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Abstract

It is well-known that trust can be sustained among small groups with repeated

interactions. But with rapid urbanisation in the developing world, or in online

communities where people interact without physically meeting, the set of individ-

uals available for transactions is seldom small, and some partners may be ideal

matches at some times but not at others. The lack of e¤ective systems of law and

enforcement mean that self-enforcing institutions face the brunt of the challenge of

supporting exchange.

In this paper, we explore how informal institutions may sustain cooperation

among members of large populations when the legal ordering is weak and outside

options are strong. We delineate equilibria where cooperative exchange is made

possible through the formation of distinct groups or �communities.�We contrast

a number of social conventions that may support such group formation, including

the use of identity-speci�c investments and the creation of social hierarchies. We

highlight a type of social hierarchy whereby agents lower in the hierarchy change

groups more often, and thus cannot be trusted as much as senior agents. The value

of remaining loyal to a group increases over time without resorting to institutions

that �arti�cially� restrict trade with trustworthy agents; instead, at all points in

the game agents are trusted up to the point where they would �cheat and run.�We

also explore the robustness of cooperation to the entry of institution-free alternative

groups.

�Department of Economics, Stanford University. We would like to thank Avner Greif, Pedro Miranda,

Je¤rey Wu and participants in the Stanford theory lunch, the Stanford law and economics lunch, and

CDDRL student lunch for helpful comments. Athey thanks the Toulouse Network for Information

Technology for support. All errors and omissions are our own.

0



1 Introduction

In this paper, we explore the di¤erent institutions that can sustain cooperation among

members of large populations when the legal ordering is weak and outside options are

strong. We are motivated by settings such as online communities and informal market-

places in the developing world. In such settings, informal, self-enforcing institutions often

emerge that help sustain trust. We focus on institutions that do not rely on third party

observability of individual behavior.1 Instead we focus on the potential for coordination

among individuals to form distinct groups or �communities.�If members maintain their

loyalty, repeated interaction among a small group provides incentives for cooperation

within the group. If the incentive for loyalty is strong enough, they will also be deterred

from cheating a member of the community and then starting over in a new commu-

nity. The question becomes, what creates incentives for loyalty, and how do we balance

the bene�ts of loyalty�sustaining cooperation�against the costs of inducing members to

sacri�ce other trading opportunities that may be more convenient.

Formally, we model communities, or �markets,�as being potential loci for interaction

located on a circle. In every period, each individual realizes a new location on the circle

and then chooses which market to attend, where travelling to a market is costly. Then

individuals observe who else has chosen to attend that market and engage in �trust

games� with partners within the market. In our baseline model, matching within a

community is random, capturing the idea that selecting a community inherently commits

players to interacting with all of its members. However, we also consider an extension

where players can select partners within a community. The principal in the trust game

chooses how much to trust the agent (the scale of the trade), and the agent chooses

whether to work or shirk. We are particularly interested in the role of endogenous

�institutions,� by which we mean strategies where agents di¤erentiate among trading

partners based on factors other than their individual trading history. In our model,

individuals may also di¤erentiate based on a partner�s record of continuous attendance,

or, closely related, an agent�s �seniority level,�where advancement to the next level may

be determined as the outcome of public randomization. We assume that each agent can

observe the records/seniority levels of all other agents in his market upon arrival there,

but not any features of trades other than his own.

1The degree of observability among traders in real-world markets, which undoubtedly varies widely

across contexts, has been the subject of some debate. For example, Esfahani and Salehi-Isfahani [13] and

Banerjee and Newman [6] emphasise the augmented ability of business partners to monitor one another,

often through third party channels, in the informal sector. Ahmad [1], on the other hand, describes

contexts where the ability to monitor is extremely constrained, often to those within a family, and it

is limited observability and lack of collateral that denies informal sector entrepreneurs the credit they

need to expand.
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Loyalty arises when it is less attractive to start fresh in a new community than to re-

turn to the old one. A number of alternative institutions can induce loyalty. Observable

community-speci�c monetary investments are one alternative; we propose other alterna-

tives where investments of time substitute for money, and new arrivals trade less than

more senior members. Thus, social hierarchies based on seniority engender loyalty.

We consider a series of questions in this context. First, which institutions do well in

an environment where players have the option to travel to new markets in each period,

and where e¢ ciency demands the maximum possible mobility without disturbing trust?

Do social hierarchies help us understand the greater mobility of the young? Second,

how do institutions based on observable investments compare in terms of e¢ ciency to

those based on social hierarchies? Third, how does a social structure with more than two

agents interacting improve upon what can be accomplished with pairwise relationships,

absent any technological reason for group production? Fourth, can we �nd equilibria

that have certain desirable robustness properties? For example, can the equilibria be

characterized by behavior where all individuals are trusted up to the point where their

incentive constraints bind? And can the equilibria withstand entry by an alternative

group that does not have barriers to entry?

We begin our formal analysis by brie�y describing two benchmarks. In a peddler�s

equilibrium, individuals trade in the most convenient markets. With large populations,

this requires high degrees of patience to sustain cooperation. The loyalty equilibrium

allows individuals to coordinate into communities without supporting institutions. Here,

the ability to start over in a new group makes cooperation break down altogether, since

an individual can potentially avoid all future contact with a partner he has cheated.

We then consider equilibria where individuals make speci�c investments in a shared

group identity. Such investments can take a number of forms, depending on the exoge-

nous dimensions through which groups may assert distinction between one another and

conformity within themselves. The dimensions could be as diverse as language, �appre-

ciation capital�for a particular form of music or food, choosing where to live, getting a

tattoo, choosing clothes, even choosing a religion or ethical code (Becker and Stigler [7].)

We show that for this class of equilibria, for some parameter values (when the entry

barriers are high) the group size for which it is easiest to sustain cooperation is two:

partners make speci�c investments that commit them to one another, and there is no

gain to being part of a larger group. However, for other parameter values, partners are

especially tempted to �cheat and leave,�and the presence of additional groups makes it

cheaper for an individual to avoid a market where he has cheated someone in the past.

If the population is �xed, increasing the number of groups decreases the group size. But

the size of the group plays no direct role in enabling cooperation.
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If no dimensions exist that can be used to form the basis of group distinctiveness, then

attendance within a group�and hence not elsewhere�may act as a speci�c investment.

In a purgatorial equilibrium, agents do not trade with new members of a group for a pre-

speci�ed number of periods, or more generally, agents engage in reduced trade with new

members. An interesting question concerns the optimal group size in a purgatorial equi-

librium. Answering this question helps us to understand why groups can be more e¢ cient

than partnerships, and thus why social institutions can play an important role. When

there are only two players in each group, the equilibrium has the �avor of a partnership,

or a marriage. However, whenever one partner dies or leaves (due to unusually high costs

of travel to meet the group), the remaining partner must reduce his trade temporarily

until the new partner �nishes purgatory. On the other hand, the incentives to cheat a

partner within a group of two are quite low, since there will be no bene�t to returning

after cheating. Thus, a player will be most tempted to �cheat and leave,�behavior that

is dissuaded by the desire to avoid going through purgatory in a new group. We show

that larger groups can actually increase e¢ ciency, by increasing the return to seniority.

Holding features of purgatory �xed, with larger groups, senior players trade more often

with other senior players and less often with junior players. Junior players trade more

often with other junior players and less often with senior players. This increases the gap

between the value of being junior and that of being senior. Then, the incentive to �cheat

and leave�is reduced, and purgatory can be made less severe. Although the larger group

reduces the sanction to cheating and staying within the group, for many parameter values

and for moderate group sizes this constraint is not the binding one.

Although the equilibria based on speci�c investments as well as those based on purga-

tory seem to be consistent with some real-world examples, they also share two somewhat

undesirable features. First, newly arrived agents or agents who have not made group-

speci�c investments are actually trustworthy (they would be willing to cooperate today

if they expected it would lead to cooperation in the future when rematched with today�s

partner), yet trust is withheld. In the case of purgatory, the period before purgatory

ends, an individual�s continuation value is the same as that of senior agents, but yet

equilibrium strategies call for reduced trade. Thus, if an individual is matched with a

newly arrived agent in the purgatorial equilibrium, the pair would be better o¤ agreeing

to trade at a higher level.

A second undesirable feature is that a group as a whole would often be better o¤ if

it abandoned an institution of requiring speci�c investments or withholding trade from

newcomers (so long as all other groups maintained their institutions), because these

requirements serve only to induce loyalty in other groups.

Motivated by these concerns, we construct an alternative class of equilibria. A hier-
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archical equilibrium is closely related to a purgatorial equilibrium. It also has the feature

that, on average, agents who have longer attendance records are given more trust. How-

ever, instead of using a �xed length of time where an agent is at the �lower level,�there

may be multiple levels, and further each level of the hierarchy has a �xed size and ad-

vancement from one level to the next occurs only if agents at the higher level leave or

die. This feature plays two roles. First, it simpli�es the analysis by keeping the seniority

distribution stable over time. Second, and more substantive, when individuals at the

next-to-highest level do not deterministically advance to the highest level, their continu-

ation values are not the same as those at the highest level. Thus, the individuals at the

next-to-highest level have less to lose from a cheat-and-leave strategy, and the potential

exists to �nd equilibria where (i) trust increases at each level of the hierarchy, but (ii)

individuals at each level of the hierarchy are trusted to the point where their incentive

constraints bind.

We allow that agents lower in the hierarchy actually leave in equilibrium when they

receive adverse location shocks. The less likely an agent is to leave, the greater his

incentive to cooperate today (that is, the greater are the losses from a cheat and leave

strategy that entails starting anew in a new community), and the more trustworthy is

the agent. Thus, mobility in equilibrium reinforces the e¤ects described above, creating

a second reason that junior agents are less trustworthy. We construct some numerical

examples of these equilibria.

Although the hierarchical equilibrium potentially has one of our desired robustness

properties, it still shares the feature that the institutions of one group are critical for sup-

porting trust in other groups. A single community could potentially adopt the convention

that all individuals (including newcomers) are treated the same as the most senior level

of other communities. Individuals would be dissuaded from leaving, since starting over

in any other group would mean going to the bottom of the hierarchy. Thus, cooperation

could be sustained in the single community without institutions.

In addition, the hierarchical equilibrium (like the purgatorial equilibrium) has some

ine¢ ciencies relative to an equilibrium based on speci�c investments. Since senior agents

are randomly matched with (untrustworthy) junior agents within a community, they suf-

fer losses in potential trade even though the senior agents are trustworthy. This decreases

the value of being a senior agent, reducing the incentive for loyalty and necessitating still

lower levels of trade at the bottom of the hierarchy. In contrast, in an equilibrium based

on speci�c investments, once investments have been made, trade occurs e¢ ciently.

We then consider an extension of the model where agents can choose their partners

within a community�a choice-based hierarchy. With this extension, we can avoid the

ine¢ ciency just described. In an appropriately constructed hierarchy, all individuals
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prefer to trust senior members, since they are more trustworthy (less tempted to use a

cheat-and-leave strategy) and the scale of trade can be greater. Thus, senior agents will

receive more trades. This type of equilibrium is more e¢ cient�if senior agents are fully

trustworthy, �rst-best trade may be attained, though travel costs will still be ine¢ ciently

high, since individuals return to the same community rather than attend the closest

community. It also has a further robustness advantage, however. In a choice-based

hierarchy, senior members get higher payo¤s than they would in an institution-free, full-

trust community. So, it is possible that this type of equilibrium is robust to the entry of

an institution-free community.

The rest of the paper proceeds as follows. In Section 2, we discuss some motivational

examples that have features we wish to capture in our model. In Section 3, we present

our main model of group formation and social hierarchy. Section 4 looks at benchmark

equilibria that do not rely on �institutions�to support cooperation or identities. Section

5 is devoted characterizing equilibria based on speci�c investments, the purgatorial equi-

librium, and the hierarchical equilibrium. Section 6 discusses the extension of the model

where players can select their partners within a market. In Section 7, we review related

work. Section 8 concludes.

2 Motivational Examples

We are motivated by two types of examples. First, we discuss examples from online com-

munities, such as open source software (OSS) projects and internet discussion groups.

Second, we describe examples from the developing world. In each example, certain el-

ements are common. Market participants may have insu¢ cient incentives to deliver

promised goods and services, or to contribute to a public good. There are multiple pos-

sible groups individuals may a¢ liate with. Trades and interactions are repeated, but

are also spread among di¤erent participants rather than being exclusive. Neither the

legal environment nor community sanctions seem to play an important role in resolving

disputes or sanctioning free riders.

2.1 Online Communities

OSS communities and internet discussion groups are a major phenomenon (see, e.g. ,

Raymond [35], Lerner and Tirole [30], or Shah [36]), and as of early 2006 there were over

100,000 open source projects with over a million registered users. Individuals also provide

information and support for commercial products, especially software products, in inter-

net discussion groups. These discussion groups substitute for costly technical support

provided by companies. Many features of online communities at �rst seem surprising
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from the perspective of standard incentive theory. Individuals regularly contribute to a

public good despite the lack of monetary incentives, the large sizes of the groups, and

the relative anonymity of the interactions. A closer look at these communities reveals

that it is not just public-spiritedness that motivates users. Many groups have formal

or informal hierarchies. In OSS communities, there is often a group of senior members

known as �committers�who have the authority to incorporate their own code into the

project, as well as the code of others. In addition, there is often an informal hierarchy,

where more senior members will help answer questions for other senior members, but

not junior members. In other internet discussion groups, it is common to show the date

a user joined beside their posts. As Microsoft�s O¢ ce Forum web page indicates, �the

information about your activity in the Community (such as how many posts you have

contributed...) gives others a sense of your trustworthiness and a way to gauge how valu-

able your comments might be.�Other types of designations (such as top reviewers for

Amazon.com, or Most Valuable Professionals on Microsoft Forums) also help distinguish

the senior members of a community. Our analysis helps to understand these phenomena.

Consider how OSS projects �t into the model outlined in the introduction. Even

though in principle individual contributions may be publicly observable in many online

communities, in practice it requires a substantial investment to learn about the quality

of their work. For example, one might need to read the code a programmer has written

carefully. In addition, some aspects of support and collaboration in OSS projects take

place in private correspondence. It may thus be di¢ cult for outsiders to ascertain the

quality of interactions others are having in the community, and one may only learn

about an individual�s behavior by trying to adopt the code or otherwise having a close

interaction with someone.

Our model applies to a setting where programmers select whether to become involved

in a particular project. Some projects may be more closely related to the programmer�s

skills or needs at particular points in time. Programmers may write code for di¤erent

purposes. Individuals associated with the project have needs arise which may be met

using code that others have written, and they may choose whether or not to invest in

reading and trying to use the code (as opposed to writing from scratch or �nding other

sources). They may then have support questions. The author of the code then chooses

whether to support the user, answer questions, etc. Some of the author�s choices may

be made ex ante, such as documentation and code quality, modularity/adaptability, etc.

The �scale� of trust on the part of the user can be interpreted in several ways: for

example, the user might make use of only the basic features of the code, or the user

might invest rewriting portions himself. The user observes whether the ex ante quality

was high, and also observes whether support was provided. The author gets higher utility
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the more the user relies on the author�s original code (rather than rewriting it), because

duplicate/competing versions of the same code are avoided.

2.2 Informal marketplaces in Lima, 1985

Hernando de Soto�s [39] account of street vendors in the slums of Lima provides a detailed

look at the emergence of new informal property rights in a period of rapid urbanisation.

In 1985, Lima�s informal marketplaces outnumbered her o¢ cial commercial districts by a

ratio of �ve to one. These employed approximately four hundred and thirty-nine thousand

people, responsible for annual commerce of around $40.9 million.

De Soto charts the course followed by newcomers seeking to establish themselves in

the informal sector. Many begin as peddlers who move around in search of the most

favourable opportunity. These sell products of easily observable quality and are largely

denied access to credit. This can change if they establish a predictable route, or alter-

natively set up in stationary location- a �pitch�or marketplace, usually by public roads

that carry large amounts of tra¢ c.

When a marketplace is young, resident vendors encourage newcomers to set up as

well. However, as a marketplace becomes more �established,�incumbents begin to resist

further expansion, sometimes violently. Within the group, incumbents begin to trade

and sell property rights - for example, time shares on a stall become available, allowing

food vendors to set up speci�cally during meal times and then be replaced by other

tradespeople later in the day.

The particular elements of interest in this example are that informal marketplaces

are established as the result of coordination by individual vendors in certain locations.

There are limits to group size. Newcomers face challenges in becoming established,

while incumbents enjoy greater trust from customers and other vendors. Thus, this

is an example of a hierarchical system, where returning to a regular location creates

opportunities for repeated interaction, and seniority provides incentives to stay.

2.3 A commercial revolution in Kenya, 1940-50

Jean Ensminger�s [12] study of the expansion of trade by the Galole Orma in Kenya

provides a telling portrait of competing communities and institutions. The Orma people

were pastoralists near Lamu on the Swahili Coast of Kenya. Orma were governed by a

seniority based system, whereby the elders ruled the tribe, and possessed most of the

wealth. They were hostile to trade.

The town of Lamu was an independent Muslim trading town. Unusually, it was an

African republic with a seniority-based hierarchy ruled by elders. Tradition dictated that
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elders made investments in ownership �stone houses.� In the 1930s, Shambaro, who was

an Orman orphan and dispossessed of family wealth, became the �rst Orma trader to

set up permanent trading post in Lamu. He converted to Islam and became a successful

agent for cattle trading.

By 1940, almost the whole Orma population had converted to Islam. This lead to

a collapse of the seniority system among Orma, as the young men converted �rst, and

the �elders were disrespected, their cattle sold without permission.�The culture became

characterized by competitive religiosity: people outdoing each other to show how Islamic

they were. Initially, they made pilgrimages to Mecca at a cost of $200. Traders invested in

observables speci�c to Islam- e.g. mosques, buying pilgrimages for others. Anthropologist

Last [29] explicitly calls it a �membership fee�for doing trade. By assuming their new

identity, the Orma joined the larger seniority system of the Lamu traders.

This example highlights the (more or less successful) use of institutions such as se-

niority and group-speci�c investments, and it illustrates that the ability to �cheat and

leave�can undermine cooperation.

2.4 Supplier relationships in Hanoi, 1995-97

McMillan and Woodru¤ [32], [33] provide a case study of new entrepreneurs in Vietnam,

describing how the deregulation of Vietnam�s economy resulted in the sudden �owering

of small-scale commercial activity. They document a number of important stylized facts

about supplier relationships. First, supplier �rms o¤er 15% less credit to customers that

have the possibility of going to alternative suppliers. Second, the duration of �rms�

relationship improves credit. Third, those that lived further away were less likely to be

given credit. Fourth, 12% engaged in cafe chats with other members at least once a

month, sharing information, but the vast majority did not. Yet, even among those that

did engage in chats, almost all said they would trade with someone who had been accused

of cheating by another member. Finally, itinerant temptations to cheat seemed to play

an important role, as the temptation to cheat in bad times was particularly severe.

This example illustrates the importance of long-term relationships in enforcing coop-

eration, and the lack of reliance on group sanctions, even in the presence of organized

groups that share information. Outside options were important in creating the incentive

to cheat. Seniority seemed to play an important role in sustaining trust.

3 The Model

The game takes place over an in�nite horizon, with periods indexed by t = 1; ::;1:

Consider the following environment:
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A 1. There is a stationary population of N individuals, of whom � survive every period.

N is even.

Thus to maintain a stationary population, (1 � �)N are born every period. Let I

be the set of individuals alive at a given point in time, and when a player dies, another

player inherits his index with a null history.

A 2. All exchange takes place in one of J � N=2 markets evenly spaced over a circular

city, circumference 2�c. N=J; �N=J and (1� �)N=J are integers.

In equilibrium, trade may or may not take place at a particular market. The markets

may be thought of as actual geographical marketplaces, as with the concentrations of

street-vending in Peru, di¤erent online communities or OSS projects, or alternatively as

communities that are di¤erentiated in some other way.

A 3. In each period t, individual i begins the period at one of the J markets, denoted �it.
We assume that there is no aggregate uncertainty about the number of individuals born

in each location, but an individual�s location is random: each population center will have

N=J individuals, and each individual views each population center as equally likely.

If an individual�s trading opportunity is �it and a market j is located at �j, the cost

of attending market j is

cij = min jj�i � �jjj: (1)

Thus a particular location �i implies a J-dimensional vector of costs ci = (ci1 : : : ciJ)T .

To simplify the calculations, we make the following assumption about the timing of

death:

A 4. In each period, individuals die after selecting a market but before they make any
decisions. Newly born agents replace them starting at the same market. After arriving

at a market, an agent observes the identities of all present in their chosen market, but

not in other markets.2

Next, we consider the interaction of players in a market.

2This assumption, which makes the total number of deaths in each market deterministic, has a few

awkward features. For example, players might be �surprised�by seeing a change in the market size,

if equilibrium calls for market size to be constant. To deal with this, we can assume that there is a

small probability that the population grows (in proportion to J) in each period. If equilibrium requires

that market size only changes when this event happens, then when it happens, agents will attribute the

change to an exogenous shock. Below, we also discuss an alternative approach to ruling out unexpected

changes in market size: markets may have an upper bound on the number of agents who may enter, and

new agents are born in each market until the maximum size is reached.
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A 5. Individuals engage in transactions in pairs. Each pair has a principal and an agent,
and each individual can play each role exactly once in each period. After being matched

to an agent, the principal chooses how much to trust the agent, o¤ering a trade of scale

� 2 [0; 1] to the agent. Then, if the agent works (W ), payo¤s are (�R; �w) to the principal
and agent, respectively. If the agent shirks (S), payo¤s are (��r; �s): We assume w < s;

r > 0 and R + w > s� r:

A 6. Inside a market with nj players, each individual acts as principal to one randomly
assigned agent, and the randomization ensures that each individual is an agent to no

more than one principal.

Notice that a market will therefore have nj trust games taking place, and that an

individual will typically be a principal to one individual and an agent to a di¤erent

individual. Later, we will consider an extension where principals can select their agents

from individuals in the same market.

A 7. Players observe personal bilateral trade histories from birth to the current period,

but not trades of other players.

An individual�s trading history with a given partner has two components, one where

the individual acted as a principal and one where the individual acted as an agent. When

the individual is the principal, the possibilities are H = ff(�;W ); (�; S); ;g : � 2 [0; 1]g :
the principal trusted the agent at scale � and the partner, as agent, worked (W ) or

shirked (S); or the pair was not matched in this way (;). The same possibilities can
occur when treating the individual as the agent and the partner as the principal.

De�ne an �attendance spell� to be a sequence of periods of continuous attendance

in a given market. A �joint attendance spell� for a pair of individuals is a sequence of

periods of continuous attendance for both individuals.

A 8. Each market maintains a record of an agent�s prior attendance in the current
attendance spell for each individual i that is costlessly observable to all who attend it.

The record-sharing is local: each market has no record of which of the other markets

an individual attended. There is no market-level record of whether an individual cheated

or cooperated during this period- that information is only available to partners to an

exchange.

De�nition 3.1. A (period) trading strategy si(jti ; h
t
i;�i; �it) is a mapping from: market

attendance records jti = fjit�1; : : : ji� i0g; bilateral trading histories for each i and k 6=
i : hti;k 2 H2(t�1�� i0); location in city today �it 2 [0; 2�c]; to: the market to attend

today jit 2 J ; as principal� how much to trust each agent in the market, if matched
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�it = (�ikt)k2I 2 [0; 1]N ; as agent� to work or shirk if trusted by all potential partners
eit = (eikt)k2Ini 2 fW;SgN�1.

As an equilibrium concept, we focus on subgame perfect Nash equilibria.

4 Benchmarks

Without the possibility of repeated interactions between partners or the presence of

institutions supporting group formation, the unique equilibrium is that no trust is given

and no trade takes place.

4.1 Peddler�s equilibrium

Not surprisingly, providing individuals are extremely patient (long-lived), it is possible

to sustain cooperation even with large populations and alternative trading partners. In

the peddler�s equilibrium, traders choose the most pro�table venue to trade, attending

the nearest market every period.

De�nition 4.1. A peddler�s equilibrium is a subgame perfect Nash equilibrium where

players employ the following strategies:

1. All players choose the closest market every period.

2. If shirked on by an agent when acting as a principal, never trust him in the future

and shirk if trusted. Having cheated a principal once when acting as an agent,

always shirk if trusted.

3. As principals: trust all agents fully except as given by 2.

4. As agents: players always work if trusted except as given by 2.

Let Bit � Infig denote the set of currently living agents with whom either of these

outcomes has occurred in the past. Abusing notation, we also let Bit denote the dimen-

sionality of that set. In the peddler�s equilibrium, the player perceives it as equally likely

to be matched with all other individuals in the population upon attending any given

market. Thus, a player expects to be matched as an agent with a principal from Bit with

probability Bit=(N � 1) and expects to matched as a principal with an agent from Bit

with probability Bit=(N � 1):
The �no-shirking�incentive constraint is

s� w � �2

1� �2
1

N � 1(R + w); (2)
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where �2

1��2 weights the lost stream of pro�ts by the probability that both agents are

alive. 1
N�1 is the probability that the player matches the partner again as an agent or

as a principal, conditional on both partners being alive. Clearly, population size reduces

the e¤ectiveness of the sanction on cheaters. Note that modifying the scale of trade does

not a¤ect this constraint�if all trades take place at a smaller or larger scale, the key ratio

(s� w)=(R + w) remains unchanged.

There are two potential sources of ine¢ ciency in any equilibrium- the costs of at-

tending markets and the loss of social surplus when individuals are forced to engage

in self-production. The peddler�s equilibrium is the most economical of transportation

costs, as traders simply go to the market most favoured by their opportunities.3

4.2 Loyalty equilibrium

A big drawback of the peddler�s equilibrium is its fragility when faced with increases

in the population size. If smaller groups of individuals can coordinate upon returning

period after period to certain markets, they may be able to increase their frequency of

interaction enough to be able to sustain trade. However, they will be overwhelmingly

tempted to cheat other agents in the market and then start over elsewhere.

To see a knife-edge set of conditions where it may be possible to sustain cooperation

without additional institutions, consider parameter values where the following holds: if

there were no transportation costs and a single potential market, cooperation could be

sustained if and only if there are less than or equal to N=JA players the population.

With these parameter values, there is a credible threat by existing markets to exclude

newcomers: taking as given the movements of other players, a player moving markets

would increase the market size to the critical level where she would upset cooperation

and thus would lose the possibility of trading in the new market. Clearly, such an

equilibrium would be fragile to any other type of uncertainty that might perturb the

number of players in each market.

An alternative set of assumptions to consider would be that markets can set a capacity

constraint, so that no more than a speci�ed number of agents could attend in any period.

If newly born agents arrive last, they would be prevented from remaining in a market that

was already �full.�Then, older agents who moved could �take up�slots in a market, and

3We made a couple of simplifying assumptions that ensured that all markets have at least two players

present in each period. If there were more markets than traders, there would be a bene�t to coordinating

on a smaller number of markets, e¤ectively shutting down some of the potential markets. Doing so does

not change the probability an individual meets a particular partner, so long as there are enough markets

that R + w � �c=JA; where JA is the number of active markets and �c=JA is the maximum distance a

newly born individual might need to travel to attend an active market.
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newly born agents would choose to move on to the market vacated by the older agent. In

such a model, the loyalty equilibrium would not survive, because an agent could always

move to a new market and start again after cheating without upsetting the balance of

the number of players.

5 Communities with Institutions

In this section, we consider institutions that potentially allow cooperation for arbitrary

population sizes. We begin by analyzing equilibria based on speci�c investments, and

then we turn to seniority-based hierarchies.

5.1 Heterogeneous communities and investments in identity

One way of sustaining cooperation as populations rise is to make these communities

�culturally�distinct. These distinctions allow individuals to make speci�c investments

in a cultural identity that marks them as members of a community.

Since it is costly to invest in and relatively di¢ cult to reverse, the development of

human capital in identity-speci�c attributes is a natural candidate for sustaining group

formation. A useful example is provided by Fryer [15], who discusses the importance

of educational investments in distinguishing blacks who are seeking to leave from those

who committed to the community. More generally, appreciation capital investments in a

range of cultural dimensions- e.g. food, language, clothing and etiquette- can be viewed

as strategic decisions that de�ne a person�s group membership.4 Fryer and Levitt [16] ex-

plore the phenomenon by comparing the labour market outcomes of assuming an overtly

black name. In the case of the Orma, the dimension of investment was made explicit by

the competitive religiosity of the new traders, who having converted to Islam, sought to

outdo one another through the overt investment in mosques.

Let the cost of the identity investment for community j be mj.

De�nition 5.1. An identity investment equilibrium is a subgame perfect equilibrium

with the following properties:

1. All players choose the active market at birth that minimises cij +mj. They make

the corresponding investment.

2. As principals: players in market j maximally trust all present who have not shirked

in the past and who have made investment mj in the current attendance spell.

4The concept of appreciation capital originates with Becker and Stigler [7], though they do not

consider the potentially strategic dimension of such investments.
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3. As agents: players in market j always cooperate with all individuals who have made

investment mj in the current attendance spell.

4. Principal and agent revert to (zero trust, shirk) in trust subgame if either individual

shirks in the current joint attendance spell, or if either individual has not made

investment mj in her current attendance spell.

5. If an individual leaves a market, she chooses the market that minimises cij +mj.

6. After cheating, an individual moves to a new market. After being cheated, a prin-

cipal selects markets as if no cheating had occurred.

We can consider two types of identity investment equilibria, one where individu-

als always return to their home market along the equilibrium path, and another where

individuals may change markets in equilibrium. Here we focus on strategies where indi-

viduals return on the equilibrium path. Note that in both types of equilibria, there is no

advantage to reducing the scale of trade below 1.

The crucial constraint is that of the agent shirking and then leaving. If the agent

shirks, he faces a choice: endure the sanction of no trade with the current agent, who he

is likely to run into in the current market; or else pay the investment cost elsewhere and

start over. Note that part 7 of the de�nition of the equilibrium speci�es that individuals

must leave after cheating. If individuals return with some probability after cheating,

then a principal will �nd it less attractive to return, undermining the sanction to the

individual that cheated. Although it is possible to relax part 7 somewhat (for example,

so that an agent who cheated returns with low probability, and a principal who was

cheated returns with high probability), we will not pursue that generalization.

An interesting question concerns the group size that most easily sustains cooperation.

Decreasing group size by increasing the number of active markets has several bene�cial

e¤ects. First, it minimizes transportation costs in the �rst period. Second, it diminishes

the attractiveness of a cheat-and-return strategy. However, it also makes a pure cheat-

and-leave strategy more attractive since it reduces the extra transportation costs required

in expectation after abandoning a market. The following proposition �rst identi�es pa-

rameter values for which an identity investment equilibrium exists for JA = N=2: For

�xed �; the parameter restriction can be satis�ed for large N , implying that the number

of agents can grow arbitrarily large without upsetting cooperation and without requiring

greater identity investments, so long as the number of communities increases proportion-

ately. The second part of this proposition shows that the sustainable group size varies

with parameter values. The proofs suggest that when �c is large, so that individuals are

often tempted to return to the home community rather than make a speci�c investment
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of size �c in a new community, then small group sizes may be required to sustain equilib-

rium. When �c is small, so that the cheat and leave strategy is dominant, the large group

sizes are better, because of the extra transportation costs imposed on agents who cheat

and leave.

Proposition 5.1. (i) Consider the class of identity investment equilibria where players
always return to their original home market in equilibrium. For any �c; �; N , R; w, and

s satisfying our basic assumptions; if J = N=2;

�c � �

1� �2
N

N + 4
(R + w) (3)

and

s� w � �

�
1 +

8

N

�
�c; (4)

there exists an identity investment equilibrium with JA = N=2 and �c = mj for all j.

(ii) There are parameter values for which an e¢ cient equilibrium fails to exist with JA =

N=2 while it does exist for some JA < N=2: If the conditions of part (i) are satis�ed

and (3) holds with equality, then an e¢ cient equilibrium exists in the speci�ed class with

JA = N=2, but not for JA < N=2:

Proof: (i) Agents must be persuaded to return to the home market when their initial
location is �c away:

�c � mj:

The most e¢ cient equilibrium in this class will thus have �c = mj for all j; if the other

constraints can be satis�ed. We drop the j subscript since symmetric investments will

be e¢ cient.

The following condition guarantees that even when an agent arrives at the home

market, she still prefers to travel rather than return to the market where she cheated

someone,

m+
2�c

JA
� �

1� �2
1

N=JA � 1(R + w);

or, when �c = m;

�c � �

1� �2
JA

(N=JA � 1) (JA + 2)(R + w): (5)

The right-hand side is increasing in JA; which implies that if cheat-and-leave dominates

cheat-and-return for a small JA; it also will for large JA: In this case, an individual with

home market j is deterred from cheating if

s� w � �

�
m+

2�c

(JA)2

�
= �

�
1 +

2

(JA)2

�
�c: (6)
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(ii) First, we show an example where an identity investment equilibrium fails to exist

with JA = N=2 but does exist with JA = N=4: Consider the following conditions:

�c � �

1� �2
N

3 (N + 8)
(R + w); (7)

and

�

�
1 +

8

N2

�
�c < s� w � �

�
1 +

16

N2

�
�c: (8)

Condition (7) guarantees that individuals always start over in a new market after cheating

if JA = N=4; which implies that they also do if JA = N=2: But then, the cheat-and-leave

constraint (6) binds �rst for JA = N=2; since the transportation costs to start over are

on average higher when there are fewer communities.

If the conditions of part (i) are satis�ed and (3) holds with equality, the sanction

following cheating is su¢ cient to induce leaving after cheating when JA = N=2; but

insu¢ cient to induce agents to leave after cheating when JA < N=2: �

For part (i) of the proposition, note that as N grows, an equilibrium continues to exist

for many parameter values so long as the number of potential markets grows too. Note

also that the conditions of the proposition are su¢ cient but not necessary for existence of

an equilibrium; larger speci�c investments can deter cheating and leaving more e¤ectively,

though if they get large enough, cheating and staying may become more attractive. In

that case smaller group sizes help.

Part (ii) follows because when transportation costs are high and potential partners

require large speci�c investments, it is easiest to sustain cooperation with a �marriage�

or �exclusivity�: you make a speci�c investment that commits you to a partner, and you

return loyally to that partner. The small group size implies that returning to the same

market after cheating is especially unattractive, but starting over in a new community is

also prohibitively costly. On the other hand, when transportation costs are low and po-

tential partners require small speci�c investments, individuals are not tempted to return

to the home market after cheating, but a smaller number of groups increases the costs of

avoiding a group where a partner has cheated in the past.

Now consider equilibria where players leave in equilibrium. Note that for this type of

equilibrium to exist, we require part 6 of the de�nition of an identity investment equi-

librium: players who leave must pay the cost of joining anew if they return. Otherwise,

if a player accumulates investments in multiple markets, it will be tempting to cheat a

principal in one market and go to another market where the agent has a membership.

An equilibrium with equilibrium-path market switching is potentially more e¢ cient, be-

cause it economizes on transportation costs. After the initial period, agents compare

two wasteful expenditures: transportation costs, and the costs of making a new speci�c
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investment in a market. A lower speci�c investment leads agents to attend closer mar-

kets, reducing transportation costs expended in equilibrium. The lowest possible speci�c

investment that still induces cooperation will be e¢ cient.

An unattractive feature of the identity investment equilibria is that the role of identity

investments is to act as a barrier to members of other markets, not to retain members of

one�s own. By making visible and irreversible investments in a speci�c identity, individ-

uals are revealing more about which communities they are not part of, than which they

are. Furthermore, the equilibrium requires that all markets impose membership barriers.

Implicitly, the strategies used by members of one community are constructed in order to

sustain the cohesiveness of another. If the members of even one community fail to im-

pose barriers to entry, cooperation will fail in other communities. Another unattractive

feature of the equilibrium is that it relies on exogenous speci�c investments that may or

may not be available in a given context.

Returning to the motivating example of the Orma, becoming a Muslim trader required

speci�c investments, but these were not high enough relative to the trading opportunities

available to Muslims to prevent the demise of the Orma culture. We do not see speci�c

investments used widely in online communities, possibly because it is too di¢ cult to

observe and implement such investments, or perhaps because there are too many potential

communities and not all will make use of them.

5.1.1 Extension: High temptations and overlapping identities

Another possible class of equilibria relaxes Condition 6 of the identity investment equi-

librium, and allows individuals to have overlapping identities. Suppose we consider the

case with high �c, and allow individuals to assume more than one identity- then we can

�nd equilibria where communities set up membership barriers to discourage defection to

nearby markets, but allow individuals to adopt dual identities that allow them to trade in

far away markets. (This requires that membership fees for other markets are all observ-

able.) In the simplest case, an individual pays a fee and identi�es with two markets, both

on opposite sides of the circle. Thus he alternates between these markets, depending

on his realization. The reduced frequency of interaction among group members makes

cooperation harder to sustain.

5.2 Purgatorial Equilibria

We now consider the creation of community attendance records. A community attendance

record that is common knowledge acts as an institutional memory of members�presence.

In a purgatorial equilibrium, players are excluded from trade in their �rst few periods of
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attendance at a new market. In this way, time spent at the market without trade plays

a role analagous to a speci�c investment.

De�nition 5.2. A (symmetric) purgatorial equilibrium is a subgame perfect equilib-

rium with the following properties:

1. All individuals choose the active market at birth that minimises cij. In subsequent

periods, they may select new markets if it is pro�table to do so.

2. Principals in market j maximally trust all present who have not shirked in the past

and whose current attendance spell is at least t�. They o¤er trust �� 2 [0; 1) to
agents who have been present for less than t� periods. They o¤er zero trust if the

agent has shirked in the current joint attendance spell.

3. Agents work when trusted unless (i) either the principal or agent has shirked in the

current joint attendance spell, or (ii) a level of trust other than �� is o¤ered to an

agent present less than t� periods.

4. If an individual leaves a market, he chooses the active market that minimises trans-

portation costs, and he subsequently plays as if that is the new home market.

Unlike the identity investment equilibrium, each agent imposes an externality on

all others in his market when he arrives, since they may be matched with him during

purgatory. This force also a¤ects the optimal number of players per market, since if

there are only two players per market, a player who has lost his partner and received a

new one sees the same payo¤s as one who has completed just a year of purgatory. This

player may be likely to leave himself with an adverse location shock, which imposes new

purgatory costs on other agents. In contrast, when there are more players per market,

each individual shares the cost of the new entrant�s purgatory among all of the other

senior members of the community. Thus, the presence of a group of individuals all

committed to a market creates additional stability.

The following result relies on a parameter restriction in order to simplify the analy-

sis, but it can be generalized with similar logic. For simplicity, it focuses on the case

where purgatory can be only one period. Then, we establish the existence of purgatorial

equilibria under the same conditions as identity investment equilibria. We then show

that purgatorial equilibria are less e¢ cient than identity investment equilibria, because

withholding trust from junior community members entails costs for their partners, too.

Finally, we show that e¢ ciency increases in group size, because larger groups enable

steeper incentives to seniority. For �xed turnover rates, the probability that a junior

matches with a senior decreases with group size, while the probability that a senior
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matches with another senior increases with group size. That increases the gains to being

senior.

Proposition 5.2. Suppose that w � R � �c: (i) Whenever an identity investment equi-

librium exists with speci�c investments m = �c and where all individuals return to their

initial home market in equilibrium; there exists a purgatorial equilibrium with the same

market sizes and where all individuals return to their initial home market in equilibrium.

All purgatorial equilibria in this class are less e¢ cient than the corresponding equilibrium

with speci�c investments.

(ii) E¢ ciency in the class of purgatorial equilibria where all individuals return to their

initial home markets increases in the community size (decreases in JA).

Proof: When w � R � �c; purgatory of length one in each market is su¢ cient to induce
individuals to return to their home markets for all market sizes. Let Nm = N=JA be

the number of individuals per market:In each period, (1 � �)Nm individuals die, and in

equilbrium all senior individuals return, so there will be (1� �)Nm new members. Then,
the value for a returning member is

WR =
1

1� �

�
w +R

�Nm � 1 + ��(1� �)Nm
Nm � 1

� �c=2
�
:

The value for member beginning purgatory is

W P = �w+R
�Nm + ((1� �)Nm � 1)��

Nm � 1
��c=2+ �

1� �

�
w +R

�Nm � 1 + ��(1� �)Nm
Nm � 1

� �c=2
�
:

Then, the cost an agent will pay in order to return is

WR �W P = (1� ��)

�
w � 1

Nm � 1
R

�
;

which is increasing in Nm: An agent will return from the most distant market if WR �
W P � �c; and so it is e¢ cient (ignoring other constraints) to select �� such that

WR �W P = (1� ��)

�
w � 1

Nm � 1
R

�
= �c:

Note that when �� is determined this way, it is increasing in Nm: Note further that W P

is increasing in ��; and holding �� �xed, W P is constant in Nm: WR is increasing in Nm
and in ��. Thus, social welfare is increasing in Nm: So it remains to check whether other

constraints can be satis�ed. WhenWR�W P = �c; the analysis of the shirking constraints

is exactly identical to the proof of Proposition 5.1. (Note that agents in purgatory are

trusted less than agents that have �nished purgatory, yet their continuation values are

the same.)
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To compare e¢ ciency with an identity investment equilibrium, note that an identity

investment equilibrium requires a single wasteful investment of �c for each newly born

individual. The purgatorial equilibrium also requires that each newly born individual

receives �c less than WR: However, WR is lower than the value to returning in an identity

investment equilibrium, where all individuals are fully trusted in each period, since WR

is reduced by the necessity of trading with individuals still in purgatory. �

We maintained the restriction w � R � �c so that we could focus on the case where

only one period of purgatory for all market sizes. Now suppose that w < �c; so that more

than one period of purgatory is de�nitely required for all market sizes. Then, junior

agents will not necessarily return in equilibrium, because the di¤erence in continuation

value from the �rst period to the second period of purgatory will be less than w. With-

out additional assumptions, the age distribution of each community varies over time,

signi�cantly complicating the analysis. However, the main ideas carry over. In terms of

equilibrium existence, as long as purgatory is set so thatWR�W P = �c; whereWR is the

value from having �nished purgatory and W P is the value at the start of purgatory, and

as long as agents receive zero trust while in purgatory, a purgatorial equilibrium exists

under the same conditions as an identity investment equilibrium. If junior agents are

not trusted, the fact that they are mobile does not a¤ect their incentive constraints, but

it does increase the equilibrium fraction of the population that is junior, which in turn

reduces the aggregate trade in the economy as well as the value of being senior. The

mobility saves in transportation costs, but a junior�s movement has an externality: the

junior agent�s additional time in purgatory reduces trade for other members of the group

that are matched with her.

Following the same logic as the proof of Proposition 5.2, increases in group size

increase e¢ ciency, by reducing the length of purgatory required to generate the gap

WR �W P = �c.

5.3 Hierarchical Equilibria

Like the identity investment equilibrium, in the purgatorial equilibrium each market�s

enforcement of purgatory requires agents to refrain from trade purely for the purpose

of supporting social conventions that help other markets sustain cooperation. We now

explore the extent to which this feature can be relaxed.

We consider a �hierarchical structure� for each market to be a number of levels, L,

and a vector of numbers, (
1; 
2; :::
L); where 
l is the fraction of agents in market j at

level l: We consider only cases where 
lN=J
A is an integer for each l, where JA is the

number of active markets. Empty places in the hierarchy are populated as follows. If any

agents at level L have died, then agents from level L�1 are promoted, where if there are
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more agents at level L � 1 than empty places, agents are selected randomly from level

L� 1: If there are still empty places at level L, the procedure is repeated at successively
lower levels until the bottom level is reached. Next, if there are empty places in level

L�1; an analogous procedure is used to �ll them. Finally, new agents are born, and they
�ll in the remaining places in the hierarchy. To keep things simple, suppose that there

are capacity constraints in each market, so that new agents will select another market

if more than N=JA agents are in attendance already. Also for simplicity, assume that

J = JA:

A 9. Capacity constraints can be exogenously imposed on markets.

In equilibrium, members of each level of the hierarchy are treated symmetrically, but

di¤erent levels give and receive di¤erent levels of trust.

We will let �(� i; � k) be the equilibrium scale of trade between a principal i and an

agent k, where � i is the level of the principal and � k is the level of the agent, when the

demographic structure of that market is 
jt. We let q
�(� i) be the probability that an

agent with of level � i leaves market j after period t: c�(� i) represents the maximum travel

cost an agent is willing to incur to return to the home market.

De�nition 5.3. A hierarchical equilibrium is a subgame perfect Nash equilibrium

with the following properties:

1. ICL: Players attend the closest market j� at birth- henceforth referred to as the

home market. In each subsequent period t, a player with level � i continues to

attend market j� as long as the travel is less than c�(� i): Otherwise, the player goes

to the closest market and treats it as the new home, starting at the lowest level.

2. ICP : as principals, in period t in market j players with seniority � i trade with

a trading partner with seniority � k at the scale �
�(� i; � k) 2 [0; 1], unless cheated

by an agent, in which case they trade at scale � = 0 in subsequent trade with that

agent in the same joint attendance spell. When a new spell begins, they behave as

if the cheating never took place.

3. ICA: as agents, players do not cheat. If they cheat a player once, they cheat

throughout the remainder of the spell. When a new spell begins, they behave as if

the cheating never took place.

4. ICAL1: If a player of level � i cheats another, in the subsequent period the player

attends the closest market j0 such that j0 6= j� and thenceforth plays as if j0 was the

player�s home market.
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5. ICAL2: If a player of level � i is cheated by another, the player continues to select

markets as speci�ed in ICL.

6. O¤-equilibrium strategies:

(a) If at the end of period t a player with level � i has cheated one or more players

that are present in his home market at period t, in the subsequent period t+1

the player attends the closest market j0 such that j0 6= j� and thenceforth plays

as if j0 was the player�s home market and as if he had never cheated.

(b) If a player cheats one or more others and returns to his home market anyway,

and sees that there are no players there he has ever cheated, he then cooperates

with all present and subsequently behaves as if he had never cheated.

(c) If a player cheats one or more others and returns to his home market anyway,

and sees that there are players present that he has cheated in the past, then

he cheats with anyone who trusts him and in the subsequent period t + 1 the

player attends the closest market j0 such that j0 6= j� and thenceforth plays as

if j0 was the player�s home market and as if he had never cheated.

7. The scales of trade ��(� i; � k) have the following properties:

(a) � i > � 0i ) ��(� i; � k) � ��(� 0i; � k)

(b) � k > � 0k ) ��(� i; � k) � ��(� i; �
0
k)

The strategies specify a limited form of retaliation against shirking�agents only retali-

ate in the same attendance spell for the pair, otherwise the record of cheating is �erased.�

This allows us to avoid complex calculations of the probability that an individual leaves a

market after cheating, but then by chance encounters the same agent again in a di¤erent

market after the individual has left, or by chance returns to the same market after leaving

another. The latter is not an issue when individuals stay in the same market forever in

equilibrium, but it arises when individuals leave in equilibrium.

As in the identity investment and purgatorial equilibria, another restriction incorpo-

rated in these strategies is that individuals leave the home market after cheating, rather

than returning. If we allowed individuals to return, then the individal that was cheated

would �nd it optimal to leave more often in equilibrium, undermining the sanction that

follows cheating. This might be particularly problematic when a senior agent cheats on

a more junior agent, since the senior agent would rarely or never leave, while the ju-

nior agent has little to gain from staying. The restriction we impose is stronger than

necessary, but it simpli�es the analysis.
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Before providing a formal analysis of the incentive constraints, we �rst provide some

interpretation of how the equilibrium works. The increasing scales of trade with the

agent�s level implies that an agent�s value for being in a market is increasing in his

seniority. This provides an incentive to return. Taking as given this structure, agents

lower in the hierarchy are more tempted to leave, and thus trusting them fully might

lead to a cheat-and-leave defection. Thus, it is possible that in an individual pairing, the

agent is trusted as far as possible.

Now consider a more formal analysis. To analyze this class of equilibria, we introduce

notation for the value functions of agents W (Bit; � i), which depend on an agent�s history

of cheating behavior Bit and his level � i in the current home market: Our assumptions

ensure that demographic structures are always the same across markets when players

follow the speci�ed strategies. We let �l;l0 be the probability that an agent at level l

transitions to level l0 in a given period, conditional on surviving. Note that �L;L = 1:

Now consider an analysis of the hierarchical equilibrium with a given hierarchy. We

begin by noting that (incorporating ICL) c�(� i) is determined by

c�(� i) = max(0;min(�c;
PL

l=� i
�� i;lW (;; l)�W (;; 1))):

This is the largest distance an agent would be willing to travel to stay in the same

group, having never cheated. Of course, the value functions and transition probabilities

themselves depend on c� (through q�): It then follows that the probability of returning

is given by

q�(� i) =
1

J
min

�
1;max

�
� : � 2 f1; 3; ::; (J + 1)g; (�� 1)�c

J
< c�(� i)

��
:

We let the period payo¤s from a given level of seniority be written

�(� i) =
1

N � 1

 
N
PL

l=1 
l[�
�(� i; l)R + �(l; � i)w]

���(� i; � i)(R + w)

!
:

Let the period payo¤s from shirking today, having cheated an agent of (today�s) level

l0 yesterday be

�s(� i; l
0) =

1

N � 1

 
N
PL

l=1 
l (�
�(� i; l)R + ��(l; � i)s )� ��(� i; � i)(R + s)

�[��(l0; � i)R + ��(� i; l
0)s]

!
Now consider the constraints that must be satis�ed for the speci�ed strategies to

be best responses. Begin with the constraint that says individuals prefer cooperation

to cheating and leaving (ICA). The average cost of returning to the home market,

conditional on returning from the closest J � q�(� i) markets, can be calculated as

ĉ(� i) = 1fq�(� i) < 1g �
(q�(� i))

2 J2 � 1
2J2q�(� i)

�c+ 1fq�(� i) = 1g �
�c

2
;
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while if a player leaves he will attend the closest market in equilibrium. The expected

cost of travel to attend the closest market while avoiding one particular market (after

cheating) is 1
J
� 2�c
J
. Then, the constraint is

��(� k; � i)(s� w) � �

 
q�(� i)

�PL
l=� i

�� i;lW (;; l)� ĉ(� i)
�
+ (1� q�(� i))W (;; 1)

�
�
W (;; 1)� 2�c

J2

� !
:

(ICA)

Finally, we need to consider the constraint (ICAL) that deters agents from returning

to the home market after cheating. This constraint is most binding when the principal

cheated was junior, since a junior player is most likely to leave and also had the least

potential trade to withhold as a sanction, and when the agent who cheated is senior,

since that agent has the most to gain from returning. This constraint speci�es that even

when transportation costs to the new market are high (2�c=J) (that is, when the agent

lands in the original home market), it is still better to start over rather than return to

the home market. The payo¤s in the home market depend on whether the principal that

was cheated in the past has left. If the principal has left, the individual continues as

if he had never cheated. If the principal is present, then the strategies specify leaving

tomorrow. The transportation cost in that case is incurred with probability 1=J; which

is the probability that the agent lands in the original home market. Let �1;L be the

probability that a player of level 1 survives and returns, conditional on one other player

of level L surviving and being initially placed at the home market (recall that survival

and locations are not independent across players). Let ~�1;l be the probability that a

player of level 1 transitions to level l; conditional on surviving and on one other player of

level L surviving and being placed in the home market (which implies that one position

in level L in the home market is de�nitely full).

W (;; 1)� 2�c=J � (1� �1;L)W (;; L) + �1;L

 
LX
l=1

 1;l�
s(� i; l) + � �

�
W (;; 1)� 2�c=J2

�!
:

(ICAL)

Note that o¤ of the equilibrium path, strategies specify that an individual leaves after

returning and �nding the individual she cheated is still there. If (ICAL) holds, then she

will also be willing to leave in that contingency.

Clearly, this model is quite complex, and we have not succeeded in �nding closed form

solutions for the value functions in the case where players leave in equilibrium. When

players do not leave in equilibrium, it is possible to simplify the above expressions and

write the value functions and incentive constraints explicitly in terms of primitives, but

the expressions are cumbersome.

In either case, it is possible to numerically calculate whether or not a hierarchical

equilibrium exists for a given hierarchical structure and set of parameter values. We
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have done this for two- and three-level hierarchies. We �nd that typically there are many

equilibria with di¤erent amounts of leaving in equilibrium. The lower the level of trust

at each level of the hierarchy, the more individuals wish to leave; but the more they wish

to leave, the less trustworthy they are. Thus, there are low-trust, high leaving equilibria

and high-trust, low-leaving equilibria co-existing for the same parameter values.

Example Parameter values: � =0.8, J = JA = 130; N = 1300; w = 10; s = 10:3;

R = 50; r = 1; �c = 1:44: Note that s� w > �2

1��2
1

N�1(R+ w); so that the peddler�s

equilibrium does not exist. There exists a hierarchical equilibrium with a two-level

hierarchy, with four places in the lower level and six in the upper level. Upper

level agents are fully trusted, while lower level agents are trusted at scale � = :77:

The no-shirking constraint (ICA) binds for lower level agents. The probability

that an individual of level one who returns to their home market transitions to

level two is :76: Low level agents return to their home market with probability .64,

while high level agents return with probability :84: In this equilibrium, individuals

strictly prefer to leave after cheating�the individual markets are small enough, and

individuals return frequently enough, to provide a strong sanction for cheaters if

they return.

In the example, requiring the incentive constraints for low level agents bind puts a

non-trivial tax on e¢ ciency: more e¢ cient equilibria exist with higher levels of trust for

the lower level of the hierarchy, together with more frequent market-changes and the

associated lower transportation costs.

Summarizing, the hierarchical equilibrium is attractive because the social conventions

are less arti�cial, and it is possible to construct equilibria where each pair trusts as much

as possible, taken as given mobility. The social hierarchy induces higher mobility for

young agents, which renders them less trustworthy.

6 Choice-Based Hierarchical Equilibria

Now consider modifying the model so that, once players have arrived in a market, they

can freely choose among partners. This modeling choice captures a di¤erent type of

interaction than with the random matching model, and may be more appropriate for

some kinds of trading environments than others.

Assume that each individual can act as agent to many others, but as principal to only

one other player. Assume that matches and trades are private information, so that one

individual cannot discern the absence or presence of a match in other agents. However,

there exists a public randomization device that can be used to coordinate principals that
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are selecting among the same set of agents, so that the trades can be spread out among

them rather than �accidentally�concentrated.

We begin by considering how the equilibria we have studied already would change

when individuals can select among partners within a community. Suppose that when

indi¤erent among potential partners, individuals randomize. For the case of the peddler�s

equilibrium, where individuals always attend the closest active market, then JA = N=2

implies that there is no e¤ect of the ability to select partners, since each market only

has two participants. With JA < N=2; the peddler�s equilibrium would break down for

parameter values where it could be sustained under random matching. To see why, note

that if individual i cheats on individual j, if individuals i and j happen to meet again

in the future, individual i can avoid selecting individual j. There is still some sanction,

however, since j will not select i to be an agent.

Now consider modifying the purgatorial and hierarchical equilibria, where the ability

to choose partners produces more substantive changes. Principals will strictly prefer

to select senior individuals as agents, rather than junior ones, since junior agents can

not be trusted as much and therefore generate less surplus. Thus, the central source

of ine¢ ciency in the purgatorial and hierarchical equilibria disappears. However, as we

proceed to show, a number of incentive constraints are modi�ed.

Let us focus on the hierarchical equilibrium, since it can be analyzed most easily when

individuals leave in equilibrium. We de�ne a choice-based hierarchical equilibrium
to be the same as a hierarchical equilibrium, with the following modi�cations. Principals

select agents as follows: in period t in market j players with seniority � i always select

an agent that she has not cheated on in the current spell, and among those agents, they

select randomly among the individuals with the highest level of seniority. We assume

that the randomization is coordinated, so that trades are spread evenly (up to integer

constraints) among the seniors. Note that our modi�cations imply that if an individual

i cheats a principal j, i is still willing to select j to be an agent in the future, as if no

cheating had taken place. In contrast to the baseline model, in the choice-based model

this does not reduce the sanction to individual i from cheating as long as there are three

or more individuals at the highest level, since individual i would have been able to avoid

matching with individual j at zero cost anyway. With this modi�cation, individual j has

no disincentive to return to the market, even if individual i returns.

Now consider an analysis of the choice-based hierarchical equilibrium with a given

hierarchy. The de�nitions of c�(� i) and q�(� i) are unchanged. The period payo¤s from a

given level of seniority become

�(� i) = ��(� i; L)R + 1f� i = Lg
LX
l=1


l

L
��(l; L)w:
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The period payo¤s from shirking today, having shirked on k agents of (today�s) levels

(l1; ::; lk) in the same spell, when l� is the highest level of a potential agent that has not

been cheated, are

�s((l1; ::; lk); � i) = ��(� i; l
�)R + 1f� i = Lg

 
LX
l=1


l

L
��(l; L)� 1


LN

kX
s=1

��(lk; L)

!
s:

Now consider the constraints that must be satis�ed for the speci�ed strategies to be

optimal. As in the baseline model, ICL de�nes c�(� i): The constraint that says individuals

prefer cooperation to cheating and leaving (ICA) is unchanged from the baseline model,

as is the constraint that deters agents from returning to the home market after cheating

(ICAL).

If an equilibrium exists where ��(� i; L) = 1 for all � i; and if 
LN > 3; the payo¤

expressions simplify to

�(� i) = R + 1f� i = Lg
LX
l=1


l

L
w;

�s((l1; ::; lk); � i) = R + 1f� i = Lg
�
1


L
� k


LN

�
s:

Now consider the e¢ ciency of this equilibrium, if it exists. First, every principal

can �nd an agent who is trustworthy, and so trade is fully e¢ cient. Second, a player

leaving no longer has any externality, because there will always be senior members of

the community who can be fully trusted. However, the travel induced by the seniority

structure is socially costly. Thus, the most e¢ cient equilibrium will minimize travel,

subject to being able to maintain cooperation.

Let us compare the constraints for this potential equilibrium to those for the (non-

choice-based) hierarchical equilibrium. An important di¤erence is that senior agents are

now trusted by 1=
L players (for simplicity suppose this is an integer). This increases

the incentive to shirk, since the one-period gain is larger relative to the future cost of

starting over. It also increases the incentive to leave after cheating, since there are more

individuals in the community that have been cheated.

Thus, ICA for the seniors becomes

(1=
L)�(�L; �L)(s� w) � �

 
q�(�L) (W (;; L)� ĉ(� i)) + (1� q�(�L))W (;; 1)

�
�
W (;; 1)� 2�c

J2

� !
:

(ICcA(L))

Note that a junior, if trusted at level �0 by a single principal, would have the following

constraint to ensure cooperation:

�0(s�w) � �

 
q�(�L)

�PL
l=� i

�� i;lW (;; l)� ĉ(� i)
�
+ (1� q�(�L))W (;; 1)

�
�
W (;; 1)� 2�c

J2

� !
: (ICcA(1))
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Of course, the strategies we have speci�ed entail no trust for the juniors, and we can

always specify strategies whereby a junior shirks if trusted. Thus, our interest in this

constraint is that of the robustness concerns raised above: we have argued that it is

of interest to construct equilibria where trade is not withheld �arti�cially.�Note that

the right-hand side of (ICcA(1)) is smaller than that of (IC
c
A(L)), but at �

0 = �(�L; �L);

the left-hand side is smaller. Thus, it is not necessarily true that juniors are less trust-

worthy in equilibrium. If (ICcA(L)) binds with �(�L; �L) < 1 but (ICcA(1)) is satis�ed

with �0 > �(�L; �L); we can modify the de�nition of the equilibrium so that junior agents

receive some trades, for example by creating multiple �low�levels where some of these

are designated to trade with other low level individuals. In equilibrium, these individuals

would cheat if they received extra trades. For simplicity, we focus our exposition on the

case where (ICcA(L)) is satis�ed at �(�L; �L) = 1 while IC
c
A(1) fails at �

0 = 1:

Let K be a set of individuals of cardinality 1=
L with the lowest possible aggregate

seniority. ICAL becomes

W (;; 1)� 2�c=J � Pr (none of K return)W (;; L) (ICcAL)

+
X

K0�K;K0 6=fg

Pr

 
K 0 return and transition

to levels (l1; ::; lk0)

! 
�s((l1; ::; lk0); � i)

+� � (W (;; 1)� 2�c=J2)

!
:

So far, we have described forces that tighten ICA and slacken ICAL:We next describe

forces that work in the opposite direction. Because all trade is concentrated on seniors,

relative to the non-choice-based hierarcy, the choice-based hierarchy will have greater

bene�t to returning to the home market in equilibrium, implying that c�(� i) is higher.

This will relax the cheat-and-leave constraint (ICA): the individual gives up more by

starting over. On the other hand, the constraint that requires an individual to leave

after cheating (ICAL) is tightened, for two reasons. First, there is more to lose by

starting over. Second, the sanction within a market is lower, since the individual can

always �nd an agent to trade with after cheating (although it may be a more junior

agent). Indeed, if both the cheater and the �cheatees�remain junior after the cheating

happens, there is no sanction at all in the home market.

If the leave-after-cheating constraint is not satis�ed, we can consider modifying the

strategies so that individuals do not always leave after cheating. We did not allow

this in the baseline model because it would potentially induce an individual who has

been cheated upon to leave, destroying the sanction to the cheater. As discussed above,

however, this e¤ect disappears in the choice-based model. Then, we could replace (ICA)

and (ICAL) with a single, new constraint that speci�es that cooperating is better than

optimizing between leaving and returning. For simplicity, we will not formally analyze

that case.
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Then, the problem of �nding the most e¢ cient equilibrium reduces to the problem of

�nding a hierarchical structure (market size and proportion at the top level) that mini-

mizes transportation costs subject to (ICA) and (ICAL). Of course, the more individuals

move markets in equilibrium, the lower will be the sanction from cheating, since both

the individual who was cheated as well as the individual who was not will be more likely

to move on.

We analyze this model numerically, illustrating parameter values where it exists,

as well as comparative statics on how the shape of the hierarchy a¤ects e¢ ciency and

existence of equilibrium. The results of this analysis will be included in future versions

of the paper.

We conclude by describing the desirable robustness properties of choice-based hier-

archical equilibria. First, it is possible for some parameter values to construct equilibria

whereby no principal withholds trade �arti�cially.�Junior agents may not be fully trust-

worthy, because they have less to lose from a cheat-and-leave strategy. If so, principals

have a strict preference to trade with senior agents, as desired.

As discussed above, �nding equilibria with this feature is in some ways easier, and in

some ways more di¢ cult than for the non-choice-based hierarchy. Since junior agents do

not serve as agents in equilibrium, the level of trust that could be given to junior agents

does not directly a¤ect value functions or incentive constraints. So long as they are not

fully trustworthy for a single trade, others will not wish to trade with them. On the other

hand, as discussed above, since principals receive more than one trade it is possible that

their incentive constraints bind �rst.

A second robustness property concerns whether cooperation in a given market will be

upset by the emergence of another market that does not have the same institutions. The

choice-based hiearchy has the attractive feature that being a senior in a given market

is more pro�table than being in a community without a seniority structure, but where

all members are fully trusted. Thus, seniors have something to lose from a cheat-and-

leave strategy, even if another community trusts them immediately. In addition, if all

communities have a seniority structure and ICA is binding, then cooperation will not be

sustained in a new institution-free community, because the bene�t to returning to the

new community is lower than the bene�t to returning to hierarchical communities. This

feature of the choice-based hierarchy contrasts with the identity investment, purgatorial,

or hierarchical equilibria, in which the value to the most senior members of a market is

just equal to that from a community that fully trusts its members immediately.
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7 Existing Theoretical Perspectives

Given its importance, it is not surprising that research on engendering trust has a long

and venerable tradition. In this section we relate our results to the existing literature.

Beyond the classic folk theorems, theorists have traditionally focused on two types of

mechanisms that overcome the trust problem: those that signal reputations and those

that require third party enforcement. A number of recent studies have focused on the

importance of sacri�ce and speci�c investments. Our analysis di¤ers from the prior

literature in its focus on group formation, group size, hierarchical structures, and the

problems associated with increasing population size.

Reputation models provide a useful theory of how intrinsically honest or dishonest

individuals can use costly signals to establish a reputation for honesty. Sobel [37] and,

more recently, Watson [40] consider reputation models where the scale of trade increases

over time. In a model that focuses more directly on outside options, Ghosh and Ray [18]

examine a case where there are two types of individual - myopic opportunists and the

more patient.5 Individuals can continue to interact with the same partner should they

so choose. In order to sustain cooperation, partners spend a period �trying each other

out,�using this as a screen for myopic opportunism. They �nd that societies with very

few myopic members are in fact sometimes less likely to cooperate, as there the barrier

to establishing new relationships is reduced.

In all of the reputation-based models, players learn about the intrinsic type of their

partners as the relationship progresses. In our study, players are intrinsically symmetric,

but the extent to which a player is trustworthy changes over time and is determined in

equilibrium.

In other studies, third parties or groups assume the role of contract enforcement.

Milgrom, North and Weingast [34] provide two examples underlying the revival of trade

in late medieval Europe- the Law Merchant system of private adjudication and annual

trade fairs, where justice was administered by the Counts of Champagne. Dixit [10]

analyses a recent example, based on Gambetta�s [17] study of Ma�a practice.

Kandori [25] and Greif [20],[21],[22] analyze enforcement within groups that transmit

information to each other about defectors. These defectors can then be punished by

others in the group- whether through ostracism or persistent betrayal.

Dixit�s [11] study of trade expansion and enforcement is similar in motivation to ours.

He uses a circular world as a geographical analogy for the costliness of information �ows

across distances, and examines how much cooperation can be sustained as the circle

grows in size. He �nds that small and large worlds can sustain greater trust than their

5Also see Ghosh and Ray [19] for an application to micro-credit.
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intermediate counterparts. In small worlds, partners to a transaction are likely to know

third parties in common, and thus are able to share information about defectors. In large

worlds, developing a legal system becomes economical. In contrast, our model focuses on

the case where information sharing about behavior within bilateral relationships is not

possible.

Klein and Le­ er [26]�s seminal study analyzed the role of speci�c investments in

a model of repeated interaction. Iannaccone [23] applies the notion of speci�c invest-

ments to cults that provide club goods. There is an incentive to free-ride upon others�

zealousness. In order to limit participation to the truly committed, religious practices,

such as stigma and self-sacri�ce develop to act as screening devices. Similarly, Fryer [15]

examines the issue of cultural identity and particularly of blacks � acting white.�

In a series of papers, Akerlof [2], Akerlof and Kranton [3], [4] introduce social custom

and group �identity� into individual�s utility functions. These identities- and the con-

comitant �prescriptions� for behaviour that they imply- result in individual and group

sanctions for violators of the appropriate group �code of conduct.�Their analyses take

both the set of identities and prescriptions to be exogenous.

Other studies have focused on individual partnerships rather than groups, with bar-

riers to entry being raised to switching partners. For example, Kranton [28] attempts to

�nd the conditions under which cooperation can be sustained in bilateral partnerships

even if an alternative partner is present. She suggests the use of bonds- initial losses

of disutility- can act to discourage partner-hopping by making it costly to form new

relationships. A similar point appears in Carmichael and MacLeod [8].

Friedman and Resnick [14] analyze cooperation in online communities, and look for

a force to deter the relatively costless assumption of new identities by individuals on

the Internet. They argue that if the incumbent members of a chat room treat new

members poorly for a requisite period of time, this will discourage fraudulent use of new

identities. This idea is closely related to the purgatorial equilibrium that we analyze.

Our analysis considers alternatives to purgatorial equilibrium that may be more robust,

and in addition we analyze the role of group size and structure.

Lindsey, Polak and Zeckhauser [31] incorporate the notion of itinerant temptations

into their study of long-term bilateral, exclusive relationships between individuals where

there is �free love�- no barriers to a new start. Instead, existing relationships gain

value the longer they exist. They contrast two �conventions�- a rule where bilateral

relationships break up whenever either party cheats on the other and one where they

only break up when both do so simultaneously. An interesting feature of their model is

that cheating occurs along the equilibrium path. In a similar manner to the hierarchical

equilibrium we will discuss, relationships are robust due to their own increasing value over
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time. However, this occurs for di¤erent reasons in our model- in the social hierarchies we

construct, senior agents engender more trust.

In a related paper, Sobel [38] analyzes a model where agents in a large population

form bilateral relationships. He contrasts relational contracts with formal contracting as

mechanisms for sustaining trust. As in our model and that of Lindsey, Polak and Zeck-

hauser [31], it can be ine¢ cient for partnerships to be exclusive in every period. Sobel�s

[38] model has relationships that permanently �grow stale.�In his model, relationships

based on relational contracts may last ine¢ ciently long, because the institutions that

support cooperation must entail costs of starting new relationships. This is similar to

our result that there is ine¢ cient travel in equilibria that require loyalty.

In summary, our models di¤ers from the existing literature in several respects. First

and most importantly, we focus on endogenous group formation, and we analyze alterna-

tive institutions that might arise in a group setting. It is costly for players to maintain

loyalty to a group. Individuals make inferences about the trustworthiness of potential

matches by the loyalty the individual has shown to the group in the past, which increases

over time despite the intrinsic symmetry of individuals. An individual can maintain his

seniority status independent of whether a particular partnership breaks down through

cheating or death of the partner. We do not rely on group sanctions to deter cheating,

since individual cooperation is observable only to the parties directly involved, and our

model seeks to minimize the need for individuals to withhold trade from trustworthy

partners simply for the purpose of upholding social conventions. Instead, social con-

ventions about trust are related to the equilibrium trustworthiness of individuals. Our

model provides a starting point for analyzing further questions about social hierarchies

within groups.

8 Conclusions and Applications

This paper has analyzed the endogenous formation of groups, when outside options are

strong and legal enforcement is not available. We have constructed a number of al-

ternative equilibria, and we have discussed their strengths and weaknesses as well as

robustness properties. A common theme is that institutions support cooperation by

creating a disincentive to change markets. Seniority structures provide this disincentive

without necessarily requiring arti�cial barriers to entry or withholding of trade. Seniority

structures may also be robust to the entry of institution-free markets.

The insights from our analysis can be used to help understand how cooperation is

sustained in a number of real-world settings. For example, consider online communities,

such as open-source software. These communities often have formal or informal seniority
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structures that provide incentives for loyalty. Our model suggests that those with robust

seniority structures may maintain the loyalty of senior members even in the presence of

newly formed online communities with weak institutions.
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