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AN EVOLUTIONARY APPROACH
TO PRE-PLAY COMMUNICATION
BY YONG-GWANKIM AND JOELSOBELi
We add a round of pre-playcommunicationto a finite two-playergame playedby a
populationof players.Pre-playcommunicationis cheap talk in the sense that it does not
directlyenter the payoffs.The papercharacterizesthe set of strategiesthat are stablewith
respectto a stochasticdynamicadaptiveprocess.Periodicallyplayershave an opportunity
to change their strategy with a strategy that is more successful against the current
population.Any strategythat weaklyimprovesupon the currentpoorestperformerin the
populationenterswith positiveprobability.When there is no conflictof interestbetween
the players,only the efficient outcome is stable with respect to these dynamics.For
general games the set of stable payoffs is typicallylarge. Every efficient payoff recurs
infinitelyoften.
KEYWORDS: Game theory, evolution, pre-playcommunication,cheap

talk, adaptive

behavior.

1. INTRODUCTION

in game theory emphasizethat pre-playcommuSTORIES
INFORMAL
ALTHOUGH
nication allows playersto coordinateon efficient Nash equilibria,these stories
are difficultto capturein full models of the communicationprocess.The basic
reasonfor the difficultyis that costless communicationcan never destroya Nash
equilibrium.If all but one player decides to ignore everythingthat is said and
play accordingto an equilibriumstrategy,then the other playercan do no better
than speak randomlyand also follow the equilibrium.Several authors have
approachedthis problem by assuming that language exists and has a focal
meaning obtained from its use outside the model. They continue by making
behavioralassumptionsthat require players to believe the literal meaning of
messages,providedthat these meaningsdo not violate strategicaspects of the
game. Papersof Farrell(1988), Myerson(1989), and Rabin (1994) are examples
of this work. Our approachis different. We do not assume that words have
meaningoutside the model. Instead,we show that if outcomessatisfya stability
conditionsuggestedby adaptivedynamics,then pre-playcommunicationeffectively eliminatesinefficientequilibria.
We add a roundof pre-playcommunicationto a finite two-playergame. Each
playersimultaneouslymakesa staitementfrom a finite language.The statements
are revealedand then the underlyinggame is played.Pre-playcommunicationis
cheap talk in the sense that it does not directlyenter the payoffs.
1Thismanuscriptis a radicallyrevisedversionof a 1992paperwith the same title. Kimthanksthe
College of BusinessAdministrationat the Universityof Iowa and NSF and Sobel thanksthe Sloan
FoundationandNSF for financialsupport.Thanksgo to AntonioCabrales,VincentCrawford,Eddie
Dekel-Tabak,Drew Fudenberg,MartinHellwig,AkihikoHonda,Avi Shmida,Leo Simon,Jeroen
Swinkels,Joel Watson,seminaraudiences,and three refereesfor comments.
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We characterize sets of strategies that are stable with respect to a stochastic
dynamic adaptive process. We assume that there is a finite population of players
who use pure strategies. Periodically a player has an opportunity to replace his
strategy by a more successful strategy. It is important for our results that the
replacement process never ends (even when all strategies are performing equally
well) and that all strategies which weakly improve on the poor performer are
possible replacements.
The following example illustrates how pre-play communication enables the
population to move away from inefficient equilibria. The coordination game in
Figure 1 has two pure-strategy Nash equilibria and a completely mixed one.
There is no conflict of interest in this game and one can supply many reasons
why experienced players would coordinate on the efficient equilibrium. The
inefficient pure-strategy equilibrium is a problem for standard theory, however.
If for some reason a player believes that other players will be playing BAD, they
receive their highest payoff only if they play BAD themselves.
Without pre-play communication it is difficult to see how players can move
away from the inefficient strict equilibrium since a unilateral deviation from the
equilibrium strategy leads to a strict decrease in payoff. When players have
more than one communication strategy before they reach the underlying game,
the communication game will have no strict equilibrium; evolutionary pressures,
which favor strategies that do well against the existing population, force efficiency.
In this paper we demonstrate that evolutionary stability leads to efficiency in
two-player games where the interests of the players coincide in a strong way. In
the example it is not difficult to see why outcomes that induce the BAD action
are not stable. Suppose that the population has coordinated on an equilibrium
in which the players always use a particular (normal) message. Everyone chooses
the BAD action regardless of the message sent. As long as abnormal words are
not used, however, there is no pressure to respond to them in a particular way.
It is possible for an individual in the population to replace his strategy by one
that sends the normal message, and plays GOOD in the underlying game if and
only if he meets another player who sends an abnormal message. This strategy
does as well as the original strategy and, over time, it is possible for the
population to reach a state in which everyone would respond to an abnormal
message with the GOOD action, although no one in the population actually uses
the abnormal message. At this point a strategy that uses an abnormal message
and then always plays GOOD does better than the existing population. This
strategy can continue to replace any strategy that uses the BAD action. Consequently, it thrives. Furthermore, once the population has reached a configuraGOOD

BAD

GOOD

2,2

0,0

BAD

0,0

1,1

FIGURE 1.
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tion in which every pair of players is able to coordinate on the GOOD
equilibrium,it is not possible to move away from this outcome. Eventuallythe
populationplays the efficient equilibriumand when it does there is no pressure
to move to an inefficientoutcome.
In the next section we describethe communicationgame and the adjustment
process that we study. Section 3 demonstratesthat, for games with common
interests,where there is only one efficientpayoff,cheap pre-playcommunication
forces efficiencyunder our evolutionarydynamics.In Section 4 we describe an
efficiencyresult for general games:Independentof what strategythe population
plays initially,every efficient payoff recurs infinitelyoften. This result suggests
that our dynamicprocess provideslittle guidanceabout how the game is played
when the common-interestassumptionfails. Section 5 extends the analysisto
games in which only one player can speak. We show that if the speaker's
preferredoutcome is a strict equilibrium,then it is the only long-runoutcome
observed under our assumptions.Section 6 discusses related literature and
variationsof our model.
2. THE FRAMEWORK
We begin with a given finite two-playergame,2 which we call the underlying
game. We add to the game one roundof communication.There is a finite set M
of messages(words)that contains at least two elements. For most of the paper
we assume that players have access to the same set of messages and speak
simultaneously.We discussthe case in which only some of the playerscan talk
in Section 5. The strategiesof the playersin the communicationgame are rules
that specify a statement from M, and a function that maps the opponent's
statementinto the set of strategiesin the underlyinggame. Payoffsfor this game
are preciselythe payoffsobtainedfrom the underlyinggame.
A finite population plays this communicationgame. Each member of the
populationis assignedto play either the role of playerone or playertwo. These
playersuse pure strategies.Pairs from the populationplay the game repeatedly
and anonymously.On rare occasions,one memberof the populationchangeshis
strategy.We look for stable sets of strategies for adaptivedynamicssatisfying
the propertiesdescribedbelow.
Talk is cheap since the messages do not enter payoff functions directly.
Messagesinfluencepayoffsonly to the extent that they affect the actionsplayers
choose in the underlyinggame.
For this class of games there is alwaysa Nash equilibriumin which players
play the same actions in the underlyinggame for all communicationhistories.
Nash equilibriumcannot force particularstatementsto have meaningunless the
statements are directlylinked to payoffs. Nevertheless,allowingpre-playcom2We limit attentionto two-playergamesbecausepairwisecontestshave been the standardsetting
for evolutionarygames.If we assumethat all messagescan be heardby all players,then our results
extend in a naturalway to gameswith manyplayers.
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municationchangesthe strategicenvironmentin a fundamentalway.StrictNash
equilibriain the underlyinggame are no longer strictequilibriain the communication game. This observationsuggeststhat processeswhichuse communication
to move the populationgraduallyawayfrom inefficientequilibriacould evolve.
The outcomes that we study cannot ignore cheap talk.
Formally,let the underlyinggame be (T, u), where T = T1 x T2 (Ti is the
finite strategyset for a playerin role i), and u = (u1, u2). If the playerin role i
uses strategy ti E Ti for i = 1 and 2, then the payoff to a player in role j is
uj(t1,t2). In the normal form of communicationgame with message space M,
role i's strategyspace is M x TiMXM, and the payoff to a role j playerif role i
uses strategy(mi, ti(.)) E M x TiMXM is
(1)

Uj(m1, t1(), iM2, t2( )) = Uj(t1(M1, M2), t2(m1, M2)).

There are 2N individuals(N pairs) in the population.We will assume that
playersdo not conditiontheir strategieson the identityof their opponent.This
assumptionmakes more sense when the populationis large; our formal arguments require only that the population be finite. Denote the strategy of
individual k in role i by Oi(k) = (mi, tif()) eM x TiMXM A population strategy
profile is a list that specifies a strategy (01(n), 02(n)) for each agent n = 1,..., N

and role i = 1 and 2 in the population.A strategyprofileis homogeneousif Oi(n)
is independent of n for i = 1 and 2. Given a population strategy profile
0= (01(1), 02(1),..., 01(N), 02(N)), the payoff functions U1 and U2 induce a
populationpayoff for individualk1 in role 1:
(2)

A1(k1;

0)

=

E U1(01(kl), 02(n))
n

and, for individualk2 in role 2,
(3)

U2(k2; 0)=

E U2(01(n), 02(k2)).
n

That is, we compute the populationpayoff for an individualunder the assumption that he is matchedexactlyonce with everyoneassignedto the other role in
the population.
Let 0/0j,(k) denote the strategyprofilewith Oi(k)replacedby OO(k).We say
that 01,(k) is a best response to the strategy profile 0 if U1(k; /01,(k)) ?
U1(k;0/01(k)) for all pure strategies 01(k). We say that 01,(k) improves upon
01(k) if U1(k;0/01,(k)) > U1(k;0). Similar definitions hold for a player in the

second role.
We assume that the population starts at an arbitrarystrategy profile. To
simplifyanalysis,we assume that in each round each player meets all of the
other members of the population and plays the communicationgame once.
Hence if the strategyprofile at the beginningof a round is 0, then the payoffs
from that round are given by (2) and (3). At the end of the round,one member
of the population has the opportunityto change his strategy. In order to
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describe the dynamicbehavior of our system, we must specify the probability
that any memberof the populationis allowedto changehis strategyand identify
the strategythat he changesto. These probabilitiesin principlecould dependon
the entire historyof play.In what followswe assumethat the probabilitythat an
individualis permittedto replacehis strategyat the end of a rounddependsonly
on the current population strategy profile. The probabilitythat he picks a
particularreplacementstrategydepends only on the individualand the current
population strategy profile. This stationarityassumptionsimplifies exposition,
but is not necessary for our results. To handle more general specifications,
substitute"withprobabilityboundedawayfrom zero" for "withpositiveprobability"in Assumptions(S), (R), and (BR) below. We maintainfour assumptions
about the dynamicprocess.
ASSUMPTION

(I): Exactlyone memberof thepopulationmay changehis strategy

each round.
ASSUMPTION (S): Some individualwhoperformsworstin his role in a roundhas
the opportunity
to changehis strategywithpositiveprobability.

ASSUMPTION
(R): Any strategythat improves upon the strategybeing replaced is

adoptedwithpositiveprobability.
ASSUMPTION (NL): A strategythat does not improveupon the agent's current
strategycannotbe adopted.

Assumption(I) states that adjustmentsare individual.This conditionsimplifies exposition.We use Assumption(I) to guarantee that efficient payoffs are
stable in common-interestgames. Assumption(S) is a selection condition. It
requires that the evolutionaryprocess replace poorly performingstrategies.
Assumption(R) requiresthat the replacementprocess be sufficientlyrich that
any strategythat weakly improvesupon an existing strategymay be adopted.
Under our evolutionarydynamicsplayersmay change to strategiesthat perform
relativelywell, although not necessarilyoptimally.The third assumptionalso
requiresthat there be a positive probabilitythat strategiesnot currentlyrepresented may replace existing strategies. This propertywould not hold for a
deterministicbiological dynamic(where any strategythat is not present in one
generation cannot appear in subsequent generations).While (R) rules out a
best-response dynamic that requires the replacement strategy be an optimal
responseto the currentpopulation,the resultsof Sections3 and 5 wouldhold if
we made the followingweaker assumption:
ASSUMPTION
(BR): Any strategythat responds optimally to the population strat-

egyis adoptedwithpositiveprobability.
Assumption (NL) assumes that agents can avoid strategies that perform
poorly(under existingconditions);they will alwayspick new strategiesthat lead
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to no loss. Qualitativelyour resultswould not change if there is a probationary
period after which strategies that are new to the population are replaced
immediatelyif they fail to outperformtheir predecessor.
Let A(0) be the set of strategyprofiles that can be reached with positive
probabilitystarting from the profile 0. We extend this notation to sets of
populationprofiles:For any set of profiles (, A(e) is the union of A(0) for
0 E- (.

e

is absorbing if A(e) c

(.

Call a minimal, nonempty, absorbing set

stable. Since the set of all strategyprofiles is absorbingand finite, stable sets
exist. In fact, each absorbingset must contain a stable set. It is straightforward
to check that
the intersectionof absorbingsets is absorbingand
(4)
for each 0, A(e) is absorbing.
(5)
By (4) two stable sets coincide or are disjoint.By (5) a stable set 0* satisfies
A(O*)- =9*
(* cA(O).

and also for each 0, there exists a stable set (*

such that

We call strategiesthat occur infinitelyoften with positive probabilityrecurrent; other strategies are transient.For our model the recurrentprofiles are
preciselythe elements of stable sets. A profilethat is not an element of a stable
set must be transient(since, by (R), wheneverthe profile arises it is eventually
replacedwith positive probabilityby an element of a stable set, and once the
populationprofileis in a stable set it never leaves).A profilethat is an element
of a stable set must be recurrent(otherwise there is a smaller absorbingset
containedin the stable set).
We use the structureof stable sets explainedabove to proveour main results.
Given a populationstrategyprofile 0, we identify elements of A(O) by using
properties (S) and (R). In particular,if a population strategy profile 0' is
obtainedfrom 0 by makingchangesin how playersrespondto unsent messages,
then 0' e A(0). We refer to this type of change as drift.
3. GAMES WITH COMMON INTEREST

In this section we assume that the set of feasible payoffs F=
{(u1(t1,t2), u2(t1,t2)): ti E Ti} of the underlyinggame has a unique point (u*, u*)

that stronglyPareto-dominatesall other feasible payoffs(so that if (U1,

U2) E

F,

(u1, u2) * (u*I, u*2) impliesthat ui < u for i = 1 and 2). In this case we say that

the game has commoninterests.A game with commoninterestsneed not have a
unique efficient action as several strategy combinationsmay give rise to the
payoff(u*, u*). Denote by (* the set of all populationstrategiesthat give rise
to these payoffs(that is, the set of strategies 0 such that Ui(k;0) = u0 for all
k= 1, .. .,N and i= 1 and 2).
PROPOSITION 1: In any game with common interests, if there are at least two
messages, then the set (9* of all strategyprofiles that give rise to efficientpayoffs is
stable.

PRE-PLAY COMMUNICATION

1187

* for all 0 E 6Y*. First note
PROOF: It is sufficient to prove that A()=
that 0 E 0* impliesthat A(6) c 0*. Supposethat individualk in role 1 has an
opportunityto replace his strategy.(NL) guaranteesthat the new strategymust
lead to a payoffof u*. Since (u*, u*) is the uniqueweaklyefficientpoint of the
game, each role two player in the populationmust obtain u* when matched
againstindividualk's new strategy.
It remainsto show that 0 E &* implies * cA(6). Fix 6' E &*. It is possible
for the populationstrategyto drift to a configurationin which all playersin a
given role use the same strategy(for example,if one by one individualsin role
one adopt the same best responseto the populationstrategy,and then individuals in the second role do the same). Call the messages used under this strategy
(Mi1, Mi2). If these messagesare not used in 6', responsesto the other messages
can drift so that they agree with 6', and a series of replacementscan lead the
populationto 6'. Otherwise,the followingsequence of replacementsariseswith
positive probability:responsesto another pair of messages drift to actions that
supportthe efficient payoff;all individualsuse these messages;the response to
(M1, IM2) drifts to the response played under 0'; the responses to the other
messagesdrift so that they agree with 0'; and individualsreplacetheir signaling
strategieswith the ones in 6'.
-

Proposition1 requiresthat M, the set of messages,has at least two elements.
If there are two differentways to achieve the efficient payoff in the underlying
game, and M containsonly one element, then there will be distinctstable sets
supportingeach equilibrium.
In orderto guaranteethat once the populationarrivesat an efficientpayoffit
is sure to stay there, we must use (NL). If inferiorstrategiesenter with positive
probability,then play could depart 6*. We would obtain the same qualitative
result if we weaken (NL) but require that any new strategy that does not
performas well as the strategythat it replaces is immediatelyreplaced.This
dynamicbehaviorwouldbe guaranteedif we assumedthat only those individuals
using the least successful strategy in the current population are replaced (a
propertythat is consistentwith (S)). Under these conditionsonce the population
arrivesat a strategyin &9*it stays close in that the populationstrategyprofile
differsfrom an element in &* by the strategyof at most one individual.
Stabilityof (9* could also be destroyedif we weakened (I) to permit many
individualsto change their strategiessimultaneously.
Proposition 1 guarantees that the set of strategy profiles leading to the
efficient payoff is a stable set for common-interestgames. Next we show that
there is a unique stable set of profiles, and that this set contains an efficient
point. Combinedwith Proposition1 it establishesthat pre-playcommunication
forces efficiencyin common-interestgames.
PROPOSITION2: In any game with common interests,if thereare at least two
messages,then thereis a uniquestableset.
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PROOF: For i = 1 and 2, let u0' be the highest feasible payoff for a playerin
role i of the underlyinggame; let (a1,a) be strategiesin the underlyinggame
that give rise to a payoff (u*,ut). Let 0* denote the homogeneousstrategy
profile in which each individualin the populationsends the same message m
and, independentof the messagessent, an individualin role i plays ai. We will
show that 0* eA(0) for all 0. It followsthat 0* is an element of any absorbing
set; hence it is an element of any stable set. Since stable sets either coincideor
are disjoint,there is a unique stable set, and it contains 0*.
Througha series of replacementswe can transforman arbitrarypopulation
profile 0 firstto a homogeneousprofilein whichunusedmessageslead to payoff
ul*,then to a strategyprofilein whichrole one playersactuallyattainthis payoff,
and finally to 0*. One by one, each agent in role one can be given an
opportunityto replace his strategywith the same optimal response to the role
two strategiescurrentlyin the population;supposethis leads agents to send the
message m'. These changes can occur (with positive probability)while the
strategies of the role two playersremain fixed. Next, the role two playerscan
switch (one by one) to a strategy that responds optimallyto the first role's
strategy.This strategycan be selected to have the propertythat role two players
take action a2 in response to an unsent message m" (independent of the
message that role two players themselves send). Next, change the strategyof
everyrole one playerso that they all send m"and take action a1 independentof
the messagethat they hear from their opponent.Since u* is the largestfeasible
payoff for a role one player, this replacementsatisfies (NL) (indeed, it is an
optimal response to the population strategy). At this point the population
strategyprofileis homogeneousand leads to the payoff u* for role one players.
To obtain the strategy0*, let role two players modify their strategies so that
they all send the message m and take a2 in responseto everymessage;and let
i
role one players modify their strategies (if m" m)
so that they too send m.

Propositions1 and 2 guarantee that in common-interestgames there is a
unique stable set, and it contains precisely those strategies that lead to efficiency. The logic behind the result is plain. If the populationis outside of this
set, it can drift to a profilein which there is an unused message,and agents can
use this message to coordinateon a good outcome. When there are common
interests,the populationgets stuck once everyoneobtainsan efficientpayoff.A
direct consequence of these results is that payoffs converge globally in
common-interestgames. The.payoffto an individualin role i must convergeto
the efficientpayoff, u*, with probabilityone.
Since all of the replacementsused in the proofsof Propositions1 and 2 satisfy
(BR), existence and uniquenessof a stable set in common-interestgames holds
under (BR) (instead of (R)).
4.

GENERAL GAMES

When the common-interestassumptionfails, the set of outcomes that arise
infinitelyoften is large. The next result, which follows from a simple modifica-
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tion of the proof of Proposition2, states that the stable set of any communication game must include the efficient frontierof the set of stage-gamepayoffs.
PROPOSITION 3: For any game withpre-playcommunicationwith at least two
game,
messagesthereis a uniquestableset. For anyefficientpayoffin the underlying
the stableset containsa homogeneousstrategyprofileyieldingthatpayoff.

Rather than provide a proof of this result, we shall illustratethe result with
the prisoner's dilemma game. Suppose that the population was playing a
homogeneousprofile in which every agent used the same message and cheated
no matter what his opponent said. Through a sequence of replacements,the
strategiesof the role two individualscould change so that they all respondto an
unsent message with the cooperative action. Finally, through a sequence of
replacements,the strategies of the role one players can change so that these
playersare using the previouslyunsent message (but still cheating).As a result,
the role one playersreceive their highest payoff (even though this payoff could
not be achieved in a static equilibrium).3It is straightforwardto show that the
populationcan move with positiveprobabilityto a configurationin whichplayers
in role one receive their highest payoff from any initial specificationof the
population.This configurationis not a stable one: when role two playershave an
opportunityto adjusttheir strategy,they will cheat again. Hence the population
moves from configurationsthat are preferredby one type of agent, to configurations that are inefficient,to configurationsthat are good for the other type of
agent. Without providingmore details about the transition probabilities,we
cannot say how much time the process will spend at efficient outcomes. Our
dynamicdoes not limit the set of possible predictionswhen the underlyinggame
lacks commoninterests.The uncontrolleddrift off the equilibriumpath permitted by (R) leads to this result.

5.

NONE-SIDED COMMUNICATION

In the literaturethat assumeslanguagehas a focal meaning,it is generallythe
case that if only one player is able to communicate, then that player is
guaranteedto achievehis favoriteoutcome.This result holds in our framework.4
Imagine that only players in the first role are able to send messages. The
argumentof Proposition2 demonstratesthat a populationprofile in which the
agent who is able to speak receives his highest feasible payoff must be an
element of every stable set. Hence there is only one stable set.
3If instead the role one players used the previouslyunsent message and then cooperated,a
replacementthat satisfies(R) but not (BR), the populationwouldmoveto an outcomein whichboth
plal'erscooperate.
The efficiencyresult did not hold in our earliermodel, Kim and Sobel (1992).
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We can also prove a versionof the efficiencyresult of Section 3. If playerone
obtains his highest payoff only at a strict equilibrium,then the only stable
populationprofilesmust give rise to this equilibrium.As long as role one players
receive their highest payoff, only other role one strategies that lead to the
highest payoff can enter the population.When the equilibriumis strict,no role
two strategythat lowersa role one player'spayoffcan enter the population.We
summarizethese results in Proposition4.
PROPOSITION 4: Assume that only players in role one may signal prior to playing
the underlyinggame. Let w1 be the highestfeasible payoff for a player in role one of
the underlyinggame. There is a unique stable set of population strategies. w* is a
payoff to role one players associated with a homogeneous population profile contained in the stable set. If the only way to obtain the payoff w* for role one players is
in a strict equilibriumin the underlyinggame, then role one players must receive w
at each element of the stable set.

Proposition4 holds if the assumptionthat the role-one player'sequilibriumis
strict is replaced by the weaker condition: w* = u1(t*, t*) and t2 an optimal
responseto t1 impliesthat u1(t , t2) = w . This conditionholds in all commoninterestgames.
6. CONCLUSION
In this section we note limitationsand extensionsof our approachand briefly
discussrelated papers.
It is traditionalin evolutionarymodels to view playersas being drawnfrom a
single population.Assuming that players are drawnfrom a single population
leads to difficultiesthat we believe are artificial.Cheap talk is needed not only
to providea myopicallyattractiveway to avoid inefficientstrict equilibria,but
must also be used to create asymmetries.Our basic resultsfor common-interest
gamesremaintrue in this settingnonetheless,5providedthat there existsat least
one unsent message for each individualin the population,and that we replace
(S) with the more restrictiveassumptionthat the probabilitythat any individual
has the opportunityto change his strategyat the end of a round is positive.6
Assuming that there are at least two messages for each individual in the
populationguaranteesthat in any populationstrategyprofilethere is an unused
messagefor each individual.When the populationis finite, agents can use these
extra messages to determinetheir roles in the game. In an infinitepopulation,
symmetricmodel, Schlag (1993) demonstratesthat one cannot rely on the
replicatordynamicto guarantee efficiencyeven in games where players'have
identicalpayoffs.
5Details of the argument are available from the authors.
6Our previous results continue to hold under (BR) if (S) is strengthened in this way.

PRE-PLAY COMMUNICATION

1191

Withoutplacing more structureon the model, it is not possible to state how
long it would take for the population to reach a stable set, but our proofs
suggestthat convergencecould be slow. The particularset of replacementsthat
we identify requires one side of the population to change its strategywhile
strategiesof the individualson the other side do not change. While other paths
to the efficient outcome exist, we have not identifiedthem, and the population
could remainat an inefficientoutcomefor a long time. This intuitionappears,in
a different form, in Banerjee and Weibull (1993) and Schlag (1993). These
papers demonstratethat inefficient outcomes can be dynamicallystable with
respect to the replicatordynamic.
The richness assumption(R) permitsus to conclude that stable sets contain
efficientoutcomes;it also leads to our conclusionthat there are manyrecurrent
outcomesin games that do not have commoninterests.We exploitthe property,
implied by (R) (or (BR)), that replacementstrategies may have arbitraryresponsesto unsent messages.In particular,nothingpreventsplayersfrom using a
stronglydominatedstrategyof the underlyinggame in response to an unsent
message. While we think that it is plausible to permit changes in off-the-equilibrium-pathbehavior, economic agents, even those with limited rationality,
shouldbe able to avoid certainresponses.An earlierversion of this paper(Kim
and Sobel (1992)) studied the outcomes that satisfythe static stabilitycondition
developedby Swinkels(1992). This conditionrequiresnew strategiesto be best
responses to the populationthat arises after the entry. Kim and Sobel (1992)
show that this notion of evolutionarystabilityforces efficiencyin common-interest gamesprovidedthat there are unsent messages.In contrastto the analysisof
this paper,however,one could not guaranteethe existence of unused messages
withoutmakinganotherassumptionin additionto commoninterests.7
Robson (1990) considersthe possibilityof creating extra strategiesin evolutionarygames. These strategiesplay the same role communicationdoes in our
model. Robson demonstrates that adding a strategy forces cooperation in
coordinationgames and destabilizesthe inefficient outcome in the prisoners
dilemma.
Matsui (1991) applies a variation of the Gilboa and Matsui (1991) idea of
cyclicallystable sets, which correspondroughly to the steady-statesof bestresponse dynamics,to show that the only cyclicallystable set in 2 x 2 commoninterest games with pre-playcommunicationcontains only efficient equilibria.
The efficiencyresult does not generalizeto largergames because mixed strategies are permittedand there may be no guaranteethat there exists an unused
message that agents can use as a way to move to an efficient outcome.
Sobel (1993) presents existence and efficiency results for common-interest
games with pre-playcommunicationusing a static evolutionarystabilityconcept.
He obtains an efficiencyresult for general common-interestgames assuminga
finite populationof playerswho use only pure strategies.The resultsin Section3
7Bhaskar(1992) and Kim and Sobel (1992) demonstratethat the unsent messagesmay not exist
when mixedstrategiesare permitted.
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and 4 of this paper go beyond Sobel (1993) because they rely on an explicit
dynamic process, permit a more general class of replacements,and do not
requirelarge message spaces. Sobel (1993) uses the stabilityconcept to obtain
efficiency results for two different types of common-interestgames, infinitely
repeated games and incomplete-information
games with cheap-talk.It contains
a surveyof other papers (Bhaskar(1992), Fudenbergand Maskin(1991), Kim
and Sobel (1992), and Warneryd(1991)) that apply static evolutionarystability
equilibriumconcepts to cheap-talkgames.
Matsuiand Rob (1991)and N6ldeke,Samuelson,and van Damme(1991)have
shown that only efficient outcomes arise as limits of an evolutionarydynamic
processin pure-coordinationgames with pre-playcommunication.These papers
assume that the population of players is finite; that players have periodic
opportunitiesto change their strategies;and that mistakes or mutationsoccur
and cause the models to have a unique ergodic distribution,which they show
convergesto the set of efficient payoffs as the probabilityof mistakesgoes to
zero. Because mutations are permitted,the dynamicsin these papers do not
satisfy(NL). Our result that cheap talk forces efficiencyholds more stronglyin
our model than in theirs in two senses. Firstthe class of common-interestgames
strictlyincludesthe coordinationgames that they study.Secondour assumptions
guarantee that once the population coordinates on an efficient outcome, it
remainsthere.
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