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Abstract

We study information transmission in networks with ideologically differentiated agents,
having in mind political economy applications such as networks of elected politicians in dif-
ferent jurisdictions. Earlier papers identified the star as the optimal network structure for
the transmission of non-rival information with exponential signal decay, and established its
stability properties. In contrast, we find that the optimal network in our model is the line
in which players are ordered according to their ideologies. Further, we identify conditions
under which this ordered line arises endogenously as the stable network. Our results suggest
efficiency and stability rationales for links between like-minded agents in political networks
of ideologically differentiated peers. Such horizontal links play a less important role in orga-
nizations whose agents’ preferences are more closely aligned, in which hierarchical networks
such as the star prevail.
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1 Introduction

[PRELIMINARY AND INCOMPLETE.]

[INCORPORATE COMMENTS FROM THE TALKS.]

The use of network theory in the study of organization design in economics and business studies

has much advanced our understanding of firms and economic organizations. Network theoretical

fundamental results (e.g., Jackson and Wolinsky, 1996, and Bala and Goyal, 2000) determine how

different individuals or units should be linked so that they communicate and cooperate optimally,

or endogenously form links in equilibrium. This line of research has focused on the technological,

agency or pricing features of the network design problem. But networks are not only important

in economic organizations, they are also understood to be a very important, if not fundamental,

feature of politics. And possibly quintessential in politics is ideological differentiation across agents.

So, how does the consideration of ideology differences change received wisdom of network economic

studies? And specifically, what is the shape of optimal networks of political agents? What political

networks endogenously form in equilibrium?

We formulate and study the following simple model of information transmission.1 There are n

players. Each individual in a random subset D of players is called to act as a “decision maker”.

Players are ideologically differentiated, and each of them cares about every player’s decision.

Specifically, each player i would like that the decision yj of each active player j were as close as

possible to θ+ bi, where bi represents player i’s ideological ‘bias’ relative to the common unknown

state of the world θ, uniformly distributed on [0, 1]; and biases are common knowledge among all

players. At the same time, each player i cares about her own decision yi more than about the

decision yj of every other player j. Each player i may hold information relevant for all decisions,

i.e., she observes with positive probability a binary signal si ∈ {0, 1} informative of the unknown

1One of the main motivation of the general network economics models in the papers cited above is the study of
transmission of non-rival information. For the case in which players are not ideologically differentiated, our explicit
model of information transmission is a microfoundation of the reduced form models of these papers.
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state θ.

After each player i is informed of her signal si and of the set of decision makers D, the

players can communicate with each other through links in a given network N. Players cannot

forge information/evidence in communications, but can choose to withhold it, and information

disclosure entails a small cost.2 As in the seminal network papers cited above, information can

be lost or decay in transmission: With small probability 1 − δ, a message to a neighbor is lost.3

After as many rounds of communication as needed in the network N for every player to have the

possibility to relay her signals and those received from others, every player in D makes a decision.

The solution concept is pure-strategy Perfect Bayesian Equilibrium. Network links are formed

ex-ante (i.e., before each player i is informed of signal si and of the decision maker set D), and

each link costs c > 0.

To make this model concrete (our results apply more widely than this scenario), one may

think about elected office holders in different geographical jurisdictions. These politicians face

similar policy challenges in their districts, and would gain from the experience gathered by their

colleagues. Often, this experience takes the form of pilot studies or other policy experiments,

whose results cannot be falsified, but can be more easily concealed or hidden in the abundance of

documents. So, in order to make better decisions, each politician consults her network of peers, but

these connections are costly to maintain. [REFERENCES TO BE ADDED.] Other examples may

consider communities of experts differentiated by ideology, such as groups of political consultants,

lobbyists, investigative journalists, bloggers, or academics. Each one of these agents may be called

to provide advice on all sorts of different matters by her clients. In order to provide better advice,

she will try and consult her peers to collect information, but again, these connections are costly

to maintain. [REFERENCES TO BE ADDED.]

The first and most important question we ask our model is how to efficiently organize these

2Hence, we are within the framework of persuasion games á-la Milgrom (1981).
3Our model does not include information processing costs, unlike for example, Radner (1996). It can be shown

that such costs reinforce our main results.
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networks of ideologically differentiated peers. And specifically, what are the Pareto optimal net-

works ex-ante? When the ideological bias differences |bj − bi| are small across all players i and

j, we recover results of the existing network literature. In the case of interest in which the link

cost is intermediate, every ex-ante optimal network is a star (i.e., n − 1 ‘periphery’ players have

a unique link each to a ‘center’ player). Because ideological differences are small, players never

conceal their information, and the environment is equivalent to the one studied in the papers cited

earlier in the introduction.4

Let us turn to consider the case in which ideological bias difference across players are signif-

icantly large. Then, players forward signals only when they conform to their ideological biases

relative to the decision makers, whereas they withhold signals that contrast with their ideological

bias. As a result, in the case of interest in which the decay is small, and the link cost is interme-

diate, we find that the optimal network is the line in which the experts are ordered according to

their ideology.

This finding nicely complements the results that the optimal information transmission network

is the star when experts are not ideologically differentiated. The star is a highly centralized orga-

nization structure, whereas the line can be considered very decentralized/horizontal. Intuitively,

a community of ideologically differentiated peers who may all need each other’s advice will not

find hierarchical structures such as the star useful. When players are ideologically differentiated,

it is natural to think of networks in which individuals form links only with like-minded players.

Importantly, our analysis shows that this does not lead to information transmission breakdown,

as long as information is verifiable.5 This provides a rationale for players to form links only with

like-minded peers, beyond their possibly intrinsic preference for doing so.

The key observations that lead to prove this result are as follows. In the ordered line, each

4The star is the optimal network because it minimizes decay, which is the only source of inefficiency, as it
connects all players with the shortest aggregate paths. If the link cost is small, the complete network is optimal,
and when the link cost is large, the optimal network is empty.

5Parts of the analysis and results can be extended to the case of cheap talk communication, in which the
information transmitted in non-verifiable.
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politician is linked directly only with her ideological neighbors. She knows that all players indi-

rectly linked through her leftist neighbor have a leftist bias. So, all the signals she expects to

receive from that neighbor conform to a leftist bias (i.e., are equal to zero, in our model). Con-

versely, she expects to only receive signals equal to one, that conform to a conservative bias, from

her rightwing neighbor.

As in the Milgrom (1981) model of persuasion with two players, the politician knows to interpret

the lack of evidence forwarded by a sender, as information contrary to the bias of that sender.

Simply by weighing the evidence (i.e., counting the number of signals) she receives from her two

neighbors, the politician forms informed beliefs about the realization of all signals, in equilibrium.

And in the case of interest of small decay, the information loss caused by the transmission of

signals along possibly long paths in the network is negligible.

In any other minimally connected network, this paper shows that there exists at least a player

j who does not receive any information about some other player i’s signal si, in equilibrium.6 So,

the ordered line is the unique tree that minimizes the informational loss caused by ideological

differences with small decay. And, unless c is too small, it is suboptimal to add extra links to this

optimal tree, whereas unless c is too large, it is suboptimal to delete links from the optimal tree.

We then turn to questions different from network optimality. The first one is the assessment of

how an exogenous network would fare for the purpose of information transmission. For example,

the networks may be inherited from past history, or shaped by ethnicity or geographic constraints.

We identify conditions under which the welfare of networks can be assessed simply by counting

the number of paths without bias reversal it contains. This is the case when there is a unique,

randomly selected, decision maker, decay is small and the link cost is intermediate.

The final question we ask is what network structures arise endogenously. Within the framework

6As we will show, the reason is that in any of such trees, the path that connects i and j includes both players
with a leftist bias, and players with a rightwing bias (we call any such a path a ‘bias reversal path). Because of
this, the signal si cannot reach player j: leftist biased players withhold si when it equals one, and rightwing biased
players withhold it when si is zero. Even in the case of small decay, player j loses the information of signal si
entirely.
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of Bala and Goyal (1999), we explore which networks are Nash equilibria of a game in which each

player may unilaterally sponsor communication links ex-ante, i.e., before playing the information

transmission game. For the case of interest with small decay and intermediate link cost, we find

that the optimal network, the ordered line, is an equilibrium network if, but only if, n ≤ 5.7 We

then turn to consider the pairwise stability concepts by Jackson and Wolinsky (1996), in which

the investment of both linked players is needed to sustain a link in a network. We find that for

the case of small decay and intermediate link cost, the ordered line is the unique stable network,

according to a strong version of pairwise stability that allows for transfers among players.8

[TO EXPAND BELOW.]

Our network model provides simple functional form solutions. Likely, it can be taken to data

for empirical analysis. There are several network data sets in politics. E.g., donation databases,

lobbying connection data, political consulting data. There is also a dataset on networks in Congress

(who sits close to whom). Experiments in the lab or in the field can also be run to explore

the validity of our results. Indeed, there is corroborating evidence that politicians form links

prevalently with ideologically close peers, and that political network often do not take the shape

of hierarchical structures such as the star. [REFERENCES TO BE ADDED.] Besides confirming

the stability of these ‘horizontal networks,’ our results suggest an efficiency rationale for their

prevalence in political environments. In contrast, hierarchical networks like the star are more

likely prevalent, and useful, in organizations such as commercial companies, or the army, in which

agents preferences are more closely aligned.

7The optimal Nash equilibrium network for the case of n = 6 is not minimally connected: player 2 sponsors
a link with 1, and symmetrically, 5 sponsors a link with 6, but player 3 sponsors a link with 2 and 5, whereas 4
sponsors a link with 5 and 2.

8Ruling out the possibility of transfers across players, we find that every pairwise stable network is minimally
connected, that the ordered line and all stars are pairwise stable, and that there exists trees that are not pairwise
stable.
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2 Literature Review

[PRELIMINARY AND INCOMPLETE.]

Largely motivated by the problem of non-rival information transmission with decay, the ques-

tion of endogenous network formation is posed in the seminal papers by Jackson and Wolinsky

(1996) and Bala and Goyal (2000).9 These papers identify the maximally centralized architecture

of the star as socially optimal when the information transmitted is of non-rival nature, and de-

termine conditions under which this optimal architecture arises in equilibrium in the form of the

center-sponsored star. Their results suggest players with aligned preferences should be organized

in a strongly centralized, hierarchical, manner.

The design of organizations whose members are engaged in activities of non-rival nature is an

important topic in business science. In organization design, hierarchies are regarded as the opti-

mal formal organization for reducing the costs of information processing (Sah and Stiglitz, 1987;

Radner, 1996; and Garicano, 2000) and for preventing conflicts between subordinates and their

superiors (Friebel and Raith, 2004).10 Different to those papers, we consider strategic communi-

cation, whose relevance in organizations is studied, for example, by Dessein (2002), and Alonso,

Dessein and Matouscheck (2008).

Unlike these papers, our work is mainly motivated by questions in political economy. Social

networks are understood to bear important implications for political outcomes such as voting

behavior (Sinclair, 2012), public opinion (McClurg, 2006), policymaking (Scholz, Berardo and Kile,

2008), protests (Gonzalez-Bailon and Wang, 2016), political violence (Parkinson, 2013; Larson and

Lewis, 2016). Notwithstanding the importance of political networks, there is not much in terms

of formal modelling (exceptions are the model of networks and collective action by Chwe, 1999,

9Following these seminal papers, network economics has now grown into a whole field of research, with several
theoretical contributions (e.g., Jackson and Watts, 2002; Kranton and Minehart, 2003; Jackson and Rogers, 2007;
Campbell, 2013; Acemoglu, Ozdaglar, and Tahbaz-Salehi, 2015) and empirical applications (e.g., Munshi, 2003;
Goyal, Van Der Leij, and Moraga-González, 2006; and Conley and Udry, 2010). Jackson (2010) presents a systematic
study of networks in economics.

10See also the literature discussion in Gibbons et al. (2013).
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and the study of interest group influence on networked politicians by Battaglini and Patacchini,

2016). Our paper studies political networks in the context of information transmission in political

organizations, and finds results that are very different from those of the seminal network papers

cited above. The features that drives this difference is the ideological differentiation among political

actors.

Relatedly, information transmission and political debate are one of the main themes of theoret-

ical political economy. Gilligan and Krehbiel (1987) posed the study of expert advice to Congress,

further advanced by Austen Smith (1990) and Battaglini (2002). The work by Patty (2014), De-

wan, Galeotti, Ghiglino and Squintani (2015), and Penn (2016) is part of a recent wave of papers

that models political debate within the framework by Galeotti, Ghiglino and Squintani (2013).

Like us, Gieczewski (2016) studies a model of networks with transmission of verifiable information.

Unlike us, he does not consider optimal networks and endogeneous network formation; insteas, he

studies repeated interactions and learning.

3 The Model

A set N of n players is connected in a symmetric network N, that determines who can transmit

information to whom. A state of the world θ is uniformly distributed between 0 and 1. Each player

i receives from nature a signal si ∈ {0, 1} with probability ρ ∈ (0, 1]. The signal si is informative

of θ, according to the probability distribution Pr(si = 1|θ) = θ. Each player i may also be called

to make a decision ŷi ∈ <. We let ξ the probability distribution over the set of decision-makers

D ⊆ N , and assume that ξ is full support.11

When the state is θ, the set of decision-makers is D, and the decisions are ŷD, the utility of each

player i is ui(ŷD; θ) = −
∑

j∈D α
D
ij (ŷj − θ − bi)2. The ideological biases bi are common knowledge,

and without loss of genericity we stipulate that b1 < ... < bn. For every player i, the weights αDij

11The case in which all players make a decision with probability one is more complicated to solve, as we later
see in footnote 20. In the case there is a single decision maker j, the optimal network is a star centred in j.
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are such that αDii > 1 > αDij > 0 for all j 6= i, and that
∑

j∈D α
D
ij = 〈D〉 , where this notation

denotes the cardinality of D. Every player i would like that every decision ŷj is close to her bliss

point θ+ bi, which is composed of the ‘unbiased optimum’ θ and the idiosyncratic ideological bias

bi. Yet, player i does not equally care about every decision ŷj, and cares about her decision ŷi

more than about any other decision ŷj.

At the beginning of the game, nature selects θ, determines whether each player i receives a

signal si or not, chooses the realizations of the signals si and the set of decision makers D. Each

player i is then informed of her private signal si and of the set of decision makers D. Players

are not informed of whether other players hold a signal or not, and of the other players’ signal

realizations.

Then, players may transmit their signals to decision-makers along the network N. There are

(at most) n rounds of information transmission. If informed of a signal si, any individual k

chooses whether to relay si or not to any of her neighbors j in the network N. I.e., the message is

mkj(si) ∈ {nsi, si}, mij(si) = nsi is not relaying si to j. Thus, the signal si cannot be falsified, the

only choice is whether to relay it or withhold it.12 There is a small cost c0 > 0 for relaying any

signal si, and when the signal si is relayed, the message si may be lost with probability 1− δ and

the receiver j receives message nsi.
13 We here focus on the case of small delay, in which δ is close

to one. Finally, every decision maker j ∈ D decides ŷj ∈ < and the payoff ui(ŷD; θ) is realized for

every player i.

The solution concept is pure-strategy Perfect Bayesian Equilibrium. To simplify the exposition,

we focus on equilibria in which every player relays a signal if indifferent. Network formation is

costly, and each link costs c > 0. We study Pareto ex-ante optimal networks, and we explore how

12This model assumes that neither the content of any signal si, nor the identity of the expert i can be falsified
by any player k who relays si to any of his neighbors. However, it can be shown that our results extend to the case
in wich players can “lie about their sources”, as long as they cannot falsify their information. It is also irrelevant
for our results whether a player k can certify to a player j that a signal si has arrived to her, or she cannot certify
this. It is important that a player k cannot certify to a player j that she has not received a signal si, but this
assumption seems realistic to us.

13For simplicity, we assume that each player k has only one chance to relay a signal si to a neighbor j. It can be
shown that this assumption is not needed to prove our main results (Propositions 1 and 1).

8



to rank exogenous networks in terms of the networked players’ ex-ante payoffs. Further, we study

endogenous equilibrium networks when links can be ex-ante unilaterally sponsored, and pairwise-

stable networks when link formation requires the costly involvement of both linked players.

4 Communication Strategies

In order to solve our model, we begin by characterizing the equilibrium communication strategies.

Consider any signal si, neither its realization, nor the identity of the player i who provided the

information can be falsified. So, the equilibrium communication strategies can be characterized

by considering the simpler problem in which there is just one player d making a decision ŷ, and

only one informed player e who with probability ρ ∈ [0, 1] has a signal s informative of θ. Suppose

that these two players are linked via a single path of players of length `. The biases bk need not

follow any order along the path from e to d, here.

Because the players on this path are ideologically biased relative to d, they do not necessarily

forward the signal to the next player towards the decision maker d. Consider a player k and say

that bk > bd, without loss of generality: Player k would like to bias player d’s decision ŷd to the

right. When s = 1, player k has no incentive to withhold the signal s, as it conforms with her

ideological bias relative to the decision maker. By forwarding s = 1 to the next player on the path

to d, player k can only move the decision ŷd to the right, closer to her bliss point bk+E [θ|s] . When

s = 0, however, the signal s contrasts player k’s ideological bias relative to player d. Player k has

an incentive to bias the decision ŷd by withholding the signal s. In every equilibrium, player k

withholds the signal s = 0 unless the ideological bias |bk − bd| is smaller than a threshold calculated

in the next result. Further, a necessary and sufficient condition is identified for the existence of

an equilibrium in which every player k on the path between e and d forwards both signals s = 0

and s = 1, even when they contrast her ideological bias.
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Lemma 1 Suppose `+ 1 players k are linked along a path from an expert e informed of a signal

s with probability ρ to a decision-maker d.

1. In every equilibrium, every such a player k with bk > (<)bd relays the signal s = 1 (s = 0)

to the next player on the path towards d, but every player k such that bk− bd > 1/[6(2−ρδ`)]

(respectively, bk − bd < −1/[6(2− ρδ`)]) does not relay signal s = 0 (s = 1).

2. There exists an equilibrium in which every player on the path between e and d relays both

signals s = 0 and s = 1, if and only if |bk − bd| ≤ 1/12 for every player k on the path.

The condition for the existence of an equilibrium in which both signals s = 0 and s = 1 are

relayed to the decision-maker is that |bj − bd| ≤ 1/12 for every j on the path between e and

d. Under this condition, no player k has any incentive to deviate and withhold information. If

withholding a signal s contrasting her bias (e.g., if not relaying s = 0 when bk > bd), player k moves

the equilibrium decision ŷd to the right, from bd+E[θ|s = 0] = bd+ 1/3 to bd+E[θ|ns] = bd+ 1/2,

because player d’s expectation about θ equals 1/2 if she does not receive information, in this

equilibrium. When 2 (bk − bd) ≤ 1/2 − 1/3 = 1/6, this change of ŷd ‘leapfrogs’ the bliss-point

bk + E[θ|s = 0] of player k by so much that it makes k worse off. Player k prefers to not deviate

from equilibrium and to relay s = 0.

So, when ideologies are sufficiently close, |bj − bd| ≤ 1/12 for all players j, there is an equilib-

rium in which the signal is never withheld, and reaches the decision maker with probability δ`,

where ` is the length of the path from e to d. Evidently, this is the most informative equilibrium.

Because of this, it is also the equilibrium that maximizes each player’s payoff, and we prove in the

appendix that it yields each player i the expected payoff: Uid = −αid (bi − bd)2−αid 1
18

(
1 + 1−ρδ`

2

)
.

We have concluded that when ideological differences are small, they are irrelevant for the analysis

as they do not entail any strategic withholding of information (at least, in the equilibrium that

maximizes each player’s payoff). In other words, when preferences are sufficiently aligned, com-

munication is non-strategic, as in the benchmark cases studied by Jackson and Wolinsky (1996)
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and Bala and Goyal (2000).

While all players are willing to forward s if ideologies are sufficiently close, no player is willing

to forward signal s along to the path to d, if her ideology is sufficiently different from the deci-

sion maker’s, and if the signal s contrasts this ideological bias. Lemma 1 proves that in every

equilibrium, a player k always withholds signal s = 0 if bk − bd >
1

6(2−ρδ`) , and signal s = 1 if

bk − bd < − 1
6(2−ρδ`) . When bk − bd > 1

6(2−ρδ`) for example, player k gains by withholding the signal

s = 0 regardless of the equilibrium beliefs E[θ|ns]. The induced change of ŷd moves it closer to

k’s bliss point bk +E[θ|s = 0], because the distance between bk and bd is too large. So, there does

not exist an equilibrium in which player k relays signal s = 0 to her neighbor on the path towards

player d. Likewise, when bk − bd < − 1
6(2−ρδ`) , there does not exist an equilibrium in which player

k relays signal s = 1 to her neighbor on the path towards d. In other terms, when the ideological

differences are large, they lead to strategic withholding of information. Because the implications

of strategic information withholding are the research theme of this paper, we now consider the

case in which |bk − bd| > 1
6(2−ρδ`) for every player k on the path from the expert and the decision

maker.14

With this ideological diversity assumption, the next pair of results identifies a simple necessary

and sufficient condition for informative decision making in this sequential information disclosure

problem.

Lemma 2 Suppose ` + 1 players are linked along a path from an expert e informed of a signal s

with probability ρ to a decision-maker d, and that |bk − bd| > 1
6(2−ρδ`) for every player k on this

path.

1. (One-Sided Transmission) If bk > bd (or bk < bd) for all players k on the path between

e and d, then the signal s = 1 (resp. s = 0) reaches d with probability ρδ` in equilibrium,

14Under the assumption that |bk − bd| > 1
6(2−ρδ) , we prove in a supplementary appendix that player k cannot

communicate any information about the signal s by cheap talk, in equilibrium.
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and signal s = 0 (resp. s = 1) does not. Each player i’s ex-ante payoff is

Uid = −αid (bi − bd)2 − αid
1

18

(
1 +

1− ρδ`

2− ρδ`

)
. (1)

2. (Communication Breakdown) If there exists players j, k such that bj > bd and bk < bd,

then the expert’s signal s does not ever reach player d in equilibrium, and each player i’s

ex-ante payoff is

Uid = −αid (bi − bd)2 − αid · 1/12. (2)

The necessary and sufficient condition for informative equilibrium decision making identified in

Lemma 2 is based on the coherence of the ideological biases of the players k on the path between

e and d, relative to player d. If every player k’s ideological bias bk − bd has the same sign (i.e.,

say, if either bk − bd > 0 for all such players k, or if bk − bd < 0 for all such players k), then

there is an equilibrium in which the signal s reaches player d if and only if it conforms to the

players’ biases relative to player d. As in the simpler case of two players (an informed player and

a decision maker) studied by Milgrom (1981), the decision maker’s equilibrium inference when

not receiving the signal leads her to believe that the signal is more likely contrary to the players’

ideological biases. Specifically, she believes that s contrasts the players’ biases with probability

1/(2− ρδ`) > 1/2.15

Instead, information disclosure to player d fully breaks down, when it is not the case that every

player k’s ideological bias bk − bd has the same sign, i.e., when bk − bd > 0 for some players k on

the path between e and d, and bj − bd < 0 for some other j on the path from e to d. Players k

such that bk > bd forward the signal s = 1 but block the signal s = 0, whereas players k such that

bk < bd block the signal s = 1, and forward signal s = 0. As a result, the signal s never reaches

the decision maker, player d, who acts fully uninformed. Unlike in the simpler case of two players,

15Note that with small decay, and ρ close to one, the absence of signal s is interpreted almost certaintly as
evidence of a signal contrasting with the players’ biases, because 1/(2− ρδ`)→ 1 for δ → 1 and ρ→ 1.
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equilibrium disclosure of verifiable information need not be informative. For future reference, we

call a ‘bias reversal path,’ any path from a player e to a player d in which there are both players k

with significant positive bias, bk−bd > 1
6(2−ρδ`) , and players j with negative bias bj−bd < − 1

6(2−ρδ`)

on the path between e and d.

When the path between e and d includes bias reversal, d acts uninformatively in equilibrium,

yielding an information loss of αid · 1/12 to every player i. When the path between d and e does

not have bias reversals, each player i’s equilibrium informational loss equals αid
1
18

(
1 + 1−ρδ`

2−ρδ`

)
,

which can be approximated with the Taylor expansion in the case of small decay, δ ≈ 1:

Uid ≈ −αid (bd − bi)2 − αid
1

18

[
1 +

1− ρ
2− ρ

+ (1− δ) ρ`

(2− ρ)2

]
. (3)

The informational loss decreases in δ, and it approximates αid · 1
18

(
1 + 1−ρ

2−ρ

)
for δ ≈ 1 (small

decay), and αid·1/12 for δ = 0 (the case of full decay). The value of establishing an information

transmission path without bias reversal between e and d equals αid
1
12
−αid 1

18

(
1 + 1−ρδ`

2−ρδ`

)
for each

player i. This quantity converges to αid
1
36

ρ
2−ρ from below as δ → 1. So, for c > 1

36
ρ

2−ρ , the value of

establishing network links among players is negative.

We conclude this section by returning to the case in which it is not the case that every player

k on the path from e to d is significantly ideologically distant from the decision maker, and by

completing the analysis of Lemma 2.

Lemma 3 Suppose `+ 1 players k are linked along a path from an expert e informed of a signal

s with probability ρ to a decision-maker d. There exists an equilibrium in which every such a

player relays signal s = 1, resp. s = 0, along the path, and each player i’s ex-ante payoff is as in

expression (1), if and only if bk − bd ≥ −1/
[
6(2− ρδ`)

]
, resp. bk − bd ≤ 1/

[
6(2− ρδ`)

]
, for all

players k on the path.

This result completes the analysis for the one-sided information transmission equilibrium of

Lemma 2. If it is the case that every player k on path is not too biased downwards relative to d,
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i.e., bk−bd ≥ − 1
6(2−ρδ`) then an equilibrium exists in which signal s = 1 reaches the decision maker

with positive probability. Because of Lemma 1, if it is further the case that |bk − bd| > 1/12 for

some player on the path, then there is no equilibrium in which also signal s = 0 reaches d. And a

converse result holds when bk − bd ≥ − 1
6(2−ρδ`) for all k on the path from e to d. A consequence of

these findings is that when |bk − bd| ≤ 1
6(2−ρδ`) for all players k on a path from e to d of `+1 players,

and |bk − bd| > 1/12 for some player, there is both an equilibrium in which s = 0 reaches d with

probability ρδ` and s = 1 does not reach d, and one in which s = 1 reaches d with probability ρδ`

and s = 0 does not reach d. As in the case of Lemma 2, the informational loss is αid
1
18

(
1 + 1−ρδ`

2−ρδ`

)
.

Relative to the full disclosure equilibrium in which both s = 0 and s = 1 reach the decision maker

with probability ρδ`, the additional informational loss is αid
1
18

(
1−ρδ`
2−ρδ` −

1−ρδ`
2

)
. For the case of

small decay, δ close to 1, this quantity is approximately 1
36
ρ1−ρ
2−ρ , almost entirely determined by

the probability ρ that player e is informed, whereas the length ` of the path between e and d is

irrelevant.

5 Optimal Networks

This section calculates the optimal network N in our model, as a function of the cost and decay

parameters c and δ, as well as the ideological bias differences bj − bk, for any pair of players j and

k. When bias differences are small, we confirm that the optimal network is a star, when the decay

is small, and the link cost c is neither too large nor too small as in the case of transmission of non-

rival information. But when bias differences are sufficiently large, for small decay and intermediate

link cost, we find that the optimal network is a line in which players are ordered according to their

ideological biases. The precise quantification of how ‘small’ or ‘large’ bias differences need to be

in order to obtain these contrasting characterization depends on the number of informed players

n. The exposition is simpler when considering the case of a single informed player and a single

decision maker that we introduced in the previous section.

14



A Single Informed Player and a Single Decision Maker The necessary and sufficient

conditions identified in the previous section determining whether ideological differences are too

small to stifle strategic information disclosure or sufficiently large to entail strategic withholding,

also determine as a result whether the optimal network is the star, or the ordered line. Specifically,

we find that the condition that |bi − bj| ≤ 1/[6(2 − ρ)] for all pairs of players i, j, i.e., bn − b1 ≤

1/[6(2− ρ)], leads to the optimality of the star, whereas the condition that |bi − bj| > 1/[6(2− ρ)]

for all pairs i, j (i.e., bi+1 − bi > 1/[6(2− ρ)], for all i < n) makes the ordered line optimal. In the

following proposition, we restrict attention to the cost range [0, c̄], where c̄ ≡ 1
36

ρ
2−ρ is defined as

the maximum cost for which a connected network is optimal, in the case that one-sided information

transmission with no decay takes place among every pair of players e and d.

Proposition 1 Suppose that there is only one informed player e and a single decision maker d,

and their identities are randomly drawn.

1. When the ideologies are sufficiently close, i.e., bn − b1 < [6 (2− ρ)], there exists bounds δ̄ < 1,

and 0 < c(δ) < c(δ) < c̄, with limδ→1 c(δ) = 0 and limδ→1 c(δ) = c̄, such that for all δ ∈ (δ̄, 1)

and c ∈ (c, c) , the optimal network is the star.16

2. When the ideologies are sufficiently diverse, i.e., bi+1−bi >[6 (2− ρ)] for all i < n, there exists

bounds δ̄ < 1, and 0 < c(δ) < c(δ) < c̄, with limδ→1 c(δ) = 0 and limδ→1 c(δ) = c̄ (1− 1/n2) ,

such that for all δ ∈ (δ̄, 1) and c ∈ (c, c) , the optimal network is the ordered line.

The first result in Proposition 1 follows as a corollary of the analysis in Jackson and Wolinsky

(1996). The bias differences are small, and so each player discloses all signals, regardless of the

identities of the decision maker d and the expert e, and Proposition 1 of that paper applies.

Suppose that bias differences are sufficiently large, using the precise threshold calculated in

Lemma 2. If the connection cost c is small, then the optimal network is the complete network.

16As in the case of Jackson and Wolinsky (1996) and Bala and Goyal (1999), in the case that δ = 1, if bn − b1 ≤
1/12, any minimally connected network is optimal, for c ≤ c̄.
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If c is large, then no connection should be established. To see that in the case of interest with

intermediate cost and small decay, the optimal network is the ordered line, we proceed as follows.

We begin by supposing momentarily that the optimal network is minimally connected, i.e., that

it is a tree. The information flow may still be fully blocked in bias reversal paths. Some players

on a bias reversal path block the signal s when it takes the value 0, and others block s when it

equals 1. But this issue does not occur along any path in the line network in which players are

ordered according to their biases. With the ordered line, information is never fully blocked.

Moving to consider other trees, we first focus on the case of 4 players. Interchanging players’

identities, there are two classes of trees: the line, and the star. It can be seen that every star has

at least a bias reversal path;17 and of course, the non-ordered line contains bias reversal paths.

Then, we note that, for any number of players n ≥ 4, the only tree that does not contain a star

or a non-ordered line as a sub-tree is the n-player bias ordered line. So, the unique minimally

connected network in which information is never fully blocked is the ordered line. Because decay

is small (δ is close to one) the first priority is to ensure that information is not blocked, and the

bias ordered line is thus the unique optimal tree.

Now, let us consider networks that are not minimally connected. When the link cost c is not

too small, adding links to minimally connected networks is wasteful, because there is little decay

as δ is close to 1. When c is not too high, deleting links from minimally connected networks is

detrimental. Each players’ information is useful to every player. It is optimal that there is a path

between each pair of players. We prove in the appendix that there exist an ‘intermediate’ range

(c(δ), c(δ)), function of δ, such that for all c ∈ (c, c) the unique optimal network is the ordered

line. As the decay factor δ converges to one, the cost range (c(δ), c(δ)) grows to cover the whole

range [0, c̄].18

17When player 1 is the center, then the path from player 3 to 2 is a bias reversal path, and when player 2 is the
center, the path from 4 to 3 has a bias reversal. The cases when 4 and 3 are the star centers are analogous to when
the center is 1 and 2, respectively, by interchanging 1 with 4 and 2 with 3.

18The reason for this last result is that, as decay becomes negligible, the penalty borne by the ordered line
relative to trees with shorter paths (the fact that signals can be more likely lost along longer transmission paths)
also becomes negligible.
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Optimal Networks in the General Model The logic behind Proposition 1 extends to the case

in which all n players can be privately informed, and can make decisions. Indeed, the condition that

identifies ‘sufficiently large’ ideological differences for the ordered line to be the optimal network

becomes less stringent in n. Specifically, this condition takes the form that bi+1 − bi ≥ 1
2(n+2)

, for

all i < n; 19 and note that this implies that bn− b1 > (n− 1) 1
2(n+2)

= 1
2
n−1
n+2
→ 1

2
, which is not very

demanding even in the aggregate. Analogously to Proposition 1, the following result focuses on

the cost range [0, c̄], where c̄ ≡ 1
18
n−1
n

ρ
2−ρ .

Theorem 1 Suppose that every player i = 1, ..., n has a signal si informative of θ with probability

ρ ∈ (0, 1], that the random set of decision makers D ⊆ N is distributed according to the full

support distribution ξ, and that ideologies are sufficiently diverse, i.e., bi+1 − bi ≥ 1
2(n+2)

for all

i < n. Then, there exists bounds δ̄ < 1, and 0 < c(δ) < c(δ) < c̄, with limδ→1 c(δ) = 0 and

limδ→1 c(δ) = c̄, such that for all δ ∈ (δ̄, 1] and c ∈ (c, c) , the optimal network is the ordered line.

The logic of the proof of this result is analogous to the proof of Proposition 1. Again, the

ordered line is the only tree for which the transmission of none of signals si is blocked to any of

the decision makers. Hence, the ordered line is the optimal tree when the decay is small enough

(δ close to 1). And thus, the ordered line is the optimal network, unless the link cost c is so small

that it would be optimal to add links and create loops, or c is so high that it would be optimal to

delete links and disconnect some players.

Now, however, there are potentially n different signals, and hence there is an informational loss

if any decision maker does not receive all of them. This changes the form of the condition that

describes how much ideologies need to differ for the ordered line to be optimal. It is not required

that |bk − bd| ≥1/6 for all k, d anymore, but only that |bk − bd| ≥ 1
2(n+2)

for all k, d. The latter is

sufficient for any player k to want to block a signal si contrary to her bias bk−bd relative to decision

maker d, upon knowing that none of the other n− 1 signals is blocked from d in equilibrium. The

19Evidently, this condition subsumes the case in which only one player is informed, when it takes the form
bi+1 − bi> 1/6 for all i < n.
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ordered line is the only tree that makes such blocking impossible, and hence it dominates all other

trees, as long as it is not too much penalized by decay.20

Optimal Networks for General Bias Distributions The general characterization of optimal

networks is quite intricate beyond the case in which ideological differences among every pair of

players are large. Nevertheless, it is possible to extend the previous analysis to the consider

the following case. Suppose that politicians are divided in clusters that ideologically close, and

separated from each other. We then obtain that such ideological clusters are optimally organized

as stars, whose centers are connected according to the stars ideological order.21

Proposition 2 Suppose that every player i = 1, ..., n has a signal si informative of θ with proba-

bility ρ ∈ (0, 1], and that the random set of decision makers D ⊆ N is distributed according to the

full support distribution ξ. Suppose that there are M ≤ N ideological clusters of players C1, ..., CM

such that for all i, j ∈ Cm, |bi − bj| ≤ 1
2

1
(n+2)(n+1)

and for all m = 1, ...,M, i ∈ Cm+1, j ∈ Cm,

bi − bj ≥ 1
2

1
(n+2)

. Then, there exists bounds δ̄ < 1, and 0 < c(δ) < c(δ) < c̄, with limδ→1 c(δ) = 0

and limδ→1 c(δ) = c̄, such that for all δ ∈ (δ̄, 1) and c ∈ (c, c) , the optimal network is as follows:

1. For every m, the player(s) in the cluster Cm are organized as a star Sm (possibly composed

of a single player);

20The precise argument that shows that the ordered line dominates all other trees relies on the possibility that
there a single decision maker (as in the proof of Proposition 1), and all players have information for the decision.
Hence, this argument would not hold in the knife hedge case in which all players make decisions with probability
one. For this case, we show in the appendix that, when restricting attention to 4 players, all stars are dominated
by the ordered line, for small decay and intermediate link cost, but the line 1 − 3 − 2 − 4 is Pareto equivalent to
the ordered line 1− 2− 3− 4 for some decay δ and bias parameters b1, ..., b4.

21The characterization of Proposition 2 can be related to the work of Rose (1964). He made the distinction
between ideological groups he called tendencies, defined as “stable set[s] of attitudes, rather than stable set[s] of
politicians,” as opposed to organized party factions, described as groups “self-consciously organized as a body, with
a measure of discipline and cohesion.” Our network characterization provides a description of how factions would
be optimally organized within a party. The center of star is naturally interpreted as the leader of the faction. Here,
every member of the faction reports to the leader, and communicates only with her. Communication across factions
occurs only through leaders. And each faction leader communicates only with the leaders of the ideologically closest
factions.
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2. For every m = 2, ...,M − 1, the center of the star Sm is linked with the centers of the stars

Sm−1 and Sm+1, and with no other players outside Cm. No other player in Cm has connections

outside of Cm.

On the basis of part 1 of Proposition 1, it is intuitive that ideologically close politicians organize

optimally as stars. Considering Theorem 1, it is intuitive that clusters of ideologically diverse

politicians will be connected along the ideological order. The reason why such stars of clustered

politicians are connected through their centers is that this minimizes the overall length of paths

that signals need to travel across stars.22

One important feature of Proposition 2 is that it does not cover all the possible bias profiles.

This is for two reasons. First, Proposition 1 has only one informative signal, and that allowed to

establish a precise threshold, 1
6(2−ρ) , that determine whether politicians are ideologically ‘close’ or

‘diverse.’ Here, the thresholds that determine proximity and diversity are slack. In the ideolog-

ical cluster Cm, every pair of players’ ideologies are within 1
2

1
(n+2)(n+1)

from each other, but the

characterization requires that separate ideological clusters differ by at least 1
2

1
(n+2)

. The reason for

this is that the effect of decay and of the possibility that players are not informed on equilibrium

beliefs is more difficult to calculate, when there are more than one signal to transmit across the

network.

Second, and most important, it need not be generally the case that politicians are clustered

according to ideology. For example, it may be that all pairs of politicians i+1 and i are ideologically

close, in the sense that bi+1−bi ≤ 1
2

1
(n+2)(n+1)

, and yet politicians are not clustered, in the sense that

there is not any cluster C of size bigger than 2 for which bi−bj ≤ 1
2

1
(n+2)(n+1)

for all players i, j ∈ C.

In general, the shape of the optimal network can take forms entirely different from the network

of ordered stars of politicians of similar tendencies characterized above. This is demonstrated in

the two following examples. To make matters simpler, they are presented for the case of a single

22A similar characterization of connected paths is found in Galeotti, Goyal and Kamphorst (2006) when they
consider networks of players with heterogeneous connection costs.
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