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a  b  s  t  r  a  c  t

Scholars  in  the  social  sciences  use  network  theory  to  study  a range  of  collective  action  problems.  Often  the
goal  is  to  identify  how  the  structure  of  the  network  affects  efforts  to coordinate  or  cooperate,  and  research
suggests that  adding  connections  to a network  can  improve  the  performance  of  groups  faced  with  such
tasks. On  the  other  hand,  theory  and  empirics  also  suggest  that  additional  connections  can  degrade  the
performance  of  a network.  If connections  can  have  negative  effects  then  it is  important  to  consider  if  there
are  alternatives  to adding  connections  to  a network  that  can  also  improve  network  performance.  Because
a primary  function  of  connections  in  a  network  is  to disseminate  information,  providing  individuals  with
more information  about  the  network  may  act as  a substitute  for  adding  connections  to  a  network.  We  test
experimentally  whether  providing  subjects  with  more  information  about  the  structure  of  networks  can
improve coordination.  We  find  that  a  more  complete  view  of  the  network  leads  to  faster  coordination,
but  the  magnitude  of this  effect  depends  on  network  structure.  These  results  suggest  that  changing  what
actors  know  about  a  network  can  improve  outcomes  without  having  to  add  connections  that  may  impede
overall  performance.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Large-scale coordination is a central challenge in politics. Exam-
ples include choosing political leaders (Calvert, 1992), organizing
collective action (Chong, 1991; Weingast, 1997), developing inter-
national technological standards (Morrow, 1994), and abandoning
harmful cultural practices (Mackie, 1996). As Niou and Ordeshook
(1994) put it, the challenge of coordination is “omnipresent,” play-
ing a role in literally every major social process. Recently, social
scientists have begun to study how the shape of social and institu-
tional networks affects our ability to solve coordination problems
such as political participation and protests (McClurg, 2003; Chwe,
2000), natural resource management (Scholz et al., 2008), inter-
national trade and diplomacy (Hafner-Burton and Montgomery,
2008), and public goods provision (Bramoullé and Kranton, 2007).

Some scholars have argued that either adding connections to a
network or changing the structure of the existing connections can
promote successful coordination (Gould, 1993; Cassar, 2007; Watts
and Strogatz, 1998) but changing the structure of connections can
create new dependencies and therefore more obstacles to collective
performance (Chwe, 2000; Enemark et al., 2011; Siegel, 2009; Lazer
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and Friedman, 2007; Jackson et al., 2012). Watts (2003) considered
identifying the likely effects of adding connections or changing net-
work structure a particularly vexing problem. Given that changes
in network structure can have negative effects, it behooves us to
search for an alternative to adding connections when faced with
networked coordination problems.

This paper investigates a method for facilitating networked
coordination that may  pose less risk than modifying the structure
of the network—namely increasing actors’ view of the network
(or in other words, to invest technologies that allow individuals
to observe those to whom they are not directly connected). In
some circumstances, a more complete view of the network may
facilitate coordination that takes place over networks. We  present
experimental evidence that individuals are able to coordinate more
quickly over networks when they can observe not only their neigh-
bors, but their neighbors’ neighbors or even the full network, but
this effect depends on network structure and more information
does not always lead to faster coordination.

2. Networks in Congress and international relations

Theoretical models and empirical studies of networks have
examined how the structure of a network affects outcomes for a
variety of tasks. Examples of scholars using network theories and
analogies are too numerous to review in any detail, but to give a
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sense of how common and diverse the applications are, we  discuss
two prominent examples—networks in Congress and networks in
international relations.

2.1. Congressional networks

Scholars studying Congress have used a network approach to
study the organization of congressional committees and delega-
tion both to committees and bureaucratic agents. The general idea
in this literature is that congressional actors intentionally design
networks to facilitate their political goals. For instance, Aberbach
(1990) studies the information networks that congressional com-
mittees use to monitor the actions of various agencies. Although
there is heterogeneity in the types and qualities of network devel-
oped by different congressional committees, Aberbach claims that
overall the “well-developed information networks” aid Congress’s
attempts to learn about the various agents under their control. One
of the most well-developed mechanisms for learning about others
is via a network of fire alarms (McCubbins and Schwartz, 1984)
that Congress intentionally designs and modifies depending on its
political goals and constraints.

Congress also develops networks that are used for internal pur-
poses. For instance, Bradbury et al. (2008) describe how whip
organizations serve as networks for transmitting information that
helps congressional leaders draft and pass legislation. Overall,
then it is clear that scholars have used network analogies to help
understand the various relations between members of congress,
committees, agencies and interest groups. In the congressional set-
ting scholars typically assume that adding links to the network will
make the network more functional.

2.2. International trade and diplomacy networks

Network theory and analysis have also been applied to the
study of global settings—often looking at networks created by the
interaction of countries with each other (see Kahler, 2009; Hafner-
Burton et al., 2009 for recent reviews). Scholars of international
relations have long argued that countries are not independent of
each other and that networks provide a way to model and study the
dependencies between countries. Bradley and Kelly (2008) write:
“Most nations today participate in a dense network of international
cooperation that requires them to grant authority to international
actors.” Kahler (2009) provides an overview of different appli-
cations of network studies in international relations. In general,
scholars have used the network approach to capture the relational
nature of international politics and the way that structure and
agency interact to produce outcomes.

Scholars studying the diffusion of public policy (Simmons and
Elkins, 2005; Gleditsch and Ward, 2006, 2008) theorize about and
model the effect of connections between countries on the likelihood
that one country’s policy choices affect another’s. In this same vein,
Cowhey and Mueller (2009) writes, “scholars have used the con-
cept of networks to examine how informal systems of information
exchange and coordination can organize actors globally.” Network
models allow scholars to relax the assumption that policy choices
are independent across jurisdictions and account for the ways that
ties between countries (and the topology of these ties) affect the
choice of public policy.

Others studying networks in international relations have exam-
ined how the ties between countries either engender or mitigate
conflict. Scholars using this approach make direct use of various
concepts from network theory and connect traditional concepts in
international relations to measures derived from network theory
(Hafner-Burton and Montgomery, 2006; Maoz, 2006; Maoz et al.,
2007). Scholars studying conflict have argued that more connec-
tions between countries can either prevent or encourage conflict.

The idea that connections could lead to inferior outcomes is crucial
and it suggests that if we can control the structure of the network
we will want to understand if an additional connection will help or
hurt performance.

Of course, network theory has been used to model relational
settings in other areas of political science (for a review, see Ward
et al., 2011). We  focus on these two  subtopics simply to provide
a sense of how widespread are the uses of network models and
analogies in political science. In addition, in both of these sett-
ings the networks are largely designed by political actors to achieve
goals. For instance, in the examples of congressional commit-
tees and delegation, the networks are designed by congressional
actors and agencies to help achieve political goals such as infor-
mation gathering and oversight. Likewise, in the international
relations examples the networks are created by intentional interac-
tion between countries and international institutions. In both cases,
political actors make choices about network design that influence
how effective the network is at helping them achieve some goal. The
widespread use of network models in political science should make
it clear that understanding how networks affect political outcomes
is a central concern to scholars.

3. The network design problem

In studies of networks one of the key goals is to identify how the
structure of a network affects outcomes. In many political settings
(such as the ones we discussed in the prior section) the network
structure does not arise randomly, but rather is at least in part
a result of conscious design. Scholars have tended to argue that
connecting previously unconnected actors is a good idea when
designing or modifying a network, and experimental and observa-
tional research has implied that adding connections to a network
can improve coordination (Kearns et al., 2006; McCubbins et al.,
2009; Gould, 1993; Grannovetter, 1974). In particular, network
structure can facilitate coordination even when subjects face con-
siderable asymmetry in their payoffs such as in a Battle of the Sexes
(McCubbins et al., 2009). The idea that more connections in a net-
work are good underlies the business of social media companies
such as Facebook, LinkedIn, MySpace, and Google+, which seek to
make it easier for people to connect with each other and thereby
share information.

Adding links to a network, however, may  not improve perfor-
mance. Scholars noted years ago in studying road networks that
adding a new road to the existing network of roads could actually
degrade overall performance (Braess, 1969). This is not just a theo-
retical curiosity, either. In 1990, New York City closed 42nd street
in preparation for Earth Day festivities and many expected traffic to
get much worse (Kolata, 1990). However, traffic actually improved
with the removal of the street from the traffic network. Recently,
computer scientists have turned to studying the phenomenon
called Braess’s Paradox across a host of network structures and they
find that it is likely to occur quite commonly (Chung and Young,
2010).

Political scientists have also noted that adding connections to a
network may  either improve or worsen outcomes:

“connectedness may  impose constraints on autonomy as well
as offer opportunities for influence. . . . States that are part of an
alliance network may  find themselves in conflicts they would
rather avoid; trade ties can be used for economic sanctions; nor-
mative bonds are deployed to force compliance through naming
and shaming; and telephone and email records can be used to
destroy a terrorist network.” Hafner-Burton et al. (2009)

The possibility that a new connection could impair activity in a
network is also identified by Fowler (2005) and Siegel (2009) in
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studying how social networks can affect behavior such as voter
turnout. Watts (2003) noted the general problem of how to add
connections to a network “If adding links at random isn’t a good
way to reduce information congestion, what is? In general, this is
a hard question to answer, requiring as it does a balance between
local capacity constraints and global (system-wide) performance.”

The negative effect of an additional connection being added to
a network has also been demonstrated experimentally, Enemark
et al. (2011) show that in a distributed coordination task the addi-
tion of connections that change the solution space to a coordination
problem can significantly impair a group’s ability to find a solution.
Previous research has identified the negative effects of connections
in both coordination and cooperation tasks, so the findings cover
a large amount of commonly studied social science settings. All of
these results should caution us against assuming that adding con-
nections to a network will improve the overall performance of the
actors in that network.

One alternative to adding new connections may  be to give actors
a more complete view of the network. For instance, if actors can see
both their immediate neighbors and their neighbors’ neighbors,
this may  improve their ability to coordinate or cooperate. After
all, both more connections and a more complete network view
give actors more information about the choices of others. When
network connections represent real connections—and therefore
dependencies—between actors, the advantage of the more com-
plete view is that it avoids the possibility that an added connection
will negatively affect overall performance. In this paper we  design
a variety of experiments to test whether a more complete view
of the network can act as a substitute for more connections in a
network. We  focus on coordination problems in our experiments
because they are a widely studied and important aspect of social
situations. We  briefly discuss the ubiquity of coordination in the
following section.

4. Experimental tests of the effect of network knowledge
on coordination

To experimentally test how the design of a network affects
the performance of the network we must select both a range of
networks and a class of tasks for subjects to complete. We,  there-
fore, combine a coordination task with various networks. Easley
and Kleinberg (2010) note that these tools are essential to under-
standing behavior:

We  begin with the two main bodies of theory that we  will be
building on—graph theory and game theory. These are theories
of structure and behavior respectively: Graph theory is the study
of network structure, while game theory provides models of
individual behavior in settings where outcomes depend on the
behavior of others.

Our experiment involves 16-node networks in which each sub-
ject controls a node and the task is to solve a decentralized
coordination problem. We  study two forms of coordination: con-
sensus and anti-coordination. In the consensus form the task is for
all players to choose the same color and in the anti-coordination
form the task is for players to choose a different color than the
other nodes to which they are connected. In both forms of the task
the players have two colors to choose from.

In studying the effects of network structure on distributed
coordination, we face two formidable obstacles to generalizabil-
ity: the staggering topological diversity of networks, and the
wide range of coordination games that humans play. The num-
ber of distinct network structures possible with just 16 nodes is
6.4 × 1022. To complicate matters, human networks—both organic
and designed—often exhibit peculiar properties such as a scale-free

degree distribution (see, for example, Ebel et al., 2002), and at large
scales may  have partitioning characteristics that do not match any
of the common models for random network generation (Leskovec
et al., 2009). Thus there are no clear criteria for generating the most
representative or relevant sample of networks from the vast vari-
ety of possible networks. Moreover, the degree to which a particular
network topology helps or hinders coordination depends upon the
nature of the task itself. For instance, a network that fosters efficient
consensus may impede both anti-coordination tasks like fashion or
marketplace competition and matching games like the marriage or
labor market.

Because the space of networked coordination tasks is essentially
infinite, we must be humble in our claims of generalizability, and
acknowledge that no matter how many experimental tasks and
networks and trials we  run, there is no way to demonstrate that
the effects we observe are universal. We do, however, attempt to
offer as broad a test as practicable. We  use two  different forms of
coordination and multiple network structures because the repli-
cation of results across a range of environments is one method to
improve the generalizability of our findings (Shadish et al., 2001).

In both tasks subjects all share a common incentive to solve the
problem and there is no conflict in preferences over the various
coordinated outcomes. Coordination is a widely relevant problem
to study because a great many political, economic and social sit-
uations involve coordination (i.e. multiple equilibria are present),
and therefore our findings are about a class of problems that are
important across many environments. Pure coordination games
are ideal for studying the effect of information because informa-
tion is a key factor that determines if players can identify and
agree upon one of the multiple solutions to the coordination prob-
lem (Schelling, 1960). In addition, coordination problems involve
considerable interdependency between actors, and networks can
model both the information structure and the interdependencies
that determine successful coordination.

In the experiment, each subject controls one node in the net-
work so that coordination is the result of distributed actions.1 If the
subjects reach a successful group solution to the coordination prob-
lem, then each subject earns $1 and if they fail to reach a solution
they earn nothing. Subjects are all read a set of instructions together
to ensure common knowledge of the rules of the game and then
quizzed on the instructions. Subjects play the game anonymously,
hidden behind partitions in a classroom. Network structure varies
from trial to trial (it is randomly assigned across trials, as a within-
subjects design) and subjects are assigned to a node randomly at
the beginning of each trial within a given experiment. In addition,
the two available colors (actions) are randomized across subjects
and trials (meaning that color 1 may  appear as blue for one sub-
ject and pink for another). These measures prevent learning over
the course of the experiment and impede subjects from developing
norms about how to use colors to coordinate. The computer mon-
itor displays the following information during each experimental
session.

• Information view: we  modify what subjects know about the net-
work and what they know about the nodes to which they are
connected. There are four possible information conditions, from
the least to the most complete view of the network.

1 In the anti-coordination task, all nodes must choose a different color than that of
their neighboring nodes to reach a successful solution. Graph theorists will recognize
this  as a distributed graph-coloring problem. In the coordination task, all nodes must
choose the same color as their neighboring nodes, which in a connected graph,
means that all nodes must settle on the same color. In a network that only requires
two colors for a successful solution (such as the ones we study) these two tasks are
formally equivalent.



D. Enemark et al. / Social Networks 36 (2014) 122– 133 125

Fig. 1. Experimental interface with each information view.

◦ Neighbor: subjects see the nodes to which they are connected
and the color of each node as they change throughout the exper-
iment.

◦ Neighbor + Degree: subjects see the nodes to which they are
connected and the number of connections (degree centrality)
of each of those nodes.

◦ Neighbor + Alters: subjects see everything in the Degree view,
plus they see their neighbors’ neighbors.

◦ Full Network: subjects see a representation of the entire
network.2

• Choice of actions: subjects can see the two alternative actions
available to them, presented to subjects as colors they can choose
for their node.

• Time remaining: subjects can see how much time is remaining in
the trial.

In Fig. 1 we present a sample screen shot from each of the
four different information views. Depending on the information
view, subjects’ knowledge of the network varies. The key feature
of this experimental design is that we can modify the information

2 Even though they see the full network, this is not equivalent to seeing simply a
tally of the number of people who have picked each color, because the coordination
problem requires being a different color than those to whom one is connected, so the
structure of the network matters in addition to the number of nodes of each color.
If  it were a standard consensus problem the network structure would be irrelevant
in the full information view, as the only thing in a “full” view that matters is the
number of nodes that are each color.

environment of individuals (what they know about the network)
and the network structure independently.

4.1. Network selection for experiments

The 16-node networks we use in our experiments are clearly
much smaller than many of the social networks studied in obser-
vational research. However, even with only 16 nodes the number
of possible networks we  could design is very large. We  have to
choose from this universe a set of networks to study. Accordingly,
we selected networks that varied in both the both number of con-
nections and the distribution of those connections.

In studying anti-coordination we must select networks for com-
parison that allow the game to be solved with the same number
of colors (in these experiments that is two  colors). For instance,
if we  add any triangles to a network the network then requires
three colors to solve an anti-coordination task, and cannot be com-
pared to a network that requires only two  colors. Therefore, we
select the networks in Fig. 3. In selecting these networks we focused
mostly on identifying networks with a varying number of connec-
tions because prior work has shown that connections can facilitate
coordination by spreading information among the actors in the net-
work (Kearns et al., 2006; McCubbins et al., 2009; Enemark et al.,
2011) (Fig. 2).

In our experiments on consensus we  chose the five different
networks displayed in Fig. 3. We  chose to use different networks
in the consensus tasks than we used for the anti-coordination
task, in an effort to maximize the diversity of environments in
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Fig. 2. Networks used in anti-coordination experiments.

which to observe the effect of information on coordination. The
use of different networks for the two tasks was prudent because
our investigation is focused on the effect of an expanded net-
work view, and not on a comparison of behavior in consensus and
anti-coordination tasks. If changing the information views affects
coordination across both different tasks and different networks,
then can be more confident to have identified an effect that does
not depend on the precise networks or coordination tasks. Also,
in a consensus task additional connections beyond the minimally

connected network do not constrain the number of solutions to the
task, so we are free to design networks that mirror a range of com-
mon  human networks without concern for how the network affects
the solution space to the problem. This allows for the inclusion of
triangles (or triads, as they are called in sociology), which are a cru-
cial component of many human networks (Simmel, 1950). The two
networks labeled “binomial” were generated using the Erdős–Rényi
model, so that each of the 120 possible connections of the 16-node
network exists with independent probability p, where p is one-fifth

Table 1
Statistics for networks used in experiment.

Network Average degree Variance in betweenness centrality Variance in degree

Anti-coordination networks Cycle 2 0 0
Barbell 2.13 294.40 0.12
Cycle plus 2.625 101 1
Cylinder 3 33 0

Consensus networks Binomial20 3.38 95.23 1.58
Stars 5.25 109.85 23.4
Mixture 7 0 0
Segregation 7 116.81 0
Binomial50 7.88 7.26 6.65



D. Enemark et al. / Social Networks 36 (2014) 122– 133 127

Fig. 3. Networks used in consensus experiments.

in Binomial20 and one half in Binomial50. The five networks we
chose provide a good range of network characteristics as shown in
Table 1.

4.2. Expectations

The connections in our network define the coordination prob-
lem and provide information to subjects about the actions of the
subjects to whom they are directly connected in the network. The
varying information views display the actions of these immedi-
ate neighbors and, in some cases, the actions of and connections
between other nodes. In coordination games information is a key
determinant of coordination, which leads us to expect that the

structure of the network and the information view will interact
with each other. Therefore, we  expect:

1. A more complete view of the network will lead to faster coordi-
nation.

2. The effect of the information view will depend on network struc-
ture.

The more complete view of the network provides subjects with
both more information about the overall structure of the network
as well as information about the choices of other nodes in the
network. Both of these attributes should make it easier for sub-
jects to adjust their behavior to what others have done, which
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Table  2
A more complete network view can make anti-coordination easier.

DV: time to coordinate

Cycle 70,917 (23,429)**

Cycle plus 25,766 (21,932)
Barbell 13,844 (24,054)
Full network view 48,034 (42,590)
Full network view in cycle −94,173 (33,135)**

Full network view in cycle plus −35,832 (32,064)
Full network view in Barbell −15,255 (33,987)
Experiment order −1440 (1027)
Constant 71,739 (19,858)**

N 80
Number of groups 4

Linear multi-level model with a random intercept for each experimental group.
Unsuccessful trials are right-censored at 180,000 ms.  Excluded network is the cylin-
der  network. Time to coordinate is measured in milliseconds.
*Significant at 0.05 level.

** Significant at 0.01 level.

should make coordination easier. It should be noted that changes
in the information view modify two attributes of the experimen-
tal situation at the same time. This means that we  cannot make
inferences about how knowledge of structure (absent knowledge
of others’ choices) affects the outcome. However, we  utilized this
approach because it seems that in real-world settings providing
individuals with knowledge of the network structure would also
involve giving them information about others’ choices.3 For exam-
ple, improving the monitoring of congressional agencies implies
knowledge of both the connections among agencies and firms and
also some knowledge of the actions taken by both sets of actors.
Further experiments could give subjects a static view of the net-
work without information about others choices to isolate precisely
if network knowledge affects behavior even if it does not include
knowledge of other’s actions (Table 2).

We  expect that the effect of a more complete view will depend
on the number of connections and variance in degree across nodes
in the network. Connections transmit information, so if a network
has more connections it already provides subjects with greater
information about the actions of others and therefore a more com-
plete view of the network will be less useful. Degree variance can
create focal nodes, allowing distributed actors to engage in “leader
election.” Scholars have argued that leaders can help resolve coor-
dination problems (Wilson and Rhodes, 1997; Calvert, 1992). In the
case of both high average degree and high variance in degree, if the
network structure makes coordination easier, then the more com-
plete view of the network should have less effect on coordination
time.

Our expectations are about the effect of network structure
and information environment on group behavior, not individual
behavior. Achieving causal identification about how the treatments
(network structure and information views) affect individuals in
this experiment is problematic because of SUTVA violations (Rubin,
1990) and social threats to internal validity (Shadish et al., 2001). If
we change an attribute for a single individual (i.e. a node’s degree),
then it might affect the behavior of the other nodes in the net-
work. To put it another way there is an interaction between each
node’s degree and the overall behavior of the network, and there-
fore we cannot draw reliable inferences about individual choices in
this setting.

3 An additional practical benefit is that, since we  expect knowledge about network
structure and knowledge about others’ actions to have effects of the same sign,
combining these treatments is more likely to produce a measureable effect. Given
the  expense of conducting experiments in which the unit of analysis is the behavior
of  16 individuals, we could not conduct enough trials to measure minor effects.

4.3. The irrelevance of equilibrium strategies

We  have not presented an extensive form of the game and
derived equilibrium strategies. Instead, we  focus on whether the
group, as a whole, can properly color the graph. There are three rea-
sons for this. First, our experiments are designed to study collective
outcomes. Our interest is in whether groups can solve coordination
problems, so we do not focus on individual’s strategies in the game.
Second and most importantly, as others have noted in coordination
games that are dynamic and feature communication there are typ-
ically so many possible equilibrium strategies that it is not useful
to focus on them (Choi et al., 2008; Echenique and Yariv, 2011).

Finally, in our network games, the vast majority of Nash equilib-
ria do not represent a solution to the coordination problem. For
example, consider a 16-player consensus game in which players
can choose red or green. Just to simplify the discussion, imagine
that in this game, all players choose a color (red or green) simulta-
neously. Of course, any combination of choices that yields a solution
to the consensus task is an equilibrium, because all players earn the
maximum payoff of $1. We  can call this a “solution equilibrium,”
and its basis of attraction is that no player would deviate from a
solution outcome to achieve a non-solution outcome.

Unfortunately, there is a second class of equilibria that we  might
call “quagmire equilibria.” A quagmire equilibrium is one in which
the outcome is negative but more than one player would have to
change his action for the group to achieve a positive outcome. Since
the requirement for equilibrium is that no single player can uni-
laterally improve his own  payoffs, nearly every possible outcome
is in equilibrium. If we  consider the pure-strategy Nash equilib-
ria in the simplified consensus game described above, there are
two  “solution equilibria” and 65,502 “quagmire equilibria.” Only 32
outcomes are not pure-strategy Nash equilibria. The coordination
games our subjects play become even less tractable to equilibrium
analysis when we recognize that play is asynchronous and involves
communication and Knightian uncertainty.4

4.4. Why  focus on coordination?

Networks may  affect many different outcomes, but in a given
study scholars must choose a particular outcome to study when
investigating the effects of networks. In this paper we focus on how
network structure and actors’ information about the network affect
a group’s ability to solve a coordination problem.

Coordination is clearly an important outcome for social sci-
entists to understand. As Wilson and Rhodes (1997) point out
“Coordination problems present a fundamental social puzzle. They
are vexing when they occur, but are easily solved with hindsight” (p.
767). In addition, coordination is important in settings as diverse as
political protest in the civil rights movement (Chong, 1991); inter-
national policy (Niou and Ordeshook, 1994); interaction between
nation-states (Snidal, 1985; Stein, 1982); development of shared
language (Lewis, 1969); and driving (Lewis, 1969). Niou and
Ordeshook (1994) point out that “Because every ongoing social
process possesses a multiplicity of equilibria, opportunities to
cooperate and the concomitant problem of coordinating to one of

4 In most cases, our subjects do not know (even probabilistcally) the shape of
the full network. Because (in anti-coordination tasks) the payoffs depend on the
shape of the network, the games our subjects play involve uncertainty as Knight
(1921) defined it. The Nash equilibrium solution concept was only recently adapted
to the context of simple normal-form games with Knightian uncertainty (Dow and
Werlang, 1994), and the authors are not aware of any work defining Nash equilib-
rium for an extensive-form game with communication and Knightian uncertainty.



D. Enemark et al. / Social Networks 36 (2014) 122– 133 129

these equilibria are omnipresent (p. 210).”5 The ubiquity of coor-
dination makes it an important class of problems to understand.

A very concrete, practical example faces drivers on a daily basis.
In everyday life drivers face multiple coordination problems—and
the coordination problems involve both consensus and anti-
coordination. We  are all better off if we can agree on a consensus
for which side of the road to drive on (Lewis, 1969). Even once
that problem is solved (usually by political fiat), drivers on a daily
basis face a much more vexing discoordination problem for which
centralized solutions do not exist—how to time one’s use of the
roadway to minimize travel time, subject to a variety of external
constraints. The goal in this coordination problem is to NOT drive
at the same time as everyone else. Rather, everyone does better if
we discoordinate our driving schedules so as not to overuse the
roadways.

Suffice it to say, coordination is central to successful political and
social outcomes and the institutions that we design can affect the
likelihood of coordination. Therefore, understanding what affects
coordination is a central concern for social scientists. Given that
coordination always involves multiple actors it is also natural to
model the network between actors and how this network affects
coordination.6

5. Results and analysis

Using this experimental setup we can test how the information
we provided to actors affects their ability to solve a coordination
problem. In a pure coordination game without any conflict between
individuals the primary obstacle to successful coordination is infor-
mation about what others are doing. Given this, we expect that a
more complete view of the network will facilitate coordination. In
addition, prior research (Kearns et al., 2006; McCubbins et al., 2009)
demonstrates that increasing the number of network connections
can facilitate coordination.

5.1. Results for anti-coordination

Our experiments of anti-coordination involve 161 different
trials across four different groups of subjects. In 21 of the 161
trials the subjects failed to solve the coordination problem before
the 3-min time limit. In Fig. 5 we look at the average time to
completion across all our trials for each information view in the
anti-coordination experiments.7 In general, more information
facilitates coordination. The biggest drop in the time to completion
occurs when we provide subjects with information about their
neighbors’ alters, which allows them to understand their neigh-
bors’ constraints.8 We  turn now to a regression model to estimate
whether there the effect of the information views differs from
network to network. For the sake of presentation we  focus on just
the neighbor information and full information views.9 In addition,

5 Particularly informative discussions of cooperation and coordination occur in
Snidal (1985) and Stein (1982). McCubbins et al. (2009) focused directly on situations
that involved elements of cooperation and coordination such as the Battle of the
Sexes. In this paper we turn to a sole focus on the difficulty of the coordination task.

6 Other scholars have also found that networks may  not affect cooperation (Suri
and  Watts, 2011), so if we  want to study how networks affect behavior it is useful
to  focus on an outcome likely to be affected by network design.

7 We  balance our experiments such that in each information view we  have a sim-
ilar number of trials for each network structure. This helps to ensure that the effect
of  information view is not due to different networks being used in each condition.

8 These findings are confirmed by a regression in which we  estimate the effect
of  network structure and information view on the time to successful coordina-
tion. Code for all analysis, including this robustness check, is available at our data
repository: http://dvn.iq.harvard.edu/dvn/dv/NetGames.

9 Again, the model with full interactions between each level of information views
and each network is included in the code posted online. The results are consistent

we  include a dummy variable for each network rather than attempt
to measure and include relevant statistics for all the ways our
networks differ from each other. This allows us to focus directly on
comparisons between networks. This model is also a better match
to our experimental design, because the experimental treatments
are the networks and information views.10

The excluded network is the cylinder, which has the largest
number of connections, and we  include a dummy  variable
for the full-information view that is interacted with the three
networks—Cycle, CylinderPlus and Barbell. The results demon-
strate that the Cycle network is completed significantly slower than
the Cylinder, but the other two  networks are indistinguishable in
our dataset. Consistent with our expectations, the effect of the full
information view depends on the network. The full information
view only significantly reduces the average time to achieve coor-
dination in the Cycle0 network, which has the fewest number of
connections (Fig. 4).

The four networks used for the anti-coordination trials differ
in their number of connections and structure, and since connec-
tions represent an informational link we  expect heterogeneity in
the effect of information views such that networks with more con-
nections are less affected by more complete information views. To
illustrate this relationship, Fig. 5 displays the time to coordination
for the Cycle and the Cylinder network, which are the least- and
most-connected of the two networks.11 The figure displays time
to completion on the y-axis and information views (from sparse to
complete) along the x-axis.

Fig. 5 includes three results worthy of note. First, the two
networks differ substantially in their time to completion, partic-
ularly in the two lowest information conditions. In both these
conditions the Cylinder network is completed much more quickly,
and given that connections in these networks do nothing but carry
information about others’ choices, this result is rather intuitive
and matches previous findings showing that, holding constant the
difficulty of the underlying task, adding more connections helps
groups to solve networked coordination problems (Enemark et al.,
2011). Second, as we  move rightward on the x-axis we see that the
effect of increasing actors’ information is not constant across the
two  networks. In the Zero-chord network, which has the fewest
connections, there is a considerable decline in the average time to
coordinate (an improvement in the group’s ability to coordinate).
On the other hand, the cylinder network, which has the most con-
nections, does not feature major changes in the time to coordinate
as we  provide actors with more information about the network.
The additional information we provide actors is less valuable if
the network itself already provides a great amount of information.
Third, by the time we have added the full information view the two
networks are nearly identical in their time to completion, removing
the relationship between number of connections and coordination.
These results indicate that theories about the effect of information
must take account of the network structure in which individuals

with the results reported in the paper, but are more difficult to interpret because of
the number of iterations.

10 The network statistics in Table 1 also show that moving from one network to
another usually modifies multiple attributes of a network (and this is with only
three reported attributes). Therefore, controlling for network features via regression
adjustments is largely illusory, because we lack overlap on the relevant dimen-
sions between the different networks (King and Zeng, 2006). In addition, if we  try
to  include both a dummy variable for the networks and a measure of the num-
ber  of connections per network the two are collinear and the regression cannot be
estimated.

11 Although not reported for presentation reasons, the Barbell network falls some-
where in between the Cyle and Cylinder network in time to completion and the
Cycle Plus network looks more or less like the Cylinder network. Full results are
available at: http://dvn.iq.harvard.edu/dvn/dv/NetGames.

http://dvn.iq.harvard.edu/dvn/dv/NetGames
http://dvn.iq.harvard.edu/dvn/dv/NetGames
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Fig. 4. More information about the network reduces time to solve a coordination problem.

Fig. 5. The effect of deeper information depends on network structure.

act, because the value of a more complete view into the network
depends on the network itself.

5.2. Results for consensus coordination

To study how consensus is affected by network structure and
information views we used the networks displayed in Fig. 3. We
conducted experiments with four different groups of undergrad-
uate students who overall completed 166 different experimental
trials. All of the trials ended with subjects successfully achieving
consensus before the 3-min time limit was reached. The statistics
in Table 1 demonstrate that the five networks we use provide cover
a wide range of values on three important dimensions of network
topology. In these experiments we utilize only the medium and
full information views. The difference across all our trials between
full information and neighbor + degree information is displayed
in Fig. 6, which indicates the main effect that providing subjects
with more information about the network facilitates consensus.
However, we have reason to believe that this effect will depend

on network structure, because of the substitutability between
network connections and a more complete information view.

Fig. 7 displays the difference between the two information
conditions for the Segregation and Binomial50 networks. In the
Binomial50 network, giving subjects a more complete view of
the network does not affect the average time to coordinate, but
in the Segregation network the more complete information view
significantly reduces the time required for groups to coordinate
successfully. These two networks are illustrative of the interaction
between network structure and information view.12 We  exam-
ine the interaction between network structure and information
view statistically in Table 3, where we estimate the effect of net-
work structure and information view using a multi-level linear

12 The two networks differ in multiple parameters so it is difficult to attribute
the differential effect to any given parameter with much confidence. The results are
suggestive that degree variance may  be more important than betweenness centrality
in  facilitating coordination, but without further experiments on different networks
that is a hypothesis rather than a result.
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Fig. 6. A deeper information view can facilitate consensus.

Fig. 7. Effect of deeper information depends on network structure.

Table 3
Information can facilitate consensus coordination.

DV: time to coordinate

Binomial20 7946 (2560)**

Stars −1028 (3391)
Mixture 6617 (3386)
Segregation 9807 (3364)**

Full information view −1408 (2568)
Full  information view in Binomial20 −8515 (3646)*

Full information view in stars 1339 (4237)
Full  information view in mixture −6972 (4274)
Full  information view in segregation −10,851 (4358)**

Experiment order 40.1 (58.9)
Constant 7623 (2181)**

N 166
Number of groups 4

Linear multi-level model with a random intercept for each experimental group.
Excluded network is the Binomial50 network. Time to coordinate is measured in
milliseconds. Unsuccessful trials are right-censored at 180,000 ms.

* Significant at 0.05 level.
** Significant at 0.01 level.

regression model. We  include a dummy  variable for each network
for reasons discussed in the previous section, and the excluded
network is the Binomial50 network.

The results indicate that the move from medium to full infor-
mation significantly reduces coordination time in the Binomial20
and segregation networks, but does not have a significant effect in
the other networks. This is consistent with the idea that the effect
of information will depend on network structure. Indeed the Bino-
mial20 has the fewest number of connections of the networks used
in the consensus experiments. The segregation network has con-
siderably more connections than Binomial20, but has no variance
in degree and therefore no nodes that may be able to function as
leaders to facilitate coordination. However, if degree variance is the
obstacle to coordination then we should observe a similar effect in
the mixture network, which we do not. The mixture and segrega-
tion networks differ substantially in betweenness centrality, and
while this may  explain the difference, we  know little about the
effect of betweenness centrality on coordination, so we  plan to run
further experiments to investigate this relationship.
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The results from the consensus-style coordination also indi-
cate that a more complete information view can help coordination,
but this result depends on the underlying network structure. One
implication from this result is that when considering how we  can
improve collective performance it is worth considering the effect of
network changes versus information views because they may  both
lead to the same outcome, but one may  be less costly or have fewer
possible negative effects.

6. Discussion and conclusion

In designing and building networks it is important to recognize
that restricting the network can impede overall performance for a
variety of reason and across a variety of tasks. Scholars have argued
that adding connections to a network can reduce voter turnout, lead
to greater traffic congestion, and make it more difficult for groups
to organize a protest. The possibility that adding connections to a
network degrades performance makes it crucial that we identify
if there are other ways to modify the network setting that pose
less risk of degrading performance. We  demonstrate experimen-
tally that giving individuals a more complete view of the network
can improve coordination, without having to add connections that
could impair the ability of a group to solve a coordination prob-
lem. Our experimental results show that for two different common
coordination tasks, providing subjects with a more complete view
of the network can improve coordination, but this effect depends
on the structure of the network.

Although we have not directly examined the mechanisms by
which a more complete view of the network improves coordination
our experience with these experiments and many related network
coordination experiments suggests a few possibilities. One possi-
ble mechanism is that by allowing subjects to observe more of the
network and subjects’ colors it is simply easier for them to identify
the color that will lead to a consensus in those games. In both anti-
coordination and consensus a more complete view can also make
it easier for nodes to identify the nodes in the network that may  be
relatively more important (i.e. those that are highly central), which
can make it easier for actors to use the important node(s) as a focal
point. In the anti-coordination task the ability to see more of the
network and more subjects may  help subjects observe the nodes
that have not solved the coordination problem and then they may
be able to change their color in a way that encourages others to also
change their color and thereby resolve the conflict(s) in the net-
work. It is important to point out that we have not directly tested
these mechanisms in our experiments, and doing so would require
the ability to directly manipulate both the treatment and the mech-
anism under study (Imai et al., 2011). Although we have not directly
tested the mechanisms, the experimental findings occur across
different tasks and network structures, which gives us increased
confidence that these results would hold in other settings. These
results have implications for both scholarly research and the design
of networks.

In  empirical research we may  need to consider what subjects
know about the overall network structure, because these results
suggest that if individuals possess considerable knowledge of the
entire network then different network structures may  have differ-
ent outcomes. To put it another way, to demonstrate that a network
affects behavior we should account for both the structure of the net-
work and also the information environment in which people make
choices. If we fail to do this, then when we compare across network
structures we may  infer it is the structure that leads to different
performance when in fact it may  be the information view. More
specifically, our results demonstrate that with significant infor-
mation about network structure we may  not observe differences
across network environments even though such differences would

exist in the absence of a complete view of the network. In both
cases, the possible interaction between structure and information
views makes it crucial to account for both in our empirical research.
These results can help us to understand the conditions under which
we  may observe effects of network structure on behavior.

In situations where network design is a concern (i.e. designing
institutions or building new connections in an existing network)
these results suggest that it may be possible to gain the benefits
of additional connections by providing individuals with a more
complete view of the network. For example, a prominent former
Amazon.com engineer has argued that one of Amazon’s chief com-
petitive advantages is that employees have essentially a complete
view of the network (Yegge, 2011). Specifically, he recounts how
Amazon CEO Jeff Bezos insisted that employees communicate via
a universally available interface that allows every node (engineer-
ing team) to view the action of every other node, so that “there
will be no [private] communication allowed: no direct linking, no
direct reads of another team’s data store, no shared-memory model,
no back-doors whatsoever. The only communication allowed is via
service interface calls over the [universally viewable] network.”
(Yegge, 2011)

Social network sites such as Facebook and their users have rec-
ognized that changing the view of the network can have benefits
by making it possible for individuals to share content with their
friends’ friends, with entire subgraphs, or even publically. In social
media, however, the information view also raises important indi-
vidual privacy concerns even if there might be collective benefits
to more complete information views.

In other settings (such as the design of networks for legisla-
tors to monitor agencies) it may  be that adding direct connections
between legislators and more and more agencies and sub-agencies
actually makes the monitoring process more difficult. Alternatives
to direct connections include legislators requiring agencies to
report publicly on the actions of their sub-agencies (i.e. a more
complete view of the agency) and the aforementioned “fire-alarm
networks” in which legislators provide other actors with a more
complete view of the network and the ability to alert legislators to
important activity. This more complete view may facilitate a coor-
dinated response by congressional actors without the impediments
that more connections in the network might add.

Overall there is reason to believe that when designing networks
it may  be valuable to consider alternatives to changes in the struc-
ture of the network because changing the network may  impede,
rather than improve, performance. We have shown that when a
group faces a coordination task it may  improve outcomes to provide
individuals with a more complete view of the network. This find-
ing can help improve our research on network design and guide
our construction or modification of existing networks.
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