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1 Introduction

The organization of individual agents into networks and groups has an impor-
tant role in the determination of the outcome of many social and economic
interactions. For instance, networks of personal contacts are important in
obtaining information about job opportunities (e.g., Boorman (1975) and
Montgomery (1991)). Networks also play important roles in the trade and
exchange of goods in non-centralized markets (e.g., Tesfatsion (1997, 1998),
Weisbuch, Kirman and Herreiner (1995)), and in providing mutual insurance
in developing countries (e.g., Fafchamps and Lund (1997)). The partitioning
of societies into groups is also important in many contexts, such as the pro-
vision of public goods and the formation of alliances, cartels, and federations
(e.g., Tiebout(1956) and Guesnerie and Oddou (1981)).

Our understanding of how and why such networks and groups form and
the precise way in which these structures affect outcomes of social and eco-
nomic interaction is the main focus of this volume. Recently there has been
concentrated research focused on the formation and design of groups and net-
works, and their roles in determining the outcomes in a variety of economic
and social settings. In this volume, we have gathered together some of the
central papers in this recent literature which have made important progress
on this topic. These problems are tractable and interesting, and from these
works we see that structure matters and that clear predictions can be made
regarding the implications of network and group formation. These works also
collectively set a rich agenda for further research.

In this introduction, we provide a brief description of the contributions
of each of the papers. We also try to show how these papers fit together,
provide some view of the historical progression of the literature, and point
to some of the important open questions.

2 A brief Description of Some Related Liter-

atures

There is an enormous literature on networks in a variety of contexts.
The “social networks” literature in sociology (with some roots in anthro-

pology and social psychology) examines social interactions from theoretical
and empirical viewpoints. That literature spans applications from family ties
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through marriage in 15th century Florence to needle sharing among drug ad-
dicts, to networks of friendship and advice among managers. An excellent
and broad introductory text to the social networks literature is Wasserman
and Faust (1994). One particular area of overlap with economics is the por-
tion of that literature on exchange networks. The Bienenstock and Bonacich
(1997) paper in this volume (and discussed more below) is a nice source for
some perspective on and references to that literature. The analysis of the
incentives to form networks and groups and resulting welfare implications,
the focus of most of the papers in this volume, is largely complementary to
the social networks literature both in its perspective and techniques.

There are also various studies of networks in economics and operations
research of transportation and delivery networks.1 One example would be
the routing chosen by airlines which has been studied by Hendricks, Piccione
and Tan (1995) and Starr and Stinchcombe (1992). One major distinguishing
feature of the literature that we focus on in this volume is that the parties in
the network or group are economic or social actors. A second distinguishing
feature is that the focus is on the incentives of individual actors to form
networks and groups.

Thus, the focus here is on a series of papers and models that have used
formal game theoretic reasoning to study the formation of networks and other
social structures.2

3 Overview of the Papers in the Volume

Cooperation Structures and Networks in Cooperative Games

An important first paper in this literature is by Myerson (1977). My-
erson started from cooperative game theory and layered on top of that a

1There is also a literature in industrial organization that surrounds network externali-
ties, where, for instance a consumer prefers goods that are compatible with those used by
other individuals (see Katz and Shapiro (1994)). There, agents care about who else uses a
good, but the larger nuances of a network with links does not play any role. Young (1998)
provides some insights into such interactions where network structures provide the fabric
for interaction, but are taken to be exogenous.

2Also, our focus is primarily on the formation of networks. There is also a continuing
literature on incentives in the formation of coalitions that we shall not attempt to survey
here, but mention at a few points.
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network structure that described the possible communication or coopera-
tion that could take place. The idea was that a coalition of individuals
could only function as a group if they were connected through links in the
network. Thus, this extends standard cooperative game theory where the
modeler knows only the value generated by each potential coalition and uses
this to make predictions about how the value of the overall society will be
split among its members. One perspective on this is that the members of
society bargain over how to split the value, and the values of the different
coalitions provide threat points in the bargaining.3 The enrichment from the
communication structures added by Myerson is that it provides more insight
into which coalitions can generate value and thus what threats are implicit
when society is splitting.

More formally, Myerson starts from the familiar notion of a transferable
utility game (N, v), where N is a set of players and v is a characteristic
function denoting the worth v(S) of each coalition S ⊂ N . He defines a
cooperation structure as an non-directed graph g among the individuals. So,
a graph represents a list of which individuals are linked to each other, with the
interpretation that if individual i is linked to individual j in the graph, then
they can communicate and function together. Thus, a network g partitions
the set of individuals into different groups who are connected to each other
(there is a path from each individual in the group to every other individual in
the group). The value of a coalition S under the network g is simply the sum
of the values of the sub-coalitions of S across the partition of S induced by g.
For instance, consider a cooperative game where the worth of coalition {1, 2}
is 1, the worth of coalition {3, 4} is 1, and the worth of coalition {1, 2, 3, 4}
is 3. If under the graph g the only links are that individual 1 is linked to
2 and individual 3 is linked to 4, then the worth of the coalition {1, 2, 3, 4}
under the restriction to the graph g is simply 1 + 1 = 2, rather than 3, as
without any other links this is the only way in which the group can function.
So in Myerson’s setting, a network or graph g coupled with a characteristic
function v results in a graph-restricted game vg.

In Myerson’s setting, an allocation rule4 describes the distribution of pay-
offs amongst individuals for every pair (v, g). This may represent the natural

3From a more normative perspective, these coalitional values may be thought of as
providing a method of uncovering how much of the total value that the whole society
produces that various individuals and groups are responsible for.

4This is somewhat analogous to a solution concept in cooperative game theory.
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payoff going to each individual, or may represent some additional interven-
tion and transfers. Myerson characterizes a specific allocation rule which
eventually became referred to as the Myerson value. In particular, Myerson
looks at allocation rules that are fair: the gain or loss to two individuals
from the addition of a link should be the same for the two individuals in-
volved in the link; and are balanced in that they are spreading exactly the
value of a coalition (from the graph-restricted game) among the members of
the coalition. Myerson shows that the unique allocation rule satisfying these
properties is the Shapley value of the graph-restricted game.5

While Myerson’s focus was on characterizing the allocation rule based on
the Shapley value, his extension of cooperative game theory to allow for a
network describing the possibilities for cooperation was an important one as
it considerably enriches the cooperative game theory model not only to take
into account the worth of various coalitions, but also how that worth depends
on a structure describing the possibilities of cooperation.

Network Formation More Generally

While Myerson’s model provides an important enrichment of a coopera-
tive game, it falls short of providing a general model where value is network
dependent. For example, the worth of a coalition {1, 2, 3} is the same whether
the underlying network is one that only connects 1 to 2 and 2 to 3, or whether
it is a complete network that also connects 1 to 3. While this is of interest in
some contexts, it is somewhat limited as a model of networks. For instance, it
does not permit there to be any cost to a link or any difference between being
directly linked to another individual versus only being indirectly linked.

The key departure of Jackson and Wolinsky (1996) from Myerson’s ap-
proach was to start with a value function that is defined on networks directly,
rather than on coalitions. Thus, Jackson and Wolinsky start with a value
function v that maps each network into a worth or value. Different networks
connecting the same individuals can result in different values, allowing the
value of a group to depend not only on who is connected but also how they
are connected. This allows for costs and benefits (both direct and indirect)
to accrue from connections. In the Jackson-Wolinsky framework, an alloca-
tion rule specifies a distribution of payoffs for each pair network and value

5An interesting feature of Myerson’s characterization is that he dispenses with additiv-
ity, which is one of the key axioms in Shapley’s original characterization. This becomes
implicit in the balance condition given the network structure.
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function. One result of Jackson and Wolinsky is to show that the analysis of
Myerson extends to this more general setting, and fairness and component
balance again lead to an allocation rule based on the Shapley value.

One of the central issues examined by Jackson and Wolinsky is whether
efficient (value maximizing) networks will form when self-interested individ-
uals can choose to form links and break links. They define a network to
be pairwise stable if no pair of individuals wants to form a link that is not
present and no individual gains by severing a link that is present.

They start by investigating the question of the compatibility of efficiency
and stability in the context of two stylized models. One is the connections
model, where individuals get a benefit δ ∈ [0, 1] from being linked to another
individual and bear a cost c for that link. Individuals also benefit from
indirect connections - so a friend of a friend is worth δ2 and a friend of a
friend of a friend is worth δ3, and so forth. They show that in this connections
model efficient networks take one of three forms: an empty network if the
cost of links is high, a star-shaped network for middle ranged link costs, and
the complete network for low link costs. They demonstrate a conflict between
this very weak notion of stability and efficiency - for high and low costs the
efficient networks are pairwise stable, but not always for middle costs. This
also holds in the second stylized model that they call the co-author model,
where benefits from links come in the form of synergies between researchers.

Jackson and Wolinsky also examine this conflict between efficiency and
stability more generally. They show that there are natural situations (value
functions), for which under any allocation rule belonging to a fairly broad
class, no efficient network is pairwise stable. This class considers allocation
rules which are component balanced (value is allocated to the component of a
network which generated it) and are anonymous (do not structure payments
based on labels of individuals but instead on their position in the network
and role in contributing value in various alternative networks). Thus, even
if one is allowed to choose the allocation rule (i.e., transfer wealth across
individuals to try to align incentives according to some mild restrictions) it
is impossible to guarantee that efficient networks will be pairwise stable. So,
the tension between efficiency and stability noted in the connections and co-
author models is a much broader problem. Jackson and Wolinsky go on to
study various conditions and allocation rules for which efficiency and pairwise
stability are compatible.

While Jackson and Wolinsky’s work provides a framework for examining
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the relationship between individual incentives to form networks and overall
societal welfare, and suggests that these may be at odds, it leaves open many
questions. Under exactly what circumstances (value functions and allocation
rules) do individual incentives lead to efficient networks? How does this
depend on the specific modeling of the stability of the network as well as the
definition of efficiency?

Further Study of the Compatibility of Efficiency and Stability

This conflict between stability and efficiency is explored further in other
papers.

Johnson and Gilles (2000) study a variation on the connections model
where players are located along a line and the cost of forming a link between
individuals i and j depends on the spatial distance between them. This gives
a geography to the connections model, and results in some interesting struc-
ture to the efficient networks. Stars no longer play a central role and instead
chains do. It also has a dramatic impact on the shape of pairwise stable
networks, as they have interesting local interaction properties. Johnson and
Gilles show that the conflict between efficiency and pairwise stability appears
in this geographic version of the connections model, again for an intermediate
range of costs to links.

Dutta and Mutuswami (1997) adopt a “mechanism design” approach to
reconcile the conflict between efficiency and stability. In their approach,
the allocation rule is analogous to a mechanism in the sense that this is
an object which can be designed by the planner. The value function is
still given exogenously and the network is formed by self-interested players
or agents, but properties of the allocation rule such as anonymity are only
applied at stable networks. That is, just as a planner may be concerned
about the ethical properties of a mechanism only at equilibrium, Dutta and
Mutuswami assume that one needs to worry only about the ethical properties
of an allocation rule on networks which are equilibria of a formation game.
That is, the design issue with which Dutta and Mutuswami are concerned
is whether it is possible to define allocation rules which are “nice” on the
set of equilibrium networks. They construct allocation rules which satisfy
some desirable properties on equilibrium graphs. Of course, the construction
deliberately uses some ad hoc features “out of equilibrium”.

The network formation game that is considered by Dutta and Mutuswami
is discussed more fully below, and offers an alternative to the notion of pair-
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wise stability.
The paper by Jackson (2001) examines the tension between efficiency

and stability in further detail. He considers three different definitions of ef-
ficiency, which consider the degree to which transfers are permitted among
individuals. The strong efficiency criterion of Jackson and Wolinsky is only
appropriate to the extent that value is freely transferable among individuals.
If more limited transfers are possible (for instance, when one considers com-
ponent balance and anonymity), then a constrained efficiency notion or even
Pareto efficiency become appropriate. Thus the notion of efficiency is tai-
lored to whether the allocation rule is arising naturally, or to what extent one
is considering some further intervention and reallocation of value. Jackson
studies how the tension between efficiency and stability depends on this per-
spective and the corresponding notion of efficiency used. He shows how this
applies in several models including the Kranton and Minehart (1998) model,
and a network based bargaining model due to Corominas-Bosch (1999). He
also shows that the Myerson allocation rule generally has difficulties guar-
anteeing even Pareto efficiency, especially for low costs to links. Individuals
have incentives to form links to better their bargaining position and thus
their resulting Myerson allocation. When taking these incentives together,
this can result in over-connection to a point where all individuals suffer.

Stability and Efficiency in Directed Networks Models

Non-directed networks capture many applications, especially those where
mutual consent or effort is required to form a link between two individuals.
However, there are also some applications where links are directed or unilat-
eral. That is, there are contexts where one individual may form a link with a
second individual without the second individual’s consent, as would happen
in sending a paper to another individual. Other examples include web links
and one-sided compatibility of products (such as software). Such settings
lead to different incentives in the formation of networks, as mutual consent
is not needed to form a link. Hence the analysis of such directed networks
differs from that of non-directed networks.

Bala and Goyal (2000a) analyze a communication model which falls in this
directed network setting. In their model, value flows costlessly through the
network along directed links. This is similar to the connections model, but
with δ close to 1 and with directional flow of communication or information.
Bala and Goyal focus on the dynamic formation of networks in this directed
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communications model. The network formation game is played repeatedly,
with individuals deciding on link formation in each period. Bala and Goyal
use a version of the best response dynamics, where agents choose links in
response to what happened in the previous period, and with some random-
ization when indifferent. In this setting, for low enough costs to links, the
process leads naturally to a limiting network which has the efficient structure
of a wheel.

Dutta and Jackson (2000) show that while efficiency is obtained in the
Bala and Goyal communication model, the tension between efficiency and
stability reemerges in the directed network setting if one looks more gener-
ally. As one might expect, the nature of the conflict between stability and
efficiency in directed networks differs from that in non-directed networks. For
instance, the typical (implicit) assumption in the directed networks frame-
work is that an agent can unilaterally form a link with any other agent, with
the cost if any of link formation being borne by the agent who forms the link.
It therefore makes sense to say that a directed network is stable if no agent
has an incentive to either break an existing link or create a new one.6 Using
this definition of stability, Dutta and Jackson show that efficiency can be
reconciled with stability either by distributing benefits to outsiders who do
not contribute to the productive value of the network or by violating equity;
but that the tension between stability and efficiency persists if one satisfies
anonymity and does not distribute value to such outsiders.

Bala and Goyal (2000) also analyze the efficiency-stability conflict for a
hybrid model of information flow, where the cost of link formation is borne by
the agent setting up the link, but where both agents can access each other’s
information regardless of who initiated the link. Bala and Goyal give the
example of a telephone call, where the person who makes the call bears the
cost of the call, but both persons are able to exchange information. In their
model, however, each link is unreliable in the sense that there is a positive
probability that the link will fail to transmit the information. Bala and Goyal
find that if the cost of forming links is low or if the network is highly reliable,
then there is no conflict between efficiency and stability. Bala and Goyal also
analyze the structure of stable networks in this setting.

Modeling the Formation of Networks

6In contrast, the implicit assumption in the undirected networks framework is that
both i and j have to agree in order for the link ij to form.
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Notice that pairwise stability used by Jackson and Wolinsky is a very
weak concept of stability - it only considers the addition or deletion of a
single link at a time. It is possible that under a pairwise stable network
some individual or group would benefit by making a dramatic change to
the network. Thus, pairwise stability might be thought of as a necessary
condition for a network to be considered stable, as a network which is not
pairwise stable may not be formed irrespective of the actual process by which
agents form links. However, it is not a sufficient condition for stability,
In many settings pairwise stability already dramatically narrows the class
of networks, and noting a tension between efficiency and pairwise stability
implies that such a tension will also exist if one strengthens the demands on
stability. Nevertheless, one might wish to look beyond pairwise stability to
explicitly model the formation process as a game. This has the disadvantage
of having to specify an ad hoc game, but has the advantage of permitting
the consideration of richer forms of deviations and threats of deviations. The
volume contains several papers devoted to this issue.

This literature owes its origin to Aumann and Myerson (1988), who mod-
eled network formation in terms of the following extensive form game.7 The
extensive form presupposes an exogenous ranking of pairs of players. Let
this ranking be (i1j1, . . . , injn). The game is such that the pair ikjk decide on
whether or not to form a link knowing the decisions of all pairs coming before
them. A decision to form a link is binding and cannot be undone. So, in
equilibrium such decisions are made with the knowledge of which links have
already formed (or not), and with predictions as to which links will form as
a result of the given pair’s decision. Aumann and Myerson assume that after
all pairs have either formed links or decided not to, then allocations come
from the Myerson value of the resulting network g and some graph restricted
cooperative game vg. They are interested in the subgame perfect equilibrium
of this network formation game.

To get a feeling for this, consider a symmetric 3-person game where
v(S) = 0 if #S = 1, v(S) = 40 if #S = 2 and v(N) = 48. An efficient
graph would be one where at least two links form so that the grand coalition
can realize the full worth of 48. Suppose the ranking of the pairs is 12, 13, 23.
Then, if 1 and 2 decide to form the link 12 and refrain from forming links
with 3, then they each get 20. If all links form, then each player gets 16.

7A precursor of the network formation literature can be found in Boorman (1975).
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The unique subgame perfect equilibrium in the Aumann-Myerson extensive
form is that only the link 12 will form, which is inefficient.

A crucial feature of the game form is that if pair ikjk decide not to form a
link, but some other pair coming after them does form a link, then ikjk are
allowed to reconsider their decision.8 It is this feature which allows player 1
to make a credible threat to 2 of the form “I will not form a link with 3 if
you do not. But if you do form a link with 3, then I will also do so.” This is
what sustains g = {12} as the equilibrium link. Notice that after the link 12
has been formed, if 1 refuses to form a link with 3, then 2 has an incentive to
form the link with 3 - this gives her a payoff of 291

3
provided 1 cannot come

back and form the complete graph. So, it is the possibility of 1 and 3 coming
back into the game which deters 2 from forming the link with 3.

Notice that such threats cannot be levied when the network formation is
simultaneous. Myerson (1991) suggested the following simultaneous process
of link formation. Players simultaneously announce the set of players with
whom they want to form links. A link between i and j forms if both i
and j have announced that they want a link with the other. Dutta, van
den Nouweland, and Tijs (1998)9 model link formation in this way in the
context of the Myerson model of cooperation structures. Moreover, they
assume that once the network is formed, the eventual distribution of payoffs
is determined by some allocation rule within a class containing the Myerson
value. The entire process (formation of links as well as distribution of payoffs)
is a normal form game. Their principal result is that for all superadditive
games, a complete graph (connecting the grand coalition) or graphs that
are payoff equivalent will be the undominated equilibrium or coalition-proof
Nash equilibrium.

The paper by Slikker and van den Nouweland (2000) considers a variant
on the above analysis, where they introduce an explicit cost of forming links.
This makes the analysis much more complicated, but they are still able to
obtain solutions at least for the case of three individuals. With costs to links,
they find the surprising result that link formation may not be monotone in
link costs: it is possible that as link costs increase more links are formed. This
depends in interesting ways on the Myerson value, the way that individual

8As Aumann and Myerson remark, this procedure is like bidding in bridge since a
player is allowed to make a fresh bid if some player bids after her.

9See also Qin(1996).
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payoffs vary with the network structure, and also on the modeling of network
formation via the Aumann and Myerson extensive form.

Dutta and Mutuswami (1997) (discussed above) use the same normal
form game for link formation in the context of the network model of Jackson
and Wolinsky. They note the relationship between various solution concepts
such as strong equilibrium and coalition proof Nash equilibrium to pairwise
stability.10 They (as well as Dutta, van den Nouweland and Tijs (1998)) also
discuss the importance of considering only undominated strategies and/or
deviations by at least two individuals in this sort of game, so as to avoid
degenerate Nash equilibria where no agent offers to form any links knowing
that nobody else will.

Bargaining and Network Formation

One aspect that is present in all of the above mentioned analyses is that
the network formation process and the way in which value is allocated to
members of a network are separated. Currarini and Morelli (2000) take the
interesting view that the allocation of value among individuals may take
place simultaneously with the link formation, as players may bargain over
their shares of value as they negotiate whether or not to add a link.11 The
game that Currarini and Morelli analyze is one where players are ranked
exogenously. Each player sequentially announces the set of players with
whom he wants to form a link as well as a payoff demand, as a function of
the history of actions chosen by preceding players. Both players involved in
a link must agree to form the link. In addition, payoff demands within each
component of the resulting graph must be consistent. Currarini and Morelli
show that for a large class of value functions, all subgame perfect equilibria
are efficient. This differs from what happens under the Aumann and Myerson
game. Also, as it applies for a broad class of value functions, it shows that
the tension between stability and efficiency found by Jackson and Wolinsky
may be overcome if bargaining over value is tied to link formation.

Gerber (2000) looks at somewhat similar issues in the context of coalition
formation. With a few exceptions, the literatures on bargaining and on coali-
tion formation, either look at how worth is distributed taking as given that
the grand coalition will form, or look at how coalitions form taking as given

10See also Jackson and van den Nouweland (2001) for a detailed analysis of a strong
equilibrium based stability concept where arbitrary coalitions can modify their links.

11See also Slikker and van den Nouweland (2001) and Mutuswami and Winter (2000).
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how coalitions distribute worth. Gerber stresses the simultaneous determina-
tion of the payoff distribution and the coalition structure, and defines a new
solution for general NTU games. This solution views coalitions as various
interrelated bargaining games which provide threat points for the bargain-
ing with any given coalition, and ultimately the incentives for individuals to
form coalitions. Gerber’s solution concept is based on a consistency condi-
tion which ties these games together. Gerber shows how this applies in some
special cases (including the marriage market which ties in with the networks
models) as well as several examples, and illustrates the important differences
between her solution and others.

Dynamic Network Formation

The papers discussed above have largely analyzed network formation in
static settings (taking an extensive form to be essentially static). The main
exception is that of best response dynamics in the directed communications
model of Bala and Goyal (2000a).

Watts (2001) also departs from the static modeling tradition.12 In the
context of the connections model of Jackson and Wolinsky, she considers a
framework where pairs of agents meet over time, and decide whether or not
to form or sever links with each other. Agents are myopic and so base their
decision on how the decision on the given link affects their payoffs, given the
current network in place. The network formation process is said to reach a
stable state if no additional links are formed or broken in subsequent periods.
A principal result is that a stable state is often inefficient, although this
depends on the precise cost and benefit parameters. A particularly interesting
result applies to a cost range where a star network is both pairwise stable
and efficient, but where there are also some inefficient networks that are
stable states. Watts shows that as the number of individuals increases, the
probability13 that a star forms goes to 0. Thus as the population increases
the particular ordering which is needed to form a star (the efficient network)
becomes less and less likely relative to orderings leading to some other stable
states.

12The literature on the dynamic formation of networks has grown following Watts’ work,
and there are a number of recent papers that study various stochastic models of network
formation. These include Jackson and Watts (1998, 1999), Goyal and Vega-Redondo
(1999), Skyrms and Pemantle (2000), and Droste, Gilles and Johnson (2000).

13Links are identified randomly and then agents decide whether to add or delete them.
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Networks for the Trade and Exchange of Goods

There has also been study of network models in some other specific con-
texts. For instance, the two papers by Kranton and Minehart (1998, 2000)
focus on networks of buyers and sellers, where goods are to be exchanged
between connected individuals, but the terms of trade can depend on the
overall set of opportunities that the connected individuals have. The first
paper considers buyers with private values who can bid in auctions of sell-
ers to whom they are connected. Buyers gain from being involved in more
auctions as they then have a better chance of obtaining an object and at
a lower expected cost. Sellers gain from having more buyers participate in
their auction as it increases the expected highest valuation and thus willing-
ness to bid, and also increases the competition among buyers. Kranton and
Minehart show the striking result that the change in expected utility that
any buyer sees from adding a link to some seller is precisely the overall social
gain from adding that link. Thus, if only buyers face costs to links, then they
have incentives to form a socially efficient network. They also show that if
sellers face costs to invest in providing the good for sale, then inefficiency
can arise.14

In the second paper, Kranton and Minehart (2000) develop a theory of
competition in networks which intends to look more generally at how the
connection structure among buyers and sellers affects terms of trades. The
new concept that they introduce is that of “opportunity paths” which de-
scribe the various ways in which individuals can effect trades. The pattern of
opportunity paths is central in determining the trades that occur, and Kran-
ton and Minehart provide a series of results indicating how the opportunity
paths determine the resulting prices and utilities to the various agents in the
network.

Bloch and Ghosal (2000) also analyze how interrelationships among buy-
ers and sellers affect terms of trade. Their analysis is not so network de-
pendent, but focuses more directly on the issue of cartel formation amongst
buyers and sellers. In particular, they are concerned with how collusion on
one side of the market affects cartel formation on the other side of the mar-
ket. They build on the bargaining model of Rubinstein and Wolinsky (1990),
where a random matching process is a central determinant of the terms of

14Jackson (2001) points out that a similar inefficiency result holds in Kranton and
Minehart’s model if sellers face any costs to links and pairwise stability is required.
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trade. They find that there is at most one stable cartel structure, which if
it exists consists of equal size structures and cartels each remove one trader
from the market. This suggests the emergence of a balance between the two
sides of the market.

The paper by Bienenstock and Bonacich (1997) provides discussion of
how cooperative game theory concepts can be useful in modeling network
exchange. In discussing the way in which notions of transferable utility co-
operative game theory can be applied to study exchange of goods in networks,
Bienenstock and Bonacich provide a nice overview of the network exchange
literature, and some pointed discussion about the alternative behavioral as-
sumptions that can be made, and how utility theory and viewing things as a
cooperative game can be a useful lens. An important point that they make is
that using game theoretic tools allows for an understanding of how structural
outcomes depend on underlying characteristic function and how this relates
to the structure itself. That network structure is important in determining
power and distribution of resources is a fundamental understanding in most
of the work on the subject. Bienenstock and Bonacich (1997) outline why
cooperative game theory can be a useful tool in studying this relationship.
They discuss the possible use of the kernel in some detail.

Networks in Other Specific Contexts
The remaining papers in the volume, Barbera and Dutta (2000) and

Gehrig, Regibeau, and Rocket (2000), are concerned with different issues
connected with the organizational structure of firms.

Barbera and Dutta consider a labor-managed firm where there are two
types of tasks and two types of workers (skilled and unskilled), with the
skilled workers being more productive in the first type of task. Their interest
is in the possibility of constructing payment or reward schemes which will
induce workers to reveal types correctly, and thereby sort themselves correctly
into tasks. They show that using various hierarchical structures in rewards,
can provide strong incentives for workers to properly sort themselves into
tasks.

Gehrig, Regibeau, and Rocket study the internal organization of firms in
a context where the firm has to evaluate cost-reducing R & D projects. They
compare hierarchies versus polyarchies. In hierarchies unanimous approval
by a number of reviewers is required in order for the project to be approved,
while the approval of any one reviewer is sufficient in a polyarchy. They allow
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for different reviewers to have different hurdles for approval, and then study
conditions under which the polyarchy can dominate the hierarchy.

4 Some important Open Questions

We end our introduction to this volume by briefly describing some important
issues regarding network and group formation which deserve closer attention,
and are suggested through the collection of papers here.

Even a cursory look at the papers in this volume indicates that the conflict
between stability and efficiency is of significant interest. Nevertheless, much
remains to be known about the conditions under which the conflict will arise.
Some of the papers have examined this conflict in the abstract, and others in
the context of very pointed and specific models. While we see some themes
emerging, we do not yet have an overarching characterization of exactly what
leads to an alignment between individual incentives and societal welfare, and
what leads these to diverge. Jackson (2001) suggests that at least some of the
tension can be categorized as coming from two separate sources: one source
is that of a classic externality where individuals do not internalize the full
societal effects of their forming or severing a link; and another source is the
incentives of individuals to form or sever links in response to how the network
structure affects bargaining power and the allocation of value, rather than in
response to how it affects overall value. Whether inefficiency can always be
traced to one (or both) of these sources and more basically whether this is a
useful taxonomy, are open questions.

There are also several issues that need to be addressed in the general area
of the formation of networks. It becomes clear from comparisons within and
across some of the papers, that the specific way in which one models network
stability or formation can matter. This is clearly borne out by comparing
the Aumann–Myerson prediction that inefficient networks might form with
that of Dutta et al who find efficiency at least in superadditive games. We
need to develop a fuller understanding of how the specifics of the process
matter, and tie this to different sorts of applications to get some sense of
what modeling techniques fit different sorts of problems.

Perhaps the most important (and possibly the hardest) issue regarding
modeling the formation of networks is to develop fuller models of networks
forming over time, and in particular allowing for players who are farsighted.
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Farsightedness would imply that players’ decisions on whether to form a
network are not based solely on current payoffs, but also on where they
expect the process to go and possibly from emerging steady states or cycles
in network formation. We see some of this in the Aumann and Myerson
(1988) extensive form, but it is artificially cut by the finiteness of the game.
It is conceivable that, at least in some contexts, farsightedness may help in
ensuring efficiency of the stable state. For instance, if there are increasing
returns to network formation, then myopic considerations may result in the
null network being formed since no one (or pair) may want to incur the initial
cost. However, the initial costs may well be recouped in the long-run, thereby
facilitating the formation of efficient networks. This is only one small aspect
of what farsighted models might bring.

More work can also be undertaken in constructing, analyzing, and char-
acterizing “nice” allocation rules, as well as ones that might arise naturally
under certain conditions. There are essentially two prominent single-valued
solution concepts in cooperative game theory - the Shapley value and the
nucleolus. While there is a close connection between characteristic functions
and value functions, the special structure of networks may allow for the con-
struction of allocation rules which do not have any obvious correspondence
with solution concepts in cooperative game theory.

Also, the papers collected in this volume are all theoretical in nature.
Many of them provide very pointed predictions regarding various aspects of
network formation, albeit in highly stylized environments. Some of these
predictions can be tested both in experiments,15 as well as being brought
directly to the data. The models can also be applied to some areas of partic-
ular interest, for example to examine whether decentralized labor markets,
which depend a great deal on connections and network structure, function
efficiently.

15See Charness and Corominas-Bosch (1999) and Corbae and Duffy (2000) for recent
examples of testing such predictions.

17



References

Aumann, R. and R. Myerson (1988) “Endogenous Formation of Links
Between Players and Coalitions: An Application of the Shapley Value,”
The Shapley Value, A. Roth, Cambridge University Press, 175–191.

Bala, V. and S. Goyal (2000) “A Strategic Analysis of Network Relia-
bility” Review of Economic Design, 5, 205–228.

Bala, V. and S. Goyal (2000a) “Self-Organization in Communication
Networks,” Econometrica, 68, pp 1181–1230.

Barbera, S. and B. Dutta (2000) “Incentive Compatible Reward Schemes
for Labour-Managed Firms,” Review of Economic Design, 5, pp 111–
128.

Bienenstock, E. and P. Bonacich (1997) “Network Exchange as a Co-
operative Game,” Rationality and Society, 9, 37-65.

Bloch, F. and S. Ghosal (2000) “Buyers’ and Sellers’ Cartels on Markets
with Indivisible Goods,” Review of Economic Design, 5, pp 129–148.

Boorman, S. (1975) “A Combinatorial Optimization Model for Trans-
mission of Job Information through Contact Networks,” Bell Journal
of Economics, 6, 216–249.

Calvo-Armengol, A. (1999) “Stable and Efficient Bargaining Networks,”
mimeo.

Calvo-Armengol, A. (2001) “Bargaining Power in Communication Net-
works,” Mathematical Social Sciences, 41, 69–88.

Charness, G. and M. Corominas-Bosch (2000) “Bargaining on Net-
works: An Experiment,” mimeo: Universitat Pompeu Fabra.

Chwe, M. S.-Y. (1994) “Farsighted Coalitional Stability,” Journal of
Economic Theory, 63, pp 299–325.

Corominas-Bosch, M. (1999) “On Two-Sided Network Markets,” Ph.D.
dissertation: Universitat Pompeu Fabra.

18



Corbae, D. and J. Duffy (2000) “Experiments with Network Economies,”
mimeo: University of Pittsburgh.

Currarini, S. and M. Morelli (2000) “Network Formation with Sequen-
tial Demands,” Review of Economic Design, 5, 229–250.

Droste, E., R. Gilles, and C. Johnson (2000) ”Evolution of Conventions
in Endogenous Social Networks,” mimeo: Virginia Tech.

Dutta, B., and M.O. Jackson (2000) “The Stability and Efficiency of
Directed Communication Networks,” Review of Economic Design, 5,
251–272.

Dutta, B., and S. Mutuswami (1997) “Stable Networks, Journal of
Economic Theory, 76, 322–344.

Dutta, B., A. van den Nouweland, and S. Tijs (1998) “Link Formation
in Cooperative Situations,” International Journal of Game Theory, 27,
245–256.

Fafchamps, M. and S. Lund (2000) ”Risk-Sharing Networks in Rural
Philippines,” mimeo: Stanford University.

Gerber (2000) “Coalition Formation in General NTU Games,” Review
of Economic Design, 5, pp 149–177.

Gehrig, T., P. Regibeau, and K. Rockett (2000) “Project Evaluation
and Organizational Form,” Review of Economic Design, 5, pp 177-200

Goyal, S. and F. Vega-Redondo (1999) ”Learning, Network Formation
and Coordination,” mimeo: Erasmus University.

Guesnerie, R., and C. Oddou (1981) “Second best taxation as a game”,
Journal of Economic Theory 25 , 67–91.

Hendricks, K., M. Piccione, and G. Tan (1995) “The Economics of
Hubs: The Case of Monopoly,” Review of Economic Studies, 62, 83–
100.

19



Jackson, M.O. (2001) “The Stability and Efficiency of Economic and
Social Networks,” forthcoming: Advances of Economic Design, edited
by Murat Sertel, Springer-Verlag.

Jackson, M.O. and A. van den Nouweland (2001) “ Strongly Stable
Networks,” working paper: Caltech and University of Oregon.

Jackson, M.O. and A. Watts (1998) “The Evolution of Social and Eco-
nomic Networks,” forthcoming: Journal of Economic Theory.

Jackson, M.O. and A. Watts (1999) “ On the Formation of Interac-
tion Networks in Social Coordination Games” forthcoming: Games and
Economic Behavior.

Jackson, M.O. and A. Wolinsky (1996)“A Strategic Model of Social
and Economic Networks,” Journal of Economic Theory, 71, 44–74.

Johnson, C. and R.P. Gilles (2000) “Spatial Social Networks,” Review
of Economic Design, 5, 273–300.

Katz, M. and C. Shapiro (1994) ”Systems Competition and Networks
Effects,” Journal of Economic Perspectives, 8, 93-115.

Kranton, R. and D. Minehart (1998) “A Theory of Buyer-Seller Net-
works,” forthcoming: American Economic Review.

Kranton, R. and D. Minehart (2000) “Competition for Goods in Buyer-
Seller Networks” Review of Economic Design, 5, 301–332.

Liebowitz, S. and S. Margolis (1994) ”Network Externality: An Un-
common Tragedy,” Journal of Economic Perspectives, 8, 133-150.

Mutuswami, S. and E. Winter (2000) “Subscription Mechanisms for
Network Formation,” mimeo: CORE and Hebrew University in Jerusalem.

Myerson, R (1977) “Graphs and Cooperation in Games, Math. Oper-
ations Research, 2, 225-229.

Myerson, R. (1991) Game Theory: Analysis of Conflict, Harvard Uni-
versity Press: Cambridge, MA.

20



Qin, C-Z. (1996) “Endogenous Formation of Cooperation Structures,”
Journal of Economic Theory, 69, 218-226.

Skyrms, B. and R. Pemantle (2000) “A Dynamic Model of Social Net-
work Formation,” Proceedings of the National Academy of Sciences,
97, 9340-9346.

Slikker, M. and A. van den Nouweland (2000) “Network Formation
Models with Costs for Establishing Links,” Review of Economic Design,
5, 333–362.

Slikker, M. and A. van den Nouweland (2001) “A One-Stage Model of
Link Formation and Payoff Division,” Games and Economic Behavior,
34, 153-175.

Starr, R.M. and M.B. Stinchcombe (1992) “Efficient Transportation
Routing and Natural Monopoly in the Airline Industry: An Economic
Analysis of Hub-Spoke and Related Systems,” UCSD dp 92-25.

Tesfatsion, L. (1997) “A Trade Network Game with Endogenous Part-
ner Selection,” in Computational Approaches to Economic Problems,
H. Amman et al (eds.), Kluwer Academic Publishers, 249- 269.

Tesfatsion, L. (1998) “Gale-Shapley matching in an Evolutionary Trade
Network Game,” Iowa State University Economic Report no. 43.

Tiebout, C.M. (1956) “A Pure Theory of Local Expenditures,” Journal
of Political Economy, 64.

Wasserman, S. and K. Faust (1994) Social Network Analysis: Methods
and Applications, Cambridge University Press.

Watts, A. (2001) “A Dynamic Model of Network Formation,” Games
and Economic Behavior, 34, pp 331–341.

Young, H.P. (1998) Individual Strategy and Social Structure, Princeton
University Press: Princeton.

21


