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EXTENDED ABSTRACT

1. Introduction

Why do some innovations spread rapidly and others slowly? Why are some
innovations never adopted, even though they are inexpensive and methods of
equilibrium selection would point to their universal adoption? An answer to
these questions should consider waiting times. It takes time for any novelty
or innovation to be adopted. If the expected waiting time to adoption of an
innovation is long, it may be superceded and rendered redundant before it has
become widespread. The question of whether it would have eventually been
adopted, had the world remained the same in all other respects following its
invention, is then moot. Given the importance of waiting times, it is natural to
query how they are affected by sensible behavioral assumptions. The behavioral
assumption we make in the current paper is the following: from time to time,
players with interdependent payoffs come together and adjust their actions to
their mutual benefit. That is to say, they form temporary coalitions.

This paper examines the effect of coalitional behavior on expected waiting
times for processes to reach long run equilibria. We focus on two action pure co-
ordination games with one efficient action and one inefficient action. The relative
efficiency of the efficient action to the inefficient action is given by a parameter
α. The set of players with whom any given player interacts is governed by an
underlying network. The long run equilibrium (stochastically stable state) is the
state in which every player plays the efficient action. The waiting time for the
process to reach the long run equilibrium can thus be understood as the delay
before a society converges to an efficient social norm. In line with the theoretical
predictions of Olson (1971) and much of the subsequent literature on collective

1Come rain or come shine, I can be reached at jonathan.newton@sydney.edu.au, telephone
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action, we are particularly interested in the effect of joint strategic switching by
coalitions which are small relative to the total population size.2

Two possible effects of coalitional behavior are discovered, a reforming effect
and a conservative effect. For some networks and values of α, we observe a
reforming effect: convergence to the long run equilibrium is much faster when
coalitional behavior is allowed. Less obviously, for other networks and values of
α, there is a conservative effect: convergence to the long run equilibrium is much
slower in the presence of coalitional behavior.

The model can be considered a stylized representation of multiple phenomena.
These include the dissemination of ideas and socio-cultural memes, the spread of
process innovation within and between firms, and the choice of consumer technol-
ogy (e.g. mobile phone network providers). It can also be considered a model of
online platforms used for purposes such as photo sharing (e.g. Flickr, My Opera,
Fotki, Fotolog) or microblogging (e.g. Twitter, Tumbler, Plurk, Jaiku). Essen-
tially, it can be considered a model of any setting in which (i) the main benefit or
cost of the choice of action by a player arises through his interaction with others,
and (ii) switching costs between actions are relatively low. For example, the di-
rect cost of changing the political position one advocates are small compared to
the costs that arise through social interaction as a consequence of making such a
change. The same can sometimes be said for the choice of technology to be used
for a specific purpose within a firm.3 In all of these situations, it can be the case
that coalitional behavior can facilitate a move towards more efficient choices by
players. As would be expected, coordination in strategic choice implied by the
concept of coalition can help move the process towards efficiency for the players
involved in such a coalition. However, the reverse can also be true. Imagine that,
at some point in time, there is a group of players who play an action different
to that played by the majority of the population. Even when it is individually
rational for each of these players to remain in the minority, the set of such players
acting as a coalition may be able to improve payoffs for every coalition member
by jointly switching strategies to the majority action. The coalition has acted
conservatively and returned the population to a homogeneous state.4

Several network types display tipping point effects. For values of α below

2See also Poteete and Ostrom (2004). There also exist important provisos to such predic-
tions (Chamberlin, 1974), particularly in the presence of punishment (Mathew and Boyd, 2011;
Hwang, 2009).

3To give an example, employees may choose to keep track of appointments via a paper diary
or via particular software integrated with a system of electronic mail. Another example is the
choice faced by academic researchers of whether to use a TEX editor or WYSIWYG software
such as Scientific Workplace (or even Microsoft Word). Such a choice generates significant payoff
externalities for coauthors, as the default source code generated by such software often has to
be adjusted before it can be compiled in a TEX editor.

4Terminological sticklers may point out that, given that the minority action is already played,
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some threshold α, as error probabilities become infinitesimal, convergence to the
efficient social norm becomes infinitely slower for the process with coalitional be-
havior than for the process without coalitional behavior. For values of α above
some threshold ᾱ, the opposite happens: the process with coalitional behav-
ior becomes infinitely faster than the process without coalitional behavior. In
some instances α and ᾱ take the same value. These speed-of-convergence tip-
ping points are driven by preferences in a similar way to those of Granovetter
(1978) and not by informational concerns such as in, for example, Bikhchandani
et al. (1992). However, in comparison to Granovetter (1978) or Ellison (1993),
additional tipping points are created at the values of α above or below which
certain coalitional deviations become optimal. For example, it only makes sense
for a group to coordinate a break away from a current norm if the additional
payoffs the members of the group generate amongst themselves outweigh their
losses from miscoordinating with the rest of the population.

Reforming effects are possible for any network. This is not true for conser-
vative effects: the existence of a conservative effect is dependent on the local
structure of the network. For coalitional behavior to make a qualitative differ-
ence to outcomes, it has to be the case that some subsets of players should share
some neighbours in the network, or share some neighbours of neighbours, and so
on. There may exist players who are easily ‘isolated’ in the sense of being easily
separated completely from members of the population playing the initial social
norm. The existence of such players facilitates the robust formation of groups of
players who play an incipient, new social norm.

The question arises as to what the model of the paper gives when instead of a
pure coordination game, the players play a game in which one of the Nash Equi-
libria is Pareto efficient and the other is risk dominant. In these circumstances,
it is no longer the case that the state in which every player chooses the efficient
action is always stochastically stable. Neither need the state in which all play the
risk dominant action be stochastically stable. In fact, long run equilibria may
involve heterogeneous action choices by different parts of a population. Consider
a population composed of cliques of players such that players within any given
clique are densely connected, but each clique is only loosely connected to other
cliques. For some parameter values, the stochastically stable states of such a pop-
ulation involve small cliques coordinating on the efficient equilibrium action and
large cliques coordinating on the risk dominant equilibrium action. This gives a
justification for the use of small teams in large organizations: efficient behavior
may not be long-run stable in large operating units.

the switch back may be better described as reactionary than as conservative. However, as the
reaction in question is by the deviating players themselves, the authors prefer to see the effect
as a dynamic type of conservatism.
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2. Relation to existing literatures

2.1. Stochastic stability

Whereas previous concepts of equilibrium stability such as asymptotic stabil-
ity or evolutionary stable strategies (Smith and Price (1973)) focus on robustness
to single errors (mutations) in strategies, Foster and Young (1990), Young (1993)
and Kandori et al. (1993) use the methods of Freidlin and Wentzell (1998) to
measure the robustness of equilibria of an adaptive strategy revision process to
multiple errors in players’ choice of strategies. They show that although there
may be several stationary states in a dynamic process, some of them may be more
robust to such errors than others, and that if the probability of a random error
becomes very small, then in the long run some nonempty subset of stationary
states which are relatively robust to such errors will be observed almost all of the
time. These are the stochastically stable states. Bergin and Lipman (1996) prove
a kind of folk theorem for stochastic stability, that is they show that any sta-
ble state of the unperturbed dynamic process can be selected with appropriately
chosen state-dependent mutation rates. Therefore, the structure given to error
probabilities is crucial to the predictions of the model.5 Naidu et al. (2010) ana-
lyze a model in which transitions between stochastically stable states are driven
by errors on the part of the players who stand to gain from the move and ar-
rive at different predictions to those of Young (1998) for games of contracting.6

Logit models, in which more costly errors occur with lower probability, are also
common in the literature7.

A pervasive criticism of stochastic stability as a tool of equilibrium selection
has been the large lengths of time it can take for the perturbed process, starting
at a non-stochastically stable equilibrium of the unperturbed dynamic, to reach a
stochastically stable state (Ellison, 2000). This calls into question the empirical
validity of stochastic stability: if it takes a billion periods to reach a stochastically
stable state, the concept may not be predictively useful on human timescales. The
current paper finds that this problem can be considerably worsened or mitigated
by orders of magnitude when coalitional behavior is introduced, and whether a
worsening or a mitigation occurs depends on knife edge parameter values.

2.2. Coalitional behavior

There exists a large literature in cooperative game theory on the behavior
of coalitions.8 Concepts include ‘strong equilibrium’ (Aumann, 1959), coalition

5van Damme and Weibull (2002) give conditions on error probabilities under which the results
of Young are recovered.

6See Binmore et al. (2003) for a good survey of results in evolutionary bargaining models.
7See for example Blume (1993); Alós-Ferrer and Netzer (2010).
8For a survey the reader is referred to Peleg and Sudholter (2003).
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proof Nash equilibrium (Bernheim et al., 1987), farsighted coalitional stability
(Konishi and Ray, 2003), and coalitional rationalizability (Ambrus, 2009). There
is a small literature on coalitional behavior in perturbed evolutionary models.
Newton (2012a) introduces a model of coalitional stochastic stability in which the
‘errors’ in the dynamic process are actually small probabilities of payoff improv-
ing behavior by coalitions of players, and shows that this can lead to significant
differences in equilibrium selection when compared to random error driven selec-
tion. Sawa (2012) adapts coalitional stochastic stability for logit-style dynamics.
The model of Sawa (2012) also features coalitional behavior as part of the un-
perturbed dynamic. Serrano and Volij (2008) and Newton (2012b) do similarly,
applying stochastic stability to models of coalitional recontracting. Matching
models such as those found in Jackson and Watts (2002) and Klaus et al. (2010),
in which coalitions are pairs of recontracting agents, also fall into this category.

2.3. Networks and local interaction

Some coalition structures can be considered more reasonable than others.
Suggestions have been made in the cooperative game theory literature that sub-
sets of coalitions which are allowed to deviate should also be allowed to deviate,
as the possibility of communication between players in the initial coalition could
imply the possibility of communication between a proper subset of the players
involved.9 Alternatively, it has been suggested that the union of coalitions which
are allowed to deviate and have a nonempty intersection should also be allowed
to deviate, the justification being that players who belong to both potential coali-
tions could act as intermediaries.10

Networks are a natural way to represent payoff effects in games and are also
a natural way to delineate feasible coalition structures, for instance by assuming
that any coalitional activity is undertaken by connected subgraphs of a graph
representing a wider social network.11 This is the approach taken in the current
paper, in which it is assumed that aside from payoff effects, the network ties rep-
resent the potential for communication and thus coalition formation between sets
of players. The authors believe that coalitional effects are very natural in a local
interaction setting such as those analysed in Ellison (2000, 1993); Eshel et al.
(1998). In fact, often the motivations for players’ being connected to one other
in a network representing payoff effects can double as reasons why coalitional
behavior between the players is plausible. However, although networks can facili-
tate the formation of coalitions, the two are distinct concepts. To quote from the
International Encyclopedia of Civil Society (Anheier and Toepler, 2009) in the

9Algaba et al. (2004).
10Algaba et al. (2001).
11Myerson (1977), Jackson and Wolinsky (1996), Jackson (2005), Kets et al. (2011).
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context of transnational organization: “Sometimes these networks generate the
shared goals, mutual trust, and understanding needed to form coalitions capable
of collaborating.... But networks do not necessarily coordinate their actions, nor
do they necessarily come to agreement on specific joint actions (as implied by the
concept of coalition).”

The current paper studies interaction on given networks, and not network for-
mation. This is another reason that waiting times for convergence to a stochas-
tically stable state are important. For very long waiting times, it may not be
plausible to assume that the underlying network structure remains static long
enough for the long run equilibrium to be reached.

2.4. Homophily

Finally, we relate the paper to the literature on ‘homophily’ - the desire of
people to associate with those similar to themselves. This is a well documented
phenomenon in the sociology literature. For a survey the reader is referred to
McPherson et al. (2001). The economic literature on the topic, presaged by
Schelling (1969), has been growing of late. For example, Currarini et al. (2009)
explain data on friendships via direct assumptions about people’s preference to
associate with those of a similar race. The most relevant paper in the homophily
literature is that of Golub and Jackson (2012), which defines homophily as the
level of preferential linking to vertices of the same colour in a random network,
then relates this level to convergence times for a simple averaging process. They
conclude that homophily slows convergence. This result follows because for an
averaging process the important factor is the size of the channels through which
innovation can spread, rather than the probability with which any given inno-
vation gains a foothold in the population. To illustrate this point, consider a
complete network. An averaging process will quickly converge on such a net-
work, whereas for a two action coordination game such as the one in the current
paper it will take many errors (and therefore in expectation a very long time) for
the process to begin a move from an inefficient equilibrium to an efficient one.

From the perspective of the current paper and its emphasis on joint strategic
switching, we note that aside from the network formation and informational (dif-
ferent types of player access different information) interpretations of homophily
analysed in Golub and Jackson (2012), there may exist a further effect: players of
the same type may find it easier to coordinate their changes in action. This could
be due to underlying cultural norms or even the perception of similar ‘sunspots’.
The location of players of the same type close to one another in a network (i.e.
homophily) would then facilitate coalitional behavior. The implications of this
for convergence times would be ambiguous and follow the proceeding analysis.

Algaba, E., Bilbao, J., Van Den Brink, R., 2004. Cooperative games on antimatroids. Discrete
Mathematics 282, 1–15.

6



Algaba, E., Bilbao, J.M., Borm, P., Lpez, J.J., 2001. The myerson value for union stable
structures. Mathematical Methods of Operations Research 54, 359–371.

Alós-Ferrer, C., Netzer, N., 2010. The logit-response dynamics. Games and Economic Behavior
68, 413–427.

Ambrus, A., 2009. Theories of coalitional rationality. Journal of Economic Theory 144, 676 –
695.

Anheier, H., Toepler, S., 2009. International Encyclopedia of Civil Society. Number v. 3 in
International encyclopedia of civil society, Springer.

Aumann, R., 1959. Acceptable points in general cooperative n-person games, in contributions
to the theory of games iv, (a. w. tucker and r. d. luce, eds.). Princeton University Press ,
287–324.

Bergin, J., Lipman, B.L., 1996. Evolution with state-dependent mutations. Econometrica 64,
943–56.

Bernheim, B.D., Peleg, B., Whinston, M.D., 1987. Coalition-proof nash equilibria i. concepts.
Journal of Economic Theory 42, 1–12.

Bikhchandani, S., Hirshleifer, D., Welch, I., 1992. A theory of fads, fashion, custom, and cultural
change as informational cascades. Journal of Political Economy 100, pp. 992–1026.

Binmore, K., Samuelson, L., Young, P., 2003. Equilibrium selection in bargaining models.
Games and Economic Behavior 45, 296 – 328.

Blume, L.E., 1993. The statistical mechanics of strategic interaction. Games and Economic
Behavior 5, 387 – 424.

Chamberlin, J., 1974. Provision of collective goods as a function of group size. The American
Political Science Review 68, pp. 707–716.

Currarini, S., Jackson, M.O., Pin, P., 2009. An economic model of friendship: Homophily,
minorities,andsegregation. Econometrica 77, 1003–1045.

van Damme, E., Weibull, J.W., 2002. Evolution in games with endogenous mistake probabilities.
Journal of Economic Theory 106, 296–315.

Ellison, G., 1993. Learning, local interaction, and coordination. Econometrica 61, 1047–71.
Ellison, G., 2000. Basins of attraction, long-run stochastic stability, and the speed of step-by-step

evolution. Review of Economic Studies 67, 17–45.
Eshel, I., Samuelson, L., Shaked, A., 1998. Altruists, egoists, and hooligans in a local interaction

model. American Economic Review 88, 157–79.
Foster, D., Young, H.P., 1990. Stochastic evolutionary game dynamics. Theoretical Population

Biology 38, 219–232.
Freidlin, M.I., Wentzell, A.D., 1998. Random perturbations of dynamical systems, isbn

9780387983622 430 pp. Springer .
Golub, B., Jackson, M.O., 2012. How homophily affects the speed of learning and best-response

dynamics. The Quarterly Journal of Economics 127, 1287–1338.
Granovetter, M., 1978. Threshold models of collective behavior. American Journal of Sociology

83, pp. 1420–1443.
Hwang, S.H., 2009. Larger groups may alleviate collective action problems. Santa Fe Institute,

Working Paper .
Jackson, M.O., 2005. Allocation rules for network games. Games and Economic Behavior 51,

128–154.
Jackson, M.O., Watts, A., 2002. The evolution of social and economic networks. Journal of

Economic Theory 106, 265–295.
Jackson, M.O., Wolinsky, A., 1996. A strategic model of social and economic networks. Journal

of Economic Theory 71, 44–74.
Kandori, M., Mailath, G.J., Rob, R., 1993. Learning, mutation, and long run equilibria in

games. Econometrica 61, 29–56.
Kets, W., Iyengar, G., Sethi, R., Bowles, S., 2011. Inequality and network structure. Games

7



and Economic Behavior 73, 215–226.
Klaus, B., Klijn, F., Walzl, M., 2010. Stochastic stability for roommate markets. Journal of

Economic Theory 145, 2218 – 2240.
Konishi, H., Ray, D., 2003. Coalition formation as a dynamic process. Journal of Economic

Theory 110, 1–41.
Mathew, S., Boyd, R., 2011. Punishment sustains large-scale cooperation in prestate warfare.

Proceedings of the National Academy of Sciences 108, 11375–11380.
McPherson, M., Smith-Lovin, L., Cook, J.M., 2001. Birds of a feather: Homophily in social

networks. Annual Review of Sociology 27, 415–444.
Myerson, R.B., 1977. Graphs and cooperation in games. Mathematics of Operations Research

2, pp. 225–229.
Naidu, S., Hwang, S.H., Bowles, S., 2010. Evolutionary bargaining with intentional idiosyncratic

play. Economics Letters 109, 31 – 33.
Newton, J., 2012a. Coalitional stochastic stability. Games and Economic Behavior 75, 842–54.
Newton, J., 2012b. Recontracting and stochastic stability in cooperative games. Journal of

Economic Theory 147, 364–81.
Olson, M., 1971. The Logic of Collective Action : Public Goods and the Theory of Groups.

Harvard economic studies, v. 124, Harvard University Press. revised edition.
Peleg, B., Sudholter, P., 2003. Introduction to the theory of cooperative games, isbn 1-4020-

7410-7 378 pages. Kluwer Academic, Boston .
Poteete, A.R., Ostrom, E., 2004. Heterogeneity, group size and collective action: The role of

institutions in forest management. Development and Change 35, 435–461.
Sawa, R., 2012. Coalitional stochastic stability in games, networks and markets Unpublished

Manuscript.
Schelling, T.C., 1969. Models of segregation. American Economic Review 59, 488–93.
Serrano, R., Volij, O., 2008. Mistakes in cooperation: the stochastic stability of edgeworth’s

recontracting. Economic Journal 118, 1719–1741.
Smith, J.M., Price, G.R., 1973. The logic of animal conflict. Nature , 15–18.
Young, H.P., 1993. The evolution of conventions. Econometrica 61, 57–84.
Young, H.P., 1998. Conventional contracts. Review of Economic Studies 65, 773–92.

8


