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Abstract

A diversity of cultures does much to strengthen a society. At the same
time, assimilating immigrants gives them better access to all the benefits a
society offers. This paper explores the tension between diversity and assimi-
lation in an endogenous games framework which formally models the notion
that most interactions in work and personal life are voluntary in nature. Peo-
ple encounter each other randomly and decide whether they benefit more from
continued search or from associating with one another. If agents benefit from
interacting with similar agents, we find that there is a strong bias towards
assimilation and the emergence of a single culture. This result can be over-
turned, however, by such factors as heritage, cultural affinities, caste, and
government policies. Finally, we show that if agents benefit from interacting
with agents dissimilar from themselves, not only will different cultures coexist,
but also there must necessarily arise a class of cultural market makers who
specialize in bridging the cultural divide.



1. Introduction

Empirical evidence suggests that peer effects, neighborhood effects, and social
networks are important determinants of success in many aspects of life, including em-
ployment (Topa, 2001; Conley and Topa, 2002), education (Hoxby, 2000; Hanushek,
Kain, Markman, and Rivkin, 2003; Ding and Lehrer, 2007; Friesen and Krauth, 2007),
and avoiding prison (Case and Katz, 1991; Calvo-Armengol, Patacchini, and Zenou,
2005). Furthermore, theoretical models provide a link between peer and neighborhood
effects and poverty traps (de Bartolome, 1990; Benabou, 1993; Durlauf, 1996; Sethi
and Somanathan, 2004). One possible implication of these findings is that introducing
higher-income peers into a neighborhood or social network can foster improvements for
the less-fortunate incumbents.

Consistent with these studies, Card and Rothstein (2007) find that the black-
white test score gap is larger in more racially-segregated cities. However, they also
find that test score gaps are independent of school segregation once one accounts for
neighborhood segregation. One explanation might be that students who attend an
integrated school may nevertheless socially self-segregate once they arrive. The same
reasoning about self-segregation might explain Hanushek, Kain, and Rivkin’s (2002)
finding that the negative effects of increasing the percentage of black schoolmates are
restricted to other black students, especially those with high-ability.

Recent studies of college student social networks shed further light on the endoge-
nous vs. exogenous nature of peer and neighborhood effects. Mayer and Puller (2008)
use data from Facebook.com, a university social networking website, to examine fac-
tors affecting the likelihood that students of different racial or ethnic backgrounds list
each other as “friends.” They find that friendship is driven primarily by post-meeting
preferences over personal attributes, and not by the probability that two people from
different groups meet. Thus, while agents meet more or less randomly, deciding if they
should continue the relationship is a choice made based on how well the characteris-
tics of the two agents match. Marmaros and Sacerdote (2006), using data on email

exchanges among students at Dartmouth College, find that race, geographic proximity
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(e.g. same dormitory), and entering class all greatly increase the probability of social
interactions. Mayer and Puller find a large “friends-of-friends” effect, but Marmaros
and Sacerdote do not.

Together, these studies raise the issue of whether individuals take advantage of
positive (or negative) peer or neighborhood influences. In this paper we ask the fol-
lowing question: Can two geographically-mingled subgroups coexist, adopt different
behavioral norms, and interact only with others in the same subgroup? If so, then
integrating a neighborhood or school might not lead to positive outcomes for the less-
advantaged subgroup. If not, then integration necessarily means a merging of cultures.

In general, partnering with someone with different cultural cues and expectations
can introduce difficulties and reduce the value of a partnership. An Irishman might
want to go to a pub after work to consider how to deal with a problem. A Muslim
would not. “Yes” in Japan means something very different than it does in New York.
French workers have different expectations about job security and working hours than
workers in Vietnam.

While agents may be endowed with different cultures initially, agents can also
choose to change their outlooks and become assimilated. The central theme of this pa-
per is to show what factors push agents to adopt a more advantageous set of behavioral
norms in hopes of finding better partners when interactions are voluntary.

More formally, we consider an endogenous game with two stages.! The first stage is
a kind of pregame in which there are several modes of behavior (actions) and individuals
choose to “learn” a subset of these behaviors. In the second stage, individuals are
randomly matched, observe the behavioral modes available to their potential partners
then choose either to play a coordination game against the matched partner or to pay

a waiting cost and get rematched next period. If they both choose to play, they must

1 An endogenous game is one in which players can restrict their actions sets and refuse to play against
matched opponents. In contrast to other games where the set of players, their sets of actions, and the
payoff function are all exogenous, only the payoff function is taken as given in an endogenous game.
Conley and Neilson (2009) looks specifically at prisoners’ dilemmas and shows that a commonly agreed
upon level of cooperation (which can be viewed as a “social norm”) is the only equilibrium outcome.
Here we use the endogenous game structure to analyze behavior in a coordination game and look for
conditions under which multiple social norms can coexist.



employ one of the actions they learned in the pregame. The coordination game has
a positive payoff if both players play the same action and zero if they play different

actions.

To make this concrete, consider a language example. Agents can learn English,
Spanish, or both. Two agents can observe the set of languages their potential partners
are capable of speaking. They both gain from trade only if they end up speaking the
same language. If the waiting cost is small, someone who speaks only Spanish will
choose to interact with a Spanish-only partner or a bilingual partner, but not with an
English-only partner (and inversely). The question then is, given this ability to refuse
interactions, can there be an equilibrium in which some agents speak only Spanish and
some speak only English (as we see in reality), or does equilibrium dictate that all
agents learn the same language? Our initial analysis of the symmetric game shows that

everyone must learn the same language, although some may learn to be bilingual.

Since this is obviously counter-factual, we go on to explore how different social
conventions might exist together in equilibrium. We note that the game may not be
symmetric in the case of language. In particular, agents might prefer interactions
made in their native language to those made in a non-native language. We check
the robustness of our prior result that equilibrium prescribes a common language in
this new setting. We find that the ability for different monolingual groups to coexist
depends on the size of the waiting cost, the magnitude of the preference to interact
in the native language, and the size of the native group within society. A society can
consist of two monolingual groups that do not interact with each other only if the
waiting cost is small, the groups are relatively equal in size, and the preference for

speaking the native language is strong.

We also consider a discoordiation game in which agents benefit from interacting
with others who have learned a different strategy than they have. For example, agents
might learn how to be leaders or followers. Not surprisingly, we find that both these
behavioral norms will coexist in equilibrium. What is surprising is that we also find

that there must necessarily arise in equilibrium a class of “social market makers” who
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have learned to pay both social roles. This is true even if there is a cost to learning
strategies. In contrast, there is no role for social market makers in coordination games
and they disappear entirely in equilibrium if there is even a slight cost of learning new
strategies.

The paper precedes as follows. Section 2 gives a formal definition of the model and
defines an equilibrium concept called Pregame Perfect Equilibrium. Section 3 looks at
symmetric coordination games and establishes that one behavioral norm must domi-
nate. Section 4 looks at issues of heritage and preferences for one mode of conduct over
another. Section 5 explores a discoordination game in which multiple conventions must
coexist in equilibrium. Section 6 relates these results to the literature on neighborhood

effects and evolution, and Section 7 offers some concluding remarks.

2. The Model

Consider an economy with I agents indexed i € {1,...,I} = Z. Each agent has
a set of strategies X available for him to learn. Agents receive payoffs by finding a
partner with whom to play a bilateral game. The payoff to each agent is given by the
function F' : X x X — R. Thus, the payoff to agent i choosing strategy z; playing
agent j choosing strategy z; is F'(x;, x;).

We assume a two-part game. The first part is the pregame. Here, each agent
chooses to learn a subset of strategies ¢; C X. We refer to ¢; as agent i’s list. Denote
the set of all possible lists as £ (that is, all possible subsets of X).

The second part of the game is a multistage matching game similar to the one
described by Rubinstein and Wolinsky (1985). In each round of the stage game, agents
are randomly matched with another agent and can choose one of two options: play or
not play.

If both agents decide to Play (P), they choose strategies from their list, settle on a

Nash equilibrium and retire from the game. We assume that when an agent retires, he
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is replaced by an agent with the same name who has chosen to play in the same way.
While this is a strong assumption from a theoretical standpoint, it will become clear

that in the applications we consider, it has very little bite.

If at least one agent decides to Not play (N), they receive no payoff but pay a delay

cost of z > 0 and search for a new partner in the next round of play.

Formally, an agent’s strategy in the second part of the game is a mapping from
the strategy list of the agent with whom he is matched to his own list plus N. Since
matching is random and anonymous and the population of agent types is stable across
periods, we assume that history does not influence strategic choice. Let agent i’s second
stage strategy be denoted g; : L — £;|J N. Let G denote the set of all such mappings.

We will refer to g; as agent i’s stage game strategy.

An agent’s strategy therefore consists of a pair (¢;,g;) € (£,G). Collectively, we
will denote this as s; € S. A strategy profile for the game is denoted: S = (s1,...,87) €
S x ... x S. It will be useful to refer to the profile of lists and stage game strategies
separately on occasion. We denote these L = (¢1,...,¢;), and G = (g1,...,91). We

also use the notation s_; to denote the strategy profile for all agents excluding agent 1.

Next turn to defining a reasonable equilibrium concept for endogenous games.
The essential idea is that agents play subgame perfect strategies based on a reasonable
set of consistent beliefs. While straightforward from a conceptual standpoint, it is
notationally dense to define formally. We therefore will follow the strategy of putting
the detailed formal development of these concepts in the mathematical appendix and

focus only on the points that are of real economic and theoretical interest.

One requirement of our equilibrium notion is that agents choose strategies in the
pregame that maximize their expected payoffs. We will denote the expected payoff that
agent i receives under strategy profile s as EPO(s;, s—_;) (see the appendix for details).

We also require agents to follow optimal strategies in every subgame. Thus, we
will need to know the expected continuation payoff from every subgame. That is,
conditional on having been matched with an agent who has chosen list E, we need to

know the expected payoff from this point forward. Denote the set of lists that agent ¢
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might encounter during equilibrium play given S by:
Li={tel|3jel,j#ist. l; =1}

and the set of lists that should not be encountered by agent i given S by:
Li={{eL|AjeT,jtist.l;=1"L}

Similarly, define the set of lists that might be encountered by any agent in equilibrium
play given S by
L={{eLl|Felst. l;=1}

and the set of lists that should not be encountered by any agent in equilibrium given
S by:
L={leL|AjeL, st.l;=1}

The expected payoff for a subgame in which an agent faces an opponent with
list £ € L;, that is, a list agent i expects to encounter with positive probability, is
straightforward to compute and denoted by EPO(s;, s_; | £). The expected payoff in a
subgame in which agent ¢ faces a list that should not be encountered on the equilibrium
path, that is, a list £ € L;, is more problematic. Subgame perfection requires that if
agent 7 and the agent with the deviant list £ € L; agree to play, they must play a Nash
equilibrium of the stage game. If the stage game has multiple equilibria agent 7 must
act based on beliefs about which of those equilibria will ensue. If agent ¢ chooses not to
play against the agent with the deviant list, agent ¢ must recompute the continuation
payoffs based on the information that one agent has deviated from the equilibrium
path. It could be that this is the only deviator, or it could be that there are multiple
deviators. Agent i’s choice between playing or passing against the deviant list depends
on his beliefs about what will happen if he chooses to play and what will happen if he
chooses to pass.

We now turn to the task of specifying a set of consistent beliefs regarding the

stage game strategies of both equilibrium and disequilibrium agents as well as beliefs
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about expected payoffs when a match is refused. Some of these beliefs are pinned down
by subgame perfection, but others, especially regarding the expected payoffs relevant
when paired with an agent with an out-of-equilibrium list, are not. The definition
below extends the notion of credible beliefs to endogenous games.

We use the notation p(g | S, ¢) to indicate agents’ beliefs regarding the probability
that a member of the population who has chosen list £ uses stage game strategy ¢ given
the strategy profile S. Given a strategy profile S, p: G xS x ... xS x L — [0,1] is a
consistent belief system held in common by all agents if:

1. Forall te L, > gp(g|S,¢)=1andp(g|S, ) =0.
2. Forallt € L, p(g|S,¢) = | {icZ|g:i=g and t;=4} |

| {icZL|t;=¢} |
3. Forall £ € L, p(g | S,¢) > 0 only if there does not exist § € G such that for all i

such that there exists ¢ € 7 with ¢; = 72
EPO(g, 0,5 | {) > EPO(g,0,S | {).

Condition 1 says p is a probability distribution. Condition 2 says the beliefs are
consistent with the equilibrium choice of lists by agents. Condition 3 says for lists
not seen in equilibrium, the common belief system about agents with such lists places
positive probability weight only on stage game strategies that are payoff maximizing.

Given these beliefs, we will finally need to express the continuation payoff for an
agent who encounters a list that he should not see in equilibrium. Note that there
is a small complication since the out-of-equilibrium lists may be different for different
agents. In particular, if only a single agent i chooses a given list £ then of course agent
7 would expect never to see this list in an opponent. The remainder of the population,
on the other hand, would just assume it had encountered agent i. We have embedded
one assumption in this regard in the definition in consistent beliefs: if an agent ¢ who
happens to be the only member of the population who chooses a list £ encounters this

list anyway, he assumes that that this disequilibrium opponent is just like him and

2 Thisis a slight abuse of notation. Rather than define a new EPO for disequilibrium agents, we simply
pretend the population expanded by 1 to I + 1 and use the old definition. Note in this case, S plays
the role of s_;



chooses the same stage game strategy, g;, as he does. This keeps his beliefs consistent
with the rest of the agents in the game. It would be more general to allow agent i’s
beliefs to be unconstrained, but it would complicate notation and would not change
any of the conclusions in the next section. We therefore opt for our simpler approach.

Given that strategies are complete contingent plans, every agent must specify a
continuation game strategy for each possible list he could choose. The probability an
agent with an out-of-equilibrium list plays stage game strategy g can be inferred from
the equilibrium strategy profile S. The expected payoff from choosing to play against
an out-of-equilibrium list can then be computed in a straightforward manner (see the
appendix for details). As for the expected payoff from choosing to not play, we make
a “small deviation” assumption that the out-of-equilibrium list disappears after the
current round and is replaced by the appropriate equilibrium list. In essence, this
means that agents never expect to face disequilibrium lists in the future, regardless of
whether they currently face one or not.

We denote the expected payoff agents receive when encountering out of equilibrium
lists (¢ € L;) by EPO(s;,s_; | £). We use a “bar” to remind us that this continuation
payoff refers only to out of equilibrium play.

We are now ready to define our equilibrium concept.

Pregame perfection: A strategy profile s € S and consistent belief system

p is a pregame perfect equilibrium (PPE) if

1. For all agents ¢ € Z, and all §; € S,
EPO(s;,5—;) > EPO(8;,5_;)
2. For all agents ¢ € Z, all £ € L; and for all g; € G
EPO(s;,5—i | £) > EPO(Gi, biys—i | £)
3. For all agents i € Z, all £ € L; and for all §; € G

EPO(SZ',S_Z‘ ‘ E) > EPO(gi,gi,S_i ‘ K)

8



4. For all agents i € 7 and all £ € L if

max I;lel?F((Ez,{E) > EPO(s;,5-i) — 2,

then g;(¢) # N.

Condition 1 says that for all agents, the strategies chosen are maximize the ex-
pected payoffs. Condition 2 says for all agents and for every list it is possible to
encounter in equilibrium, the strategy chosen conditioned on this encounter maximizes
the expected payoffs. Condition 3 is the same as 2 except that it applies to out-
of-equilibrium encounters. Condition 4 says an agent will always agree to play with
potential partner when the worst that can happen is that he realizes a weakly higher
payoff than he would expect from passing instead. This is necessary to prevent trivial
outcomes where all agents pass in response to encountering all lists. Passing, of course,

is a weak best response to passing, so this forms a degenerate equilibrium.

A very reasonable question is why don’t we simply use subgame perfection or
sequential equilibrium instead of pregame erfection? Let us be clear on this point:
we do not see PPE as being of much economic or theoretic interest. We are, inf
fact, frustrated at not being able to simply applying the existing equilibrium concepts
directly. However, it turns out that the particular features of the endogenous game
form we study make this impossible, and to be fully rigorous, we are forced to define

PPE. The reasons are a bit subtle, so we refer the interested reader to the appendix.

In the next two sections, we maintain the two assumptions that population size,
I, is even and I > 4. The first is needed because this is a matching game, and if the
population were odd, we would have to include the possibility of not finding a potential
match in any given period. This would needlessly complicate our model. The second
is needed because if I = 2 agents would always be matched with the same player each

period which would make the endogenous of the game degenerate.
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3. The coexistence of conventions in a simple coordination game

Let I' be a simple coordination game with X = {A, B} and F/(A,A) = F(B,B) =1
and F(A, B) = F(B, A) =0, as shown below.

Coordination Game
A B
A a, o 0,0
B 0,0 G, 3

This game has the feature that the two agents receive gains from trade if they
choose the same actions, and no gains from trade if they do not choose the same
actions. The possible lists are {A}, {B}, and {A, B}. We will refer to an agent with
list {A} as an A-type individual, one with list { B} as a B-type individual, and one with
list {A, B} as an AB-type individual. The issue we wish to address is the existence of
a pregame perfect equilibrium in which some agents choose list {A} and some choose
list {B}, and A-types and B-types do not interact with each other. That is, when do
agents choose not to interact with people who are different from them, and when can
two conventions or social norms coexist?

We first address a narrower question: Can there be a pregame perfect equilibrium
with both A-types and B-types but no AB-types, and in which A-types and B-types

do not interact? We show below that the answer is “no”.

Proposition 1. There is no pregame perfect equilibrium with 0 < I, < I A-type
agents who do not play against B-type agents, I — 14 B-type agents who do not play
against A-type agents, and no AB-types at all.

Proof/

See appendix.

Next, we consider whether this nonexistence result is robust to the introduction
of AB-types as intermediaries. When an A-type is matched with an AB-type, the

only Nash equilibrium of the restricted base game is for both agents to play A, and so
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an A-type is indifferent between interacting with another A-type and interacting with
an AB-type. B-types are also indifferent between interacting with other B-types and
interacting with AB-types. Can these intermediaries allow the different conventions to

coexist? As the next proposition shows, the answer is also negative.

Proposition 2. There is no pregame perfect equilibrium with I, > 0 A-type agents
who do not play against B-type agents and Ip > 0 B-type agents who do not play
against A-type agents.

Proof/

See appendix.

The intuition behind Propositions 1 and 2 is the same. If an A-type’s expected
payoff is at least as high as a B-type’s, the B-type has an incentive to defect and choose
the list {A}. Switching enlarges the population of A-types, increasing the A-type’s
payoff advantage. So, switching from list {B} to list {A} improves the agent’s payoff
in two ways, by moving him to a type that earns higher expected payoff in the first
place, and by increasing the expected payoff of that type by making them more likely to
match successfully. Intermediaries who have list {A, B} play no role in this argument,
and cannot help two conventions to coexist.

Having established that some classes of equilibria do not exist, it remains to es-
tablish the classes that do. The next proposition characterized the entire set of PPE

equilibria.

Proposition 3. There exist exactly two classes of pregame perfect equilibria: equilib-

ria with no A-types and equilibria with no B-types.

Proof/
See appendix.
Applying this analysis to the language example of the introduction, suppose that
A-types speak only English, B-types speak only Spanish, and AB-types are bilingual.
Propositions 1 and 2 state there is no equilibrium with both English-only speakers and

Spanish-only speakers, regardless of whether or not the population contains bilingual
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people. Proposition 3 establishes the existence of equilibria with a combination of
English-only and bilingual agents and equilibria with a combination of Spanish-only
and bilingual agents. Moreover, these are the only equilibria, and in equilibrium a single
language is sufficient for all interactions. Thus, it appears that cultural assimilation is

inevitable.

4. Heritage

The previous section shows that when agents are indifferent between the behavioral
norms they use, then as long as they can coordinate, everyone must share a common
culture. This suggests that integration in schools or neighborhoods should be enough
to generate the benefits of peer effects. However, casual inspection and the evidence
presented in the introduction attests to the fact that we do see cultures coexisting
within integrated societies. Clearly, the benchmark case considered in the previous
section must be missing something. The reasoning from the preceding section suggests
that when agents match randomly with the population at large, they benefit from
sharing the same behavioral norm as the majority group. Several factors might make it
more likely that minority cultures are able to continue to exist in light of the pressures

towards assimilation.

e A group that wants to preserve its culture can improve its odds by increasing the
likelihood that its members will interact with each other rather than the population
at large. For example, members may go to the same church, engage in the same
line of work or live in a ghetto.

e Policies may make it cheap or expensive to learn certain strategies. For exam-
ple, teaching Welsh, Celtic or Catalan in schools, or forbidding Native American
children to use anything but English in school will affect assimilation.

e Agents might have a strong preference for one of the coordinated outcomes over
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the other. For example, assimilation is more likely if the “affinity” benefits are
outweighed by the “large network” benefits of joining the larger community; con-
versely, cultural segregation might arise when the affinity benefits are large. If the
size of a group falls below a critical mass, however, separation is hard to sustain.
Given the search cost, it will not benefit agents to hold out in hopes of finding
another agent of their affinity type, and agents will instead learn the strategies

used by the larger society.

In this section we consider in more detail the case in which there are two types of
players: a-natives and b-natives. The first step is to adapt the theory of endogenous
games to allow for these “heritage-based” preferences.

To construct an endogenous game from the coordination game with heritage-based
preferences, suppose that the numbers of a-natives and b-natives in the population are
H® and H?, respectively, and these numbers are common knowledge. Set I = H =
H® + H’. In the pregame agents choose lists, as before. In the continuation game,
agents are randomly matched, and observe their potential opponents’ lists along with
their heritage (i.e. their opponents’ payoff functions). The game proceeds as before,
with agents deciding whether to play or pay a delay cost of z and be rematched. When
a pair elects to play, they play actions from their lists, receive their payoffs, and exit
the game to be replaced by agents with the same heritage and the same strategies.
The definitions of consistent beliefs and pregame perfect equilibrium can be extended
to this setting in a straightforward manner by replacing lists in the earlier definitions
by list-heritage pairs.

First, consider the base game in which

F*(A,A)=F"(B,B) = a+1
F*(B,B) = F*(A,A) = a

F"(A,B) = F"(B,A) =0

13



for h = a,b where n > 0. The parameter n captures agents’ preferences for their
native actions, with increases in 1 corresponding to stronger preferences for the native
action. Since we assume that both heritage and lists are observable, the strategies
must be conditioned on both. Formally g/*(h’, ¢') is the strategy employed by an agent
of affinity type h with list £ who encounters an agent with affinity type A’ with list
¢'. We are now able to address the question of whether there exists a pregame perfect

equilibrium in which agents refuse to interact with agents of the other heritage.

Proposition 4. If the delay cost z is small enough, there exists a pregame perfect
equilibrium in which agents’ lists do not contain the non-heritage action and agents

play only against others from the same heritage.

Proof/
See appendix.

Proposition 4 establishes that, if the delay cost z is small relative to the preference
for the native action, n, there exists an equilibrium of cultural separation in which
a-natives never learn action B and only interact with other a-natives, while b-natives
never learn action A and only interact with other b-natives. When the delay cost is
small, a-natives find it more beneficial to wait to meet another a -native in order to
gain the benefit 7 than to learn action B and play the first opponent, and b-natives
share the same incentives.

The actual condition for ”small enough” z is worth a closer look. It reduces to

HI —1

<
*STHO

U]

for j = a,b. The restriction on z is looser, and therefore cultural separation is more
likely to occur, when the population is more evenly split among the two types and the
affinity for native behavior 7 is large. Conversely, when the population contains a large
majority and a small minority, assimilation is more likely to occur.

This analysis highlights the reason why cultural separation can persist in schools

or social networks, as discussed in the introduction. Even though agents with different
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preferences are intermingled and are sometimes matched with members of the other
heritage group, if the native preference is strong, the heritage group is relatively large,
or the cost of waiting for a match with someone from the same heritage group is small,
cultural separation can persist. In the presence of these conditions, integrating two cul-
tural groups is not enough, because while integration can lead to face-to-face encounters,

individuals still can refuse to turn these into mutually beneficial relationships.?

5. Discoordination Games

In this section, we turn our attention to the “discoordination game” which is in a
sense the opposite of the coordination games above. Here, agents want to find a partner
who will play the opposite strategy as he does. For example, someone who knows how
to cook meat would prefer to partner with someone who knows how to cook side dishes
for a picnic. We will argue that not only will it necessarily be the case that multiple
conventions coexist, but also that there must exist “social market makers” who can
interact with either convention.

Consider the symmetric discoordination game in which X = {A, B} and F(A, A) =
F(B,B) =0, and F(A,B) = F(B,A) = «, as shown below.

Discoordination Game
A B
A 0,0 a, o
B Q, o 0,0

A pregame perfect equilibrium exists for this game when [ is divisible by 3. In the
equilibrium /3 agents choose list {A}, I/3 choose list {B}, and /3 choose the full
list {A, B}. All agents use the same continuation game strategy g(¢' | £) given by:

3 of course, the converse is also true. That is, if delay cost is large, native preference week, or the
heritage group relative small, then cultural segregation becomes more difficult to sustain. At some
point, all PPE involve cultural assimilation as in section 3.
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9a({A}) =N ga({B}) =4  9a({AB}) = A.

ge({A) =4  gs({B})=N  gs({AB}) =B.

gas({A}) = A g9ap({B}) =B  gap({AB}) = N.

It is straightforward to verify that the continuation strategies satisfy the conditions

4

for pregame perfect equilibrium.* To see that the choices of lists are consistent with

equilibrium, note that EPO4(S) = EPOg(S) = EPOp(S) = a — L322, and if any

agent switches to a different list, his expected payoff changes to o — ﬁz, which is
worse for all z > 0.

In a coordination game, agents benefit from playing against others who behave the
same as themselves, and pregame perfect equilibrium allows only one mode of behavior
to exist in equilibrium. In a discoordination game, in contrast, two modes of behavior
must coexist. Pregame perfect equilibrium requires the existence of intermediaries to
serve as “social market makers,” that is, agents with full lists who can interact with
both single-list types. Thus, pregame perfect equilibrium in discoordination games
precludes full specialization by type.

To understand the discoordination game more fully, consider the following classical
interpretation. (We provide two interpretations that relate more directly to culture
below.) Two agents are matched and, if they agree to play, receive positive payoffs
if they find each other and zero payoffs if they do not. The two available actions
are to “go looking” or “remain in one place.” If they both remain in one place they
fail to find each other, and if they both go looking they also fail to find each other.

Successful outcomes occur only when one agent goes looking and the other remains in

one place. Parents realize this and teach their children to remain in one place when they

4 Because all possible lists occur in the equilibrium, the consistent belief requirement that governs beliefs
when encountering an off-the-equilibrium-path list plays no part in the equilibrium.
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become separated. However, that rule only works for asymmetric populations where
parents are always matched with children. What would happen in a population with
only adults? In the endogenous game the equilibrium specifies a group that only goes
looking (finders), a group that only remains where they are (stayers), and a group that
can do either (intermediaries), all of equal size. Finders refuse to play against other
finders, stayers refuse to play against other stayers, and intermediaries refuse to play
against other intermediaries. If a stayer, say, switches to become a finder, then he joins
a now-larger group and has a higher probability of matching with another finder, which

is unsatisfactory. The same thing occurs if he switches to become an intermediary.

The difference between the discoordination game and the coordination game, then,
and what drives the existence of equilibria with distinct groups in the former but not
in the latter, is the property that in a coordination game a player wants to match
with someone like himself but in a discoordination game a player wants to match with
someone who is different. This, then, is the key to the failure of the coexistence of
conventions. Conventions cannot coexist when individuals with one convention benefit
from interacting with others who share the same convention but not with agents who

follow different conventions.

Discoordination games have interesting implications in the context of culture and

behavior we are concerned with in this paper.

Alpha, Beta, and Gamma Males: Consider a situation in which men come
together for a partnership to complete a project and share the profits. In each part-
nership, a leader and a follower are needed. Men develop skill at taking either role,
or sometimes, both roles. Examples include things like hunting expeditions, prepar-
ing a presentation for the boss, or trying to meet women at a fraternity party. Two
alpha-males means two leaders and a failed venture. Two beta-males means no lead-
ership, and a failed venture. Two gamma-males leads to a coordination problem and
only half the partnerships consisting of a leader and a follower. Thus, we find that all

three types of males will exist in equilibrium and agents will spend time finding the

17



compatible partner. °

Caste systems: A society needs people to specialize in, and perform all kinds
of work. The analysis above offers a potential explanation for the apparent stability
of caste-based societies. Suppose successful partnerships consist of a high-caste and
a low-caste member (or even several low-caste members). The major difference here
is that in this context search is not an entirely random process. Caste is usually a
clearly identifiable characteristic, even from a distance. If a high-caste agent needs
a low-caste partner, he can readily identify one and partner without search (and the
same is true for a low-caste agent.) Thus, market makers do not arise in this context.
More importantly, a low-caste agent would not have any incentive to learn high-caste
skills. He would never be asked for a partnership by another low-caste agent. Thus,
the endogeneity of the game serves to reinforce the caste-system. If an agent can
“pass” for being a member of another type, however the story is different. A low-caste
person who wants to provide a high-caste skill must appear outwardly to be high-caste
as well in order to have success in finding partners. This might explain the relative
persistence of caste distinctions based on race, gender, family connections, and even
such characteristics as height and beauty. On the other hand, caste distinctions based
on behaviors or appearances that any agent can learn and adopt are more difficult to

maintain.

6. Cultural Integration and Evolution

Besides relating to peer and neighborhood effects, this paper can be considered as

a model of cultural integration, as in Lazear (1999) and Kuran and Sandholm (2008).°

5 of course, in some (but not all) games like this, it might be possible for gamma-males to meet and
then agree who will be the alpha and who will be the beta. In this case all agents would choose to be
gamma-males. However, we can recover the result by adding a cost of learning a strategy (or mode of
behavior). In this case, the higher the cost the fewer gamma-males we see in equilibrium, but we would
still see all types existing together (at least until the cost of learning a second strategy got prohibitive.)

6 Kuran and Sandholm (2008) use an evolutionary game theory framework in which preferences are
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Interpreted in terms of culture, our results from the symmetric coordination game im-
ply that when culture is a choice variable and subgroups are integrated, one culture
must dominate in the sense that everyone must have a shared culture, although some
individuals might learn more than one. Like Kuran and Sandholm (2008), we find that
the twin social goals of social integration and multiculturalism are incompatible in that
when societies are integrated one culture must dominate and the other becomes super-
fluous for use in interactions. If multiculturalism is valued, then the model suggests
that the best way to obtain it is through social segregation.”

The paper can also be considered as a contribution on the coexistence of conven-
tions. The existing literature relies on the evolutionary approach pioneered by Kandori,
Mailath, and Rob (1993) and Young (1993). These papers explore 2 X 2 coordination
games with a Pareto efficient outcome and a risk dominant strategy and find that evo-
lutionary processes favor the risk dominant strategy. Ellison (1993) redirects attention
to a matching protocol that increases the likelihood for a player to be matched with a
“nearby” player and decreases the likelihood of being matched with a “distant” player.
Morris (2000) generalizes the approach and uses it to model contagion. To address
the issue of the coexistence of conventions, Sugden (1995) embeds the game in a lo-
cation space, with different locations occurring with different probabilities and agents
getting signals of their locations. Agents can then condition their behavior on their
location signals, and under appropriate conditions on the location density function, dif-
ferent conventions can coexist in different localities. Oechssler (1997) and Ely (2002)
allow for endogenous migration between locations, rather than Sugden’s exogenous but
imperfectly-observed assignment to locations, and find that evolution favors only the
Pareto efficient convention. For their models, switching locations requires switching

strategies, and Bhaskar and Vega-Redondo (2004) show that when these two switches

allowed to adjust over time, while Lazear (1999) uses a non-strategic model in which individual choices
are best responses to the population choices.

7 Lagear (1999) finds that the majority language is more likely to dominate the smaller the minority
subgroup. Since our paper only looks at equilibria and not dynamics leading to them, we find conditions
under which one language dominates, but not which one.
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are decoupled different conventions can coexist.

In all of these evolutionary studies agents are randomly paired and paired agents
are required to play the game. Agents’ strategy choices are exogenous in each round of
play. In contrast, in the endogenous game approach, paired agents have the option of
refusing to play by paying a waiting cost and being randomly rematched the next period
and agents choose to restrict their own strategy sets in a pregame in order to improve
the value of the partnerships they are able to form in subsequent play. Thus, our
approach is better suited to address questions of cultural integration and segregation

when interactions between agents are both voluntary and endogenous. 8

7. Conclusions

This paper addresses the question of whether two non-segregated groups with dif-
ferent modes of behavior or different cultural conventions can coexist while interacting
only with others in their own group. The answer depends on the types of games being
played. If everyone has the ability to make the same choices, that is, if there are no
inherent differences between agents before the game starts, de facto cultural segrega-
tion is inconsistent with equilibrium. In particular, there must be one prevalent mode
of behavior or cultural convention that everyone in the society shares. There may be
subcultures to the extent that everyone in one group maintains both their own culture
and the society-wide one, but these people are multicultural, and in equilibrium no
one possesses only the non-dominant culture. On the other hand, heritage may lead to

different groups of players having different different preferences over outcomes and in

8 The evolutionary approach has some advantages over ours. In particular, our analysis is equilibrium
analysis and has nothing to say about dynamics, while the evolutionary approach is dynamic and can
address issues regarding which initial conditions lead to convergence to which stable equilibria. Shelling
(1971) takes a different approach to the dynamics of the problem in his spatial proximity model. Two
types of agents are randomly distributed in geographic space and have a preference to have neighbors
who are the same type as they are. Every period agents can move to a new location that they expect
to like better. He finds that neighborhoods become highly segregated by type, and Pancs and Vriend
(2007) establish the robustness of his results in a variety of settings.

20



this setting cultural segregation can persist as long as the costs of avoiding cross-group

interactions is small.

To relate these results to the real world, consider the case of Welsh speakers in
Wales. The theory predicts that either everyone speaks English and some also speak
Welsh, or everyone speaks Welsh and some also speak English. Nearly everyone in
Wales can communicate in English. Furthermore, according to British census data,
54% of the population spoke Welsh in 1954, but by 1981 that number had fallen to 19%.
This raises the issue of how a group can go about preserving its culture, given that
equilibrium requires that everyone adopt the same dominant culture. Wales addressed
the disappearance of its language with the Education Act of 1988, which required the
teaching of Welsh to schoolchildren up to age 16. In part because of this effort, the

fraction of bilinguals in the population rose to 21% in the 2001 census.

The Welsh institutional response essentially encourages the expansion of the bi-
cultural group, but makes no attempt to create or preserve a mono-cultural, Welsh-only
group. In fact, the theory implies that there is no way for “cultural intermediaries”
who are able and willing to act with two different mono-cultural groups to preserve
the multiculturalism. The reason is that members of the two mono-cultural groups are
sometimes put in a position in which they can benefit from interacting with each other
but prevented from doing so by cultural differences. If passing up interactions is costly,
equilibrium prescribes one dominant culture, and cultural struggles are winner-take-all.
The only way, then, to preserve mono-cultural societies is through institutional means

that prevent opportunities for members of different cultures to meet in the first place.

Our model shows that self-segregation in a geographically-intermingled population
is not enough. Rather, physical separations that keep members of different cultures
from meeting are the only way to prevent such cultural struggles. Thus, separatist
movements, such as those among the Basque population of Spain, are consistent with
the model, while efforts to force cultural unification, such as English-only legislation in
some U.S. states, are not. The model predicts that one culture will become universal

throughout the population anyway, so attempts to force this are unnecessary, while
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efforts to keep different cultural groups separate are needed to preserve mono-cultural

identities.
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Appendix A - Justifying a new equilibrium concept

While Pregame Perfect Equilibrium is formally different from Sequential Equilib-
rium, we see PPE as simply the natural extension of subgame perfection to endogenous
games. To see why we need to make this modification, consider the following simple
example. Suppose there are four players, each of whom chooses a list from {a,b}. We
will pay particular attention to player 1 who is going to be matched with player 2.
Each individual has three possible lists: {a}, {b}, and {a,b}. For any matched pair,
then, there are 9 possible pairs of lists:

{a},{a},
{a},{b},
{a},{a, b},
{0}, {a},
{b}, {0},
{0}, {a, b},
{a,b},{a},
{a,b},{b},
{a,b},{a,b}.

Thus, for each matched pair there are 9 possible nodes corresponding to the 9 possible
pairs of lists.

Now suppose that player 1 is matched with player 2 and observes player 2’s list.
Player 1’s knows her own list, and she also observes player 2’s list. So, player 1 knows
which node pertains from the set of 9 generated by the (player 1, player 2) pairing.
However, player 1 does not know which of the 9 nodes from the (player 3, player 4)
pairing is the actual decision set. Consequently, player 1’s information set is not a
singleton, and contains all of the possible nodes from the (player 3, player 4) pairing.

The definition of subgame perfection requires that play be a Nash equilibrium in
every proper subgame, and a proper subgame is one that extends from a singleton
information set. As described above, player 1’s information set is not a singleton, and
therefore there are no proper subgames extending from the first match. Consequently,
subgame perfection has no bite. In essence, player 1 is missing the information about
the lists of the players with whom he is matched with.

If player 1 and 2 agree to play, the information about the lists of players 3 and
4 becomes irrelevant. The information set is not a singleton, but every node in the
information set yields the same set of branches with the same payoffs. We could just
choose one of the nodes and work out the Nash equilibrium from there. But, if players
1 and 2 do not agree to play, the lists of players 3 and 4 become relevant. This is why
subgame perfection will not work.

Alternative solution concepts, notably sequential equilibrium, govern behavior
from non-singleton information sets. However, sequential equilibrium is constructed
so that player 1 can infer things about player 2’s type after observing player 2’s action.
This does not help in our game, because player 2’s action, his choice of list, completely
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reveals his "type.” We need an equilibrium concept that allows player 1, after observing
player 2’s action, to infer things about players 3 and 4. In essence, we want player 1
to observe player 2’s list and then infer something about which node pertains for the
(player 3, player 4) pairing so that player 1 can form expectations about what will
happen if 1 and 2 decide not to play against each other.

Because neither subgame perfection nor sequential equilibrium tie down beliefs
about the nodes reached by other pairings, we identify a new equilibrium concept,
pregame perfect equilibrium. In essence, a combination of lists and subsequent actions
is a pregame perfect equilibrium if every player believes that all other players choose
lists according to the equilibrium profile, so that no player ever expects to see an
out-of-equilibrium list.

To see how this works with the above example, suppose that the candidate equi-
librium has all four players choosing list {a}, choosing to play against anyone with list
{a} and choosing not to play otherwise, and playing a when they play. When players 1
and 2 are matched, player 1 believes that players 3 and 4 have both chosen the list {a},
and so player 1 places zero probability on the other 8 nodes. This, in essence, makes
player 1’s information set a singleton and the structure of subgame perfection suffices
for solving the game.

Appendix B - Formal definition of pregame perfection

In this appendix, we give formal definitions to some of the concepts used in the
body of the paper. We begin by defining the various notions of expected payoffs.

The structure of the game is for agents to match randomly and decide either to
play or continue searching. Given a pair of strategies, the following binary function
PL:S8 xS — {0,1} indicates the outcome of any given random pairing:

PL(s;,s;) ={0if g;(¢;) = N or g;(¢;) = N; and 1if g;(¢;) # N and g;(¢;) # N}.

Given a particular agent ¢’s choice of strategy s; and a strategy profile for the remaining
agents s_;, we can divide the set of potential partners two sets: those who will accept
a match with ¢ and with whom ¢ will also agree to play, and matches that will result in
at least one of the two agents choosing not to play. Respectively, these may be defined
formally as follows:

IV (si,5) ={j € T\ i | PL(si,5;) = 1},

IN(siys_i) ={j € T\i | PL(ss,5;) = 0}.

Thus, given any strategy choice s; for agent ¢ and strategy profile s_; for the
remaining agents, probability that an agent does not match in any given period can be
calculated as follows:
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| TN (si,5-4) |

PN(SZ',S_Z') (I—l)

where | o | denotes the cardinality of a set.
Given this, the expected payoff that agent i receives under strategy profile s is:

Nt t 1
EPO(si,5-) = Y _ (PN (si,5-4) 7 > Flgity), g;(6:) — PN (si,5-4)2
=0 i€ (s0.5))

In order to test that agents are following optimal strategies in every subgame, we
will also need to know the expected continuation payoff from every subgame. That is,
conditional on having been matched with an agent who has chosen list f, we need to
know the expected payoff from this point forward.

To calculate this we need to restate the objects above to take account of the current
matching realization. Thus:

TP (si,s_i | £)={j € T\ i | PL(s;,s;) =1 and ¢; = {},
IN(si,5_4 | ) ={j €T \i| PL(ss,5;) =0and £; = {}.

|I (80,5 |é)|
|IN(3175—1 | E)UIP(SMS—Z ‘ é) |

The expected continuation payoff can then be expressed as follows:

PN(SZ,S_Z ] )

EPO(SZ',S_Z' |g> =
1
[{GeZ\ilt;=10}]

Z F(gz(é ) (f )) +PN(3173 i |€) (EPO(SMS z) _Z)
F€L” (51,5510

Next, we define the consistent belief system for a particular agent as derived from

a commonly held consistent belief system p(g | S,¢). Informally, the beliefs held by

agent i, p;(g | S, ¥), regarding the probability distribution of strategies he himself will

encounter is a modification of p that removes agent ¢ from the population probabilities:
1. For all g € G and ¢ # 4;, pi(g | S,€) =p(g | S,¢).

. _ I{seT\ilg;=g and ¢,=¢} |
2. Forall g e G and / € Lz, pi(g | S,¢0) = el =0
3. Forallge Gand £ = L;, p;(g | S,¢) =p(g | S,¥¢).
We will place a bar over the next several objects we define to remind us that
these refer to out of equilibrium play. Note that the following are only well defined for

these out of equilibrium encounters. We begin by defining the analog of Z¥ and Z% for

25



disequilibrium situations. In this case, we need to know the set of stage game strategies
used by disequilibrium players that will or will not result in a match taking place.

g_P(sivsfi | g) = {g € g | PL(Slvgag) = 1}7

G (si,5_i | £) ={g € G | PL(si,g9,¢) = 0}.

Given this and a set of consistent beliefs p, the probability of no match taking
place in a given round is easily calculated:

PN(‘SivS—i ‘ é) = Z pz(g ‘ S,E)
gegnN
Using this, we can finally state expected payoff in the event of an out of equilibrium
encounter as follows:

EPO(s;,5_; | {) =

> pilg1S,DF(9:(0), 9(4:) + PN (si, 55 | £) (EPO(si,54) — 2)

g€GP (si,5518)

Appendix B - Proofs

Proposition 1. There is no pregame perfect equilibrium with 0 < I4 < I A-type
agents who do not play against B-type agents, I — I 4 B-type agents who do not play
against A-type agents, and no AB-types at all.

Proof/

Let 14, I, and Ixp denote the numbers of A-types, B-types, and AB-types,

respectively. We want to establish the existence or nonexistence of a pregame perfect

equilibrium in which 74 > 0, I > 0, and I4p = 0. Note that in any PPE, agents will

always agree to play with their own types since this give the highest payoff possible.

Thus, the expected payoff to A-types in this case is:
T4 —1 Ip

EPOA(S) = F—ra+ 77 (-2 + EPOA(S)) = a -

and similarly the expected payoff to a B-type is

Ip
Ip—1

z

Iy

EPOg(S) =4 - Ip 1

zZ.
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The key point to note is that EPO;(S) increases in I; and decreases in I; for i,j €
{A, B} with ¢ # j. Thus, if the payoff from being an B-type, for example, is higher
than the payoff from being an A-type (either because [ is higher or Ip > I4), then A-
types are better off becoming B-types. In addition, by making the switch, they further
increase the payoff advantage of being an B-type. Even if the payoffs to each type are
initially equal, an A-type increases his payoff by becoming a B-type. Consequently,
for any possible combination of 14 > 0 and Ig > 0 with 14 + Ig = I some type has
an incentive to choose the other type’s list, and so there is no PPE that satisfies the
hypothesis.

Proposition 2. There is no pregame perfect equilibrium with 14 > 0 A-type agents
who do not play against B-type agents and Ip > 0 B-type agents who do not play
against A-type agents.

Proof/
Suppose there is such an equilibrium. The expected payoff to an A-type is

Ia+1ap—1 Ip Ip
OA(S) 71 a I—l( Z+ OA(S)) (6 IA+IAB—1Z
and similarly the expected payoff to a B-type is
EPOg(S) =f3 1a
=f—-—F2.
b Ip+1Iap—1
We can compute
In—1Ip
EPOA(S)— EPOp(S)=a—-p+ (I —1)z,

(IA+1)(]B+1)

which again is increasing in /4 and decreasing in Ig. The argument is therefore the
same as for Proposition 1. In all cases either an A-type, a B-type, or both have an
incentive to defect, contradicting the hypothesis that an equilibrium with both types
exists.

Proposition 3. There exist exactly two classes of pregame perfect equilibria: equilib-
ria with no A-types and equilibria with no B-types.

Proof/

First consider an economy in which 74 agents choose list {A}, I —I4 agents choose
list {A, B}. Two cases arise based on the value of the delay cost z.

Case 1: z < a. Suppose that A-types choose the following strategy in the contin-
uation game:
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ga{A}) =A  ga({B})) =N  ga({AB}) =4
and AB-type agents choose the strategy given by:

gas({A}) =A  g9ap({B}) =B  gap({AB}) = A.

In addition, suppose that both types of agents think that if they happen to encounter
a B-type agent, his continuation strategy is:

gs({A}) =N  gs({B})=B  gs({AB})=B.
We will leave aside for the moment the question of whether this generates a consistent
belief system.

Observe that given these strategies, all agents match in the first round and get the
maximum payoff. Thus, no strategy could yield a higher payoff from the standpoint
of the pregame and so condition (1) of PPE is satisfied. This also means that in any
matching that occurs after the pregame, the strategies for each type of player still yield
the maximum payoff. Thus, in equilibrium encounters, the conditional expected payoff
is maximized and condition (2) of the PPE is satisfied. Now suppose that an A or AB
type happens to be matched with a B type. This is an out of equilibrium encounter.
For AB-types, this presents no problem as both agents play “B” and get maximum
payoffs. For A-types, the expected payoff to this strategy is to suffer a cost of z < «
this period and then get the maximal payoff of 1 with certainty next period. Since
z < «, condition (3) of PPE is satisfied. Finally, from the above arguments, it is clear
that when z < a, it is optimal for A-types to pass in this case, and so condition (4) is
satisfied.

To complete the proof for this case, we have to show that this belief system is
consistent. Parts (1) and (2) are trivially satisfied, so only part (3) is in question. In
particular, we have to check that the strategy ascribed to the (non-existent) B-types is,
in fact, an optimal strategy. Clearly, B-types should play B against other B-types and
against AB-types. The question is playing N against B-types credible? Since A-types
play N when meeting B-types, however, it does not matter what B-types do. Thus,
the no other strategy would yield a higher payoff, and so part (3) of the definition of a
consistent belief system is satisfied as well.

Case 2: z > a. Under this condition an A-type’s best response when facing a
B-type is to play, since the penalty for delay is too steep. Accordingly, suppose that
A-types choose the following strategy in the continuation game:

9a{A}) =A  ga({B})=A  ga({AB}) = A
and AB-type agents choose the strategy given by:

gas({A}) =A  g9ap({B}) =B  gap({AB}) = A.

In addition, suppose that both types of agents think that if they happen to encounter
a B-type agent, his continuation strategy is:
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gs({A}) =B  gs({B})=B  gs({AB}) = B.

As with Case 1, this generates a consistent belief system, and the continuation game
strategies are consistent with PPE.

It remains to show for this case that no agent wants to change his list in the
pregame. An A-type has no incentive to change to a B-type or an AB-type because he
receives the maximal payoff in the first period. For the same reason, an AB-type has
no incentive to change to being an A-type or a B-type. So, even though the high delay
cost makes it optimal for an A-type to play against a B-type, there is no incentive to
become a B-type.

We conclude that a PPE exists with no B-types. A similar argument establishes
the existence of a PPE with no A-types for z > 8 and z < 3. Proposition 2 then implies
that the only pregame PPE have either no B-types or no A-types when AB-types can
solve the coordination problem.

Proposition 4. If z is small enough, there exists a pregame perfect equilibrium in
which agents’ lists do not contain the non-heritage action and agents play only against
others from the same heritage.

Proof/
We suppose that a-affinity agents learn list {A}, b-affinity agents learn list {B},
and these agents play the following strategies for h = a, b:

g*(h,{A})=A  g¢g*(h{B})=N  ¢*°(h,{AB})=A4A
@A) =N  ¢@h{B)=B ¢"h{AB}) =B.

We must also state a belief system for heritage/list combinations that do not appear in
equilibrium. Here the “bar” reminds us that these are not equilibrium agents and the
notation g}'(h, ¢) denotes the continuation game strategy of an h’-affinity player with
list ¢ matched against an h-affinity player with list £. Thus, for h = a, b:

gp(h{A}) =N gp(h.{B}) =B  gp(h,{AB}) =B

gap(h,{A}) = A  gip(h.{B}) =N  gip(a,{AB})=A  gip(b,{AB})=N
gath {A) =4 gh(h{B}) =N  ga(h,{AB})=A

daph {A) =N gap(h,{B}) =B  gip(a,{AB})=N.  gip(b{AB}) =B.

We begin by showing the definition of PPE is satisfied for a-natives. From the
above, we can calculate an a-native’s expected equilibrium payoff as:

H* —1 HY . HY
71 (a+77)+H_1(—z—|—EPO (S))—(a—i—n)—Ha_l

z

EPO(S) =
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There are a variety of alternative strategies that an a-native might employ. In
principle, showing that the strategy we suggest produces the highest expected payoff
starting from the pregame requires that we test them all. Fortunately, most of these
are obviously suboptimal, so we will begin by focusing on the one that is non-trivial
and potentially optimal. Suppose that an a-native considers an alternative strategy s’
in which learns B as well as A, and plays B when encountering a b-native. In this case,
his expected payoff given the new strategy profile S’ is:

H“—l( i+ HY Ha—1( . )+H—H“
o o = (8]
H_1 T E T H_1 n

TH-1 7

H

EPO*(S') =

aH*4+nH* —a—n+ald —aH* (H-1)a+ (H*—-1)n
H-1 - H-1 '

For this to be a best response for the deviating a-native, it must be the case that:

(H — Da + (H* —1)n B
> _
H—1 Z(atn) = a2

Clearly, for small enough z, this will not be true. Thus, the strategy s’ is not superior
to s for this a-native.

The other alternative strategies are:

1. Learn only B and play this against all partners: clearly this is dominated by
learning A and B and playing A if the agent happens to be partnered with an
a-native

2. Learn A or A and B but play only against b-natives: obviously, this is a dominated
strategy.

3. Learn anything but always pass: obviously dominated.

4. Learn A and B but play only against a-natives: this has the same payoff as s and
results in the same play.

We conclude that s maximizes the expected payoff a-natives when the delay cost is
small and so condition (1) of the definition of PPE is satisfied.

Now we need to show that these strategies continue to be optimal in any equilib-
rium subgame. Suppose an a-native meets an a-native. Clearly playing A maximizes
the expected payoff. Suppose instead he meets a b-native. Since b-natives don’t play in
this case, no stage game strategy can give anything more than —z plus the continuation
payoff. It follows that Not playing is expected payoff maximizing. Thus, condition (2)
of the definition of PPE is satisfied.

Next, consider out of equilibrium encounters.

1. If an a-native meets an a-native who only can play B, Not playing is optimal for
small z.

2. If an a-native meets an a-native who only can play A and B, playing is A is
optimal.

3. If an a-native meets a b-native who only can play A, playing A is optimal.
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4. If an a-native meets a b-native who can play both A and B, not playing is optimal

for small z.

Thus, condition (3) of the definition of PPE is satisfied. Finally, the only time a-
natives choose to Not play is when they encounter a b-native who can only play B. We
show above this is optimal for small z. Thus, condition (4) of the definition of PPE is
satisfied.

Obviously, since the strategies are symmetrically inverted for b-natives, the argu-
ments above also show that the strategy S with this belief system also satisfies the
definition of PPE for b-natives as well.

It remains only to show that the strategies assigned to players not seen in equilib-
rium form a consistent belief system (that is, condition (3) of the definition of consistent
beliefs if satisfied). Observe that the strategies, g, given for these players fall into two
categories: (1) For agents who have not learned their native strategies (a-natives who
only know B. for example) g requires them to play the non-native strategy when
matched with someone who also has that strategy in their list, but not against some-
one without that strategy in their list. They play in order to earn a payoff of «, and
for sufficiently small z waiting for the payoff of « is optimal. (2) For agents who know
both strategies, g requires them to play their native strategies against any equilibrium
player who will also play this strategy and to Not play otherwise. Again, for small
z, this is expected payoff maximizing. We conclude that this PPE is supported by a
consistent belief system.
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