesns reasonable to assume that individuals react optimally; however, the
definition of an optimal reaction is likely to depend on the sconomic context

of the problem being snslyzed. We shall specify below what we mean by optimal

* This paper was first written in June 1981, We have revised it slightly for
this volume to take into sccount recent developments in the literature. We
were surprised to find that the points we made at that time are not totally
irrelevant to the ongoing debate on these {ssues. The postscript and various
footnotes comment briefly on some {ssues that have arisen since we wrote this
paper.

1 Throughout this paper we restrict our analysis to competitive environments.
Clearly, squilibrium cutcomes in non—competitive environments will differ
markedly from those in coapetitive environments,
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reactions: clearly optimal reactions can depend on the beliefs of the peopla
Eoing second concerning vho made a particular mOve,

In luch.nﬁpllod rassarch on markets with asymastric information thse
informed move first. These models includs the Stiglicz [1982) and
Bhattacharya [1980) models in vhich (informad) firms issus dividends that
convey information about the trus profitability of the company to investors
vho are uninformed; the Milgrom and Roberts[1982] and Salop [1979) nodalas in
vhich firms know their cost functions and chooss & price which signals their
production costs to potential sntrants, who are uninformed; and the Welsgs
[1983]) model of educatfon in which individuals, vho know thair own abilities,
chooss a level of schooling which signals their Productivity. All of these
modsls share the characteristic that the informed parﬁlclpnntl move first,
choosing a price, education level or dividend policy, and the uninformed then
respond. The actions that the informed agents take may or may not fully
reveal their private information. Typically thesa models generate a
multiplicity of equilibria including some in which all the informed choose the
sans action (pooling equilibria) and some {n vhich they each choose different
nctlonl-(loplrltlng equilibria). Consequently models of this sort can be used
to axplain vhy individuals Bo to school, even {f schooling is unproductive, or
vhy firms pay dividends, despite the adverse tax effects of that practica.z

On the other hand, in some models unreasonable equilibris saerge that
seem due to peculfarities of the model or the definition of equilibriunm
employed rather than the underlying structure of the markets. For example,
suppose that firms belisve that if anyons chooses other than 8 years of
education that person has zero productivity, then equilibrium will be

characterized by all ind{viduals choosing 8 years of education. These belfefs

2 The literature arguing that dividends are paid because they provide a signal
concerning the firm’'s net worth is, however, not completely persuasive,
Presumably, buying back shares would pProvide an equally effective signal, ac
much lower cost. On the other hand, we show below that there may exist
signalling equilibria vhich are far from Pareto efficient. Perhaps the
dividand signalling equilibriua is a dramatic example of this,
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are unreasonable. Or suppose investors believe that any company choosing a
dividend pay out rate below 54 of net asset value i{s in {mminent danger of
bankruptcy and valus the stock accordingly, then ona equilibrium is
characterized by all lolv;nt firms paying a 5% dividend.

Parallel to the treatment of markets in vhich informed agents move
first—make chofces to vhich the uninformed respond—have basn analyses of
markets I{n which the uninformed participants move first. Early treatments of
this problem were by Stiglitz {1975] Riley [1977,1979], Rothschild and
Stiglitz [1976] and Vilson {1977].3 1In the Stiglitz and Riley papers
uninformed firms offer wage contracts—a wage conditional on an education
level—and informed i{ndividuals react to those vage contracts by choosing the
education level that maximizes their utility. In the Rothschild-Stiglicz-
Wilson papars uninformed insurance companies offer contracts and customers
choose their most desirable contract given their probability of an accident
and their risk prufetencel.k

We refer to models in which the informed move first as signaling models—
the more desirable informed agents signal who they are.’ Ve refer to models
in vhich the uninformed move first as screening models—contracts are designed
to screen the more desirable agents from the less desirable ones. One quality
shared by signaling and screening models f{s that they generate surprising and

often counterintuitive results. In signaling models thare are often multiple

3 The order of moves {n the Spence modal [1973,1974] is somevhat anbiguous.
Spence [1976] interprets Spance {1973]as the {nformed agents choosing
education lavals before firms make wvage offers. One could also view the
original Spence modal as a simultansous move gams,

4 Bhattacharya [1980], Weiss[1980], Gausch and Welss {1980,1982}, and Salop
and Salop [1976§}, Lazear and Rosen [1981] and Nalebuff and Stiglitz [1983]
anong others have modaled labor markets vhere uninformed firms first offer
wags contracts and individuals then apply to the firm offering the most
advantages contract given their characteristics.

5 Since we first circulated this paper this terminology has become
comoonplace. Spence {1976] refers to a model in wvhich the informed move first
as & passive response modal.
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(optimal resction) oquilibria, some of which seem implausibls; in scTeening
wodsls s pure strategy equilibrium oftsn doss not exist.® That 1s, thers is
no sst of contracts offered by all the uninformed agents that would not induce
at least one uninformed participant to offer a contract different from the one
assigned him. Thus {t would sppear that the set of outcomes whan the
uninformed move first iy o subset of the set of outcomes whan the informed
move first (a claim along these lines vas aada in Spence [1976] in the context
of active and passive ressponses to signals.) This conjecture turns out not to
be strictly correct. 1In particular when the uninformed move firse
(sequential) equilibrium outcomes may bs characterized by some contracts
generating positive profits and others generating losses for the uninformed.
Theas outcomes cannot arise when the informed move first, Only when the
paramater valuss of the problem are such as that these contracts are not
offered in equilibrium, are we able to prove an Inclusion relacionship,

In the screening literature the equilibrium notions customarily used
isplicitly impose optimal reactions by the {nformed agents to any contracts
tﬁut are offered (wvhether in equilibriuam or not). The signalling literaturas
faces a more difficulc problem: finformed agents (wvho mave fitst) must make an
Inference about how the unlﬁforued agents will respond to any action
(including any out-of-equilibrium action) they taks. What are the "optimal"
Tesporses of uninformed agents depends on the inferences they draw, and {t {s
not always clear what those Inferences will, or "should”, be when there are
heterogenaous agents. This s particularly true for "out of equilibriug®
actions; for the theory predicts that no rationsl agent will take those
actions, Consequently, in the signaling literature the optimal reaction
assumption is not always imposed (for example, it is not present in Spence's
signaling modals,) .

In this paper we define optimal reaction oquilibria for both acreening

and signaling models. For acreening models the optimal reaction equilibria

6 Ses Rothachild-Stiglitz [1976], Guasch and Wolss (1980, 1982), Bhattacharya
(1980) and Riley (1979} for examples of models in which equilibria fail to
exist,
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ars subgame perfect or Stackslberg equilibria with the uninformed as lesadars
and tha informed as followers. (They can also ba described as two stage gamos
in vhich the uninformed move first.)

For signaling models, optimal reaction equilibria are roughly squivalant
to ssquential equilibria appropriately wodified to allow for continuous action
spaces. Following Kreps—Wilson {1982] ve implicitly assume that all
uninforwed agents have the same balfefs and that they resct optimally given
thess beliefs, (and the strategies of all agents) to the obsarved actions,
Beliefs assign to each action a probability distribution of agents taking fit,
and have the following properties:

(a) the l(ullibrlun combinatfon of strategies and beliefs cannot
contradict one another: 1if the equilibrium strategy combination calls for
only player { to choose action & then uninformed agents sesing action a mugt
beliave that it was chogen by player I:

(b) If'out of equilibrium actions were to bs observed, uninformed agents
could not believe that those actions were taken by sgents that are not present
in the econoay or by agents for whom they are not feasible;

{c) beliefs cannot be contradicted by the observed distribution of
actions. For instance, suppose there are two equsl sized groups I, and I, of
informed individuals, Members of groupa I, have single feaszible action &,
(the only inference consistent with the observation that precisely half the
informed chose a; is that actions other than ay were taken only by members of
group I,y).

As ve shall see in the examples in section 2, assumption ¢ is quitae
strong. However it is necessary if beliefs are to satisfy Bayes Rule. These
restrictions on beliefs motivate the restrictions we place on strategies vhen
ve formally define optimal reaction equilibria. As one might expect, in many
models there will be several optimal reaction equilibria. On the other hand,
the optimal reaction restrictiona elininate some of the least reasonable Mash

equilibria in the same way they are eliminated by imposing sub—geme perfection




or loquantlality.7

The principal result of this Papsr ia that if we resstrice ourselves to
sconomies in.vhich the only contracts realized {n oquilibrium are onss that
break sven, than the s;t of outcomes of ths optimal reaction equilibria when
the uninformed move first are a subset of the optimal reaction equilibria whan
the informed move first. But the restrictions needad to eliminace positive
profit contracts aras surprisingly strong.

This result can best be undarstood by considering reasonabls reactions to
out-of-equilibriua moves in each Zams. VWhen the uninformed move first, tha
optimal reactions of the inforsed to out-of—equilibrium moves sra dictated
solely by the preferences of the inforwed agents. When the informed move
firsc, howsver, the optimal reactiona of the uninformed to out-of—equilibrium
movas dapand on their belisfs about which agent(s) took those moves as wall as
on their preferences. Hence, thers is more leeway for "bad" reactions to out-
of-equilibrium moves when the informed move first than when the uninformed
move first.

In an optimal reaction equilibrius when the uninformed move firat
unreasonibla reactions are pracluded. The informed always choose their most
desirable contracts from the get of contracts being offersd: and the
uninformed know this. Hence the uninformed have no uncertainty about the
satching of {nformed Agents to actions {n responss to any set of contracta,
Profit maximizing behavior by the informed precipely determines the actions
that would be chosen in Tesponse to all price schedules, including those not
offered {n equilibrium.

When the {nformed move Firat {t {ia possible for the uninformed to believe

that {f an out-of-equilibriun action were chosen, that it was chosen by the

7 In many gase theoretic formulations of general signaling games stronger
restrictions on beliefs are imposed such as the Cho and Kreps intuitive
criterion, or Divinity or Universal Divinity in Banks and Sobel. There is
Some controversy over whether thege stronger restrictions are not too strong.
We have chosen to maks weak assumptions about beliefs and allow the reader to
drav upon tha particular features of the market(s) that i{nterest him to
juscify stronger restrictions on beliefs,
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least desirable informed agent. These pessimistio beliefs could detar
informed agents from departing from their assigned actions. Consequantly by
alloving for psssimistic beliefs, outcomes that are precludsd in the optimal
reaction equilibria when the uninformed move first may be sustained as
squilibria when he informed move first. Since pessimistic beliefs hurt
informed agents taking ths action to which those baliefs apply, we considar
those belisfs as punishing the agents taking tha associated out=of-equilibrium
action, and thus enforcing the aquilibriua.

I. A GENERAL MODEL

In this section we describe the general class of marksts with which wve
are concerned. Because the structure of the modsl depends on the order in
which moves occur, we postpone our discussion of the strategies of players in

each gane (inforwed moving first, uninformed moving first and sioultaneous

moves) until after we have described the preferences and available actions and
information of the participants. We will allow agents to only pursue pure
strategiss,

There are finite sets I and X of {nformed and uninformed agents
respectively. Sets I and X each have at least 2 meabers. Informed and
uninformed agents trade with one another, and the terms of trads can be
predicated on the action taken by an informed agent.

Bach informed agent ! chooses an action & ¢ Ay, whers all Ay are compact
sets in B", We dofine A as U Ag. Action 2 has cost cla,(1}) ¢ Rl for agent i1,
Ve refer to all informed agents with the same feagible sat A and gsame
c(a,(L}) functions as being the same type. Each informed agent makes one
transaction (e.g. chooses a lavel of education and works for a single firm.)

Thers are constant returns tc scale {n transactions for uninformed
agents, so the nuaber of trades an sgent makes does not directly affect his
net payoff per transaction. Each uninformed agent k chooses a price p for

each action & ¢ A% The price p is the wmonetary transfer from the uninformed

8 This is a restriction on the strategy space of uninformed agents. For
instance, it rules out strategies fn which the uninformed agent fixes the
ratio of the nuabers of trades he is willing to engage in at different prices.
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to the inforwed, and say be negative. Uninforsed agents are uninformed only
about the identity of the informed. If an action is feasible for mors than
ons inforwed sgent, uninformwed agents cannot discriminate among agents
choosing that sction.

Ve allov uninforwed agents to be sither buyers or sellers—so that prices
refer sither to the pricaes they pay as buyers or the prices they receive as
ssllers, (When the uninformad ars sellars P 1s typically negative.) 1In
sorting modsels of the sducation—eaployment aarket, uninformed firms are buyers
of labotr services. The action is an sducation level chosen by individuals,
and the price is the vage that a fira offers to pay workers with a given
education lavel, The reader will find {t helpful to keep the education
sxaaple in mind throughout most of this Paper. In the Rothschild-Stiglitz and
Wilson models of the insurance markst, uninformed insurance companies are
sellars ofrlnsurlncn. The action is the amount of insurance customers demand,
and the price {s the cost of insurance for a4 Ccustomer demanding a given amount
of coverage, and ~c(a,{1]) 1is the value {ndividual { places on "a" units of
insurance covarages.

The' expected value to an uninformed agent from a trade with an informed
agent randomly selected (with equal probability) froam the set J choosing
action a is #(a,J). In the education example #(a,(1)) 18 the expected value
of the labor input of individual I with "a* years of educatfion.” The expected
payoff of this trade for an uninformed agent offering price (vage) p for that
action s #(a,J)-p. The uninformed are buysrs: p is the wage and #(a,J)-p 1s
the fira’s expected profit per worker hired with sducation level "a” and paid
vage p. When the uninformed are sellers, #(a,J) s gensrally negative and
refers to the cost of providing the good (or service) to a buyer that is
randoaly selected from set J. However, we would again emphasize that the

paper can be most easily followed by keeping {n mind the education example in
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vhich the uninformed are firms hiring vorkers, the actions are sducation
levels chosen by workers, and the prices are the wvages paid by firms to
workers,

To snsure that thers alwvays exists a *best” action or set of actions for
informed agents, so that payoffs are dafined for all combinations of prices,
ve impose the technical restriction that any price schedule offered by an
uninformed agent must be upper semicontinuocus.

The preferences of agents are to maximire their axpected plyoffs.9 This
{mplies that informed agents always trade with the uninformed agant offering
the highest price for their selected actions. The payoff for informed agent i
choosing action & vhan p is the highest price offered for action a is
P - c(;, 1). 1In the education employment example this {s the worker's vage
net of his cost of education. We adopt the following tie-breaking rules: if &
uninformed agents are offering the maximum price (vage) for action (aducation)
a, an informed agent choosing action a trades with each of thea with
_ probabilicy 1/k. If the net payoffs for contracts offered in aquilibriua are
identical at two or more differant actions, wve assume that informed agents
choose thie action at which the profits of the uninformed are highest. Finally
we assume that an agent participates in the market 1f and only 1if the expected
payoff from participation is greater than or equal to zaro. .

There is comaon knowledge about the parsmetors, and distribution of
agents in the economy. In particular, all agents know the slements of I, each
Al' and for Va the values of c(a,(1)), and #(a,(L)).

CASE 1: UNINFORMED AGENTS MOVE FIRST

In this case the uninformed choose a price schedule, the informed then
choose actions. Finally each informed agent automatically trades with thg
uninformed agent(s) whose contract ylelds the highest payoff to that informed
agent (with ties broken as above.) We shall not allow the uninformed agents

to predicate the price schedule they offer upon the subsequently observed

9 These are simplifying assusptions. Our results are valid for a more general
class of preferences v(a, i, p) as would be required in the insurance example.
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diatribucion of realized actfons of the inforwed n;ontl.lo Thus the strategy
of uninformed agsnt k is the price schadule PLiA Rl, . spacifies the
price the ktB agent offers to any informed sgent choosing action a. The upper
snvelope of these price schedules {s an uppst semicontinuous function danotad
by P; that is, Va, Pfa) = -tsz(cJ. Since the informed agents undsrtaking

action a alvays trads with the uninformed agent offering the highest price for
the actfon, trades will only occur along ths price locus P,

The strategies of informed agents are potentially more complicated: they
observe all the prices offared befors choosing an action (though only the
upper envelope of those price schedules ia relavant for their payoffs.) Let Il
denote the set of feasible coabinstions of price schedules and x be an alement
of I. Then a strategy combination for informed agents is described by a
function f; IxO-+A; £(i{,x) describes the action chosen by agent ! when the
combination of price schedulea x obtains, f'l(l.x) denotes the set of informed
agents choosing action & under f when « is the combination of price schedules
befng offered. For any aet of price schadules » and strategy combinatfon of
inforned agents, the set of actions a for which

£l (l,is is non—empty {8 denoted by 4.

Definition 1. A Nash equilibrium vhen the uninformed move first Is a

combinacion of strategies (P;..P:,f*} such that, glven the strategies of all

other players, no uninformed agent k could Increase his expected payoff by

offering a price schedule ikﬂ Pkf and no {nformed agent 1 could Increase his

* w L &
payoff by choosing an action a m £ (i.xj. where s = (Pl"'Pk)'

This definitfon of equilibriua Places no restrictions on the reactions of

informed agents to combinatfona of price schedules other than n*.

10 If the uninformed were able to make the price they offer for actfon a be a
function of the distribution of actions taken by the informed, the distinction
between the informed mwoving firat and the uninformed moving first would be
blurred, By Precluding contingent contracts of that form we preserve the
distinction between the informed moving first and the uninformed moving firsc.
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In the context of the education examplas, suppose Vi #(8,1)-c(8,1) > 0,
One Nash aquilibrium would be for (uninformed) firms to offer a vage equal to
the average productivity of a randosly selected worker if all workers wers to
hava 8 ysars of schooiin;. and a zero vage to any worker choosing other than 8
years of schooling and for all (informed) individuals to choose B years of
sducation regardless of ths vage offers of firms. Nots that any {ndividual
choosing other then 8 years of education is worse off than {f he had chosen 8
years of education, vhile no firm is better off by offering a positive vage
for education levels other than 8 since no individual choosas sducation levels
different from 8 years.

Clearly this equilibrium {s unreasonsble. Analyses of models of
asymsetric information when the uninformed move first have aliminated
equlllbrl; of this sort by implicitly or explicitly imposing an optimal
reaction assumption., Optimal reactions such as those genarated in a
Stackelberg or subgame perfect equilibrium of this game assume that vhatever
price schedules are offered, each informed agent must resct by choosing the
action that maximizes his expected payoff. These reactions are anticipated by
the uninformed agents before they offer contracts; hence, they determine
responses to possible out—of-equilibrium moves. The reasoning behind this
restriction is chat it i{s reasonable to expect the informed agents to choose

actions vhich yleld the maxioum payoff for any price schadule.

#

Dafinitton 2. (P)....P . £ | is an optimal resction equillbrium when the

1.
W
uninformed move firsc (ORUF) if (P)....P., f') satisfy the conditions for a

Nash equilibrium and Vie I, x o, f*(l,l)- 4 ¢ ArE max (P*(a) - cl{a,l)). If
ach
i
arg aax (+) has more than one member, agent 1| chooses the action in that sect
aca
i

vhich maximizes #(a,1) - P*(a). If several of those actions maximlze

f(s,1) - P*(-) they choose sach with equal probability.

Tha ORUF coincide with the sub-gane parfect eaquilibria. The additional
restrictions imposed by ORUF are particularly compalling since they only

eliainate equilibria vhich use dominated strategies.
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CASE 2. INFORMED AGENTS NOVE FIRST
In this cass the informed first chooss actiona. The uninformed then
offer price schadules. FPinally, each informed agent automatically trades with
the uninformed agent whoss contract gives the highsst payoff to the informed.
For example, individuals first go to school, firms then offer vages
condicional on years of education, and, finally, each individual goes to work

for the firm offsring the highest vage given the selectad level of education.
Since the informed choose their actions bafors the uninformed choosa price
schedulea, the actions of the informed agents cannot depend on the price
schedules of the uninformed. For this game we shall let ¢ denote a strategy
coabination for the informed agents; p:I - A, Thus ¥(I)} describes an action
chosen by agent 1, and f'l(a) denotes the set of agents choosing action a.

The set of actions for which ¥(I} 13 non—eapty is denoted by A. (The use of
the same notation as in case 1 eases the exposition.) On the other hand the
uninformed agents chooss prica schedules after having observed the
distribution of realized actions of the informed agents. Lat T denote the set
of observable distributions of the actions of the informed agents, t ¢ T, i3 a
particular observed distribution of actions.

Turning now to the strategles of the uninformed agents, let py denote the
Price offered by agent k to any informed agent chooaing action "a® when the
distribution of actfons is &, so that Pyt AT *Rl. That 4s, for each t«T,
agent k may choose a different upper semi—continuous price schedula. Note
that a price may be offered for actions which were not chosen; thoss prices
are irrelevant for the equilibriua payoffs but do affect whether a strategy
combination 1s an equilibrium.

Definition 3. A Nash equllibrium when the Informed move first [s a
combination of strategles lpI...p;.iil such that, given the stratagies of
all other agents, no uninformed agent k could increase hils expected payoff
by offering & price scheduls ;ki P and no Inforwed agent ! could Increase

such that a » ¥ (1).

his payoff by chocwing action P 1
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As in the previous gams the Nash definition allows for unrsasonabls
equilibria. Ve shall now apply the logic bshind the Kreps- Wilson notion of a
ssquantial aquilibriua to defins an optimal reaction squilibrium for this
ga.-.ll We consider reasonable restrictions on p(.), the maximum price
offered by the uninformed agents in response to different actions. The
motivatfon for the restrictions we fmpose is:

a) All the uninformed agents have the same beliefs about the probability
discribution of agents choosing an out—of-equilibriun action, i{f such an
action wvare obsarvad;

b} these beliefs are consistent with the feasible action spaces of each
informad agent and the observed distribution of actions, t.

Definition 4. An optimal reactlon equilibrium when the inforwed agents
wove first (ORIF) is a Nash aquilibrium with the additional property that

vacA, teT, p(n,t) = min !(a,fl ) Vhere fa ¢ 19 any non-eupty subset of

I"tCI

the Informed agents for whom action a Is feasible, and Tu ¢ choosing a is

conslscent with having observed ¢t.

In the context of the education example, the definit{on of ORIF precludes
the highest wage offers made for ocut—of-equilibrium education levels being
below the valus of the lowest labor {nput that any worker could possibly

achieve at that education level.

In the apecial case where A {s dizcrete, the cutcomes of the set of ORIF

coincide with the outcomes of sequential equilibria. (Saquential equilibrium

11 WVhen the informed move first there are no proper subgames. Consequently
subgane perfection does not reduce the set of Nash equilibrias.
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is not defined when 4 {s continuous.) Our definition svoids both the
additional notation required by beliefs in Kreps—ilson and the complaxicy

inherent in applying their concept to games with continuous action sp.c.s.lz

II. SOME EXANPLES

We can most readily show how the ordering in which players move affects
the tradss resalized as optimal reaction, or Nash, aquilibria through a serfes
of siople examples. These examples are {ntended to serve as pedagogical tools
to {llustrate some probleas that have arisen in analyses of marksts with
asymsatric information, Since tha point of these axamples £3 purely
illultrnt%va. ve shall not describe the outcomes for every definition of
equilibrium and ordering of moves. To ease the notation and shorten the
exposition, when no confusion would result, wve shall use the notation pk{a)
and p{a) to describe price offers that are independent of the observed
coubinations of actions. (When the notation p(a) i3 used for a gans {n which
the informed move first, the reader should assume that all uninformed agents
are offering the same price scheduls, and the strategles of the uninformed
agents .are such that prices ars {ndependent of the observsd distribution of
actions.) This section can be skipped without loss of continuity. Interested
readars may vish to glance at exanple 4 where positive profit contracts are
outcomss of ORUF equilibria.

Example 1.

The first example {llustrates cases in which thers are Nash equilibrium
of both the signaling and screening modele that are clearly unreasonable.

There are two types of informed agents I) and I,. A type I; agent can only

12 The restrictions we have imposed on the strategies of the uninformed in the
ORIF equilibria are quite weak, yet, as we shall ses, they are not sufficfient
to generate the subset relationship ORUF c ORIF conjectured by Spence. CGCho
and Kreps {apose stronger restrictions in a somewhat different signaling game
and show that given their restrictions the outcome when the informsd move
first coincides with the outcome when the uninformed move firat (1f the latter
exists).
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choose action ay. A type I, agent can choose sithar action 4) or a5, All
actions are costless. The expscted valua te an uninformad agent of trading
vith a randomly selected typs I agent choosing action J is danoted by 'jl‘
The expected valus to an uninformed agent of trading with a randomly selected
individual choosing action o when that action {s chosen by the entire
population is ¥,.

Supposs 0 < 4,4 < 71 < #;) < #33. Thus the uninformed value trade with
a type 2 informed agent choosing action a7 more highly than with a ctype 1
informed agent choosing action #4;. They also valua a trade with a type 2
agent choosing action a, more than if that agent chose action a;. One
chlractorlzltlﬁn of the moves in a Nash equilibrium, regardless of who moves
first, ia for both informed types to choose action #), and for the uninformed
to offer prices p(ay) = 71 and P(23) - 0. The strategies of the agents {n
esach gane are to make these moves regardless of any observation of the moves
of other agents. An uninformed agent offering Pk(‘l) > il would generate
lossesn, Pk(nl) < 71 would not attract any informed agent-.?k(az) » 0 would
also not attract any informed agents ——recall that the definition of Nash
equilibrium holds the strategies of all other agents fixed, and all informed
agents are choosing action a; regardless of the observed prices. Similarly no
informed agent gains from deviating from action a) given the equlilbrlum
contracts offered by the uninformed. Although the strategy choices of the
uninformed satisfy the criteria for a Nash equilibrium they seem unreasonable.
Only type 2 agents can chooss asction 45; ons would {magine that in equilibrium
they would choose that action and be appropriately revarded. A more
reasonable combination of moves that {s also sustained as a Nash squilibrium,
regardless of which agents move first, is for the type 1 informed agents to
choose action 1, type 2 to choose action 2 (again these choices are made
independently of observed prices) and for uninformed agents to offer prices
P(a)) = 1), p(ay) - #p;.

When the uninformed move first, there {s also a positive profit (albeit

also unreasonable) Nash equilibrium for this example.
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W
Vi, P(a)) =0y,

vic, r; (a) =7 whers 0, <T < s

11 22

f*(tl,-') - s

f*(lz..*) -,

f*(lz.t )y - 4. for v w l*

vhere I; denotes a type 1 agent, and Iy denotes a type 2 agent. In this Nash
squilibrium the contracts offered to sgents choosing action #; break even, the
contracts offered to agents choosing action 2, make positive profita. Any
contract offering a higher price than # for sction 8; would precipitate a
move by the type 2 agents gway from 43 to #3. This irrational response by the
informed agents would decrease the expected payoff of the uninforued agent
deviating from that equilihrium. (Recall that irrational responses to out—of-
squilibrium moves are permitted by the definition of a Nash Equilibriuam.)

Lft us now consider the case where the informed nov; first and the

uninformed react optimally (ORIF)., The only ORIF equilibrium is

All agents of type 1 choose a
All agents of type 2 chaose a

lay e = by,
Yk ¢ ¥, teT,
P8y t) = Iy

Both types choosing ay is not an equilibrium because the informed know
that profit maximizing behavicr by the uninformed will cause them to offer
p(ag,t) = #45 if action a; 13 observed (this is the optimal reaction which is

consistent with profit maximizing behavior by theuninformed agents).
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Similarly Lf the uninformed agents wove first, the only optimal reaction
squilibrium {s the separsting one, P(ay} = #;,, P(ay) - #292. An uninformed
agent knows that {f uninformed agents offer the pooling contract P(a;) = 71.
then a contract Py(a;) = #55~¢, with 0 < ¢ < ¥y - #; will attract only type
2 agents and earn positive proficts. Thus, in this example, the realized
actions and payoffs in the optimal reaction squilibrium are the same
reagardless of vho movea first.
Exanple 2.
We shall nov modify example 1 to show that both ORIF and ORUF equilibria
may fail to maximize output. We novw assume action a, is available to type 1
as well as to type 2, and let the expected valus of a trade with type 1
choosing a; be #,y.
Suppose that
0 < #yy <839 <y <Ty<ityy <iyy.
I1f the informed agents move first thers ars several combinations of moves
characterizing optimal reactlon squilibrias (ORIF) in this axample.
(1) Both types choose ay and vt ¢ T,
pay.t) = &
rlag,t) = 83y
Iaplicliely, the uninformed expect that if action 2 {s chosen it is chosen
by type 1.
(11) Both types choose action 8y, and VYteT,
p(az,t} - 72
play.8) = 5
In this case the uninformed expect that {f action a; {s chosen, it i3 chosgen
by type 2. Both of these pooling equilibria are sustained by pessimistic
beliefs by the uninformed: out—of-equilibrium actions are only taken by typs
1.
(1£1) 1f we were to change our assumption on how informed agents choose

actions in cases of indifference there is a third category of ORIF equilibria.
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Those equilibria are characterized by action 4) and &) being chosen by the
informed agents in proportions such that the valus of a trade with a randomly
salacted agent choosing either action s {dentical. For instance, one ORIF
oquilibrium has all type 1 agents choosing 4y and the proportion of typs 2
agents choosing action 4y baing such that the values of a trads with a
randomly selacted agent choosing action ay 1i» 72 = #12. The uninformed then
offer P(ay) = P(ay) = ?17. Ve have not restricted the expectations of the
uninformed except that (a) given their expsctations the strategies of tha
informsd must ba consistent with thoss expsctations, and (b) the expactations
must be feasible. 1In each of thege ORIF equilibria, resources are being
misallocated. Agent I does not necessarily chooss the action which maximizes
t(a,(1)).

None of the ORIF equilibria described thus far maximize output. Output
{s aaximized {f type 1} choose 4; and type 2 choose 4;. Those choices will
only emerge as an ORIF equilibrium {f the self-selection constraint ig
violated—in particular type 1 would prefer the contract received by type 2 to
their own contract. Becauss of our assunptions that the distribucion of
realized actions iz observed by the uninformed before they choose price
schedules, and that there iz a finite nuaber of informed agents it {3 possible
to conatruct such an equilibrium. ue propose these equilibria as curiosities.
They depend on the action chosen by a single individual affecting the
distribution of prices paid by the informed.

Suppose there are £ type 2 agents. Let 32 denote the belief the
uninformed agents have about the expected value of a trade with an agent
choosing action ay if the number of sgents choosing a, differs from £. Then
if 32 < #i; thers is an output max{imizing ORIF equilibrium:

Type ! choosss a.
Type 2 chooses a,.
For t such that f agents choose 82, s(ag,t) = 45, and p(ag,t) = #y,.

For t such that o » £ agents choose 8. p(lz,t) - 32 and p(al.t) < 011.
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Ona motivation for these strategies is that the uninformed balieve cthat
if they observe m » £ agenta choosing action a, then the proportion of typa 1
agents choosing a, is sufficiently large that the sxpected productivity of an
agent randomly selected from among those choosing ay is 32.

This ORIF equilibrium violates the self selection comstraint usually
imposed in modals with asysmetric information. Type 1 agents are choosing
action a; although, holding the contracts fixed, they would do better if they
chose action a,. Howsver, if any type 1 agent ware to switch to action a5 the
distribution of actions observed by the uninformed would change causing them
to revise their belisfs in such a way as to make the type 1 agent regret
having switched to action a,.

The existence of an ORIF equilibrium that vioclates the sslf-zelection
constraints doss not depend on the uninformed observing the entire
distribution of actions. If they only observed the suppert of that
distribution—which actions were choserr— an ORIF equilibrium could still
violate the usual self-selection condition. This result can easily be seen in
the context of our example by assuming that thera {s only one type 1 agent,
The strategies of the informed are that the type i agents choosa action a.
The strategles of the uninformed agents are:

1f LY is observed p(lz,t) - 022
p(ll,t) - ‘11.
if a is not obsarved p(nz.t) - 72.

Again slthough the types 1 agent prafars the contract offered for action
ay, if he stopped choosing a), then action a) would not be observed, and the
distribution of price schedules would change accordingly.

1f the uninformed move first there is only one optimal reaction
equilibrium in which each contract breaks even: the uninformed agents offer
P(az) - ?2 and P(ll) < 72. and both typ;l of informed agents choose action

a3. Note that in this ORUF equilibrium type 1 agents are choosing the action
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vhich mlniaises '(I,Il). Rescurces are being misallocated. Bacauss actlons
axre costless thers cannot be an ORUF squilibrium whars the two typss of
agents chooss different actions. Thus the output maximizing sctions cannot ba
outcomes of an ORUF equilfbrium,

Thus far neithexr of our sxamples have dealt with vhat {s often considered
the quint--lnﬁtinl problol_in the ;nilyllsmg;-::}knt vith {mperfect
information ~ nonsxistence of squilibrium. To discuss that problem we naed

to sxpand the action space of the informed agants,.

Examples 3.

This e:nﬁpln fllustrates the Spence model of the sducation market., The
informed agents are individuals and the action they choose is an education
level. The uninformed are firms offering a wage level. The standard result
that equilibrium may not exist in this market only applies to ORUF equilibria.
Spsnce’s original specification of multiple equilibria {n this market can be
formally justified if we consider ORIF or Nash aquilibria—regardless of the
ordering of moves. To be precise, suppose the set of actions available to the
informed egents {s the open interval A = (0,a) and actions are costly, where
cost to & type 1 {ndividual of action a {s cqa and ¢) > cy. We siomplify the
exposition by following Spence {n assuming that actions do not affect the
value of a trade with a given typs. The value of a transaction with type { is
denotad 01, the expected valus of a transaction involving a randomly chosen
individual from the populatfon is # and #; < 7 < #;, and 4, —cja < 0. In
this example there are again many Nash equilibrium outcomes regardless of the
ordering of moves. For instance all informed {nd{vidusls chooaing the same
action & ¢ A and the uninformed offering prices

p(a) =7
and for a » ;. p(a) = 0
is a Nash equilibriua for any ac A (and teT for the case when the informed
move first). There {z also a Nash equi{librium characterized by type 1l

choosing a-at,
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" - ' - l2-01+ cla*
0ga £~ (!z-dl)jcl. typs 2 choosing a = < , and the

1
uninformed choosing prices p(a) = 4y, p(n*) “ ¢, and p(a)= 0 for a m

(a*,5). A type 1 is no better off choosing asa®, a type 2 is worse off
choosing a# 3, and no uninformed participant can bs sade better off, given
the strategies of the othar participsnta; by offering contracts other than
those specified, Let us now consider the optimal reactionm squilibria wvhen the
{informed agents move first (ORIF). The set of optimal reaction equilibria
vhare both types choose the sams action & (pooling squilibria) are

charscterized by for veT, ac 8, p(;.t)-T

and a » ;, hH = pla,t) = 7 - cli
There is also a separating equilibria. Type 1l chooses a* = 0 and type 2

- O
A== < -
1

reaction condition only eliminate some (not all) of the separating Nash

In this example, the restriction iaposed by the optimal

equilibria vhen the informed agents move first.

On the other hand in this example there may not exist an ORUF
equilibrium. First, we know there cannot be & pooling equilibrium vhere both
types choose the same action. The proof is by contradiction; a pooling
equilibrium vhere both types choose action a would be characterized by
p(a) = 7.

Let some uninformed agent k offer a contract pk(:) i, 8> >3
and a > ;, such that

e la- 8] > 7 = 7 > cyla- a)

This contract attracts only type 2 individuals and makes positive
profits. Notice that for this exaaple generic nonexistence of a pooling
optimal reaction equilibrium vhen the uninformed move first depends on the set
of actions available to the inforued being an open &et. To break the pooling
equilibrium in our exasple it {s necessary that there exist soma i>a If

A were a closed set [0.;], and {f further assumptions were mads concerning &,
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and cya, an ORUF squilibrium could be characterfzed by all informed agents
choosing action a. (In that case a cospetitor camnmot break the equilibriua by
offaring a contract contingent on an action greater than a, since those
actions ars not fsasible.)

Thess boundary problems could also be avolded by assuming that ¢, - c;a
< 0. Then an individual rationality constraint precludes an Okd;'boollng
equilibrium at &,

An optimal reaction equiiibrium in which each type of informed agent
choosea s different action (sorting) does not exist 1f, for all actions acA
satisfying

#y ~ac; "
(a necessary condition for type 1 to be dissuaded from choosing the same
action chosen by typs 2) {t {s the case that

02 - acy < 7.

In that case for an equilibrium contract to only attract type 2, it must
require an action so large that i{f an alternate contract P(0) - 7 - ¢ were
offerad, « could be made sufficf{ently small that {t would attract both types
and make positive profitcs. -

Example &,

Our final example illustrates an ORUF equilibriua that Ls characterized
by some contracts generating positive profits and others generating losses.
As such Lt clashes with analyses vhich were motivated by the same
considerations as our ORUF yet in which part of the definition of equilibrium
was that each contract generates zero profits.

Ve assume thers ara thres types of Informed agents (1,2,3) and an
interval of avaflable actions A = [1,3) #5y - 10 for & ~ ) )y =0 for L » .
c(),1) = 2]a - 1} so that the cost of action ] for agent { 1s twice the
absolute difference between the agent and the action.

There are twice as many type 2 agents as either type 1 or type 3, (there

are equal nuabers of type 1 and type 3).
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Finally thare are 2 uninforwed agents {1.j}. Their strategies ars
Py(e)) « 11 '
Pj(ag) = 9
for a » “1-‘2'- Pi(l) -0
By (ag) =9
PJ(IJ) - 11
for a » (ap,84}, Pj(n) - ¢
The optimal reactions of the informed agents are
type 1 chooses a = 1.
type 2 chooses & = 2,

type 3 chooses a = 3,

Each uninformed agent earns positive profits from contract P(ay), but if he
raized the price he offered he would attract a different type and generate
losses.

Dlagramatically, the situstion is fllustrated in Figure 1.
The loceif I, I, I4 plot the i{ndifference curves of types 1, 2, 3
respectively through the contracts they chooss in equilibriua,

Each contract offered by the uninformed earns zero profits and resources
ares efficiently allocated (there {s no dead-weight loss.) No uninformed agent

can offer a nev set of contracts that would make poaftive profits.

HIGLURE
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IIZ. A PARTIAL ORDERING OF BQUILIBRIA

Befors proceading we need to introduce some additional notation.

Defining an outcome as a mapping of individuals to action-price pairs, leat 8.
8; danote the sets of outcomes in ORUF and ORIF squilibria respactively.
Lamns 1: In both the optimal reaction and the Nash equilibris wvhen the
informed move first, all contracts generate sero profits.

This result is trivial. The uninformed observe the action of the
informed and compets with one another driving their profits to zero,

Bocauss of the possibility of nonrero profit contracts wvhen the

uninformed move first, it is not true for all economiss that 8y C 8; (sse

exaople 4 above.) However, if we imposs the following restrictions on cia, )

and #{a,i) we can sliminate ORUF equilibria in wvhich some contracts generate

non—zero profits,

Al. vi « I, A Ls cohvax, #{a,i} ia continuous in Ai' and c(-,%) i»
continuously differentiable,

A2. For any pair of contracts (a,p},(a,p) such that there is a type &
that is indifferent between those contracts, then no type J#i can
also be indifferent botween that same pair of contracts. (Note that
this assusption is analogous to the usual assusption that
indifference curves satiafy a single crossing property in a one
dimensional action space,)

Al If B denotes ths union of the boundaries of A;, then for YaeB, YieI,
#{n,1) - c(a,t) < 0.

Assuaption A) ensures that the equillbriua contract will lie in the
interior of the action space of all agenta. If a contract wers on the
boundary of the feasible set of‘actlons of some agent then, notwithstanding Al
and A2, it might not be possible to attract that agent vhile repelling other
agents who either are also choosing that contract or who are indifferent
between that contract and the contract they are choosing in equilibrium,
Leama 2. 1If Al, A2, A3 hold then each contract in an ORUF equilibrium

generates zero profits.
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Iroof.

1f Yach, P(a) > ‘(l,f—l(l,t)), then firms generate losses and would be
better off offering prices that did not alicic any trades. Thus JaeA, such
that P(a) < '(l.f-l(l.l)). (Recall that A {s the set of realired actions
wvhen the uninformead move firsc.)

Consider acA such that P(a) < #(a.E a,x)). Then, given the
preforences of the inforwed and uninformed agents, that contract makes
positive profits and hence is offarad by every uninformed agent. For any acA
such that P(a) > ‘(l,f_l(l.l)) that contract is only offered by one uninformed
agent: If two or more uninformed agents were offaring the same money losaing
contract, one of thoss agents could {ncrease its profits by lowering Lts
price, so that no informed agents would purchase its contract, without
affecting the distribution of actions chosen by the informed agents.

Thus, Lf some contracts make posicive profits and others make losses, ve
would find all the positive profit contracts being offered by all the
uninformed agents and each negative profit contract being offered by a single
uninformed agent. The negative profit contract would offer the highest price
consigtent with preventing informed agents taking Lt from switching to another
contract—the only reason negative profit contracts are offered is because of
their sorting effects. Because uninformed agents can choose to offer prices
which do not result in trades we lmow that in equilibrium all uninformed
agents maks non-negative profits, Assume some uninformed agents make positive
profics equal to ¥, Consider an uninformed agent k whose profits are less
than or equal to the average for the uninformed, That uninformed agent could
perturb the equilibrium price schedule by offering a price schedule ﬁ(a) -
P(a) + ¢(a), vhere c¢(a) {s everywhere positive but arbitrarily close to zero;
the ¢(a) function is chosen so that no informed agent chooses a different
action from those induced by P(a). (Our asgunption that informed agents are
risk neutral {s sufficient to ensure the existence of such a function.) That
contract enablas the uninformed agent to capture the entire market and earm

profits that are arbitrarily close to the average profits times the number of




-26-
uninformed agants, vhich, of course, exceeds tha average profics, Since ve
have chossn agent k such that its original profits wers no greatar than the
:vorn;;. this dovlnt%on is profitable for agent k. Thersfors, an ORUF
equilibrium cannot be characterized by any uninformed agent making positive
profits.

Thus the only possibility lefe to consider is that each uninformed agent
offers a combination of contracts some of vhich lose money while others make
money. Each combination breaks sven. The positiva profit contracts are
offared by all the uninformed agents. Each loss generating contracet is
offersd by only one uninformed ‘agent. Informed agents choosing money losing
contracts sre indifferent between that contract and At least one positive
profit contract. Consider a contract la,il that generates positive profics.
(From A}, a lies on the interior of eVery sst A;.) Let $ denots the set of
types of agents vho are indifferent between ta.;! and the contract they are
choosing, which could be (;, a). Lat J denote the type of agent with the
steepest indifference curve in the two dinensional surface AK x P through
(3,21, vhere Ak is the kth dimension of tha action space. From A2 there is
only ohp such type, and §'s indifference surface through (ﬁ.;) does not pass

through a contract chosen by some type feJ, 1 = J.

p.2

8ia, j)

FIGURE 2
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Suppass § 1s choosing (p,a) and trade with that typs {s profitsble.
Then from AL, A2, A}, and the previcus assumption that thers is s finite
nuaber of types of agents, a contract can bs offered in the neighborhood of
(p.4) that attracts only type j, and sll of them. From A2 and the sxistence
of several uninformed agent offering contrect (F.;]. this new contract
enables the uninformed agent offering it to make positive profits. Suppose )
is choosing (5,;) and trade with § is unprofitable for the uninformed. Then
from Al, A2, A}, one of the uninforaed could offer & prics scheduls with the
following two propertiss: Ome of the contracts, {p*.nil. lies in the
neighborhood of (;,;} and {s preferred to (5.2) by every type in § except
J and type | prefers Iﬁ,;] to (p*,n‘}: and for svery action are chosen by
an informed agent, the new price schedule induces those agents to choose the
ganme actions by offering a price that is slightly higher than that offered in
the initial equilibriua. Thus the deviating firm attracts every type except ]
at an erbitrarily small change in prices and in the actions chosen by any
agent. Since thers i{s a discrete number of type J sgents, each of vhoa
generated losses, and since aggregate trade with the informed broke even, the
new price schedule would nake positive profits. It would approximate the
profits and logses from all trades in the neighborhood of the old tradﬁs
except those at (p¥,a*) and would make discretely greater profits at (p*, a*]
than at {ﬁ,;l. Finally, {f j§ is choosing [6.3] and trade with § breaks
even, then consider the type of|1nforned agents whose indifference curves
through [6.:] in Ak x p space has the second steepest slope, and proceed as
befora. If trade with that type also bresks aven, continue until reaching a
type with which tradea generates non—zero profits.

Now gupposs § chooses (p.a) = {5.;] and causes losses on contract
(p.a) for the uninformed agent offering that contract. There is a contract
lp*,l‘] in the neighborhood of :§,3| that all informed agents in 5 except
type j prefer to contract (6,;] and type ] prefers ls.;l to this new
contract. Any uninformed agent not offering (p,a) could now offer this new

contract and contracts in the nei{ghborhood of all the old contracts except
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(p,a) so that all {informed typss continue to chooss contracts in the
neighborhood of their previous contracts. From Al and the equilibriua
condition that each uninformed agent breaks sven, this new set of contracts
gensrates positive profits, The naw set of contracts approximates the sum of
the profits and lozses from all trades except those at contract (p.a}.
Since trades at (p,a} gonsrated losses and the set of all previous trades
genarates zero profits, by omitting only tradas with type ] tha new set of
contracts generatas positive profits,

Therefore, an equilibriua could not exist in vhich there are positive
profit contracts bacause a new contract (or set of contracts) could ba offsred
that generates positive profits for the sgent offering that contract(s).
Theorem 1. Given Al, A2, Al, BU (- OI.

Proof:  From Lemmatta 1 and 2, regardless of the ordering of moves in an
optimal reaction equilibrium, Va¢A, the highest price being offered is equal
to the expected value of a trade with a randoaly selected agent choosing that
action, and no informed agent will wish to deviate to a different contract
vithin A. All outcomes vith these properties can be generated by Nash
equilibria regardless of the order of moves in the gnno.13 The maximum price
offered for action a¢A could be arbitrarily lowv in a Nash equilibrium of
either game, thus sustaining any combination of moves with the tweo properties

cited above., The outcome in 91 has the addicional reatriction that deviations

to ;GK are awvarded contracts p(;) z ain l(:.(l]). Thus thers is some
1el
bound on the penalty for departing the actions specified in ORIF that is not

iaposed on the penalties in a Nash equilibriua. This lower bound precludes
some ceabination of plays vhich are supported in a Nash equilibrium from being

supported as an ORIF squilibrium, but not conversely,

The penalties for deviations froam actions specified in ORUF do not merely

have a lower bound; they are precisely determined. If a price schedule B(a)

13 There are also combinations of moves without these properties which are
Nash equilibria—sgee examples 1 and 2.
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» P (8) is offersd that induces soms action s¢ A, that action {s chosen by
all agents (and only those agents) for vhom

- Ba) ~ e(a,1) > P(E(L,0)) = e(£(L,m0),1).
Since these reactions are known by all agents, in ths ORUF equilibrium
competition among the uninformed agents completaly datermines the contract

offered for a# A: VacA; P(a) = #(a,f1(a,n)).

Since '(l,f—l(l,t))>lln 4(a,1), threats i{n the ORUF to punish gut—of-
{el
equilibrium behavior are less onerous than in an ORIF squilibrium. Since

equilibrium outcomes ars supported by thess mors onerous threats, 8, c 8;.

IV. REMARKS

1. Becauss the agents moving second could have strategies which depended
on the observed distri{bution of moves of the agents moving first, Nash
equilibria {n these models may have some peculiar properties. In particular,
if the uninformed move first, choosing price schedules before the inforwed
choose actions, the strategies of the informed agents could enforce a positive

14 The possibility of unressonable positive profit

profic Nagh equilibrium.
Nash equilibria when the uninformed move first seems to be & basic feature of
these models. If the {nforued move second, for them to choose the action
which maximizes their expected payoff they must know the upper envelope of the
price schedules of all agents. Hence the actions chosen by each inforued
agent {s a function of this upper envelope. However, that condition would
allow the informed agents to change their actions in such a way as to penalize
an uninformed agent for raising his price(s), thus enforcing a positive profic

Nash equilibrium wvhen the uninformed move firast. Obviously strategles of this

forn make little sense.

14 The converse is not true. When the {nformed move first, competition among
the uninformed will result in their earning zero profits. Thie is because
while peculiar strategiss of the uninformed could force the informed to choose
almoat any actions, once those actions are chosen the uninformed will bid for
the informed by offering prices that break even. There is no opportunity for
either the informed or uninforuwed to use strategies that penalize high (or
low) prices., We have assumed that after the inforued choose their actions,
they ouat trade with the firm(s) offering the highest price for their action.
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2. Ths readsr should also nots that our definition of ORIF aquilibriua
is consistent with the Kreps-Vilson definition of ssquantial equilibrium in
alloviﬁg sxtremely pessinistic beliefs about which sgents took out-of-
equilibrium sctions. In Weiss(1983) more stringent restrictions were placed
on the bslisfs of the uninformsd agents vhen faced with out of equilibrium
actions, That paper defined a Robusgt Expectations Equilibrium (REE). It
assuned that all agents with the same equilibrium stratsgy (and for whom the
out-of-equilibrium action was feasible) are squally likely to have chosen a
particular out-of-equilibrium action. Because the Weisx(1983) results are
similar to ours, we suspect that 8 C @] holds for a broad class of
dafinitions of equilibriun.

3. Many recent macro-economic models have been concerned with the effect
of exogenous shocks on the equilibrium of an sconomy. If the sxogenous shocks
vers observed by the informed but not by the uninformed, then, even if the
uninformed moved first, optimal reactions would not be sufficfent to enable
the uninformed to know which informed agents would choose which contracts.

Ths uninformed would not be abla to offer contracts that separate the {nformed
agents,  since the preferences of the informed would be affected by these

exogenous shocks that are unknown to the uninformed.

V. POSTSCRIPT

Since this paper was written in 1981 there has been considarabla research
done on game theoretic models of markets vith asymmetric information. In this
postscript we shall try to connect the approach we took with current research
on models with asymmetric information and comment on the direction we think
research in this field should be headed

Host research on the nature of equilibria in markets vith informational
asymaetries has focused on vhar we have called signaling games (Rosenthal and
Welss (1984], Wilson (1980] and Dasgupta and Maskin [1986] are exceptions),

That research has been directed toward constructing new definitions of
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squilibrium that sliminate unreasonable Nash squilibria of the sort presented

in the examples in section 2 of this paper, and more particularly, find a
unique equilibrium, For instance Cho and Kreps show that by imposing the
"i{ntuitive crttorlon; on a particular formulation of the Spence signaling game
there is a unique equilibrium cutcoma of the signaling game: the Pareto
efficient separating equilibrium. Similarly Noldeks and van Damms obtain
uniquensss in a different formulacion of the Spence signaling game by ilmpoaing
their "plausibility” cricerfon.

We think the quest for a single "corrsct” squilibrium notion that will

predict the precise outcome for any signaling game is unlikely to be ugeful
for understanding real economic problems, Detalls of the economic structure
of the market being analyzed and the entire hiatory of all relevant
interactions are likely to have {mportant effects on behavi{or {n almost any
interesting economic setting,

One reason for this is that, as we have seen, the nature of the
equilibrium depends on {nferences that participants make about out—of-
equilibriua moves and the consequence actions wvhich those moves give rise to.
These inferences will be sensitive to the economic context in which the out-
of-equilibriua move occurs, and the history of past interactiona. The
standard theory assumes that participants are rational, know that other
participants are rational, know all the payoffa, and do not make mistakes.
One inference that could be drawn from observing an action vhich a theory says
should never occur is that some aspect of the theory is wrong. Which aspect
of the theory is thought to be wrong will depend on the precise nature of the
out—of-equilibrium move, and the econcaic context in vhich {t cook place.
Since these infersnces could favor the deviator, there will ba situations in
wvhich it will be in the atrategic interest of one participant to make what
would appear, in the standard theory, to be an cut—of—equilibrium move (though
from a different perspective, a move vhich {s fully rational.) For Instance,
it may be in the interest of one participant to be thought of as someone who

frequently makes mistakes.
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One vay to address these issues is to formulate a wodsl in which there
are no out—of-equilibrium svents. All feasidle observations occur with some
probability, ‘sither because of & rich hetarogeneity in the types of
participants, or bscauss of a varisty of kinds of errors,l3 With the latter
approach the results may bs highly dependent on the particular naturs of
errors introduced. Thus thera may be no genarsl theory (although thers way be
# general approach), since the sources and nature of errors in one markst
context may differ markedly from those in another. In general, participants
vill have a subjective probability distribution over the reasons for out-of-
equilibrius moves,

There is a second reason that i{nstitutional and historical considerations
will almost {inevitably be drawn into a relsvant lnalyliq of equilibria. One
of the lessons we have learned in tha past decada is that the nature of the
equilibriva of a gane is highly dependent on the precise spacification of the
game. A slight reformulation of the standard Rothschild-Stiglitz insurance
modal can yield the quite diffarent solution discussed by Wilson. Standard
gane theoretic models have participants forming baliafs and making inferences
in an introspective manner; their reasoning is based on asking, what would a
racional individual do in such a situation? But to make those inferences, two
things are required: (a) each participant must lmow (or believe) that the
other participants have precisely the same (correct) understanding of the
rules of the game; and (b) there must be comaon knowledge of rationality, that
is, each participant must not only believe that his opponent is rational, but
that his opponent believes that he is rational, and that his opponent believes
that he believes that his opponent ia rational...Neither of these assumptions
ars reasonabls, and it {e certainly not reasonable to assuse that all

psrticipants have confidence in the reasonablensss of these assuaptions.

15 Myerson (1979) focuses on mistakes in the evaluation of payoffs. Welss
(1983) and Simon (1987) focus on unintended actions.
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¥ot being able to precissly model all the relsvant details of any markat
interaction, and not trusting their judgments ebout the appropriatsness of
particular sodels, individuals tend to rely heavily on past expsrience to maks
inferences and judgments about their best course of action.

There are still other reasons that an historical-inst{tutional approach
is required. In many models, there ars multiple equilibrium. There f{s no
way, by introspesction alone, that ind{viduals can figure out wvhat it i{s that

their opponents are likely to do. Hiatory provides a natursl coordinating

mechanisw for the choice of eguilibria; unfortunately, history does not
nocessari{ly chooss Pareto efficient equilibria,

0f course, even after we acknowledge the Llaportance of history in
selecting an outcome in the current perfiod, questions remain as to how the
past ourcomes camse about, under what conditions will a particular cutcome
persist, will future outcomes be near or far from those in the recent past,
and how will the outcomeg change over time, For instance will outcomes
cycle? All of these questions are, of course, closely interconnected.

In the end, the strongest argument for an historical-institutional
approach, is this: economics is a behavioral sclence; it is concerned with
explaining a particular aspect of social behavior. In most contexts,
individuals rely heavily on past experience to make inferences and judgments;
they seldom rely exclusively, or even mainly, on introspective analysis. The
question of why this {s s0 remains a legitimate subject for enquiry.

It is perhaps worth noting that not only are our views supported by
general observations of behavior, both of firms and {ndividuals, but our views
have also been widely confirmed by experimental evidence. Even in the
sigplest finitely repeated prisoner dileama games, the predictions of atandard
game theory are not borme out. The persistence of—what appears from one
perspective to be—unreasonable outcowes opay be due to past learning or
enculturation that teaches the players to value a particular process as
opposed to payoff. For instance, {f players are taught that cooperation is

good, {rrespective of the payoffs, then players might even caoperate .in a one-
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shot prisoner’s di{leama gams.

Claarly vhether or not a particular past interaction i{s relevant is a
subjective decision of the participants in the market. It will be difficult
for ressarchars to reach a consensus concerning which aspscts of the past ars
relsvant. However, bacauss Judging relevance is difficult does not i1mply chat
the entire history of past interactions is irrelevant., 1In particular, ve
would argus that the choices the uninformed mads in rasponse to actions chosen
by a previous cohort of informed Playars will affect the actions the current
cohort of informed players choose. (Note vhile wa are very sympathetic to the
forwvard induction arguments made by Kohlberg and Msrtens on the importanca of
a particular player’s past actions as signals of that playsr’s future actions,
we are making a different point.)

The points we have just made may be illustrated by the eaployasntc~
education relationship which has motivated much of the literature on signaling
models - including our own analysis. Currantly, che standsrd treatment of
that problem has bacoae to consider a single informed agent whose type is
randomly chosen from some distribution. The informed agent then choosas an
oducation level {(action) and the key question addressed by most research in
this field is howv firms react to out~of-equilibrium education levels
(actions).

In practice, however, many individuals simultanecusly choose wvhether or
not to continue in school. In making these decisions they observe the wages
offered to current and past school leavers at diffsrent education levels,

Thus although not a repeated game, since both the players and the stats
variables changs over time, informed and uninformed agents will infer from the
outcomes of the pravious period what payoffs they are likely to receive in the

next petlod.]'6

16 Not only i{s theras considarable experimental litsarature shoving that
equilibriua outcomes tend to persist, even {f they are Pareto inefficient, but
looking across countries it is hard to account for some of the variations in
patterns of aducation in other than historical terms.
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It doss not strike us as & fruitful exsrcise to ses what the outcomes of
& particular game would be the first time it, or any sfmilar, ganma wars
Played. It seems to bs a better opsrsting assuamption to think that history i3
alvays ralevant and that thers is never a first p-rlod; Conssquently ws would
argus that ahistoric wodels (including our own) are seriously flaved, and thac
in trying te explain equllibrium outcomes researchers must pot only take into
account stratsgic considsrations of the participants, but alse the history of
past play of this and sinilar games and any other relevant expsriances of the
participants. Indsed history (broadly definad to include learned notions of
fairness) may sven enforce what appear to the analyst to be unreasonabla
equilibria.

Similarly, the inferences drawn froam out-of-equllibrium moves are llkely
to depend critically on the context, For instance Lif an equilibrium analysis
suggests that no one should drop out of school within one wesk of graduation
from high school nor should anyone pursus less than one year of junior
college, the inferences that potential employers sre likely to draw about a
person who dropped out just prior to graduation are likely to be different
from the inferences drawn about a person who went to college for one week.

The latter is likely te have discoversd he didn’t like that college or college
in general, the former is unlikely to have discovered one week prior to
gradustion that he so disliked high school that he didn’t want to continue for
the last week and graduste. In the case of the college dropout the
unanticipated move can best be explained by alsperceptions of one’s own
tastes. In the case of the high school dropout the unanticipated move may be
best explained by irrational behavior or by some exogenous avent.}?

We have emphasized the difficulties of making judgments about the

appropriatanssa of particular equilibrium concepts in the abatract; one must

17 In the high school attended one of the suthors a student changed schools
just prior to gradustion because two of his fellow students, with whom he was
not on friendly terms, were observed carrying guns.
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analyzs beshavior within particulaer contexts. Individusls are seldom {in the
single-play, one perifod context envisaged in some standard formulations. This
may sxplain.why, vhen we place them in expsrimental situations corresponding
precisely co those tﬁ;orocicnl modals, they so fraquently behsve in vays which
ars not consistent with the "theory.® They extend to these highly atylized
and unrealistic situations modes of behavior that vere adapted te tha more
complex, dynamic snvironments in which thay live.

Rscent attempts to davelop more dynamic models seem to us to repressnt
one of the mors fruicful linas of on—-going research. Whils we have noted one
aspect of this—the davelopment: of historic models, {n which individuals uss
past experience to formulate their expactations—thsrs ars three others to
vhich we would 1ike to call attention.

First, in this paper, ve have contrasted modals in vhich the informed
move first with thoss {n vhich the uninformed move first., But the question of
vho moves firse should not be exogenously imposed. We not only need to know
vhich of these assuaptions 1s more appropriate in various market contexts, bue
wvhy. )

Second, sven in siaple (one shot, no repeated play) markets, there may be
conplex dynamics. Elsewhers (stiglicz-Veiss, 1987), ve have providad one
detailed example, in the contsxt of the credit market, which ve have analyzed
45 a four move gane, Banks announce a sot of policies; borrowers make
applications; banks decide which of the applications te accept: and finally
borrovers dacide which of the loan offers they wish to accept. Equilibria in
thess multi-move (but single transaction period) games may be markedly
differsnt from thoss snalyzed i{n the simpler games discussed in this paper.
Deciding en the appropriate order of moves vhen transaction periods overlap is
likely to affect the results of any analysis and is likely to require a
detailed undarstanding of the market being analyzed.

Third, many of the actions {nvolved in signalling and screening games

take place over an extendad period of time. They involve, an we have already
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notad, sequantial decision making. And there may or say not be reversibilicy,
Consider models {n vhich firm's {ssuance of equity is used as a signalt, If
owners choose not to issus equity, it indicates that they beliave that returng
are high, and accordingly, potential buysrs will pay mors for the{r shares.
But the or{ginal owners are, in genaral, not coamitted to recaining their
ownersh{p shares forever. Having scld some of their shares at a high price
(becauss purchasers believed that they wers going to retain their shares),
they may subsequantly sell more of their shares, at adaittedly a lowsr prica.
Inplicitly, earlier theories assumed that the original ownars could make a
comitment not to sell their shares in the future. In the absence of such a
comaitmant, oarket equilibrium is markedly different from that characterizesd
by the sarlier modals. (See Gale and Sciglicz (1986)).

Similarly, in the education market, individusls make decisions sbout
vhether to go to school for one wore year on a year to year basis. The
dynamic equilibriumx may entail pooling, in contrast to the standard model,
vhers Indi{vidusls at birth commit themselves tc a level of achooling.

The (partial) reversibility of asome actions alzo {ntroduces soms inherent
agymsetries into the choices of agentsa. An ind{vidual that dropas out of
achool after 9th grade can later choose to resume her education. A college
graduate cannot later chooss to have had only 11 years of education. With
loperfact capital markets consuoptfon today precludes investing tomorrow, but
saving today leaves open the option of saving or consuming tomorrow.

To sum up, we think that future research i{n the sconomics of informacion
should have one or several of the following features:

1. It should be explicitly dynamic with stochastic state variables.

2. Kistory should be allowed to affect tha equilibrium outcomes.

3. Responsass to out-of-equilibrium moves should depend on the
institutional features of the market (including past interactions) and

the nature of the particular out—of—equilibrium move.
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