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Abstract

This paper studies when introducing verifiable communication choices between agents
in a cheap-talk benchmark setting, with social tie, is beneficial to welfare. In our model
agents have two ways to communicate their private information: either through a costly ver-
ifiable information (hard) link or through a low-cost cheap talk (soft) link. We identify that the
appearance of hard links in the pure cheap talk setting has two opposing effects on welfare:
(i) a positive effect stems from the information improvement and (ii) a negative effect arises
from crowding out soft communication with costly verifiable communication. Surprisingly,
the final welfare outcome of the two opposing forces depends on the cost structure. If only
one party bears the cost of a hard link, then the positive (informational) effect always dom-
inates the negative (crowding out) effect, and thus introducing hard links is beneficial to
welfare. In contrast, if the cost of a hard link is shared by both parties, then allowing for
verifiable communication can be detrimental to welfare. We also derive several testable
implications about introducing hard links in corporate governance, and demonstrate the
robustness of our findings in face of heterogenous costs, general signal structures, as well as

the case where cost is endogenizied via negotiation about how to split the costs.
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1 Introduction

In many multi-division corporations a manager of a division is required to make his judge-
ments about the uncertain state of the world and picks the most appropriate actions that in-
fluence other divisions as well. Oftentimes, these decisions are made based not only on private
information of managers, but also on the information collected from other managers (agents)
during preliminary discussions.! As a result, quality of communication between managers is
critical for efficient and successful decision making in corporations.

The literature that studies possible communication policies can generally be classified by
the type of information transmission technology into two categories. One approach follows
Grossman (1981) and Milgrom (1981) in assuming a verifiable (or hard) type of information,
i.e., information that can be withheld by the manager (player) but not lied about (hard talk).
The second approach complies with Crawford and Sobel (1982) and Green and Stokey (2007)
in considering an unverifiable (or soft) type of information, i.e., information that can be arbi-
trarily misreported by the manager at no cost (soft, cheap talk). The overwhelming majority
of theoretical studies share the assumption that communication mode, either cheap talk or
hard talk, is a feature of the environment, and hence is a fixed characteristic of communication
stage.” While a predetermined communication mode might be natural in some cases, in prac-
tice, the participants not only choose with whom to communicate, but also get to determine the
way in which the information is transferred.’

The goal of this paper is to study when introducing verifiable communication choices in a

pure cheap-talk benchmark is beneficial to welfare. A major twist in our model, and a point

!See e.g., Malenko (2014), Harris and Raviv (2008), Stevenson and Radin (2009) and Hart (2003).

2Exceptions include Kartik, Ottaviani and Squintani (2007) and Kartik (2009) who consider the case when it
is costly to misreport the information and show that the equilibrium outcome involves separation with inflated
language. Dessein and Santos (2006) assume that the information transmission takes the form of a noisy hard talk
and allow the organization to choose the level of communication precision. Dewatripont and Tirole (2005), Calvo-
Armengol, de Marti and Prat (2011) and Persson (2011) depart from the predetermination of communication
mode by considering the setting where the trustworthiness of information transmission is endogenously defined
by the communication efforts of the parties.

3In particular, communication of the same piece of private information can take different forms, from short
calls or sending one-sentence emails (soft talk) to prolonged discussions (hard talk). With the extreme options, it
is natural to assume that the email communication is cheap and the discussion is costly, because sending a one-
sentence email requires considerably less time and effort than participating in long discussions. Moreover, one
would expect that a one-sentence email gives a decision-relevant summary of the sending party’s private informa-
tion without providing supplementary materials and explanations that will allow the receiving party to verify the
message. Such limitation leaves the composition of the message entirely up to the sender’s discretion. At the same
time, prolonged discussions can give an opportunity for the reporting party to present the supporting data and
provide the necessary justifications, so that the receiving manager is able to uncover the decision-relevant piece
of information himself. From this point of view, sending a one-sentence email is closer to cheap talk communica-
tion, while prolonged meetings resemble verifiable information transmission; and often it is up to the participants
which type of communication to engage in.



of departure from the existing literature, is that agents have two ways to communicate their
private information over a communication network: either through a costly verifiable infor-
mation (hard link) or through a low-cost cheap talk (soft link).

We particularly ask the following questions: How does communication mode (hard vs. soft)
affect the quality of discussion between agents as well as welfare? Can verifiable (hard) commu-
nication technology choices, paradoxically, be detrimental to welfare? If introducing verifiable
communication does have unintended effects then what types of policy regulations can improve

welfare in such environments? In this paper we provide answers to these questions.

Environment. We consider decision-making under imperfect information by managers (play-
ers) with conflicts of interest in multi-division corporations. In such environments, managers
have to decide on strategies for their respective divisions.* Moreover, the effect of chosen strate-
gies on the firm’s well-being depends on the economic environment, which is usually uncer-
tain. However, each manager holds some private information about the characteristics of the
economic environment. Corporation divisions might be endowed with different goals and in-
terests depending on the divisions, which implies preference divergence among the managers.>
Nevertheless, different divisions are parts of one corporation, meaning that the strategy cho-
sen by some manager has an effect on other divisions’ payoffs as well as corporation’s welfare
(shareholder value). Total corporation’s welfare (or simply welfare) in our formulation also
refers to shareholder value.®

While soft links are very cheap to sustain, hard links are costly. The way the cost of a hard
link is split between the involved parties is defined by a specific cost structure that is the same
for all pairs of managers. That is, the costs of outgoing and incoming hard links are fixed across
managers. While considering a general cost structure where the cost is split arbitrarily between

the parties, we distinguish between the following two cases:

1. Either the sender or the receiver, bears the cost of a hard link.”

4For example, managers are potentially located in different locations (e.g., countries), each being responsible
for the corporation’s performance in the manager’s respective division.

5Conflicts of interest between managers may arise in corporate control transactions, for example, due to man-
agers’ ownership, geography, affiliation, social tie, etc. (see e.g. Adams, Hermalin and Weisbach (2010)).

6Several empirical studies show that preliminary discussion between managers is not necessarily all-to-all. In-
stead managers communicate based on their social tie, prior relationships, geography, etc. (e.g., Stevenson and
Radin (2009) and references therein). We model this by a communication network. That is, before making deci-
sions, managers can simultaneously transmit their private signals to each other according to the communication
network, which is set prior to the signals’ realization. The network has a general structure and is described by
a directed graph of hard and soft links. A manager can send messages to other manager that he has links to in
compliance with the link type: if the link is soft, then reporting takes the form of cheap talk, while if the link is
hard, then communication is non-strategic and verifiable to the other party.

’The structure with only the sender paying the cost naturally arises when it takes considerable effort to provide



2. Both parties bear strictly positive costs of a hard link.?

After finishing the communication stage, managers simultaneously choose actions that influ-
ence each other’s payoffs as well as welfare. To study the model, we define an equilibrium to
be an extension of pure strategies Perfect Bayesian Equilibrium (PBE). Namely, communication
and action strategies form the usual pure strategies PBE, holding the communication network
fixed. At the same time, the communication network must be such that no manager prefers
to delete a link, and no two managers prefer to form a hard link in the absence of truthful
communication, given rationally updated communication and decision making strategies. The
resulting communication pattern is described by a directed truthful network, in which every

link corresponds to truthful communication through a soft or hard link.

Overview of the Results. The first—rather intuitive—result of the paper describes the effect
of introducing the possibility of forming hard links on the scope of information transmission
and the quality of discussion between managers. More precisely, start from the pure cheap
talk setting, i.e., verifiable information transmission is prohibitively costly and all communica-
tion is performed through soft links. Then introduce feasible hard links, i.e., lower the cost of
hard links such that they can emerge in the equilibrium truthful network. As a result, there is a
new equilibrium that generates more intensive information transmission. Using the introduced
notation, it means that a new equilibrium with hard links generates a truthful network with
weakly larger in-degrees for all managers. As a result, this result shows that introducing ver-
ifiable communication choices (hard links) always improves the quality of discussion between
managers. But, does that also benefit welfare?

The second—and main—result concerns the welfare aspect of introducing the feasible ver-
ifiable information transmission channel. The fact that there are almost always multiple equi-
libria presents some difficulties in comparing the welfare across different settings. We resolve
the multiplicity issue by introducing the notion of pairwise stability—a natural equilibrium re-
finement. This notion is an analogue to the pairwise stability condition commonly used in net-
work theory, but adapted to the defined equilibrium concept. More precisely, an equilibrium
is called pairwise stable, if no two managers can find an incentive compatible way to improve

interaction between them by communicating truthfully through a soft link instead of a costly

supporting data and to develop argumentation, while it is very easy for the receiver to uncover the underlying
signal after being presented with the collected materials. Similarly, the cost structure where only the receiver
incurs the cost corresponds to a situation in which it is much easier to formulate the message and provide the
material, than it is to decode the underlying signal.

8This represents situations in which both the sender and the receiver are required to put in considerable effort
to transmit and understand the information (e.g., Dewatripont and Tirole (2005)).



hard link or by not communicating at all, holding other communication and decision making
strategies fixed.

The welfare outcome of introducing feasible hard links in the initial pure cheap talk setting
is composed of two effects: the positive effect of an information improvement and the negative
effect of crowding out cheap talk communication with costly verifiable information transmis-
sion. The information improvement effect is the substance of the informational result described
above: availability of verifiable information transmission leads to greater and more evenly dis-
tributed in-degrees. The crowding out effect is at the heart of the paper. As hard links become
available, some managers who could not truthfully communicate via cheap talk can find it ben-
eficial to pay the cost and transfer the private information through hard links. The appearance
of hard links increases managers’ in-degrees which can render truth-telling through some soft
links no longer incentive compatible.” Those soft links should be replaced by hard links for
the managers to remain credible. Thus, even though managers get more truthful messages, the
number of soft links might decrease, implying that the cheap talk communication is crowded
out by the costly verifiable information transmission.

We find that, surprisingly, the final welfare outcome of the two opposing forces depends on
the cost structure. In the case where only one party bears the cost of a hard link, there always
exists a pairwise stable equilibrium with feasible hard links that generates greater total welfare
than in the pure cheap talk case. Interestingly, the positive welfare result no longer holds when
the cost of a hard link is shared between the managers. In particualr, we consider the case of a
diverse group of managers who have equidistant preference biases, and show that adding the
possibility of forming hard links can decrease the welfare only when the number of managers

is 3.10

Extension and Policy. Finally, in Section 5.3 we highlight corporate policies that not only
improve quality of discussion between the managers, but also are beneficial to welfare (share-
holder value). We discuss several environments in which these implications can be tested and
implemented. In Section 6 we derive several testable welfare implications about introducing
verifiable communications in corporate governance, and demonstrate the robustness of our

findings in face of heterogenous costs as well as the case where cost is endogenizied via negoti-

9Clearly, the vulnerability of a soft link increases with the divergence in preferences.
10Tn the online appendix, we also analyze communication between two communities composed of agents with
the same preferences (e.g., similar geographical locations). In this setting, we find that introducing feasible hard
links does not alter soft intra-group communication—managers with the same preferences can always be credible
to each other through a cheap talk. At the same time, newly created hard links can make cross-group cheap talk
communication no longer credible, wipe out all cross-group soft links, and replace them with costly hard links.
As a result, the welfare can decrease relative to the pure cheap talk case.



ation about how to split the costs, and extend the analysis to the case where signal structure is

non-additive.

Related literature. The communication feature of our model contributes to the literature on
information transmission. The recent literature has a variety of focuses: optimal design of
contests (e.g., Bimpikis, Ehsani and Mostagir (2015)), design of crowdfunding campaigns (e.g.,
Alaei, Malekian and Mostagir (2016)), inspection and information disclosure (e.g., Papanasta-
siou, Bimpikis and Savva (2018)), information diffusion in networks (e.g., Acemoglu, Ozdaglar
and ParandehGheibi (2010), Candogan and Drakopoulos (2020)), among others. Also, this pa-
per is related to the growing literature on studying decision making with externalities: for
example, strategic information exchange (e.g., Sadler (2020), Lobel and Sadler (2015)), opti-
mal static pricing under presence of local externalities (e.g., Candogan, Bimpikis and Ozdaglar
(2012), Jadbabaie and Kakhbod (2019)), experimentation with technology innovation (e.g., Ace-
moglu, Bimpikis and Ozdaglar (2011)) and information diffusion due to word of mouth effect
(e.g., Ajorlou, Jadbabaie and Kakhbod (2018)).

Our results on how the structure of a hard link cost influences communication patterns con-
tribute to the literature on organizational design with verifiable information (e.g., Bolton and
Dewatripont (1994), Hart and Moore (2005), Radner (1992), Radner (1993), Sah and Stiglitz
(1986), Van Zandt and Radner (2001), Harris and Raviv (2008), Malenko (2014), Malenko
(2019)), cheap talk (e.g., Caillaud and Tirole (2007), Hagenbach and Koessler (2010), Rantakari
(2008), Harris and Raviv (2008), Galeotti, Ghiglino and Squintani (2013), Alonso, Dessein and
Matouschek (2008), Grenadier, Malenko and Malenko (2016), Kakhbod et al. (2018), and noisy
hard talk, where the information is transmitted perfectly with some probability less than 1 (e.g.,
Dessein and Santos (2006)).!! In contrast to these works, in our paper communication choice
is two-dimensional, i.e., agents have two ways to communicate their private information: either
through a costly verifiable information (hard) link or through a low-cost cheap talk (soft) link.
Importantly, we show that the interplay between theses two dimensions has a crucial impact

on welfare.!?

'While in this paper we focus on private communication, there are studies that compare private with public
information transmission, e.g. Farrell and Gibbons (1989), Goltsman and Pavlov (2011) and private and public
histories, e.g., Kakhbod and Song (2020).

12Also related are studies that focus on questions of coordination and adaptation with verifiable information
transmission in communication networks. In particular, Chwe (2000) studies a collective action problem with pre-
liminary communication regarding participation activity in a deterministic exogenous network. Calv6-Armengol
and de Marti (2007) and Calvé-Armengol and de Marti (2009) analyze how the communication pattern affects in-
dividual behavior and aggregate welfare in a setting in which the players not only want to coordinate their actions,
but also adapt to an unknown state of the world. Instead, Calvo-Armengol, de Marti and Prat (2011) consider lo-
cal uncertainty regarding the state and study information transmission patterns that arise when the agents are
allowed to alter the communication precision.



Our analysis of the communication patterns arising in equilibria contributes to the liter-
ature of strategic network formation, which includes Jackson and Wolinsky (1996), Bala and
Goyal (2000), Goyal (2007), Jackson (2008) and Billand et al. (2017), and the studies that con-

sider questions of learning in networks (e.g., Acemoglu et al. (2011)).

Plan. The paper is organized as follows. Section 2 presents the model. Section 3 analyses the
model. The informational result is presented in Section 4, and the welfare results are analyzed
in Section 5. The policy implications and extensions are in Section 5.3 and Section 6, respec-
tively. Section 7 concludes the paper. Finally, Appendix A provides some additional details
on characterization of the pairwise stable equilibria, and Appendix B contains all the proofs

omitted in the main text. Several extra results are presented in the online appendix.

2 Model

Let the set of managers be N = {1,...,,n} with n > 2, where each manager (player) i has the pref-
erence bias b;. The underlying economic environment is summarized by 6 that is unknown to
the managers. Each manager i’s prior of 6 is characterized by Beta distribution with parame-
ters (a, ) and density of f(0) = B(;’ﬁ)G“’l(l — 0)P~1. The preference profile {by,...,b,} and the
managers’ priors are publicly known. There are D different aspects sy, ...,sp that determine the

state of the world as

S = S4- (1)

gt

Conditional on the underlying economic environment 6, the aspects {sd}dD:1 are independent
and identically distributed, and s; = 1 with probability 6 and s; = 0 with complementary
probability 1 — 6. The total number of aspects is greater than the number of managers, D > n,
and each manager i is privately informed of the aspect s; (i.e., manager i receives the private
signal s;). Thus, all managers cumulatively get to know the first n of D aspects. Note that if
D = n, then the managers jointly hold all the relevant information regarding the state of the
world. In the Online Appendix, Section E.3, we show that our main conclusions do not depend
on the additive signal structure, and we extend the analysis to non-additive signal structures
as well.

The communication network is set prior to the signals’ realization and is described by a

directed graph g € {0,s,h}"*"", where g;; = s if and only if a soft link ij is present, meaning that



reports to j via a cheap talk channel; g;; = h if and only if a hard link ij is present, meaning that
i communicates his signal to j via a verifiable information channel; g;; = 0 if and only if there is
no link from manager i to manager j.!3 It is assumed that hard links are costly and the way the
cost of a hard link C > 0 is split between the managers depends on the specific cost structure.
Once the specific cost structure is fixed, it is the same for all managers. For the main part of
the paper, we assume cost C of a hard link to be the same for all pairs of managers; the case in
which cost can vary with the managers’ identities is considered in the Extensions section. At
the same time, soft links are cheap to sustain: each involved party bears just an infinitesimal
cost € > 0.

While the managers (players) are aware of each other’s existence and preference biases, the
type of links in the communication network g is not common knowledge. Rather, each manager
i knows only the structure of his respective neighborhood. That is, manager i observes the
set of managers to whom he has soft links, denoted as N;(g) = {j € N : g;; = s}; and the set of
managers to whom he has hard links, denoted as Nl-h(g) ={j € N : g;; = h}. Similarly, manager
i observes the set of managers who have soft links directed to him, Nl._l’s(g) ={jeN:gji=sh

and the set of managers who have hard links directed to him, Ni_l’h(g) ={jeN:gj=h}

Cost structure. If there is a hard link ij from manager i (the sender) to manager j (the re-
ceiver), then manager i bears a share A € [0,1] and manager j bears a share 1 — A of the total link

cost C. We distinguish between two cost structures:

(i) Only one party bears the cost of a hard link, C. A =1 corresponds to a case in which the
sender has to exert some effort to create a message, which then allows the receiver to
easily extract the signal. On the other hand, A = 0 represents a case in which it is costless
for the sender to elaborate the message, but then the receiver has to make a costly effort

in order to understand it and reveal the underlying signal.

(ii) The sender and the receiver share the cost of a hard link, C, with the weights A € (0,1) and
(1 -A), respectively. This happens when manager i, as a sender, needs to exert some effort
to elaborate the message about the signal, while manager j, as a receiver, needs to make

an effort in order to understand the message and learn what the underlying signal is.

13The assumption that the communication network is defined before the realization of the signals, for instance,
can be justified by the necessity of forming the communication schedule beforehand. Another case where this
assumption is appropriate corresponds to repeated interactions, where each period there is a new draw of the state
0, then signals arrive and decisions are made, while the communication stage is a part of the routine schedule that
stays constant across periods.



Communication. Each manager i sends private messages to the managers that he has links to
according to the respective links’ nature in the communication network g: if a link ij is hard,
then the message sent to manager j truthfully reveals the signal, mlgj =s;;if alink ij is soft, then
any message m?} € {0,1} can be sent. It is assumed that the messages are sent simultaneously and
are observed only by the sending and the receiving parties. Note, that communication via hard
links is non-strategic—the message perfectly reveals the signal.!* In contrast, communication
through soft links is in the form of cheap talk, and hence is strategic. A communication strategy

of manager i with the private signal s; defines a vector

pi(s;) = {{l/l?j(si)}jeNf(g)’ {ﬂzgj(si)}jeN,-’”(g)}’

where {llfj(si)}jeNf(g) € {0,1}Ni@®)l and ,ufj(si) =s; for every j € Nih(g). A communication strategy
profile is denoted by pé = {yf,...,yﬁ}. The messages actually sent by manager i are denoted

s

by vector 1}, s, i1y

while the profile of all sent messages is m® = {mj,...,my}. The superscript g
signifies the dependence of the communication strategies on the network structure. We use
the same superscript g for strategies of different managers to simplify the notation, however,
one needs to keep in mind that every manager i conditions his communication strategy only
on the available information about the communication network—the structure of manager i’s

neighborhood.

Decision making. After the communication stage, each manager i chooses an action y;g € RR.
Denote the set of all managers who have alinktoias N '(g) ={j € N : gji = s or gj; = h}. Because
the information set of manager i consists of his own signal, s;, and the messages he gets from
Nz-_l(g), fn\i]i,l(g)’i, the action strategy of manager i is a function y;.g :{0,1} x {0, 1}'1\71‘_1(&’)I — R. Let
8 = {{,.., v} denote the action strategy profile.!> Conditional on the state of the world S, if
the chosen action profile is 98 = {ﬁig,...,ﬁ,%}, then the realized payoff (utility) of manager i is

n

ui(9815) = - Z@}g ~S-b;)* - COSti’h({gij}jeN,-”(g)’ {8jiljenr1i(g) )
j=1

manager i’s payoff depends on how close his own action and the actions of other managers are

to manager i’s ideal action, S + b;. Also, the last term captures the cost payed by i to receive

4Note that, due to the unraveling argument, the perfect revelation of the underlying signal is also the outcome
in the usual verifiable information setting with the option to withhold information. Indeed, assume that the
message space is {0, 1, {0, 1}}. If manager i reports to manager j with the bias b; > b; via a hard link, then manager
i would always choose to reveal the signal 0. This, in turn, leads to the unique full revelation outcome.

15Superscript ¢ emphasizes the dependence of the action strategies on the communication network: each man-
ager i knows the structure and the type of links in his neighborhood.

8



(fromj e Ni_l’h(g)) orsend (toj € Nih(g)) information via hard links (verifiable communications)

to her neighbors. We note that the cost function Cost; j(---) does not explicitly depend on y;g.

Time notation. For further analysis, it is useful to introduce the following time notation to
distinguish among periods with different scopes of information available to the managers: “ex-
ante” to denote the stage prior to when the signals are realized (such that the only information
about the state of the world each manager has is the common prior), “interim” to refer to the
time period after the signals’ realization but prior to communication (such that each manager
knows the common prior and his private signal), and finally, “ex-post” for the period after
communication has occurred but before the actions are taken (such that each manager knows

the common prior, his private signal, and reported messages).

2.1 Solution concept

We solve the model using the concept of pure strategies Perfect Bayesian Equilibrium (PBE).
The restriction to pure strategies simplifies the analysis and implies that cheap talk commu-
nication can take two forms: truthful, where the message reflects the signal perfectly, or un-
informative, where, for any signal s;, manager i sends the same message, either 0 or 1. In the
latter case, we assume that when a manager gets a message which is off the equilibrium path,
he ignores it and does not update his belief. Because of this simplification, equilibrium beliefs
are defined in a straightforward way: any message received through a hard link or in truth-
ful communication through a soft link induces perfect knowledge about the underlying signal,
while any message received in uninformative communication through a soft link leaves the
prior belief about the underlying signal unchanged.

Holding the communication network g fixed, it is natural to determine the communication
and action strategy profile (u$,93) = ({yf}ieN, {yig}ieN) by using the standard PBE solution con-
cept. However, conditional on a particular choice of g and equilibrium (u8,y¢), some soft and
costly hard links in g might be ex-ante undesired by at least one party involved in the link (i.e.,
a sender or a receiver with respect to this link). In particular, all soft links with uninformative
communication are ex-ante unprofitable to both parties.'®

On the other hand, it might as well be the case that the two managers, i and j, would prefer
to have a costly hard link ij in order to be able to directly transmit the signal s; to j, rather than

having no link or having a soft link with uninformative communication, while holding all other

16Note that no manager will object to a cheap soft link with truthful communication. Indeed, as it is shown in
Lemma 2, destroying the soft link with truthful communication will strictly harm the ex-ante expected payoffs of
both parties involved in the link (provided that the cost ¢ is infinitesimal).



strategies fixed. One of the underlying ideas for the model is that managers can to some extent
manage the links themselves and might object to existence of soft links with uninformative
communication and to some hard links. To account for this, we define an equilibrium as a
communication network g coupled with a strategy profile (u,y¢) such that (i) the pair (u8,y8)
forms a PBE given g, (ii) no manager would strictly prefer to break some incoming or outgoing
link from an ex-ante perspective, and (iii) no two managers, i and j, would strictly prefer to
form a costly hard link g;; = h from an ex-ante perspective, holding other communication and
action strategies fixed.!” It is worth noting that fixing the network (the first stage of the game),
babbling equilibria with non-truthful communication on some soft links exist. In the first stage,
however, because of the € cost for soft links, these links are not worth being sustained. Babbling
links, therefore, becomes g;; = 0 in equilibrium.'® By the above construction (assumptions), in
any equilibrium {g, (#¢,v%)}, communication network g is truthful, i.e., all links of g represent
truthful revelation of private signals.!’

Moving forward, to formally state the equilibrium definition, it is useful to denote by
Eu; (g, u8,v?) the ex-ante expected utility of manager [, where (u$,y$) are communication and
strategy profiles given some communication network g.? Let g(gij = 0) be the communication
network with the same set of links as in g, except that there is no link from i to j; let u8'&i=% be
the profile of communication strategies which coincides with u8 everywhere, except that now
there is no communication from i to j; and let y£®i=% be the same action profile as y¢ for all
managers but j, while manager j’s action is now optimally defined conditional on the lower
number of truthful messages. Similarly, let g(g;; = h) denote the communication network with
the same set of links as in g, except that there is a hard link from i to j. Then u8€i=" is the
profile of communication strategies which coincides with p# for all links but g;;, through which
the communication is truthful. Finally, y$(€i =1 is the same action profile as y¢ for all managers
but j, while manager j’s action is now optimally defined given the new information structure.

Using this notation, below is the formal equilibrium definition:

Definition. Equilibrium {g, (u$,y¢)} consists of a communication network g and a strategy pro-

1766 far we don’t consider a similar desire to form a soft link, because communication through a soft link is
strategic, and the mere existence of a soft link does not guarantee informativeness of the communication pattern.
Adding a soft link with truthful communication requires more coordination at the communication stage, otherwise
the communication might be completely uninformative. The possibility of adding a soft link and coordinating on
the respective communication pattern is considered later in the context of pairwise stability.

18The multiplicity of equilibria remains in the sense that there may exist two equilibria, one with gij = 0 (the
“babbling" one) and one with g;; =s.

Truthful communication in any link is therefore a consequence of the assumption of non-zero cost for soft
communications.

20Note that the ex-ante expected utility Eu; (g, u¢,€) takes into account all link costs that accrue to manager /.

10



file (u8,y8) = ({,u;g},-eN, {y;g}ieN), such that the following properties hold:
(i) The pair (p$,y8) forms a PBE given the communication network g.

(ii) For any i and j such that g;; = hor g;; = s: Eu; (g, u%,%¢) > By (g(gij =0), ’/[g(gszo),yg(gij:()))’

forl = i,]'.21

(iii) For any i and j such that g;; = 0 or g;; = s: Eu; (g, p8,9%) > Ey (g(gi]- =h), P[g(gij:h),yg(gij:h))’

for either I =i orl =j.??

2.1.1 Pairwise stable equilibria

There may exist multiple equilibria, and as a natural refinement, we adapt the common notion
of pairwise stability from the networks literature (e.g., Bala and Goyal (2000), Goyal (2007),
Jackson (2008), Jackson and Wolinsky (1996)). In particular, call an equilibrium {g, (u$,v%)}
pairwise stable, if no pair of managers can change the communication pattern between them
to improve their ex-ante expected utilities, while satisfying the interim incentive compatibility

constraints of truth-telling, holding other strategies fixed. More formally:

Definition. An equilibrium {g, (48,y%)} is pairwise stable if

(i) Foranyi,je€{l,.,n}, g; =0 only if, holding other strategies fixed, i cannot credibly report
to j via a soft link, assuming that j believes i’s message, and communication via a hard

link is not desired by at least one party.

(ii) Foranyi,j €{l,.,n}, g;; = h only if, holding other strategies fixed, i cannot credibly report

to j via a soft link, assuming that j believes i’s message.

Characterization of pairwise stable equilibria. In order to prove the existence and study the
properties of pairwise stable equilibria, we first define the notion of a maximal equilibrium as

an equilibrium that generates the maximal vector of in-degrees among all equilibria:

Definition. Equilibrium {g, (u$,v¢)} with the in-degrees k; = k1(g),....k, = k,(g) is maximal if
for any other equilibrium with the in-degrees k{, ..., k;;: k; > k;, i = 1,...,n. In turn, the in-degrees

ki,....k, are called maximal in-degrees.

21Tt means for any gij =hor g;j =s, both players i and j prefer not to destroy hard link ij from ex-ante perspec-
tive.
221t means for any gij = 0or g;; =s, either i or j prefers not to introduce hard link ij from ex-ante perspective.
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The following lemma states that the set of pairwise stable equilibria is non-empty and is a

subset of maximal equilibria.

Lemma 1. There exist a maximal and a pairwise stable equilibrium. Any pairwise stable equilibrium

is maximal.

Interested readers are referred to Appendix A for an additional discussion of pairwise stable

equilibria.

Remark. We note that the results from Sections 3 and 4 hold with more generality and that

pairwise stability is only used to allow welfare comparison in Section 5.

3 Analysis

3.1 Choice of action

To derive the optimal choice of action, fix the communication network g and consider manager i

(
) to maximize his ex-post expected payoff,

who learned his private signal s; and received the messages n’i‘;_l
i

Manager i then chooses an action y;-g(s,-, s

iy from his neighbors N; ! (g).

N; ' (g)i

1

n

E|- Z(y]g -S—b;)* - COSti,h({gij}jeNl_h(g)f {gji}jeNilvh(g)) Siy fﬂ\lg\]i_l(g),i ,

j=1

This means that the manager optimally picks

argmax {E (—(yig —S—b;)?
Yi

o =~8
Sll le_l(g),l)}

b + E(s 51,77, (g),i). (2)

g —
v (SirmNi—l(g),i)

Because the communication is assumed to be either truthful or uninformative, the infor-

. =
mation set (sl, My ()

1

ically, assume that manager i gets to know k signals summarized in a set sg. The unknown

) can be equivalently represented as the set of revealed signals. Specif-

D —k signals are denoted as a set s_g. Using this notation, i’s optimal action can be written as
g .
Vi (SR) = bi+) s,es, Sa HE (stes,R Sd ‘SR) =bi+) 5,esp Sa+(D—k)E(s|sr), where the second equality
holds because the aspects are identically distributed. Thus, the optimal action is the sum of the

preference bias, the known aspects, and the prediction of the unknown part of the state.
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3.2 Equilibrium networks

Assume that the strategy profile ($,9¢) is such that the communication network g is truthful:
communication through each link of g leads to a perfect signal revelation. Define k;(g) to be
the number of other managers who report truthfully to j via either channel, and refer to it as

the in-degree of manager j.

Benefits of signal revelation. For the analysis of equilibrium networks, it is useful to study
the ex-ante expected additional benefit that accrues to some manager i € N from an extra signal
revealed to manager j. In order to do this, assume that k; managers report truthfully to manager
j- This means that, together with his own private signal, manager j gets to know a set of k; + 1

ki+1 and the set of other aspects, as

signals. Denote the set of known k; + 1 aspects as sy, € {0, 1}
s_g €10, l}D_kf_l. Based on the information sg, j chooses action y;(sg) = b;+E(S|sg). Consider the
ex-ante expected input from manager j into i’s utility. Given the quadratic loss utility function,
the input is comprised of an expected residual variance of the unknown part of the state S and
a square of the preference divergence: —E [Var(zsdesz Sd|SR)] —(b; - b;)? = —D(k;)—(b; - b;)>.
Assume now that an extra signal is revealed to manager j by some manager [ € N. Then
j bases his decision on k; + 2 signals (sg,s;). The ex-ante expected input from j into i’s utility
becomes —P(k; +1)—(; - b;)?. As a result, the ex-ante expected additional benefit that accrues
to manager i from an additional truthful link directed to j is in reducing the expected residual

variance of the state S:

®(kj) - @(kj +1) = E|Var

Z sdlsR] —E|Var Z sqlsr,sp || > 0. (3)

SJES_R S4€S_R/S

Note first, that the extra benefit is positive for all values of kj, because every additional sig-
nal improves the information available to manager j, and hence reduces the expected residual
variance of S. Second, the additional benefit of manager i given by (3) doesn’t depend on the
preference divergence, b; — b;. Intuitively, manager j chooses an action equal to the expected
state S plus his preference bias b;, and the only way in which extra signal impacts this action is
through the precision of the expected value of S. Thus, each manager i € N, including manager
j himself, enjoys the same ex-ante expected extra benefit of (3) from manager j having an extra

truthful link directed to him.> Finally, as shown in the following lemma, ®(k;) is a decreasing

23Clearly, the result that manager j obtains the same extra benefit as other managers is due to the specific form
of the utility function, namely, that the terms corresponding to different managers’ actions enter the sum with the
same coefficients.
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and convex function of k]-. Therefore, the additional benefit (3) is a decreasing function of the

number of signals that manager j already gets, k;.

manager j is, the lower is the marginal impact of an additional signal in improving the residual

Intuitively, the better the information of

variance, implying a lower ex-ante expected gain in the payoff. These results are summarized

in the following lemma. All the proofs are in the Appendix B.

Lemma 2. Fix a truthful network g and consider manager j with the in-degree kj <n—1. If j learns
one extra signal s;, then each manager | € N derives the ex-ante expected benefit of P (k;)-D(k;+1) >0

that decreases with k]-, where

af(a+p+D)D-kj-1)

Plkj) = a+pla+p+l)a+p+ki+1)

Communication through soft links. While Lemma 2 ensures that the truthful communica-
tion via a soft link is always desirable from the ex-ante perspective, there is a credibility issue at
the interim stage. To study the incentive of truthful reporting via a soft link, consider the case
in which manager i has a soft link to manager j. Suppose that j gets to know k; signals: 1 signal
manager j gets himself and (k; — 1) signals he infers from other managers’ messages, excluding
i. Denote a vector of these k; signals as sg. Assume that manager j believes i’s message, i.e., j
puts probability 1 on that s; = m;;. If i reveals his private signal, m;; = s;, then manager j opti-
mally picks an action p;(sg, s;); if i misreports and sends m;; = 1 —s;, then j chooses y;(sg, 1 —s;).

Manager i reveals his signal whenever it results in a greater interim expected payoft:

) ~|j(sro50) =S = bi)> = (9j(sr, 1 = 1) = S = b;)*| P(sr, 5 _rlsi) 2 0.

szel0,1)% ,s_gel0,1)P !

We later (in Lemma 3) formally show that this incentive compatibility constraint of truth-

telling can be rewritten as

a+p+D

(a+p+kj+1) (4)

b; = b;| < 5

which means that manager i can report truthfully to manager j via a soft link as long as man-
ager j doesn’t get to know too many signals, given their preference divergence. Formally speak-
ing, while this constraint (4) is always satisfied when [b; — ;| < 1/2, it might fail to hold when
the preference divergence is significant, |b; - b;| > 1/2. In the latter case, manager i can be cred-
ible so long as manager j doesn’t get to know too many signals relative to the divergence in

their preferences. To see the intuition behind this, assume that b]- > b; meaning that the ideal
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action for manager j is greater than the ideal action for manager i. The effect of an additional
signal on j’s action decreases with the number of signals that j gets to know, k;. Thus, for suffi-
ciently high k;, the effect of i’s message on j’s action is so small that i would prefer to lie when
si = 1 and report m;; = 0 in order to shift j’s action closer towards i’s preferred one. On the
other hand, when j’s in-degree is quite low, the effect of an additional signal on j’s action is
quite large, in which case misreporting when s; = 1 may shift j’s action downward too much,
making it undesirable. We refer to this effect as the negative externality effect of information
transmission in communication networks—greater information has a negative effect on further

information accumulation by discouraging other managers to report truthfully.>*

Incentives to form/delete hard links. Unlike soft-link communication, information trans-
mission via a costly hard link is not affected by credibility concerns. The decisions regarding
the existence of particular hard links are made before the private signals are realized. Thus, in
order to study the incentives to form (maintain/not destroy) a hard link ij, we consider the net
expected value of ij from the ex-ante perspective using the prior distribution of 6. Fix a truth-
ful network ¢ and assume that k; other managers apart from i report truthfully to manager j,
ie., ki = |Nj_1 (g)/{i}|. By Lemma 2, the ex-ante expected additional benefit that accrues to man-
ager i and manager j from having a hard link ij is solely in reducing the residual uncertainty
regarding the state of the world, ®(k;) - P(k; +1).

Consider a general case of the cost structure, where C is distributed between the sender and
the receiver with the shares A € [0,1] and 1 - A, respectively. Both managers, i and j, would like
a hard link ij to be a part of the communication network only if the cost paid by each of them

is lower than the expected benefit from having the hard link:
max{A, 1 - A}C < O(k;) - D(k; +1). (5)

Given the properties of the additional benefit outlined in Lemma 2, a few things can be
noted. First, while the willingness to truthfully communicate the signal via a soft link decreases
with the preference divergence, the incentive to form (or maintain) a hard link is independent
of the preference biases. Second, similar to the condition of credible soft-link communication,

the incentive to form a hard link represents a negative externality effect. Indeed, because the

24 Another natural way to think about the negative externality effect is to view the privately observed aspects
as substitutes. Indeed, if manager i reports to j truthfully, then some other manager | might not be credible in
communicating to manager j. If, on the other hand, manager i does not report to j, then manager / might be able
to transmit his private information truthfully. This means that in such a communication process, private signals
of i and [ act as substitutes.
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benefit of the hard link decreases with k]-, the managers will be reluctant to form a hard link
when k; is sufficiently high. Finally, the incentive condition to form (or maintain) a hard link to
manager j (5) is the same across every two settings characterized by (Cy, A1) and (C,, A;) such
that max{1;,1-1,}C; = max{A,,1-A,}C,. This also means that the two settings share the same
set of equilibria. In particular, the equilibria are the same across the following 3 cases: (i) only
the sender bears the cost of the hard link C, (ii) only the receiver bears the cost C, and (iii) the

cost of the hard link 2C is split equally between the sender and the receiver.

Equilibrium characterization. To fix ideas, we assume that whenever a manager is indiffer-
ent, the choice is made in favor of forming (or maintaining) a hard link. This assumption along

with the incentive conditions (4) and (5) lead to the following equilibrium characterization:

Lemma 3. Consider a triple {g, (u$,y%)} and assume that each element of y8 satisfies the optimality
condition (2). Then {g, (u8,y%)} constitutes an equilibrium if and only if the communication network
g is truthful and satisfies the following conditions: for any manager j with an in-degree k; = k;(g)

and any manager i,

a+p+D
2a@+p+kj+1)

gij=h onlyif max{1,1-A}C <D(k;—1)-D(k;),

gij=0 onlyif max{A,1-A)C>d(k;)-P(k;+1).

gij=s onlyif |bj-b;[ <

Intuitively, for manager j with an in-degree k; to get truthful messages through the soft links
from managers Nj_l’s(g) ={i € N : g;; = s} in equilibrium, the incentive compatibility constraint
(4) must be satisfied for every i € N]._l’s(g). Further, managers N]-_l'h(g) ={i € N : g;; = h} reveal
their signals to j in a verifiable way whenever no manager objects to any existing hard link, i.e.,
the incentive condition (5) is satisfied. Finally, for managers Nj_l’o(g) ={i e N:g; =0} not to
report truthfully to j, it must be the case that there is no manager i € Nj_l’o(g), such that i and
j prefer to create a new hard link ij.

More can be noted about the equilibrium networks for extreme levels of the cost C. On
the one hand, a sufficiently high cost C precludes the existence of verifiable information trans-
mission in equilibrium. To find the threshold value of C, above which no hard links can be
sustained, recall that the benefit from a hard link is a decreasing function of the manager’s in-
degree. Consequently, the expected additional benefit can not exceed ®(0) — P(1). This means
that no equilibrium network can have hard links whenever the cost C > (©(0)-®(1))/max{A, 1-
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A}.2> On the other hand, if the cost C is sufficiently small, then any equilibrium network is nec-
essarily complete. Indeed, if C < P(n—-2)—-P(n—-1), then for any two managers, i and j, a hard
link ij is preferred to no link independently of k; < n—2. Hence, in any equilibrium communi-
cation network, the in-degree of each manager must be n -1, i.e., every individual obtains all

the information.

4 Informational result

In this section we start with the case in which only soft communication is available and show
how the introduction of a verifiable communication technology expands the information ac-
cumulated by each manager—the first (and the intuitive) result of the paper. This result is
important for the study of organization because it shows introducing reliable communication
choices improves the quality of discussion between the managers. More formally, this policy
follows from a positive informational effect arising from introducing a feasible verifiable com-
munication channel, which is independent of the cost structure (see Theorem 1).26

The setting with only cheap communication can be viewed as a setup with a prohibitively

high hard link cost. In particular, assume that
C=Cyp>(P(0)—D(1))/max{A, 1 -1}

and consider some equilibrium {g(CO) (u8(Co), 18(Co )} Let the in-degrees of managers in the
equilibrium network be k; = k1(g(Co)),.... k,, = k,,(g(Cp)). We will refer to such equilibria with
only cheap communication as the pure cheap talk or the pure soft-link equilibria. Now suppose

that the cost of a hard link is decreased, so that hard links can be a part of some equilibrium
D (kj)-D(kj+1)
max{A,1-A}

equilibrium still remains an equilibrium. If, however, C; <

, then the considered pure cheap talk

D(k;)-D(kj+1)
max{},1-A}

Lemma 3, g(Cy) fails to be an equilibrium network. The question of interest is whether instead

network. If for every manager j € N, C; >

for some j, then, by

there is an equilibrium {g(Cl) (u8(C1), p&(Cy )} such that the information accumulated by each
manager is improved, i.e., the in-degrees k; = k;(g(Cy)),...,k;, = k,,(g(C)) exceed the in-degrees
ki,...,k,, respectively. The following theorem provides a positive answer: indeed, when com-
munication via hard links becomes feasible, there exists an equilibrium with hard links that is

weakly information superior to the pure soft-link equilibrium.

25 Clearly, if C > 2(®(0) — (1)) then no equilibrium network can have hard links, independently of A.
26For more about the impacts of this result in the context of organizations see Section F (Policy implications:
Prediction 2) in the online appendix.
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Theorem 1. Take any cost Cy > (P(0) — P(1))/max{A, 1 — A} and consider some pure cheap talk
equilibrium {g(Co),(yg(CO),yg(CO))}. Let the in-degrees in the equilibrium network g(Co) be k; =
ki(g(Co)), j € N. Then for any cost C; < (©(0) — P(1))/max{A,1 — A} there exists an equilib-

rium {g(C1 ),(yg(cl),yg(cl))} in which the managers have weakly greater in-degrees: k]’. = ki(g(Cy)) =
ki for any i€ N.

While the complete proof is presented in Appendix B, here we illustrate the intuition for the
result with a particular C;. Consider a pure soft-link equilibrium that corresponds to the cost
Co and renumber the managers such that their in-degrees in the equilibrium network g(Cy)
are increasing in their respective number: k; < k; < ... <k,. Assume now, that the cost is set
to the level of C; such that max{},1-A}Cy € (P(kj + 1) - P(k; + 2), D(kj) — D(k; + 1)] for some
j € N, where k;j <kj,;. By Lemma 3, the in-degree of every manager must be at least k; + 1,
because otherwise, there exists a pair of managers who would prefer to form a new hard link.
In particular, set g(Cy) such that each manager i = 1,...,j has exactly k; + 1 incoming hard links
and no incoming soft links. For other managers j +1,..., 1, suppose that the only links directed
towards them in g(C;) are the soft links from the pure cheap talk equilibrium network g(C).
Clearly, truthful communication through these soft links is still incentive compatible because
the in-degrees of the managers are the same as in the pure cheap talk equilibrium. Further,
no manager would like to destroy a hard link directed towards manager i = 1,...,j, because
max{A,1 - A}C; < D(k;) - P(k; + 1). Also, no two managers would want to deviate and create
hard links directed towards managers j+1,...,n, because max{A,1-A}Cy > D (k; +1)-D(k; +2) >
DO(kj+1)-D(k;+2) for any i = j+1,...,n. Thus, the construction results in an equilibrium network

g(Cy) with the in-degrees

K== ki=ki+1, ki, =k, - k) =k,

Hard-link communication  Soft-link communication

that are greater than or equal to the corresponding in-degrees in g(Cy).

5 Welfare result

Throughout the section we consider a non-trivial case of a strictly positive hard link cost:
C > 0.% Because there might be multiple equilibria, we focus on those that satisfy the nat-

ural refinement of pairwise stability—no two managers can profitably deviate by changing the

?7Case C = 0 is trivial because each equilibrium network is necessarily complete, and managers face zero costs
of sustaining it. This implies the highest possible levels of individual and welfare.
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communication pattern between them. As Section 4 shows, availability of hard links leads to
greater in-degrees which, by Lemma 2, positively affects the total welfare. However, in what
follows, we demonstrate that, apart from the positive informational effect, there is a negative
crowding out effect: the appearance of costly hard links crowds out costless soft communica-
tion which, in turn, harms the welfare. This section presents the second (and the main) result
of the paper, namely, introducing feasible hard links can be both beneficial and detrimental to
the total welfare, depending on the setting and the cost structure.

Let the manager welfare denote the ex-ante expected manager payoff and the welfare stands
for the sum of all ex-ante expected managers payoffs. Because the pairwise stability incorpo-
rates efficient communication in terms of its cost and informativeness, there exists a pairwise
stable equilibrium whose welfare is (weakly) higher than in any other equilibrium.?® For ex-
ample, such a pairwise stable equilibrium can be constructed in the following way (we refer to
this construction further in the text as well). For each i € N perform the following procedure:
order other managers j € N/{i} in the increasing absolute values of their preference divergence
from i, |b; - b;[; let this order be i,...,i,_;. Consider the maximal in-degree of manager i, k;.
If k; = 0, then nobody can report truthfully to i in equilibrium. If k; > 0, then take the closest
manager iy: if truth-telling through a soft link ;i is incentive compatible for i;, given that i
gets k; — 1 other truthful messages, then let i; report truthfully to i via a soft link. Otherwise,
set g;,; = h. Repeat this procedure for other k; -1 closest to i managers to set the links of partic-
ular type with truthful communication through them. In the proof of Lemma 1, we show that
this construction leads to a pairwise stable equilibrium, in which each manager gets truthful
messages through the soft links from the managers sufficiently close in their preferences, truth-
ful messages through the hard links from the less close managers, and no messages from the
more distinct managers. This equilibrium generates the greatest total welfare, because, first,
the equilibrium construction guarantees the minimal possible number of the costly hard links
across all equilibria. And second, the equilibrium network provides the maximal level of indi-
vidual informativeness which positively influences welfare, because, by Lemma 2, the ex-ante
expected individual payoffs increase with the in-degree of each manager.

An additional comment regarding the welfare can be made in the pure cheap talk setting:
all maximal equilibria generate the same ex-ante expected individual payoffs (and, as a con-
sequence, the same welfare) that are the greatest across all equilibria. Indeed, provided that

the cost of a soft link ¢ is infinitesimal, the ex-ante expected payoff of each individual depends

28This statement cannot be extended to a per-individual basis because costly hard links can be distributed
differently in various maximal and pairwise stable equilibria.
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only on the vector of in-degrees; hence, the expected individual payoffs are the same across all

maximal equilibria. These results are presented in the lemma below.

Lemma 4. There exists a pairwise stable equilibrium that generates the greatest welfare across all
equilibria. In the pure cheap talk setting, all maximal equilibria generate the same ex-ante expected

individual payoffs that are the greatest across all equilibria.

5.1 One party bears the cost of a hard link

Consider the setting in which the cost of a hard link C accrues to only one party, either the
one sending the message or receiving it. The following theorem states that allowing for an
additional means of communication via hard links can only improve the total welfare in a

pairwise stable equilibrium.

Theorem 2. Take any cost Cy > @(0) — ®(1) and consider some pure cheap talk pairwise stable
equilibrium with the communication network g(Cy) and the welfare W(g(Cy)). Then for any cost
Ci1 < D(0)—D(1), there exists a pairwise stable equilibrium with the communication network g(Cy)
such that the total welfare W(g(C;),Cy) = W(g(Cyp)).>°

This result is important for the study of organization because it shows when only one party
(between any two communicating managers) bears the cost of a hard link, then verifiable com-
munication not only improves the quality of discussion but also increases the total welfare as
well as welfare in the corporation. For more about the impacts of this result in the context of
organizations and its implementation via encoding and decoding policies see Section F (Policy
implications: Prediction 4) in the online appendix.

To understand what drives the result, renumber the managers such that their in-degrees in
g2(Cy) are increasing, k; < k, < ... < k,, and consider a particular case of the cost C; € (DP(k +
1)-D(k+2),D(k) —D(k +1)] for some k, k; < k < k,,. Clearly, there exists manager j such that
ki <k+1<kj,;. This means that under the cost of Cy, there are incentives to form hard links
towards the first j managers, whose in-degrees are less than k+1, until their in-degrees become
equal to k + 1. Thus, the set of new maximal in-degrees is:

ki=..= k]f =k+1, k]'-+1 =kjs1y o ki = ki
Note that because of the negative externality effect, the new hard links towards managers 1,..., ]

might crowd out some soft links. In the worst case, all soft links directed to managers 1,...,j

29Notational comment: the cost enters only the welfare W(g(C;),C;) and is omitted from W(g(Cy)) to signify
that, under the cost of Cy, a pairwise stable equilibrium has no hard links.
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are substituted by the hard links. This corresponds to a maximal equilibrium with the commu-
nication network g(C;), in which all links directed towards managers 1,...,j are hard, while all
links directed to managers j +1,...,n are soft and the same as in g(Cy). To compare the welfare
in g(Cy) and g(C,), consider the total cost of the newly introduced hard links and the additional
ex-ante expected payoff arising from information improvement. The total cost of the hard links
amounts to j(k+1)Cy < j(k+1)(®P(k)—P(k + 1)). The gain in the welfare compared to the pure
cheap talk case is ”Z{:zl (D(k;)-D(k+1))>n-j(DP(k)—DP(k+1)). The lower bound for the welfare
gain strictly exceeds the upper bound for the cost, because n—1 > k, > k. Intuitively, while
k +1 hard links are used to increase the in-degree of manager / € {1,...,j} by at least 1, all n
managers enjoy the additional benefit arising from a greater accuracy of I’s action. Hence, for
this maximal equilibrium, W(g(Cy),Cy) > W(g(Cyp)). Next, Lemma 4 insures that there exists
a pairwise stable equilibrium that achieves the welfare of at least W(g(C;), Cy), which implies
the result.

From this example, it becomes apparent that while the welfare in a pairwise stable equilib-
rium goes up, individual welfare might go down. In particular, assume that the receiver bears
the cost of a hard link and the maximal equilibrium considered above with the communica-
tion network g(Cy) is actually pairwise stable. Then it might be the case that manager j would
prefer the pure cheap talk equilibrium with the communication network g(Cy) to the pairwise
stable equilibrium with g(C;) because the expected gain in his payoff is dominated by the high

cost of maintaining k + 1 links. This point is emphasized in the following remark.

Remark. The positive shareholder (total) welfare result of Theorem 2 does not extend to a per-
manager basis. Specifically, a pairwise stable equilibrium with hard links might generate a
lower welfare for some manager compared to the cheap talk case, if he ends up sustaining too

many costly hard links relative to the individual gains from the information improvement.

5.2 Two parties bear the cost of a hard link

Assume that the cost of a hard link C is distributed between the sender and the receiver with
the shares A and 1 - A, respectively. In this section we describe conditions under which the wel-
fare decreases (or increases) when verifiable information transmission becomes feasible. The
welfare outcome depends on which effect—the positive information improvement or the neg-
ative crowding out—dominates. Clearly, if no crowding out of cheap communication occurs,
then the welfare necessarily goes up, because the benefit of an extra hard link enters the payoffs

of more than 2 managers, which strictly outweighs the total cost of the link, C. A more general
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version of this intuitive result, which is useful for further analysis, is presented in the following

lemma.

Lemma 5. Consider two cost levels, Cy > Cy. For each C;, fix some equilibrium and consider the
corresponding communication network g(C;) = g°(C;) U g"(C;), where g°(C;) is the set of soft links
of g(C;) and g"(C;) is the set of hard links of g(C;). If §°(Cy) C g°(C;) and g"(Cy) C g"(Cy), then
W(g(Cy),Cq) = W(g(Cy), Cy), where W(g(C;),C;) is the welfare corresponding to the equilibrium
network g(C;) and the cost C;. Moreover, the same welfare implications hold on a per-individual

basis.

Excessive formation of hard links. The result that the welfare can decrease when verifiable
information transmission becomes feasible hinges on the excessive formation of hard links (and
hence, extensive crowding out of soft links) if both parties bear the cost.>°

When A € (0,1), the individuals fail to account for the total cost of the hard link, which
results in stronger incentives to form hard links than in the case in which one party faces the

full cost.’!

For instance, assume that the cost C is such that hard links don’t appear when
A €{0,1}, but necessarily emerge for some A € (0,1). Then, having the cost of a hard link shared
between the parties can be both beneficial and detrimental to the welfare compared to the case
in which one party bears the full cost.

In the online appendix (Section C and Section D) we consider natural examples to demon-
strate how C affects the welfare when: (i) only one party bears the cost of a hard link, (ii) the

sender and the receiver share the cost of a hard link. Another example is analyzed below.

Diverse group of managers. In this setting, managers 1,2,...,n have equidistant biases that
satisfy by = 0 and b;;,; —b; =b>0,i=1,..,n—1. Assume that for some C > 0 the maximal
in-degrees are ky,...,k,, and construct a pairwise stable equilibrium that generates the greatest
welfare in a way described in the proof of Lemma 4. In the communication network of this
equilibrium, manager i gets truthful messages through soft links from managers with suffi-
ciently close preferences, truthful messages via hard links from more distinct managers, and

no messages from those who are further away in their preferences. In case of prohibitively

30 This result is important for the study of organization because it suggests that corporate policies that promote
verifiable communications in which both parties (involved in a communication) share the cost of its verification
can reduce the total welfare and thus be detrimental to shareholders. For more about the impacts of this result in
the context of organizations see Section F (Policy implications: Prediction 5) in the online appendix.

311ndeed, the incentives to form hard links are determined by the maximum individual cost of a hard link
max{A, 1 — A}C that is lower than the total cost C.
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costly hard links, max{A,1 - A}Cy > ®(0) — D(1), truthful reporting to manager i boils down to
the k; closest managers revealing their information to i truthfully via soft links.

As it is demonstrated in the online appendix (Section C), for some parameters, introducing
feasible hard links necessarily harms the welfare in the pairwise stable equilibrium. The fol-

lowing theorem states that this is no longer the case for bigger groups: if n > 4, then for any
0)-0(1)

max{}A,1-A}’
that generates a greater total welfare than in the pure cheap talk case.

difference in preferences b and any cost C; < there is a pairwise stable equilibrium

D(0)-D(1)
max{A,1-1}

the communication network g(Cy) and the welfare W(g(Cy)). Introduce feasible hard links with the
cost of Cy < % and consider a pairwise stable equilibrium with the communication network
g(Cy) that generates the greatest welfare W(g(Cy), Cy). There exists a non-degenerate set (C,Cy) of
Cy such that W(g(Cy),Cy) < W(g(Cy)) ifand only if n =3, b € (%, % and A € (%, %) Otherwise,

for all Cy: W(g(Cy), Cy) = W(g(Co)).

Theorem 3. Let Cy > and consider some pure cheap talk pairwise stable equilibrium with

5.3 Policy implications and Empirical predictions

The above analysis show that communication patterns and the total welfare (shareholder value)
are crucially affected when managers are allowed to choose whether to communicate via cheap
talk or through a costly verifiable information channel. Importantly, lowering the cost of verifi-
able channels has two opposing consequences: It improves the quality of discussion between the
managers (via the positive informational effect); However, surprisingly, it can be detrimental
to shareholders by lowering the total welfare (via the negative crowding out effect). Moreover,
the negative effect crucially depends on the cost structure. In the online appendix, Section F,
we discuss these results and study how to implement optimal corporate policies that not only

improve the quality of discussion but also benefit shareholders in corporations.

6 Robustness and Extensions

How robust are the above insights? In the online appendix, Section E, we study three natural
extensions of the model. In the first extension, we allow the managers to negotiate how to
split the cost of a hard link between them. Surprisingly, we find that endogenizing of the cost
shares does not imply aggregate efficiency and introducing hard links can still lead to lower

welfare—which reinforces the main result of the paper.
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In the second extension, we allow the costs of hard links differ across the pairs of managers.
This might happen for various reasons, e.g., managers working at the same location might face a
lower cost of verifiable information transmission that takes the form of personal meetings, than
managers from different locations. We illustrate that when the difference in costs is substantial,
introducing hard links likely results in localization of communication—pairs of managers with
a low cost communicate with each other via hard links. At the same time, the amount of
information accumulated by every manager can remain the same. This implies a decrease in
the welfare compared to the pure cheap talk case, even when only one party bears the cost.

Finally, we show that our main conclusions do not depend on the deliberate additive signal
structure and hold for natural non-additive signal structures as well. This makes the message

of the paper more general and applicable to greater number of real-life situations.

7 Conclusion

We develop a model of corporate governance in which every manager needs to take an action
that matches his preferences given the state of the world and that action affects the payoffs of
all other managers in multi-division corporations. Before deciding upon the action, managers
can choose how to reveal their private information about the state. The major twist in our
model, and a point of departure from existing literature, is that there are two ways in which the
information can be communicated: either through a costly verifiable information (hard) channel
or through a low-cost cheap talk (soft) channel.

We identify that the appearance of hard links in the pure cheap talk setting has two opposing
effects on welfare: (i) a positive effect stems from the information improvement and (ii) a nega-
tive effect arises from crowding out soft communication with costly verifiable communication.
As a result, we show that lowering the cost of hard links, paradoxically, can hurt shareholders.
Surprisingly, this result crucially depends on the cost structure. If only one party bears the cost
of a hard link, then the positive (informational) effect always dominates the negative (crowding
out) effect, and thus introducing hard links increases the total expected welfare. In contrast,
if the cost of a hard link is shared by both parties, then allowing for verifiable communication
can decrease the total welfare. Finally, we derive several extensions and testable welfare im-
plications about introducing verifiable communications in corporate governance and highlight
corporate policies that not only improve quality of discussion between the managers, but also

are beneficial to welfare (shareholder value).
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A Appendix: Pairwise stable equilibria

An equilibrium {g, (48, v8)} is pairwise stable, if no pair of managers can change the communi-
cation pattern between them to improve their ex-ante expected utilities, while satisfying the
interim incentive compatibility constraints of truth-telling, holding other strategies fixed. To
better understand how the communication pattern can be improved, consider three possible

cases of information transmission from manager i to some manager j with in-degree k; in g:

1. Manager i reports truthfully to manager j through a soft link: g;; = s. There is no way
to improve communication: making communication uninformative will result in the ex-
ante expected loss of @ (k; — 1) — D (k;), while switching to verifiable communication will

involve a cost.

2. Manager i reports truthfully to manager j through a hard link: g;; = h. Because the
hard link ij is a part of the equilibrium, it is preferred to no link by both managers,
and deleting this link will not improve the ex-ante expected payoffs. It may, however, be
possible to reach an improvement by substituting the costly hard link ij with a soft link ij
and inducing truthful communication through it. This option can be realized if manager
i can credibly communicate given that j believes i’s message. Otherwise, it is not possible

to change the communication pattern in a profitable direction.

3. Manager i does not report informatively to manager j, g;; = 0. Here it may be possible to
improve by creating a soft link ij with truthful communication, if it is interim incentive
compatible. If not, then the second-best option is creating a hard link ij. If the latter

option is undesired by at least one manager, then there exists no possibility to improve.
Given these alternatives, pairwise stability can be formally defined as follows:
Definition. An equilibrium {g, (48,y%)} is pairwise stable if

(i) Foranyi,je€{l,.,n}, g; =0 only if, holding other strategies fixed, i cannot credibly report
to j via a soft link, assuming that j believes i’s message, and communication via a hard

link is not desired by at least one party.

(ii) Foranyi,j€({l,.,n}, g;; = honly if, holding other strategies fixed, i cannot credibly report

to j via a soft link, assuming that j believes i’s message.
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Symmetry. Animmediate property of a pairwise stable equilibrium is that any two managers
i and j with the same preference biases, b; = b;, must be treated in symmetric way, i.e., they
communicate truthfully with each other via cheap talk and receive the same number of truthful
messages from other managers. Moreover, if some other manager / truthfully reports to both, i

and j, then it must be the case that / uses the same type of information transmission channel.

Maximality and pairwise stability. There might be multiple maximal equilibria generating
the same vector of maximal in-degrees, among which some maximal equilibria might not be
pairwise stable.

Example. Here we present an example of a maximal equilibrium which is not pairwise
stable. Let the prior distribution of 6 be uniform on [0, 1]. Consider 3 managers with the pref-
erence biases by =b, =0, bj € (%, %]. Assume that hard links are prohibitively costly. Then
there are several maximal pure cheap talk equilibria that generate the in-degrees k; =k, = k3 =
1. The examples of such communication networks are: (1) g1, =921 =913 =5, 3 =231 =%32 =0,
and (2) g12 =23 =231 =S, S13 = €32 = 21 = 0. It is easy to see that the first communication net-
work corresponds to a pairwise stable equilibrium. In contrast, the second communication
network can not correspond to a pairwise stable equilibrium, because managers 1 and 2, who
agree in their preferences, would deviate and induce truthful communication through the soft

link 21.

Verifiable information and maximal in-degrees. The informational result, coupled with the
fact that the incentive to form a hard link decreases with the manager’s in-degree, ensure that
allowing for verifiable information transmission results in weakly greater, and more evenly

distributed, maximal in-degrees.

Strong stability. As with pairwise stability, one can adapt from the networks literature the
notion of strong stability to this framework: coordinated change of communication pattern in
a group of managers cannot strictly improve the welfare of some members, while weakly im-
proving the welfare of others. Then a pairwise stable equilibrium generates the greatest welfare

if and only if it is strongly stable.>?

Proof. The “only if” part of the statement is straightforward. Concerning the “if” part, note that
if a strongly stable equilibrium—which is necessarily maximal—didn’t generate the greatest

32This statement is non-trivial, because there exist pairwise stable equilibria that do not generate the greatest
welfare. For example, consider 3 managers with the preference biases by =0, b, = b, b3 = 2b, where b € (%, % ,
and assume that 6 is uniform on [0,1] (the same setup as in Subsection C). If the cost of a hard link C satisfies
max{},1-A}C € (D(1)-D(2),D(0) —P(1)], then the greatest welfare is generated, for example, in a pairwise stable
equilibrium with the following communication network: g, = g3 = g12 =5, €13 = €31 = €32 = 0. However, there
exists a pairwise stable equilibrium with the communication network g,; = g1, =5, g13 = h, £235 = €31 = €32 = 0 that

achieves a strictly lower welfare.
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welfare, then there must be a hard link that can be severed and a soft link (with the truthful
reporting through it) that can be introduced. This contradicts the property of strong stability.
O

B Appendix: Proofs

Proof of Lemma 1

We assume a pure strategy equilibrium exists (the existence of the equilibrium is shown in
Lemma 3).

We split the proof into three steps:

Step 1: Existence of a maximal equilibrium. Because the number of managers and strate-
gies is finite, the number of the pure strategy equilibria is also finite. Thus, there exists a well-
defined set of numbers, ky, ..., k,,, where k; is the highest in-degree of manager i that can appear
in some equilibrium: for any equilibrium network g’, k; > k; = k;(g’). Note that the in-degrees
ki and k;, i # j, in principle, might be achieved in different equilibrium networks. To prove
an existence of a maximal equilibrium, we need to show that ky,..., k,, might be achieved in the
same equilibrium, i.e., that there exists an equilibrium network g such that k; = k;(g) for all i.
In order to do this, we construct the equilibrium in the following way: for each i € N consider
an equilibrium where k; is achieved and let those (and only those) managers who report to i
truthfully in that equilibrium to report truthfully to i through the same links (soft or hard) in
the constructed equilibrium. Recall that the incentives to form the hard links depend only on
the receiver’s in-degree, while the incentives of truthful communication through the soft links
depend also on the managers’ biases. Hence, it is still incentive compatible for those managers
to report truthfully to i through the respective soft links and to sustain the corresponding hard
links. Thus, this is, indeed, an equilibrium, and, by construction, it is maximal.

Step 2: Maximality of a pairwise stable equilibrium. Consider some pairwise stable equi-
librium and assume that it is not maximal. Then there exists manager i whose in-degree in the
equilibrium network is lower than his maximal in-degree. Fix some maximal equilibrium; then
it must be the case that there is some manager j who reports truthfully to i (through either a
soft or a hard link) in this maximal equilibrium, but not in the pairwise stable equilibrium. But
then it is profitable for i and j to deviate and induce truthful communication from j to i, which
contradicts the pairwise stability. Hence, every pairwise stable equilibrium must be maximal.

Step 3: Existence of a pairwise stable equilibrium. We illustrate this statement by con-
structing one of (possibly multiple) pairwise stable equilibria. For each i € N perform the
following procedure: order other managers j € N/{i} in the increasing absolute values of their

preference divergence from i, |b]- — b;|; let this order be iy,...,i,_;. Consider the maximal in-
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degree of manager i, k;. If k; = 0, then nobody can report truthfully to i in equilibrium. If
k; > 0, then take the closest manager 7;. If truth-telling through a soft link 7,7 is incentive com-
patible for i}, given that i gets k; —1 other truthful messages, then let iy report truthfully to i via
a soft link. Otherwise, set g; ; = h. Repeat this procedure for other k; —1 closest to i managers
to set the links of particular type with truthful communication through them. Note, that for
each of these closest k; managers, truthful communication through the corresponding link is
desired, because truth-telling through a soft link is easier to sustain for closer preferences and
the expected benefit of a hard link does not depend on a preference divergence. Since k; is
the maximal possible in-degree of manager i, managers iy 1,...,i,-; cannot communicate to i
truthfully via either channel.

The described procedure leads to an equilibrium where each manager gets truthful mes-
sages through the soft links from the managers sufficiently close in their preferences, truthful
messages through the hard links from the less close managers, and gets no messages from the
more distinct managers. To see that this equilibrium satisfies pairwise stability, first, note that
by construction no two managers i and j such that g;; = h, could deviate to truthful communi-
cation through a soft link. Second, no two managers i and j such that g;; = 0, could implement
truthful communication through either a soft or a hard link ji. Indeed, g;; = 0 means that there
are k; other managers closer to manager 7 in their preferences than manager j. If it were pos-
sible for i and j to deviate and implement truthful communication of j’s signal through a soft
link, given that k; other managers report truthfully to 7, then truthful communication through
soft links from each of the closest k; managers is also incentive compatible (closer biases relax
the incentive condition of the truth-telling). But then it means that the in-degree of k; + 1 can
be sustained in the equilibrium network, which contradicts that k; is maximal. On the other
hand, if it were desirable for i and j to deviate and create a hard link ji, then truthful com-
munication through the hard links from each of the closest k; managers must be desirable for
them compared to no communication as well. Again, this means that the in-degree of k; +1 can
be sustained in equilibrium, which contradicts that k; is maximal. As a result, the constructed

equilibrium satisfies pairwise stability. QED.

Proof of Lemma 2

Fix a truthful network ¢ and consider manager j with the in-degree k; <n—1. Manager j learns

kj+1 (

information sy € {0, 1} k; signals coming from other managers excluding manager i, 1 signal

j receives himself) and optimally chooses action y;(sg) = bj + Y5 e, Sd + E(Xs,e(5.,5_5) SdlSr)- An
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ex-ante expected input from manager j into i’s utility is then

— Z Z (yj(sR)—S—bi)zp(SR,Si,S_R)
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zzbww&ZMQ—z%
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The second term in this sum is zero, because:
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The third term is an expected residual variance ®(k;) = E[Var(ste(si,s,R)5d|5R)] and can be

rewritten as
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Calculate the first term A, denoting / to be the number of 1s in sg:
2 (D - kj -1)? 5
=) (k= VE@ls)] Plse) =~ ) e DPP(s)

SR SR
(D —k; —1)?
= _(a+/5+k 12 a +2aZlP SR) le (sg)

In this expression

A

(kj+1)a
) IP(sg) = (kj + 1)E(s) = —~——

a+ﬁ

ZZZP(SR) - Ll (ZIZP(SRle)]f(G)dQ

Since ! is equal to the sum of signals in sp, signals s; are identically distributed and independent

conditionally on 6, the term inside the integral can be rewritten as

lep(st)

E(1%|0) = Var(1|0) + (E(1]0))?

(kj+1)0(1-0)+ (k; +1)°0>.

Taking the integral,

2 k]+1 (k]+1)2
Zz P(sg) = B(a’ﬁ)B(a+1,ﬁ+1)+ Ba.f) B(a +2,p)
' k]+1

= a+ﬁ(a+ﬁ+1)[a/3+(k]~+1)a(a+1)].

Substituting these to A yields

A =

(D—kj—1) 5 (kj+ ) (kj+1)(ap+(kj+Da(a+1))
_(a+/a’+kj+1)2[a +2a l
(D-kj—1)’a

B _(05+ﬁ+kj+1)a+/5(a+/5+1)[a(a+ﬁ+1)+(kj+1)(a+1)].

a+p a+pla+p+1)

Now consider the second term B, assuming that the number of 1s in (s;,s_g) is I:

(D—k;—1)
B= Z 2P(s;,s_g) a+ﬁ(af+ﬁ+1)[a/3+(p—kj—1)a(a+1>].

SISR
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Then after some algebraic transformations, (ID(k]-) = A + B becomes:

ap(a+p+D)(D-kj-1)
(a+B)a+p+1)a+p+ki+1)

D(k;)
Finally, since the ex-ante expected input from manager j into i’s payoff is —~®(k;) — (b; - b;)?,
then the benefit from improving j’s information by one additional signal is @ (k;) - D (k; + 1).

Because CD(k]-) is a positive, decreasing and convex function of k]-, the benefit exceeds 0 and
decreases with k;. QED.

Proof of Lemma 3

The proof follows from the arguments in the main text. However, for completeness we formally
show the incentive compatibility part in the following. The binary nature of the signal ensures
that E(s|sg) = E(O|sg). Assume that [ signals in s are 1. A straightforward algebra implies that
manager i’s posterior is Beta distribution with parameters (a +1, 5+ k—1):

1

(a " l}/} Y l)9a+l—1(1 _ 9)[)’+k—l—1'

fOILk) =2

The expected value of 0 then is E;(0|l, k) = ai‘;ik and the optimal action becomes
a+l

yig(SR) = bi + Z Sg + (D —k)m

SJESR

(B.1)

The necessary conditions for g;; = h and g;; = 0 follow directly from the incentive condition
to form/maintain a hard link (5). To derive the necessary condition for g;; = s—the incentive
compatibility constraint of truthful reporting through a soft link ij—consider manager j and
let sg be the set of k; signals that manager j gets to know apart from manager i. Specifically,
ki —1 signals from his other communication neighbors N ]-_l(g)/ {i} and his own private signal
Sj-
optimally chooses p;(sg,s;); if manager i misreports and sends m;; = 1 —s;, j picks the action

Assume that manager j believes that i reports truthfully. Then if i reports truthfully, j

i(sr, 1 —s;). Manager i reports truthfully his signal if and only if it generates a greater interim

expected payoff to i compared to misreporting:

Z _[(})j(SRISi) ~S=b;)’ = (v(sp, 1 —s;) =S — bi)Z]P(SRIS—Rlsi) > 0.

SR,S_RE{O,l}D71
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This condition can be rewritten as
= ) [@i(sro5i) = 9i(sr 1 = 5)@j(sr 1) + 95k, 1 = 5i) = 28 = 2b;)| Plsg, s_glsi) = 0.
SR)S_R

Assume that there are I signals 1 in sp and recall that the actions y;(sg,s;) and p;(sg, 1 —s;) are

given by (B.1), then the condition for truth-telling becomes

a+l+s; a+l+1-s5;
a+B+ki+l a+pf+ki+1

- Z P(sg,s_grls;) [ZSi -1+(D—kj- 1)(

SR/S—R

> 0.

a+l+s; a+l+1-s;
2b;—2b;+1-2s;+(D—k; -1 : Ll-2 E
X[ jTEn i+ / )(a+ﬁ+kj+1+a+/3+kj+1) *

SJES_R

Using P(sg,s_grls;) = P(s_grls;, sr)P(sgls;), this can be simplified to

+p+D

_(251_1)Lx
a+f+ki+1
20+ 21 +1

arprki+1 2A<Si'5R>] P(sgls;) 2 0,

leZ(bj—biHl—251-+(D—k]-—1)

SR

where

Alsi,sg) = Z[ Z Sd]P(S—R|5i'5R) = E[ Z Sdlsi:SR]
S_R \S4E€S_R S4€S_R
a+l+s;
= (D-k; -1 ; =(D-kji-1)————.
(D=kj= DB @lssse) = (D= k= 1)~
After accounting for that and canceling the positive term ai;f;:ﬁl , the truth-telling condition
becomes:
—(2s; - 1)Z 2(b;=b))+1-2s;+(D—k; - 1)i P(sgls;) >0
! - 7 ! ] a+p+ki+1 Ribi) =
R
a+p+D
—(251- - 1) [Z(b] - bz) + (1 - zsl)m 2

If 5; = 1, the truth-telling condition becomes

a+p+D
b:—b; < .
P T 2(a+ B+kj+1)
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If 5; = 0, the truth-telling condition becomes

bi—b; > - a+p+D .

/ 2@+ p+kj+1)
As a result, 44D
a+ B+

b;—b;| < ,

1 ’|_2(a+/)’+kj+1)

which completes the proof of Lemma 3. QED.

Proof of Theorem 1

Consider a pure soft-link equilibrium {g(CO), (yg(CO),yg(CO))}. Renumber the managers such that
their in-degrees in the communication network g(Cy) are increasing in their respective number:
ki <k, <..<k,.

If ky =n—1, then the communication network g(C) is complete. When the cost drops to the

level of C;, there exists an equilibrium

{g(cl), (ﬂg(Cl),yg(Cl))} _ {g(Co): (ﬂg(Co),yg(Co))}

that generates the same complete truthful network. Indeed, given a complete soft-link network
g(Cy), the strategy profile (u8(“0), p&(C0)) forms a PBE. Moreover, no two managers would like to
substitute a soft link with a costly hard link, because that will result in ex-ante expected utility
decrease. Consequently, in this case k| = ky,...,k;, = k.

Assume now that ky < n -1, i.e., the equilibrium network g(Cy) is not complete and there
are managers who don’t have all the signals reported to them. Consider three cases:

Case 1. Sufficiently large cost: max{A,1—A}Cy > (P (ky) —DP(k; +1)). In this case, there exists

an equilibrium with the same communication network g(Cy). Indeed,

{g(co)’ (,ug(CO),yg(CO))}

remains an equilibrium when the cost is C;, because the pair (u8(0),18(C0)) forms a PBE given
g2(Cy) and no two managers would want to add a hard link or substitute a soft link with a hard

link, because the cost is too high. Thus, it is possible to define

{8(Co), (10, y ) = {g(Co), (), (0N,

hence, in this case k]f =k; forall jeN.
Case 2. Intermediate cost: max{A,1 - A}C; € (D(k+1)—D(k + 2),D(k) — D(k + 1)] for some

k, k; <k <n-2. Then by Lemma 3, it must be the case that in the equilibrium network every
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manager has at least (k+ 1) links directed to him. In particular, this means that manager 1 with
ki and several other managers with in-degrees < k + 1 will have a strict improvement in their
information sets.

Consider the two subcases: (i) If k+1 > k,, then each manager gets at least k+1 > k, signals,
which proves the result. (ii) If k + 1 < k,, then there is manager j such that k; <k +1 < k; ;.
Lemma 3 implies that k; > k+1 > k;, [ = 1,...,j, in any equilibrium network g(C;). Concerning
other managers, there exists an equilibrium network with kl' =k forl =j+1,..,n To see this,
suppose that the only links in g(C;) directed towards managers [ = j + 1,...,n are the soft links
from the pure cheap talk equilibrium network g(Cy). Clearly, truthful communication along
these links is still incentive compatible. Further, because max{A,1 - A}C; > ®(k+ 1) - DP(k + 2),
then no two managers want to deviate and create hard links directed towards managers | =
j+1,..,n. Thus, in the considered equilibrium network the in-degrees of managers I = 1,...,j
are strictly greater than in the pure cheap talk equilibrium, while the in-degrees of the other
managers are the same, which confirms the statement of the theorem.

Case 3. Sufficiently low cost: max{A,1-A}Cy € [0,D(k,_1)—D(k,,)].- By Lemma 3, in any equi-
librium network g(C;) every manager has exactly n—1 links directed to him, which immediately
implies that n—1 =k; > k; for all j € N. QED.

Proof of Theorem 2

Reorder the managers in the pure cheap talk pairwise stable equilibrium correspondingly to
their in-degrees in g(Cy): k; <k, <... < k,.. Because any pairwise stable equilibrium is maximal,
the in-degrees ky, ..., k, are maximal when the cost is C,.

If k; = n—1, then the truthful network g(Cy) is complete, hence g(C;) must be also com-
plete and consist of only soft links. Evidently, the welfare is the same across the two cases:
W(g(Cy),Cy) = W(g(Co)).

Assume now that k; <n—1 and consider two cases with regard to the cost C;:

Case 1. Sufficiently large cost: C; > ®@(k;) — D@ (k; + 1). In this case the in-degrees ky,..., k,
are still maximal and the pure cheap-talk pairwise stable equilibrium still remains a pairwise
stable equilibrium. Thus, g(C;) = g(Cy) and W(g(Cy), Cy) = W(g(Cy)).

Case 2. Moderate cost: C; € (P(k+1)—D(k + 2),D(k) — D(k + 1)] for some k, k > k;. Then
by Lemma 3, it must be the case that in any equilibrium network every manager has at least
min{k + 1,n— 1} links directed to him.

If k < k,, then there is manager j such that k; <k +1 < k;;;. Then the set of maximal
in-degrees becomes:

ki=..=kj=k+1,K

)
f =k K =k,

]

There exists a maximal equilibrium with the following communication network: all links di-
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rected towards managers 1,...,j are hard, all links directed towards managers j + 1,...,1n are soft

and the same as in g(Cy). The upper bound for the total cost of hard links is:

jlk+1)Cy < jlk+1)(DP(k)-D(k+1)).

The gain in the welfare compared to the pure cheap talk case is

M\.

n) (Ok;)-Pk+1))=>n-j(Pk)-DP(k+1)).

i=1

The lower bound for the welfare gain strictly exceeds the upper bound for the cost, because

n—1 >k, >k, meaning that the constructed maximal equilibrium generates the welfare greater

than W(g(Cy)). Lemma 4 ensures that there is a pairwise stable equilibrium with the commu-

nication network g(C;) generating the welfare greater than in the constructed maximal equi-

librium. Hence, for this pairwise stable equilibrium, W(g(C;),C;) > W(g(Cy)).

If k > k,,, then the set of maximal in-degrees becomes k| = ... =k, = min{k+1,n—1}. Analyze

two possibilities:

(a)

In case where k,, < n—1, consider a maximal equilibrium in which all links are hard. The

upper bound for the total cost of the hard links is
nmin{k+1,n—1}C; <nmin{k+1,n—-1}(DP(k) —D(k +1)).

The gain in the welfare compared to the pure cheap talk case is

ni(cb(ki) —D(k+1)) > n-n(®@k)- Dk +1)).
i=1

The lower bound for the welfare gain strictly exceeds the upper bound for the cost, because
n>min{k +1,n—1}. The considered maximal equilibrium has the greatest level of the total
cost and any other pairwise stable equilibrium generates at least the same welfare. Hence,
for any pairwise stable equilibrium with the communication network g(Cy): W(g(Cy) <
C1) > W(g(Co)).

In case where k,, = n—1, there exists j such that
kl Skzﬁﬁk]<1/l—1 :k]'+1 :--':kn'

The set of maximal in-degrees becomes kj = ... =k, = n—1. Consider a maximal equilibrium

in which managers 1, ..., j receive signals through only hard links, while managers j+1,...,n

38



receive messages through only soft links which are part of g(Cy). The upper bound for the

total cost of hard links is
j(n=1)Cy < jn—1)(@(K) - D(k + 1)),

while the gain in the welfare compared to the pure cheap talk case is

ny (@k)-Dn-1)>n-j(®n-2)-d(n-1)).

~.
I —.
—_

Sincek>k,=n-1,P(k)-DP(k+1) <P(n—-2)-P(n-1)and the welfare gain outweighs the
cost. Thus, W(g(Cy),Cy) > W(g(Cp)).

QED.

Proof of Lemma 5

Since ¢g*(Cp) € g*(Cy) for x = s, h, the in-degrees in g(C;) are larger: k;(g(Cy)) > k;(g(Cyp)) for all
i € N. To see that W(g(C;),Cy) > W(g(Cy), Cy), perform the following procedure:

First, fix the truthful communication network to be g(Cj) and set the cost level at C;. Then
the welfare W(g(Cy), C;) is weakly greater than W(g(Cy), Cy).

Second, add links from g(C;)/g(Cy) one by one and trace the welfare changes. In what fol-
lows we show that at each step of adding a link, the ex-ante expected payoff of every individual
(and hence, the welfare) increases. Consider some step at which the in-degrees of the man-
agers are ky,...,k,, where k;(g(Co)) < k; < k;(g(C,)) for all i € N and k; < kj(g(C,)) for at least
one manager j. If a soft link ij from the remaining soft links ¢*(C;)/¢°(Cy) is added, then the
welfare of every manager goes up by ®(k;) —®@(k; + 1) > 0. If a hard link ij from the remaining
hard links g"(C,)/¢"(Cy) is added, then the expected payoff of every manager [ # i,j goes up by

O (kj) —D(k; + 1) > 0, while the payoffs of managers i and j increase by at least

D(kj) - P(kj +1) - max{d, 1 - A}C; 20,

because by Lemma 3
max{A,1-A}C; <D (k;(g(Cy)) —1) - D(k;(g(C1))) < P(kj) — D(kj +1).

QED.
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Proof of Theorem 3

The case of n = 3 was already analyzed in the online appendix; it remains to show the positive
welfare result for n > 4. Consider prohibitively costly hard links, max{A,1-A}Cy > ©(0) -P(1),
and construct a pairwise stable equilibrium that generates the greatest welfare in a way de-
scribed in Lemma 4. In the corresponding truthful network, manager i gets truthful mes-
sages from k; closest managers. This type of cheap talk equilibrium corresponds to the utility-

maximizing equilibrium The communication network g(Cj) can be formally described as fol-
a+p+D

lows: if b > @t

then g(Cy) is empty, otherwise, let

V(b)=max{V €{l,..,n}:b < at+p+D

- 2V(2V—1+1+a+/3)}'

then

1. Forevery je{V(b)+1,..,n=V(b)}, gii =sif [i - jl< V(b) and g;; = 0if [i - j| > V(D);
2V(b)(2V(b)+1+a+p

. a+p+D

it b < symavirirasp)

K then g;; = s for one and only one manager i such that |i —j| = V(b);

, then g;; = s for both managers i such that |i —j| = V(b).

2. For all managers j € {1,...,V(b)}U{n—-V(b)+1,..,n}, g; = s if and only if |i - j| < M(j,b),

. _ . a+p+D
where M(j,b) =max{M € {1,..,n}:b < 2M(min{j—1,n—j}+M+1+a+/3)}'

In the pure cheap talk equilibrium, the set of maximal in-degrees K = {ky, ..., k,,} is the following:

kj:O,jEN,ifb>2a+ﬁ+D

Narpra) otherwise, for every i € {V(b)+1,...,n—V(b)},

. a+p+D
. 2V(b)-1, if b> 2V(B)(2V (b)+1+a+p)
;=

. a+p+D
2V(b), if b < V)2V (b)+1ratp)’

and for each je{1,..,V(b)}U{n-V(b)+1,..,n},
ki =min{j —1,n—j}+M(j,b).
Given the set of maximal in-degrees K, define

max{k; € K},
max{ki € K/{k(n),...,k(]’_l)}},

P
2
Il

i.e., k1) < .. < k() is a reordering of K in the increasing order. It can be easily seen, that
managers with moderate preferences, {V(b)+1,..,n—V (D)}, have the highest in-degree k(,,. The
in-degrees of other managers decrease as their preference biases get closer to the extremes,
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such that manager 1 (with bias 0) and manager n (with bias (n — 1)b) have the same in-degree
of k(1). Since M(j,b) € {(M(j +1,b),M(j + 1,b) + 1} for j € {1,.., V(b)} (similarly, M(j + 1,b) €
{M(j,b),M(j,b)+1}for j e {n-V(b)+1,...,n})and M(V(b),b) = M(n-V(b),b) = V(b), the structure
of a pairwise stable equilibrium ensures that for every i = 1,...,n 1 the difference k(;,1) - k;) is
either O or 1.

Now introduce hard links with the cost C; < PO-CAD) 1f the communication network of the

max(LI-A]
pairwise stable pure cheap talk equilibrium is empty (b > %)’ then there is no crowding
out when hard links become available, and Lemma 5 implies that the welfare increases. Con-
sider now the case where the pure cheap talk communication network is not empty, i.e., k(n) >0,

and study three possibilities for C; separately
1. max{A,1-A}C; € (D(k(y)) = DP(k(1) + 1), P(0) = P(1)].
2. max{A,1-A}C; € (O(k+1)-D(k +2),P(k) - P(k +1)], for some k1) < k <ky).

3. max{/\, 1- /\}Cl € (O,q)(k(n)) —CD(k(n) + 1)]

, D(k(p))-D
Case 1. For the cost higher than %

the pure cheap talk equilibrium remains pairwise stable, meaning that w.l.o.g. g(C;) = g(Cy)
and W(g(Cy),Cy) = W(g(Co)).
Case 2. Because the difference k1) —k(;) is either 0 or 1, there must exist i such that k(;) = k

, the maximal in-degrees remain the same and

and k(j,1) = k+ 1. The structure of the pure cheap talk equilibrium implies that i is an even

number less or equal to 2V (b). For any C; that satisfies
max{l,1-AC; € (P(k+1)-D(k+2),D(k)-D(k+1)],

the maximal in-degrees are
k+1, ifkj<k

ki  ifki>k

Consider a pairwise stable equilibrium that generates the greatest welfare. It must be the case
that in the corresponding communication network ¢(C;) managers {j : k; > k} receive messages
via only soft links, in particular, assume that they receive truthful messages from the same
managers as in the pure cheap talk equilibrium. Other managers {j : k; < k = k(;)} = {1,..., %} U
{n—5,...,n} have the new in-degrees equal to k + 1 and can receive truthful messages through
both, soft and hard links. If j € {1,..,, %}, then the number of soft links directed to manager j in
g(Cy) is at least j —1 + V(b). This implies that the upper bound on the number of costly hard
links directed to jis k+1—(j — 1+ V(b)). Similarly, if j € {n— %,...,n}, then the number of hard
links directed to manager j is less or equal than k+1—(n—j+ V(b)). Thus, the upper bound for
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the total cost of hard links is

D (k
LTt 2{k 1= (=14 V(B))]
D(k) - D(k +1) P2
max{A,1—- A} [k+2_v(ﬁ)_T '
The additional welfare is
ZnZ[CD ~D(k+1)] 2 n-i(D(k) - D(k + 1),

The upper bound for the cost is less than the lower bound for the additional benefit, because

[k+2 V(ﬁ)—”Tz,

1+2
>
4 max{)\ 1-A

n22[k+2—V(/3)—

where the first inequality is satisfied due to 5 + V() > k() 2k +1and 1 - ”2 < 0. As aresult,
W(g(Cy),Cy) = W(g(Co)).

Case 3. If max{A,1-A}C; € (0, D(k(,)) — P(k(,)+1)], then there is k > k) such that max{A, 1 -
AMC € (P(k+1)-D(k+2),D(k)—D(k+1)]. There are several possibilities to consider:

1. If k;) = n—1, then g(Cy) is either complete, or not. In case it is complete, the pure
cheap talk equilibrium remains pairwise stable once hard links become feasible, thus,
W(g(Cyq),Cqp) = W(g(Cp)). If g(Cp) is incomplete, then there exists i: 1 <7 < N such that

k(]) <..< k(i) <n-1= k(i+1) =..= k(n)-

Consider a pairwise stable equilibrium that generates the greatest welfare when hard
links are available. Condition max{A,1 —A}C; < ®(n—1)—P(n) insures that in the corre-

sponding communication network g(C;) each manager j € N has the in-degree k]’- =n-1.

D(n-2)-D(n-1)
max{A,1-1}

ates the greatest welfare has the same communication network, g(C,) = g(C;). Since C,

satisfies the conditions of case 2, then W(g(C;),C;) > W(g(C,),Cy) = W(g(Cy))-

Note that for the greater cost C, = , a pairwise stable equilibrium that gener-

2. Consider k() < n—2. Note that if the positive welfare result W(g(C;),C;) = W(g(Cy)) holds
for k = n—2, then by Lemma 5 it also holds for any k > n—2. Thus, for the rest of the proof
assume that k < n—2. The in-degrees in the communication network of any equilibrium
when hard links are available become k]f =k+1, j € N. The total cost of hard links in the
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corresponding g(C;) does not exceed

D(k) - Dk +1)
max{A,1-A} "’

nk+1)

while the gain in the welfare compared to the cheap talk case is at least

n-n(®(k) - Dk +1)).

The lower bound for the gain is greater than the upper bound for the cost if k < nmax{A, 1-

A} — 1, meaning that for such C; the welfare in any equilibrium with hard links exceeds
W(g(Cy)), in particular, W(g(Cy), Cy) = W(g(Cy)).

Consider now n—2 >k > nmax{A,1 - A} — 1 and analyze two possibilities:

(a) If k > k), then the lower bound for the additional expected total benefit is

n(@(k-1)—D(k+1)) = n®(P(k—1) - D (k) + D(k) - P(k + 1))
> 2n?(D(k) - D(k + 1)),

which exceeds the upper bound for the cost n(k + 1)%, because
k+1
— < 2(k+1)< 2n.
max{A,1-A} ~ (k+1)<2n

This means, that any equilibrium with hard links outperforms the cheap talk equi-
librium in terms of welfare, hence, W(g(C;), Cy) > W(g(Cy))-

If k = k(,, then in any equilibrium with hard links each manager j has the in-degree
of k]f =k+1>nmax{A,1- 1} > %, j € N. Take a pairwise stable equilibrium that
generates the greatest welfare, and consider how many links in the corresponding
communication network g(Cy) can be soft. Manager i with the bias b; such that

|b; — bj| = Ib, will report truthfully via cheap talk to manager j if

< a+p+D
T 2l(k+2+a+pB)

Note that this inequality is satisfied for I = V(b) -1, because by the definition of V(b)
and the fact that k = k(,,) <2V (b),

a+p+D a+p+D -
2(k+2+a+p) 2VD)2Vb)ta+p) ~
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Thus, assuming I = V(b)—1, each manager j € {1,...,1} gets truthful messages through
soft links from j — 1 + [ managers 1,...,j—1,j+1,...,j +I. Similarly, each manager
je{n—1,..,n} gets at least n—j + I truthful messages through soft links. Finally, each
manager j € {{+1,..,n—1—1} gets at least 2] truthful messages via cheap talk. Thus,
the number of hard links in g(C;) is bounded from above by

l
nk+1)-2 —1+0)-2l(n-2)=nlk+1)+1°+1-2In,
k j 1)=2I(n-21)=n(k 12+1-21

=1
meaning that the total cost does not exceed

(k) - D(k+1)

2 —
L1y Ve D+ = 21m)

Since k = k() <2V(b) and [ = V(b) -1, then k + 1 < 2(I + 1) and the upper bound for

the cost becomes

D(k)-—D(k+1)
max{A, 1 - A}

D(k)-D(k+1)

2
max(L1— ] 2n+1°+1).

2n(l+1)+12+1-2In) =

Note that m <2and! < 3-1,because 2] <2V (b) -1 <k < n-2, which allows

to write the upper bound for the cost as:

2(®(k)—®(k+1))(2n+(g—1)2+g—1): (qn(k)—@(k+1))(”—22+3n)

The additional welfare is at least
n(d(k)—D(k +1)).

The lower bound for the extra welfare is greater than the upper bound for the cost if
n > 6. Thus, W(g(Cy),Cy) > W(g(Cy)) for n > 6.

It remains to show that W(g(Cy),Cy) > W(g(Cy)) for n =4 and n =5 as well, assuming that
n—22k=ky>nmax{A,1-A}-1 2%—1

and
max{A,1-A}C; € (P(k+1)-D(k+2),D(k)-D(k+1)]

Consider, first, n = 5 and k = 2,3. Depending on b, case k = k(,,) = 2 corresponds to pairwise

stable pure cheap talk equilibria with the following in-degrees (see Figure 1):
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Figure 1: Communication networks of pairwise stable pure cheap talk equilibria when n =5 and k = 2.

. a+p+D a+p+D _ _ _ _ _
(1) If4(3+—LH_Ig)<bS2(3+—0H_/),),thenk1 —k5—1,k2—k3—k4—2

.. a+p+D a+p+D _ _ _ _ _
(11) Ifm<b£m,thenkl —kz—k3—k4—k5—2

When hard links become available with max{A,1-A}C; € (P (3)-D(4),P(2)-D(3)], the maximal
in-degrees become kj = ... = k{ = 3. In case (i), the upper bound for the total cost of hard links
is

5:3-2(D(2)-D(3)),

which is lower than the gain in the welfare
5-[3(®(2) - D(3)) + 2(P(1) - D(3))],

because P(2)-D(3) < 2(P(1)-D(2)). In case (ii), soft links between the managers with adjacent
biases can be a part of the communication network of a pairwise stable equilibrium. Thus, the
total cost of hard links in g(C;) does not exceed 7 - 2(P(2) — ®(3)), which, in turn, is lower than

the additional welfare, 5-5(P(2) — ®(3)).

_a+p+D <b< a+p+D
4(5+a+p) = 4(4+a+p)
ky = k3 = k4 = 3 in the pure cheap talk setting (see Figure 2 for an example of g(Cy)). When hard

links become available with max{A, 1 -A}C; € (®(4)-D(5), D (3)-D(4)], the maximal in-degrees
become k{ =.= ké = 4. Note that soft links between the managers with adjacent biases can be

Case k = k(,) = 3 corresponds to and maximal in-degrees k; = k5 = 2,

a part of the communication network of a pairwise stable equilibrium, implying that the total
cost of hard links in g(C;) has an upper bound of 12 - 2(P(3) — P(4)), which is lower than the
gain in the welfare, 5- [3(D(3) — D(4)) + 2(P(2) —D(4))]. Hence, W(g(Cy),Cq) = W(g(Cy)), when
n=>.

Consider now n = 4 and k = 2. Depending on b, g(C) can have two different structures with

the following in-degrees (see Figure 3):

. a+p+D a+p+D _ _ _ _
(1) Ifm<b§m,thenkl —k4—1,k2—k3—2
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Figure 2: Communication network of pairwise stable pure cheap talk equilibrium when n =5 and k = 3.

. a+p+D a+p+D _ _ — —
(11) Ifm<b£m,thenkl —kz—k3—k4—2.

When hard links become available with max{A,1-A}C; € (P (3)-D(4),P(2)-D(3)], the maximal
in-degrees become k; = ... = kj = 3. In case (i), the total cost of hard links has an upper bound of
3-4-2(P(2)-D(3)), which is lower than the gain in the welfare 4-[2(D(2)-D(3))+2(D(1)-D(3))],
because @(2) - P(3) < P(1) —P(2). In case (ii), soft links between the managers with adjacent
biases can be a part of the communication network of a pairwise stable equilibrium. Thus, the
total cost of hard links in g(C;) is below 6 - 2(®(2) — ®(3)), which, in turn, is lower than the
additional welfare, 4-4(P(2) - P(3)). As aresult, W(g(C;),C;) > W(g(Cy)), when n = 4. QED.
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Figure 3: Communication network of pure cheap talk equilibrium when n =4 and k = 2.
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Online Appendix

In this online appendix we discuss more examples and consider several important extensions of
the main insights developed in the paper. Finally, we discuss empirical and policy implications

of the main findings.

C Example with three managers

In this example we consider how C affects the welfare when: (i) only one party bears the cost of
a hard link, (ii) the sender and the receiver share the cost of a hard link.

Let a« = p =1, i.e., the prior distribution of 6 is uniform on the interval [0,1]. Consider
three managers with the preference biases by =0, b, = b, b; = 2b, where % <b< %. Such
preference structure implies that truth-telling through a soft link ij is incentive compatible for
manager i if and only if |b; - bj| = b and nobody else reports to j truthfully. If hard links are
prohibitively costly, max{A,1-A}C > ®(0)-D(1), then there are two pairwise stable pure cheap
talk equilibria that generate the following truthful networks (see Figure 4, where dashed lines

depict soft links):
(i) £21=823=812=5813=81=82=0,

(i) g21=823=832=5,813=¢31 =812 =0.

Note, that managers have the same in-degrees of 1 and the same ex-ante expected payoffs across
the pairwise stable equilibria. Consider the equilibrium corresponding to the soft-link truthful
network (i), denoted by g°. Using Lemma 2 and ignoring the infinitesimal costs of the soft links,

the ex-ante expected payoff of manager i, denoted as Eu;(g°), is:
3
Bui(g) == ) [®(1)+(bj—b;)’] =-3®(1)-B;, i=1,2,3,
j=1

where B; depends only on divergence in preferences, B; = ]3-:1(b]- —b;)?.

Suppose that the cost of a hard link satisfies max{A,1 - A}C € (D(1) - D(2),P(0) - D(1)], i.e.,
managers i and j prefer to form a hard link ij if the in-degree of manager j is 0. Clearly, in this
case, the set of the pairwise stable equilibria is the same as in the pure cheap talk setting above.

Now assume that the cost is decreased further: max{A,1 - A}C € (0,®(1) — D(2)], i.e., i and
j prefer to introduce a hard link ij if the in-degree of manager j is k; < 1. Consequently, the
in-degree of any manager in any equilibrium network must be 2. Because manager i cannot be
credible in cheap talk communication to manager j with k; = 2, no soft links can be a part of

an equilibrium network. As a result, the only equilibrium (which is also pairwise stable) has a
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Figure 4: Communication networks (i) (left graph) and (ii) (right graph) of pairwise stable pure cheap
talk equilibria.

complete communication network consisting of hard links, which we denote by g" (see Figure
5, where solid lines depict hard links).

This analysis shows how soft links are substituted with costly hard links, as the cost de-
creases.’> Regarding the welfare effect, there are two forces. On the one hand, crowding out of
cheap communication by costly verifiable communication is welfare decreasing. On the other
hand, managers accumulate more information, which is welfare increasing. Below we show
how the resulting impact depends on the cost structure and the cost level.

In the communication network g”, each manager has the in-degree of 2 and supports 4 hard
links—2 incoming and 2 outgoing—which implies that each manager faces the cost of 2C (see

Figure 2). The ex-ante expected payoff of manager i then is
Eu;(g",C)=-30(2)-2C-B;, i=1,2,3.

Only one party bears the cost of a hard link. If only one party faces the cost of a hard link,

then the difference in the ex-ante expected payoffs corresponding to g" and g° is

Eu;(g", C)—Eu;(g°) = 2(%(@(1) —cp(z))—c) >0, i=1,2,3,

because C < @(1) - D(2). This means that the positive informational effect dominates the neg-
ative crowding-out effect, and the pairwise stable equilibrium with the hard links generates
higher ex-ante expected individual payoffs (as well as higher welfare) than the pure cheap
talk pairwise stable equilibrium. Clearly, the ex-ante expected individual payoffs (and the
welfare) in a pairwise stable equilibrium weakly increase as C decreases: they are flat when
C > ®(1) - P(2) (the pure cheap talk equilibrium) and strictly increase when C < ®(1) - ®(2)
(the hard-link equilibrium).

33Consider, for example, the effect of introducing a hard link 31 in the soft-link network g°. Once the hard link
31 is formed, then manager 2 is no longer credible in reporting to manager 1 via a soft link. This forces manager
2 and manager 1 to substitute a soft link 21 with a costly hard link.
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Figure 5: Equilibrium network when max{A,1 - A}C € (0,D(1) - D(2)].

The sender and the receiver share the cost of a hard link. When the cost of a hard link is
divided between the parties, introducing costly hard links might harm the ex-ante expected
individual payoffs. In particular, if A € (%, %), the difference Eu;(g", C) — Eu;(g°) is strictly neg-
ative whenever C € (3@(1)2_@(2)), n?;i{);dl)(j\)

information improvement effect, and the unique hard-link equilibrium generates strictly lower

}]. In this case, the crowding-out effect dominates the

ex-ante expected individual payoffs compared to the pairwise stable soft-link equilibrium. In-
tuitively, compared to the previous case in which one party internalizes the entire cost of a hard
link, the parties now share the cost of a hard link while enjoying the same benefit. This leads to
the formation of too many hard links relative to the cost C 3% If, however, the cost is sufficiently
low, C e (0, w], then the hard-link equilibrium generates greater individual ex-ante ex-
pected payoffs than any pairwise stable soft-link equilibrium. As a result, the ex-ante expected
individual payoffs (and the welfare) are non-monotonic in the cost C: Figure 6 depicts Eu; in a

pairwise stable equilibrium when the cost C is divided equally between the parties, A = 3.

D An example with two groups

The set of managers consists of two groups/communities, N; and N,, with sizes n; and n,,
respectively, where 1 < n; < n, and the total number of managers is n = ny + n,. Each member
of group N has a preference bias normalized to 0, while each member of N, has a bias b.

In any pairwise stable equilibrium, there is complete communication via cheap talk inside
each group, because the incentive compatibility constraint of truth-telling is always satisfied
for the managers who share the same preferences. In addition, all managers in the same group
receive the same number of truthful messages, because exactly the same managers can report
truthfully to them through links of the same type.

Denote by k; the maximal in-degree of an arbitrary manager in group N;. Further, k; =

34Note that no hard links are present in a pairwise stable equilibrium when only one party bears the cost C >
3(P(1)-(2))
> .
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Figure 6: Ex-ante expected payoff of manager i, Eu;, in a pairwise stable equilibrium when A = %
kii+kij, where k;; = n;—1 reflects the level of intra-group communication—the number of truthful
messages that a manager from N; receives from the members of the same group, and k;; stands
for the level of cross-group communication—the number of truthful messages that a manager

from N; receives from the members of the opposite community N;.

©(0)-0(1)
max{A,1-1}"
As mentioned above, in the communication network of any pairwise stable equilibrium the

Consider the pure cheap talk case that corresponds to a prohibitively high cost Cy >

level of intra-group communication is k;; = n; — 1. Regarding cross-group communication, note
that if members of a smaller group N; report truthfully to some members of N,, then by the
negative externality effect, the pairwise stability implies that members of a larger group N,
report truthfully to some members of N;. Thus, depending on the parameters, cross-group

communication can take one of the following three forms (see Figure 7):
1. No cross-group communication, i.e., ky; = kj, = 0.
2. Communication from group N, to group Ny, i.e., ki, >0, ky; = 0.
3. Cross-group communication, i.e., ky, > 0, kp; > 0.

Assume now, that the cost is reduced to C; > 0, so that hard links become feasible. While
complete soft-link intra-group communication is still a part of the truthful network of any pair-
wise stable equilibrium, cross-group communication can change due to the emergence of cross-

group hard links. Because there are only two types of managers, pairwise stability requires that
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Figure 7: Communication networks of pairwise stable pure cheap talk equilibria.

members of the same group receive identical numbers of truthful cheap talk messages and ver-
ifiable information messages across different equilibrium networks. This, in turn, means that
the welfare is the same across all pairwise stable equilibria. Whether feasibility of hard links
results in a welfare gain or a welfare loss depends on how the informational benefit from hard
links compares with the loss from crowding out soft links.

In particular, it can be easily seen that introducing feasible hard links in case 1 necessarily
improves the welfare because no soft links are crowded out in a pairwise stable equilibrium.
As the proof of Theorem 4 demonstrates, the same positive welfare result holds in case 3, even
though introducing hard links crowds out some soft cross-group communication. The reason
is that the feasibility of hard links in case 3 increases the in-degrees of all managers, which
outweighs the cost of hard links and the crowding out effect. The negative welfare result arises
in case 2 for some parameters, the reason being that the feasibility of hard links increases the
in-degrees of only group N; members, which is dominated by the negative crowding out effect.

The following theorem describes the necessary and sufficient conditions for the welfare de-
crease.

D(0)-D(1)

max{A,1-1}
librium with the communication network g(Cy) and the welfare W(g(Cy)). Introduce the possibility

Theorem 4. Take any cost Cy > and consider some pure cheap talk pairwise stable equi-
to form hard links with the cost Cy and consider some pairwise stable equilibrium with the commu-
nication network g(Cy) and the welfare W(g(Cy),Cy). There exists a non-degenerate set (Ql,El) of
Cy such that W(g(Cy),Cy) < W(g(Cy)) if and only if the preferential difference b satisfies

a+p+D a+p+D
2Qa+p+n +k+1) 2(a+B+n +k)|

for some k, where max{\, 1-A}n—1 <k < n,—n;—1. Otherwise, for all C;: W(g(Cy),Cq) = W(g(Cyp)).
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To gain intuition for why introducing feasible hard links can lead to a welfare decrease in
case 2, note that for the negative welfare result to occur, it must be that the two communities are
sufficiently unbalanced in their size: n; < % In addition, the in-degree of each N; member in
a pure cheap talk equilibrium must be sufficiently high: k; > max{A,1-A}n—1> 5 -1. Assume
that hard links become feasible with the cost C; being such that the in-degrees of managers
in group N; increase by just 1, while no hard links from N; to N, appear. Since in the pure
cheap talk equilibrium members of N; already receive relatively many signals, increasing their
informativeness by 1 signal leads to a moderate additional individual benefit. Given that the
size of community N is relatively small, n; < %, this sums up to a moderate increase in the total
welfare. At the same time, all cross-group soft links are crowded out and substituted by hard
links, which amounts to a considerable cost, given that the level of cross-group communication
was kip >max{A,1-A}n—1> 5 —1. As a result, the net welfare effect is negative.

The structure of pairwise stable equilibria allows to make several observations regarding
communication patterns. In particular, managers with similar preferences can easily commu-
nicate with each other via cheap talk, which leads to complete soft intra-group communication
that is robust to introducing feasible hard links. On the contrary, soft-link cross-group commu-
nication is less intensive, with the information flow being greater towards the smaller group,
and is vulnerable to the appearance of verifiable communication (soft cross-group communi-
cation can be easily crowded out with costly verifiable information transmission). This allows
one to expect the mode of communication between managers with different characteristics to

be more substantial and proof-oriented than between similar managers.

Proof of Theorem 4

Consider the setting in which only soft links are available. Condition n, > n; and the nega-
tive externality effect ensure that cross-group truthful communication in any pairwise stable

equilibrium might be one of the following 3 kinds:
1. No cross-group communication, i.e. ky; = ky, = 0.
2. Communication from group N, to group Ny, i.e. kj; >0, kp; = 0.
3. Cross-group communication, i.e. k1, >0, ky; > 0.

In what follows, we examine each case separately and show that introducing hard links is wel-
fare increasing in cases 1 and 3, and is welfare decreasing for some parameters in case 2.

Case 1 corresponds to

a+p+D a+p+D \ a+p+D
2Qa+p+n) 2a+p+ny)] 2(a+p+n)

b > max
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If costly hard links become feasible, then intra-group soft-link communication remains un-
changed. Regarding cross-group communication, if the cost Cy is such that max{A,1 - A}C; >

®(ny; —1)—D(ny), then cross-group communication remains empty and
W(g(Cy), C1) = W(g(Co)).

If max{A,1-A}C; < D(ny — 1) — D(ny), then some cross-group communication via hard links
appears. Because the set of links in this equilibrium includes the set of links from the cheap
talk case (no crowding out occurs), by Lemma 5, the equilibrium with hard links generates a
greater total (and individual) welfare, W(g(C;), C1) > W(g(Cy)).

Case 2 applies when the preference bias b satisfies

a+p+D a+p+D
2@+ B+ny+kip+1) 2(a+B+ny+kin) |

(D.1)

where ny + ki, < n,. Consider separately two possibilities: n; + ki, = n, and ny + ky, < n,.
First, consider n; +k;, = n,, which means that k; = k, = n,—1. The welfare in the pure cheap
talk equilibrium is

W (g(Co)) = —n(n @(ky) + ny®(k,)) - B = —n’®(ny — 1) - B,

where the term B depends only on preference bias b, B=2Y ;cn, L jen, b” = 211 1,b%.

If the cost Cy is such that max{A,1 — A}C; > @ (n; — 1 + kyp) — D(ny + ky,), then the max-
imal in-degrees remain the same and each pairwise stable equilibrium involves only soft-
link communication, meaning that W(g(C;),C;) = W(g(Cy)). Now let the cost be C such that
max{A], 1 —/\}6: D(ny—1+kip)-DP(ny+kqyp) = DP(n,—1)—-DP(n,), which means that in a new pair-
wise stable equilibrium k5, =1, k], = k1, + 1, and hence, k] =k} = 1n,.%> Given the preference
divergence, members of the opposite communities can not report to each other truthfully via
soft links, thus, all cross-group soft links are substituted out by costly hard links leading to the

following welfare:

~ = 1

WG(O)C) = =nlm (k) + (k) =B = (@l = 1) = )k + 12
= (1) =B s @1 1) = Dl 1+ 1)+ 1)

35Recall the assumption that whenever the manager is indifferent, the choice is made in favor of a hard link
creation.
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Thus, the difference between the levels of total welfare is

—_ 1
W(g(Co)) = W(g(C),C) = (D(ny — 1) = D(ny)) | -n* + m(m(klz +1)+n,)| <0,
because
2 1 2
—n +m(ﬂ1(k12+1)+7’12) < -n +2(1’11(k12+1)+7’12)

= —(Tll + n2)2 + 21/11(112 —ny + 1) + 21’12
= —3n% —n5+2n; +2n, <0,

given that 1 < n; < n,. For any lower cost level C; < % = C, cross-group com-

munication is also carried out through only hard links. Compared to the considered case
of E, no soft links are severed and w.l.o.g. it can be assumed that all hard links are re-
tained and some new hard links are added. Then Lemma 5 implies that the welfare increases:
W(t(Cy),Cq) = W(g(f), 6) > W(g(Cp)). As a result, any pairwise stable equilibrium with hard
links generates a greater welfare than the pure cheap talk equilibrium.

Second, consider n; + ky, + 1 < n,. In this case k; = ny — 1 + ky, k, = n, — 1 and the total

welfare in the pure cheap talk case is
W(g(Co)) = —n(n @ (ny — 1 + ky2) + n,P (1, - 1)) - B.

If the cost Cq > m(cb(nl —1+kyp)—D(ny +kyy)), then the maximal in-degrees remain
the same and the pairwise stable equilibria are pure soft-link, hence, W(g(C;), C;) = W(g(Cy)).
Let the cost be C = m(

becomes ki, = ki, + 1, while k), remains 0; all cross-group links are hard. The new maximal

D(ny —1+kyp) —P(ny + kyz)). Then cross-group communication

in-degrees are k| = n; + k;; and k), = k, = n, — 1, implying the following welfare

W(g((/:\),(’:\): — n(nP(ny +kyp)+n,d(n,—1))—B
- m(q}(”l—1+k12)—q3(”1+k12))[”1(k12+1)]-

The difference in the levels of the welfare is then

= 1

W(g(Co) = W(Z(C),C) = m(®@(m = 1+ ko) = my + ko)) | =1+ (ko +1) .

which is strictly greater than 0 if and only if k1, > max{A, 1-A}n—1. Since the inequality is strict,

there exists C; < C such that the welfare difference remains strictly positive for C; € (C 1,61),

where C; = C. Thus, given the preference divergence (E.2), condition max{A,1 - A}n—1 <k, <
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n, —ny — 1 is sufficient for existence of the cost that leads to a lower welfare. The necessity
follows from the fact that for any C; < C Lemma 5 implies that W(g(C;),C;) > W(g(a), C).

Finally, Case 3 corresponds to a sufficiently small preference divergence:

b < a+p+D '
2a+p+ny,+1)

Non-zero cross-group communication in both directions implies that the maximal in-degrees

are the same for members of both communities, k; = k,. If the truthful cheap talk network
a+p+D
2(a+p+n)

hard links does not alter this pairwise stable equilibrium and W(g(C;), Cy) = W(g(Cy)).

Case where g(Cy) is not complete (k; = k, < n—1) corresponds to the preference divergence

g(Cyp) is complete (k; = k; = n—1), which corresponds to b < , then introducing feasible

a+p+D a+p+D
2@+ B+ny+ky +1) 2(a+B+ny+kop)|

where ky; < n;. The welfare of the pure cheap talk pairwise stable equilibrium is
W(g(Co)) = —n*®@(ky).
If the cost C; > m(q)(kl) —®(ky + 1)), then the maximal in-degrees are the same as

in the cheap talk case and any pairwise stable equilibrium involves only soft communication,
meaning that W(g(C;),C;) = W(g(Cyp)). Consider

—~ 1

C= m(@(kl) —q)(kl + 1))

The new maximal in-degrees become k] =k, = k + 1 and all cross-group communication in any
pairwise stable equilibrium is performed via hard links, such that each member of community
N; gets ky; + 1 hard links from members of N, and, similarly, each member of N, gets ky; + 1
hard links from members of N;. The welfare is

~ = 1

W(g(C),C) = -n*®(k; +1) - m@(kl) =@ (ky +1))(n1 (k12 + 1) + (ka1 +1)).

The difference between the levels of the welfare is

—

W(g(Co)) — W(g(C),C)
1

= (@) =Pk + D) =07+

(n1(ki2 +1)+ny(ky; +1)) <0,
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because
1
2, -
max{A, 1 -7}
= —n?+2n(ky +2—ny)+2ny(ky + 2 —ny) = —n? + 2(ky + 2)n — 2n% - 2115

< —n?+2(k; +2n-n?=-2n(n—(k; +2)) <0,

(11 (k1o + 1)+ ny(kyy + 1)) < —n% + 201 (kyp + 1) + 215 (kyy + 1)

given that k; < n—1. For any lower level of the cost C; < C cross-group communication is
performed through only hard links as well. Since, compared to the case of C, no cheap talk
links are severed and w.l.o.g. it can be assumed that all hard links are retained and some new

—_

hard links are added, Lemma 5 implies that W(g(C;),Cy) > W(g(C),C) > W(g(Cy)). QED.

E Extensions

In this section we extend our model in several other directions and analyze the robust-ness of
our main findings. In Section E.1 we demonstrate that the main result holds when the cost
is endogenizied via negotiation about how to split the costs. In Section E.2 we consider het-
erogenous costs. Finally, in Section E.3 we show that our main conclusions can go beyond the

additive signal structures.

E.1 Endogenous costs of hard links

One of the possible extensions of the model is to allow the parties to negotiate the way they
split the cost of a hard link C each time they create a link (e.g., how to share the traveling
cost). Surprisingly, such endogeneity of share A, although implying pairwise efficiency, does
not imply aggregate efficiency, and introducing hard links can still lead to lower shareholder
(total) welfare.

To see this, consider managers i and j such that manager i is not credible in reporting to
manager j (with the in-degree k;) via cheap talk. The aggregate benefit of managers i and j from
creating a hard link ij is 2(®(k;)—®(k;+1)), while the total cost of a hard link is C. Thus, as long
as the benefit exceeds the cost, 2(®(k;) - P (k; + 1)) > C, the managers can split the cost of a hard
link so that they both strictly benefit from its creation. In particular, the managers can always
share C equally between each other and enjoy the additional benefit of ®(k;) - P(k; + 1) - C/2
each.

In general, the managers can find a way to profitably split the cost C and introduce the
hard link ij if and only if the hard link ij is desired by the managers when the cost C is split
equally between the parties, A = 1/2. This observation implies that communication patterns

(and hence, the welfare) of the pairwise stable equilibria are the same across the two settings:
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(1) the share A is endogenous, and (ii) A = 1/2. Because in the latter case of A =1/2 introducing

hard links can deteriorate the welfare, it can do so in the case of endogenous A as well.

E.2 Heterogeneous costs of hard links

While in some situations a natural assumption about the hard links is that the cost value is
similar across managers, it might be not quite adequate in others. Thus, a straightforward ex-
tension of the model would be to allow the cost of a hard link to depend on the managers’
identities. As one example of cost heterogeneity, consider managers of an international corpo-
ration who might be located in different cities or countries, and who need to communicate with
each other before making individual decisions for their respective divisions. A hard link might
correspond to a personal meeting, while a soft link corresponds to a phone call or an email. In
this case, it is relatively easy for two managers from the same location to meet, while a personal
meeting of two managers from different countries entails additional time and spending.

Another example where the cost heterogeneity naturally arises, concerns existence of social
ties between decision makers. Some managers might be friends, which means that it is eas-
ier for them to transmit information truthfully, because of the high psychological cost of lying
to a friend. Other managers might have no such social relationships, and the absence of psy-
chological obligation of truth-telling requires them to spend more time collecting supporting
materials, arguing, and proving their private information.

In this section, we highlight some insights stemming from the cost heterogeneity assump-
tion in an extreme setting, where, for some pairs of managers, it is easy to communicate in
verifiable way, while others face a considerable cost. More formally, the cost depends on the
pair of managers, i and j, and is the same independent of the link direction: the cost of a hard

link ij is equal to the cost of a hard link ji, C;; = C;; = C. The cost can be either prohibitively
high, Cy > D(0)-P(1) D(0)-P(1)

max{A,1-1} max{A,1-A}"

tion that the cost structure that is specified by the share A € [0,1] is the same across all pairs

, or feasibly low, C; < For simplicity, we maintain the assump-
of managers. In some sense, the setting with heterogeneous costs is in between the two cases
of homogeneous cost values Cy and C;. In particular, switching from the case of homogeneous
cost Cj to heterogeneous costs can be viewed as lowering the cost to the level of C; for some
pairs; while switching to homogeneous cost C; corresponds to lowering the cost values to C;
for all pairs.

DO (n-2)-P(n—

1 )
Wl—/\})' Clearly, in any

equilibrium, managers in pairs with the cost C; must communicate truthfully with each other.

Consider a particular case where C; is sufficiently small: C; <
This localization of communication might change the truthful communication network com-

pared to the pure cheap talk case, while not necessarily leading to an information improve-

ment. Indeed, consider the previously studied example of three managers, where the prior
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932 =5813=831=h
-C e 821=823=812=0

—G 812=5,813 =831 = h
91 =823=83=0

Figure 8: Communication networks (i) (left graph) and (i7) (right graph) of pairwise stable equilibria:
heterogenous costs.

distribution of 6 is uniform [0, 1] and the preference biases are by = 0, b, = b, b3 = 2b, such that
24D

10
considerable difference in preferences prevents managers 1 and 3 from truthful communica-

<b< %. Consider the case of prohibitively costly hard links—homogeneous cost Cy. A

tion with each other via cheap talk. The two pairwise stable pure cheap talk equilibria have the
in-degrees k; = k, = k3 =1 and the communication networks described in Figure 4.

Assume now that the cost of a hard link for managers 1 and 3 is decreased to the level of
C,, implying the following heterogenous costs setting: C, = C,3 = Cy, C13 = C;. In this case,
managers 1 and 3 must communicate with each other via hard links, thus, the only two pairwise

stable equilibria have the following communication networks (see Figure 8):
(i) g12=5813=831 =N &1 =83 =832 =0.

(ii) g32=15,813 =831 =M §21 =823 =812 =0.
Note that the in-degrees of the managers are the same as in the pure cheap talk case, k; =1,
i=1,2,3, while some links are hard.

The fact that introducing heterogeneous costs creates localization of communication that
might fail to generate an informational gain implies that the welfare can decrease even when
only one party bears the cost of a hard link. This contrasts with the case of homogeneous cost,
in which introducing feasible hard links necessarily leads to a welfare improvement when only
one party faces the cost. Thus, heterogeneous costs can result in a welfare lower than in both

cases of homogeneous cost, Cy and C;.

E.3 Non-additive signal structure

Our modeling assumption about the additive (aggregate) nature of the state of the world (see
(1)) is natural in environments where manager decisions depend on summary characteristics.
For example, the total expected payoff of a project is comprised from realizations of certain
project components s ; the total financial or time budget depends on individual budgets s; of

various divisions.
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To establish the robustness of the results, we show that the exact additive form is not nec-
essary for the findings in this paper. In Appendix E.3.1 we show that all the results hold for
a natural non-additive signal structure as well. This makes the message of the paper more

general and applicable to greater number of real-life situations.

E.3.1 Non-additive signal structure

In this section we show that our results can go beyond additive signals. We consider the fol-

lowing natural non-additive signal structure.

Non-additive signal structure. The state of the world 6 is unknown and has a density of Beta

distribution with commonly known parameters (a, g):

1

_ a— _n\p-1
_—B(a,ﬁ)e 1 -0)F1.

£(0)
Each player i receives a private signal s; € {0,1} about 0, where s; = 1 with probability 6 and
s; = 0 with complementary probability 1 — 6. Private signals are assumed to be independent
and identically distributed. Conditional on the state of the world 6, if the chosen action profile
is P& = {yAf,...,yA,gl}, then the realized payoff (utility) of player i is

n

wi(9$16) == ) (35 —6-b;)”.

=1

Player i’s payoff depends on how close his own action and the actions of other players are to

player i’s ideal action, 6 + b;.
Given that agent i got the private signal s; and received messages ﬁgN_l(g)
N 1
action y; (s;, N1 ()i

1

o he chooses an

) to maximize his expected payoff,

which means that the agent chooses

arg max {E (—(yf -0 -b;)?
v

—8
S;,m___ .
PUN; 1<g),z)}

b+ E(9|s,-,n7fw (g)’i). (E.1)

1

g —
Y; (8i N1 (g, i)

Given the above signal structure, in the following, we, respectively, show that all of our
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results hold when the signal structure is non-additive.

Lemma 6. Fix a truthful network g and consider player j with the in-degree of k; = k;(g). Let sg be
the set of signals that player j gets to know and y;, be the corresponding action chosen by j. For any
i € N the ex-ante expected input from player j into i’s utility is given by

1
—J; Z (Vsx — 0 = bi)* f(0,5R)d0 = —h(kj) - (b; - b;)?,

SRE{O,I}kj+1

_ _ ap
where h(k;) = E [Var(O|sg)] = @ BT T Nar BT p)”

Proof of Lemma 6. Because the chosen action y;, is given by y,, = b; + E(6|sg) and f(6,sg) =
f(Olsr)P(sgr), the expected input from player j into i’s payoff becomes

1
h(b,.,bj,kj):—fo Y (bj+E(Ols) -0~ b;)*f(6,5p)d0

sgel0,1)8 ™!
1
== Y| ((BOlse)-0)* + 2(b; ~ bi)(E(Olsp) - 0) + (b; — b1)*) £ (Ols)P(sr)dO
srel0,1)99!
1
= - Z UO (E(9|SR)—9)2f(9|5R)dGlP(5R)_(b]. _b,)?
sgef0,15 %

= —E[Var(0|sg)] - (b; - b;).

In what follows, we show that E[Var(0|sg)] is exactly h(k;). Let I denote the number of signals
1 in sg, then

Var(0lsg) = E(0%[sg)— (E(Olsg))>
a+l )2

1
L sz(ell,k)d()—(m

Bla+1+2,+kj+1-1) a4+l 2
- Bla+1,p+kj+1-1) _(a+ﬁ+kj+1)
(a+D)(+ki+1-1)
(a+B+ki+ D)X a+p+kj+2)
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Using this, E[Var(0|sg)] becomes

(a+D)(+ki+1-1)
1(oc+/5+k]-+1)2(a+[>’+k]-+2)

E[Var(0|sg)] P(sgr)

sgel0,1)57
1

(a+p+kj+1)2(a+p+ki+2)

’

where
A=a(f+ki+1)+(B+kj+1-a) Z 1P(sg) — Z 12P(sp).
sgel0,1)5 ™! sgel0,1)5 ™!
Here ZSRE{O’I}k]-Jrl IP(sg) = (kj + 1)E(sy), because I is the sum of signals in s and all signals are
identically distributed. The unconditional expectation of each signal is
B(a+1,p) a

1
E(S]):P(Slzl)ZJ; 9f(9)d9: B(a,ﬁ) :a+ﬁ,

hence ZSRG{O’l}(ij) IP(sg) = (k; + 1)6%1g

Note that signals s; are not unconditionally independent: indeed, higher 6 will mean higher
signals on average. For example, if 9 signals out of 10 are equal to 1, then the probability that
the 10-th signal is also 1 is higher compared to the case where the first 9 signals were Os.
However, the signals are conditionally independent binary variables with P(s; = 1|6) = 0, given

6. To use this fact, we rewrite ZS (

2 . . . .
(0,15 [7P(sg) using the law of iterated expectations in the

following way:

Z ZZP(SR):J: Z 12P(sz10) | £(0)d6.

sgefo,1)ki Y sgefo,1)ki*Y

Since I is equal to the sum of signals in s, signals s; are identically distributed and independent

conditionally on 6, the term inside the integral can be rewritten as

Z 12P(sz|6)

SRE{O,l}(kj+1)

E(I%|0) = Var(1|6) + (E(1|0))?

(kj +1)Var(s110) + (k; + 1)*(E(s110))>

(kj+1)0(1-0)+ (k; +1)°6°,
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Taking the integral:

1
12P(sg) = J ((kj +1)0(1-6) + (k; + 1)292)f(9)d9
sgef0,1)ki Y 0
B (k]+1) (k]'+1)2
= B(a,/j)B(a+l'ﬁ+ 1)+ B(a, B) Bla+2,p)
(kj+1)

= (a+ﬁ+1)(a+ﬁ)[a[3+(k]~+1)a(a+1)].

Now E[Var(60|sg)] can be written as

A
(a+B+kj+1)>(a+p+kj+2)
a(B+(k;+ 1)+ (B+(k;+ 1) —a)(k; + 1)%5‘%[“5* (k;+ a(a+1)]

(a+p+kj+1)*a+p+kj+2)

4

which after several algebraic transformations boils down to

ap

(@+B+ki+1)a+p+l)a+p) = hikj)
Finally, the total impact h(b;, bj, k;) becomes
!
h(b;, b, kj) = — i —(bj —b;)? = =h(kj) - (b - b;)?,

(@+B+ki+1)(a+p+1)(a+p)
which proves the result. QED.

Lemma 7. Consider a triple {g, (u$,y%)} and assume that each element of y8 satisfies the optimality
condition (2). Then {g, (u8,y%)} constitutes an equilibrium if and only if the communication network
g is truthful and satisfies the following conditions: for any player j with an in-degree k; = k;(g) and
any player i,
. 1

gij=s onlyif Ibj=bil< 2a+p+kj+1)

gij=h onlyif max{A,1-A}C <h(k;—1) - h(k;),

gij =0 onlyif max{A,1-A}C>h(k;)—h(k;+1).

Proof of Lemma 7. The necessary conditions for g;; = h and g;; = 0 follow directly from the
incentive condition to form/maintain a hard link like (5). To derive the necessary condition

for g;; = s—the incentive compatibility constraint of truthful reporting through a soft link ij—
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consider player j and let si be the set of k; signals that player j gets to know apart from player

i. Specifically, k; -

private signal s;. Assuming that player j believes that i reports truthfully, let y;, , be j’s action

1 signals from his other communication neighbors N ]Tl(g)/ {i} and his own

if he has information sg and i sends him the true signal, m;; = s;; y;, 15, be j’s action if he has
information sp and i misreports, m;; = 1 —s;. Player i reports truthfully his signal s; to j if and

only if it generates a greater interim expected payoff to i compared to misreporting:

Z [ Yspsi =V~ (ySR 1-s; - b,-)z]f(e, Sglsi)dO >0,

SR€01

which can be rewritten as

Z [(ysR,s,- _ySR,l—Si)(ySR,S,‘ +ySR,1—SZ' - 29 - Zbl)]f(el SRlSi)d@ Z O
spel0,1)5

Recalling that y, ;, = bj + E(0|sg, s;), the condition becomes

1
_J Y [(E(Olsg,s1)~ E(Olsg, 1 -5;)
0 sgel0, 1)
X(E(Olsg,5i) + B(Olsg, 1 =5i) + 2b; = 20 = 2b;)| £ (0, 5lsi)d0 > 0.

Note that
f(QJSRrSi) — f(Q,SR,Si) P(SRrsi
P(s;) P(sg,si)  P(s;)

Let A = E(B|sg,s;) —E(O|sg,1 —s;) and change the sum and the integral signs

£(0,5gls;) = ) (Olsg,si)P(skls;).

1
-y f [A(E(Blsi,5i) + E(Blse, 1 5i) + 2b; — 26 — 2b;)] f (Olsg. 5,)P(sgls;)d6 > 0.
0
spel0,115i

Because E(O|sg,s;) and E(O|sg, 1 —s;) are independent of 0,

1
_ Z A(E(O|sg,s;) + E(O|sg, 1 — )+2b]~—2j0 Of(O|sg,s;)d0 — 2b; )l (srlsi) = 0;

spel0,1}5

) [A(B(Olsg,s:)+ E(Olsg, 1 —s;) + 2b; — 2B(Bls, 5:) — 2b;)| P(sglsi) > 0;

SRE{O,l}kj

Y [AG=A+ 26 2b)] P(sglsi) > 0
spef0,1)%
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If there are [ signals 1 in sg, then

a+l+s;

E(Olsg,s;) = E(Oll +s;,k; + 1) = arpik+1
j

a+l+1-s;
E(O|sg,1-5;)=EO|l+1-s;,ki+1)= ———L.
(lSR Sz) (l 5ir Kj ) a+/)7+k]'+1
Thus,
a+l+s; a+l+1-s5;  2s;-1

Ta+frki+l a+prki+l a+prki+l

which is independent on I/, and hence on s;. Using that ZS c(0,1
R

16 P(sgls;) = 1, the incentive

condition becomes

251'—1 ( 251'—1
]

_a+ﬁ+kj+1 _a+ﬁ+kj+1+2(b‘_b"))20'

If s; = 1, then player i is willing to communicate his signal if and only if

1 1
— — —bYl>0:
a+[)’+k]-+1( a+/)’+k]-+1+2(b] bl))_o’

1
bj=bi< 2a+p+kj+1)

If s = 0 then truth-telling is incentive compatible if and only if

-1 -1
— _ . h. > .
a+[)’+k]-+1( a+/)’+kj+1+2(b] bl))_o'

bi) > 1

(bj - __2(a+ﬁ+k]-+1)'

]

As a result, .

(a+p+kj+1)

|bj -b;| < 5
which completes the proof of Lemma 7. QED.

Theorem 5. Take any cost Cy > (h(0) — h(1))/max{A,1 — A} and consider some pure cheap talk
equilibrium {g(Co),(yg(CO),yg(CO))}. Let the in-degrees in the equilibrium network g(Cy) be k; =
ki(8(Co)), j € N. Then for any cost C; < (h(0) — h(1))/max{A,1 — A} there exists an equilibrium

{g(Cl), (yg(cl),yg(cl))} in which the players have weakly greater in-degrees:

k]’. =kj(g(Cy)) 2 kj foranyi € N,
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Proof of Theorem 5. Proof follows similar steps as in the proof of Theorem 1, replace ®(-)
with h(-) that is defined in Lemma 6.
QED.

Lemma 8. There exist a maximal and a pairwise stable equilibrium. Any pairwise stable equilibrium

is maximal.

Proof of Lemma 8. See the proof of Lemma 1.
QED.

Theorem 6. Take any cost Cy > h(0) — h(1) and consider some pure cheap talk pairwise stable equi-
librium with the communication network g(Cy) and the total welfare W(g(Cy)). Then for any cost
Cy < h(0) — h(1), there exists a pairwise stable equilibrium with the communication network g(Cy)
such that the total welfare W(g(Cy),Cy) = W(g(Cy)).

Proof of Theorem 6. Proof follows similar steps as in the proof of Theorem 2, replace P(-)
with h(-) that is defined in Lemma 6.
QED.

Lemma 9. Consider two cost levels, Cy > Cy. For each C;, fix some equilibrium and consider the
corresponding communication network g(C;) = g5(C;) U g"(C;), where g°(C;) is the set of soft links
of g(C;) and g"(C;) is the set of hard links of g(C;). If §°(Cy) C ¢°(C;) and g"(Cy) C g"(Cy), then
W(g(Cy),Cq) = W(g(Cy), Cp), where W(g(C;),C;) is the total welfare corresponding to the equilib-
rium network g(C;) and the cost C;. Moreover, the same welfare implications hold on a per-individual

basis.

Proof of Lemma 9. See the proof of Lemma 5, replace ®@(-) with h(-) that is defined in Lemma
6.
QED.

h(0)=h(1)
max{\,1-1}
librium with the communication network g(Cy) and the total welfare W(g(Cy)). Introduce the pos-

Theorem 7. Take any cost Cy > and consider some pure cheap talk pairwise stable equi-
sibility to form hard links with the cost Cy and consider some pairwise stable equilibrium with the
communication network g(Cy) and the total welfare W(g(Cy), Cy). There exists a non-degenerate set
(Ql,fl) of Cy such that W(g(Cy),Cy) < W(g(Cy)) if and only if the preferential difference b satisfies

1 1
© 2Qa+B+n +k+1) 2(a+p+n +k)|

for some k, where max{A, 1-A}n—1 <k <n,—ny;—1. Otherwise, for all C;: W(g(Cy),Cq) > W(g(Cp)).
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Proof of Theorem 7. The logic of the proof follows similar steps as in the proof of Theorem
4. However, non-trivial changes in the proof are necessary. The complete proof is as follows.
Consider the setting in which only soft links are available. Condition n, > n; and the nega-
tive externality effect ensure that cross-group truthful communication in any pairwise stable

equilibrium might be one of the following 3 kinds:
1. No cross-group communication, i.e. ky; = ky;, = 0.
2. Communication from group N, to group Ny, i.e. kj; >0, kp; = 0.
3. Cross-group communication, i.e. k1, > 0, ky; > 0.

In what follows, we examine each case separately and show that introducing hard links is wel-
fare increasing in cases 1 and 3, and is welfare decreasing for some parameters in case 2.
Case 1 corresponds to
1 1 1

b>max 2@+ p+ny) 2(a+p+ny) - 2@+ p+ny)

If costly hard links become feasible, then intra-group soft-link communication remains un-
changed. Regarding cross-group communication, if the cost C; is such that max{A,1 - A}C; >
h(ny—1)—h(ny), then cross-group communication remains empty and W(g(C;), Cy) = W(g(Cy)).
If max{A,1—-A}Cy < h(n; —1)—h(n;), then some cross-group communication via hard links ap-
pears. Because the set of links in this equilibrium includes the set of links from the cheap talk
case (no crowding out occurs), by Lemma 5, the equilibrium with hard links generates a greater
total (and individual) welfare, W(g(C;), C1) = W(g(Cy)).
Case 2 applies when the preference bias b satisfies

1 1
2Qa+p+ny+kin+1) 2(a+p+n;+kpn)|

(E.2)

where 1y + k1, < n,. Consider separately two possibilities: n; + ky, = n, and n; + ky, < n,.
First, consider n; + k1, = n,, which means that k; = k, = n, — 1. The total welfare in the pure

cheap talk equilibrium is
W(g(Co)) = ~n(nih(ky) + nyh(ks) = B = —n*h(n, ~ 1)~ B,

where the term B depends only on preference bias b, B=2)_jcn, Ljen, b? = 2n n,b%.

If the cost C; is such that max{A,1 — A}C; > h(n; — 1 + ki) — h(n; + ky,), then the max-
imal in-degrees remain the same and each pairwise stable equilibrium involves only soft-
link communication, meaning that W(g(C;),C;) = W(g(Cy)). Now let the cost be C such that
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max{A, 1 - )\}6: h(ny —1+kyp) —h(ny + ki) = h(ny — 1) — h(n,), which means that in a new pair-
wise stable equilibrium kj; =1, k{, = k1, + 1, and hence, k| =k} = 1,.3% Given the preference
divergence, members of the opposite communities can not report to each other truthfully via
soft links, thus, all cross-group soft links are substituted out by costly hard links leading to the
following welfare:

S 1

W(g(C),C) = -—n(nih(ky)+nyh(k}))—B- max{A,1- 1}

— m(h(nQ - 1) - ]’l(f’lz))[ﬂl(klz + 1) + n2].

(h(ny = 1) = h(ny))[n1 ki, + 1,]

= —n’h(n,)-B

Thus, the difference between the levels of total welfare is

WIg(Co)) = W(g(C), ) = (hp = 1) = ()| =12 + s (k1 + 1)+ 1) <O,
because
—n’ + ;(nl(kn +1)+n5) < —n®+2(ny(kip+1)+ 1)

max{a, 1 —a}
= —3n% — n% +2n;+2n, <0,
h(ny—1)—h(n,)

max{A,1-1}
nication is also carried out through only hard links. Compared to the considered case of

given that 1 < n; < n,. For any lower cost level C; < =C, Cross-group commu-
C, no soft links are severed and w.l.o.g. it can be assumed that all hard links are retained
and some new hard links are added. Then Lemma 9 implies that the total welfare increases:
W(t(Cy),Cy) > W(g(C),C) > W(g(Cy)). As a result, any pairwise stable equilibrium with hard
links generates a greater total welfare than the pure cheap talk equilibrium.

Second, consider n; + ky, + 1 < n,. In this case k; = n; — 1 + ky,, k, = n, — 1 and the total

welfare in the pure cheap talk case is
W(g(Co)) = —n(nyh(ny — 1+ ky2) + nyh(n, - 1)) - B.
If the cost Cy > m(h(nl —1+kq;)—h(ny+ky,)), then the maximal in-degrees remain the
same and the pairwise stable equilibria are pure soft-link, hence, W(g(C;),Cy) = W(g(Cy)). Let
the cost be C = m(h(nl —1+kyp)—h(ny +k;;)). Then cross-group communication becomes

k{2 = ki, + 1, while kél remains 0; all cross-group links are hard. The new maximal in-degrees

36Recall the assumption that whenever the player is indifferent, the choice is made in favor of a hard link
creation.
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are k| = ny +ky, and k) = k; = n, — 1, implying the following total welfare

W(g(C),C)= — n(nih(ng +kyy)+nyh(n,~1))-B

m(h(m —1+kyp)—h(n; +kio))[n (ko +1)].

The difference in the levels of the welfare is then

W(g(Co) = W(g(C),C) = my(h(my 1 +kiz) = h(ny + k1)) |~ + —maX{/\l,l Y

(ki2+1)],

which is strictly greater than 0 if and only if k1, > max{A, 1-A}n—1. Since the inequality is strict,

there exists C; < C such that the welfare difference remains strictly positive for C; € (Ql,fl),

where C; = C. Thus, given the preference divergence (E.2), condition max{a,1 —a}n—1<k, <

n, —ny — 1 is sufficient for existence of the cost that leads to a lower welfare. The necessity

follows from the fact that for any C; < C Lemma 9 implies that W(g(Cy),C;) > W(g(E), 6)
Finally, Case 3 corresponds to a sufficiently small preference divergence:

1
b< .
2@+ p+ny,+1)

Non-zero cross-group communication in both directions implies that the maximal in-degrees
are the same for members of both communities, k; = k,. If the truthful cheap talk network
g2(Cy) is complete (k; = k, = n—1), which corresponds to b < m, then introducing feasible

hard links does not alter this pairwise stable equilibrium and W(g(C;), Cy) = W(g(Cy)).

Case where g(Cy) is not complete (k; = k, <n—1) corresponds to the preference divergence

1 1
2a+B+ny+ky+1) 2(a+B+ny+kyp)|

where ky; < n;. The total welfare of the pure cheap talk pairwise stable equilibrium is
W(g(Co)) = ~n’h(ky).

If the cost C; > m(h(kl) — h(k; + 1)), then the maximal in-degrees are the same as
in the cheap talk case and any pairwise stable equilibrium involves only soft communication,

meaning that W(g(C;),C;) = W(g(Cyp)). Consider

—~ 1

C - m(k(kl) —h(kl + 1))

The new maximal in-degrees become k] =k, = k + 1 and all cross-group communication in any
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pairwise stable equilibrium is performed via hard links, such that each member of community
N; gets ki, + 1 hard links from members of N, and, similarly, each member of N, gets ky; + 1

hard links from members of N;. The total welfare is

1

W (g(C),C) = —nh(k; +1)— max(L,1- )

(h(ky) = h(ky +1))(ny(kip + 1)+ ny(kyy +1)).

The difference between the levels of the welfare is

—_

W(g(Co)) - W(g(C),C)

= (h(ky)=h(k; +1))|-n*+ (n1(kip+ 1) +ny(ky; +1))| <0,

1
max{A, 1 - A}
because

I S S
max{A, 1 - /\}
< —n?+2(ky +2n—n*=-2n(n-(k; +2)) <0,

(n1(kip + 1)+ ny(kyy + 1)) < —n% +2ny (kyp + 1) + 2n5(kyy + 1)

given that k; < n—1. For any lower level of the cost C; < C cross-group communication is
performed through only hard links as well. Since, compared to the case of C, no cheap talk
links are severed and w.l.o.g. it can be assumed that all hard links are retained and some new
hard links are added, Lemma 9 implies that W(g(C;),C;) = W(g(C),C) > W(g(Cy)). QED.

Theorem 8. Let Cy > % and consider some pure cheap talk pairwise stable equilibrium with
the communication network g(Cy) and the total welfare W(g(Cy)). Introduce feasible hard links
with the cost of C; < % and consider a pairwise stable equilibrium with the communication

network g(Cy) that generates the greatest total welfare W(g(Cy),Cy). There exists a non-degenerate
set (glfl) of Cy such that W(g(Cy),Cy) < W(g(Cy)) if and only if n =3, b € (10, 8] and A € (3, 3)
Otherwise, for all C;: W(g(Cy),Cy) = W(g(Cy)).

Proof of Theorem 8. The logic of the proof follows similar steps as in the proof of Theorem
3. However, there are non-trivial changes in the proof that are necessary. The complete proof
is as follows. The case of n = 3 was already analyzed in the main body of the paper; it re-
mains to show the positive welfare result for n > 4. Consider prohibitively costly hard links,
max{A, 1 - A}Cy > h(0) — h(1), and construct a pairwise stable equilibrium that generates the
greatest welfare in a way described in Lemma 4. In the corresponding truthful network, player

i gets truthful messages from k; closest players. Following the construction in the proof of The-

1
2(a+p+2)

orem 3, the communication network g(Cy) can be formally described as follows: if b >

then ¢(Cy) is empty, otherwise, let V(b) = max{V € {1,...,n}:b < TV 1+1+Mﬁ)} then
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1. Forevery je{V(b)+1,.,n=-V(b)}, g;j =sif[i—j|<V(b) and g;; = 0 if |i - j| > V(b);
ifb>5 Vv (l)+1+a+/3) then g;; = s for one and only one player i such that |i — j| = V(b);

b
1
it b < symmverTasp

, then g;; = s for both players i such that [i —j| = V(b).

2. Forall players j € {1,..., V(b)}U{n-V(b)+1,...,n}, g;j = s if and only if |i - j| < M(j, b), where

o 1
M(],b)_max{Me{ pe )b S S T M T ) -

In the pure cheap talk equilibrium, the set of maximal in-degrees K = {ky, ..., k, } is the following:

ki=0,jeN,ifb> otherwise, for every i € {V(b)+1,...,n—V(b)},

m
. 1
. 2V(0) =1, it b > symevmriras
.=
. 1
V(b), it b < symmverTass)

and for each j € {1,..., V(b)}U{n -V (b)+1,..,n}, kj = min{j — 1,n - j} + M(j,b). Given the set of

maximal in-degrees K, define

k(n) = max{ki € K},
max{ki S K/{k(n),...,k(j_l)}},

i.e., k(1) < .. < k() is a reordering of K in the increasing order. It can be easily seen, that
players with moderate preferences, {V(b) + 1,...,n — V(b)}, have the highest in-degree k(n). The
in-degrees of other players decrease as their preference biases get closer to the extremes, such
that player 1 (with bias 0) and player n (with bias (n—1)b) have the same in-degree of k(;). Since
M(j,b) e {M(j+1,b),M(j+1,b)+1} for je{l,.., V(b)} (similarly, M(j +1,b) € {M(j,b), M(j,b)+ 1}
for je{n-V(b)+1,..n}) and M(V(b),b) = M(n—V(b),b) = V(b), the structure of a pairwise
stable equilibrium ensures that for every i = 1,...,n— 1 the difference k(;.1) — k;) is either 0 or 1.

h(0)—h(1)

Now introduce hard links with the cost C; < max[L1-A]"

pairwise stable pure cheap talk equilibrium is empty (b >

If the communication network of the

+
2(1+1+a+p)

out when hard links become available, and Lemma 5 implies that the welfare increases. Con-

) then there is no crowding

sider now the case where the pure cheap talk communication network is not empty, i.e., k(n) >0,

and study three possibilities for C; separately
1. max{A, 1= A}Cy € (h(k(y)) = h(ky+1),h(0) = h(1)].
2. max{A, 1 -A}C; € (h(k +1) - h(k +2),h(k) — h(k + 1)], for some k(1) < k <k

3. max{A, 1= A}C; € (0, (ki) = h(kim) + 1)].

Case 1. For the cost higher than %

the pure cheap talk equilibrium remains pairwise stable, meaning that w.l.o.g. g(C;) = g(Cy)
and W(g(Cy),Cy) = W(g(Co)).

the maximal in-degrees remain the same and
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Case 2. Because the difference k1) —k(;) is either 0 or 1, there must exist i such that k(;) = k
and k(j,1) = k+ 1. The structure of the pure cheap talk equilibrium implies that i is an even
number less or equal to 2V (b). For any C; that satisfies max{a,1 — a}C; € (h(k + 1) — h(k +
2),h(k) — h(k +1)], the maximal in-degrees are

k+1, ifkj<k,

k]f:

Consider a pairwise stable equilibrium that generates the greatest welfare. It must be the case
that in the corresponding communication network g(C,) players {j : k; > k} receive messages via
only soft links, in particular, assume that they receive truthful messages from the same players
as in the pure cheap talk equilibrium. Other players {j : kj < k = k(;)} = {1,...,%} U{n - %,...,n}
have the new in-degrees equal to k+1 and can receive truthful messages through both, soft and
hard links. If j € {1,..., 2} then the number of soft links directed to player j in g(C;) is at least
j—1+V(b). This 1mp11es that the upper bound on the number of costly hard links directed to
jisk+1—-(j—1+V(b)). Similarly, if j € {n— %,...,n}, then the number of hard links directed to
player j is less or equal than k+1 - (n—j+ V(b)). Thus, the upper bound for the total cost of
hard links is

Nl =-

(k)= hik+1)

max{a, 1 —a}

2W i(k+2—V(/3))—2j

max{a,1—-a} |2

j=1
hk)—h(k+1)[i 141
2;;@;Tr7-—w+z—vw»—22 5}
h(k)—h(k+1) i+2
lm[k+2—V(ﬁ)—T .

The additional welfare is
ZnZ:p = h(k+1)| 2 n-i(h(k) = h(k+1))

The upper bound for the cost is less than the lower bound for the additional benefit, because

[k+2 an—iiz, (E.3)

i+2
>
4 max{/\ 1-A

nzzh+2—vmy-
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where the first inequality is satisfied due to 5 + V() 2 k() 2k +1and 1 - HT2 < 0. As a result,
W(g(Cy),Cy) = W(g(Co)).

Case 3. If max{A,1 - A}C; € (0, h(k(,)) — h(k(y) + 1)], then there is k > k() such that max{A,1 -
ACy € (h(k+1)—h(k +2),h(k) —h(k + 1)]. There are several possibilities to consider:

L. If k;) = n—1, then g(Cy) is either complete, or not. In case it is complete, the pure
cheap talk equilibrium remains pairwise stable once hard links become feasible, thus,
W(g(Cyq),Cqp) = W(g(Cyp)). If g(Cp) is incomplete, then there exists i: 1 <7 < N such that

k(]) <..< k(i) <n-1= k(i+1) =.= k(n)-

Consider a pairwise stable equilibrium that generates the greatest welfare when hard
links are available. Condition max{\,1 - A}Cy < h(n — 1) — h(n) insures that in the corre-
sponding communication network g(C;) each player j € N has the in-degree k]’- =n-1.
Note that for the greater cost C, = %
ates the greatest welfare has the same communication network, g(C,) = g(C;). Since C,

satisfies the conditions of case 2, then W(g(C;),C;y) > W(g(C,), Cy) = W(g(Cy))-

, a pairwise stable equilibrium that gener-

2. Consider k() < n—2. Note that if the positive welfare result W(g(C,), C;) = W(g(Cyp)) holds
for k = n—2, then by Lemma 5 it also holds for any k > n—2. Thus, for the rest of the proof
assume that k < n—2. The in-degrees in the communication network of any equilibrium

when hard links are available become k]f =k+1, j € N. The total cost of hard links in
h(k)~h(k+1)
max{A,1-1}
compared to the cheap talk case is at least n - n(h(k) — h(k + 1)). The lower bound for the

the corresponding g(C;) does not exceed n(k + 1) , while the gain in the welfare

gain is greater than the upper bound for the cost if k < nmax{A,1-1}-1, meaning that for
such C; the welfare in any equilibrium with hard links exceeds W(g(Cy)), in particular,
W(g(Cy), Cy) = W(g(Co)).

Consider now n—2 >k > nmax{A,1 - A} -1 and analyze two possibilities:

(a) If k > k), then the lower bound for the additional expected total benefit is

n?(h(k—1)=h(k +1)) = n?(h(k = 1) = h(k) + h(k) = h(k + 1))
> 2n?(h(k) — h(k + 1)), (E.4)

which exceeds the upper bound for the cost n(k + l)h(k)_h(k+1}), because

max{A,1-A

k+1

mSZ(k+l)<2n.
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This means, that any equilibrium with hard links outperforms the cheap talk equi-
librium in terms of welfare, hence, W(g(C;),C;) = W(g(Cy)).

If k = k(,), then in any equilibrium with hard links each player j has the in-degree
of k]’. =k+1>nmax{},1-A} > 35, j € N. Take a pairwise stable equilibrium that
generates the greatest welfare, and consider how many links in the corresponding
communication network g(C;) can be soft. Player i with the bias b; such that [b;-b;| =

Ib, will report truthfully via cheap talk to player j if

1
b< :
20k+2+a+p)

Note that this inequality is satisfied for I = V(b) — 1, because by the definition of V(b)
and the fact that k = k(,,) <2V (b),

! > ! > b.
20k+2+a+pB) 2V(b)(2V(b)+a+p)

Thus, assuming I = V(b) — 1, each player j € {1,...,1} gets truthful messages through
soft links from j -1 +1 players 1,..,j—1,j +1,..,j + . Similarly, each player j €
{n—1,..,n} gets at least n— j + [ truthful messages through soft links. Finally, each
player j e {I+1,..,n—1—-1} gets at least 2/ truthful messages via cheap talk. Thus, the

number of hard links in g(C;) is bounded from above by

1
n(k+1)—ZZ(j—1+l)—21(n—2l):n(k+1)—2”711—21(1—1)—21(11—21)

j=1
n(k+1)—=1% —1-21% + 21 - 2In + 41?
=n(k+1)+1>+1-2In,

meaning that the total cost does not exceed %(n(k +1)+ 12 + 1 —2In). Since
k=kuy<2V(b)and I = V(b)-1, then k+1 < 2(I+1) and the upper bound for the cost

becomes

h(k)—h(k+1)
max{A, 1 -1}

h(k)—h(k +1)

2 _ e e )
(2n(l+1)+12+1-20n) = ==

(2n+12+1).
Note that m <2and! < 5-1,because 2] <2V (b) -1 < k < n-2, which allows
to write the upper bound for the cost as:

2(h(k)—h(k+1))(2n+(g—1)2+g—1):(h(k)—h(k+1))(%2+3n).
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Figure 9: Communication networks of pairwise stable pure cheap talk equilibria when n =5 and k = 2.

The additional welfare is at least n?(h(k) — h(k + 1)). The lower bound for the extra
welfare is greater than the upper bound for the cost if n > 6. Thus, W(g(Cy),Cy) >
W(g(Cyp)) for n > 6.

It remains to show that W(g(Cy),Cy) > W(g(Cy)) for n =4 and n = 5 as well, assuming that
n—2>k=ky)>nmax{A,1-A}-12> 5 -1and max{A,1-A}C; € (h(k+1)~h(k+2),h(k)—h(k+1)].
Consider, first, n = 5 and k = 2,3. Depending on b, case k = k(n) = 2 corresponds to pairwise

stable pure cheap talk equilibria with the following in-degrees (see Figure 9):

(i) If 7ol <b<

4(3+D(+/3 (3+—0‘+ﬂ thenkl k5:1,k2:k3:k4:2.

(i) If 7L <b <

T <0< mvargy then ki =k =ks =ky =ks = 2.

When hard links become available with
max{A, 1 - A}C; € (h(3) —h(4),h(2) - h(3)],

the maximal in-degrees become k| = ... = k; = 3. In case (i), the upper bound for the total cost of
hard links is 5-3-2(h(2)—h(3)), which is lower than the gain in the total welfare 5-[3(h(2)—h(3))+
2(h(1)—h(3))], because h(2)—h(3) < 2(h(1)—h(2)). In case (ii), soft links between the players with
adjacent biases can be a part of the communication network of a pairwise stable equilibrium.
Thus, the total cost of hard links in g(C;) does not exceed 7 - 2(h(2) — h(3)), which, in turn, is
lower than the additional total welfare, 5 5(h(2) - h(3)).

Case k = k(,) = 3 corresponds to 4(5+a+ﬁ) <b< m and maximal in-degrees k; = k5 = 2,
ky = k3 = k4 = 3 in the pure cheap talk setting (see Figure 10 for an example of g(Cy)). When

hard links become available with
max({A, 1 - A}Cy € (h(4) - h(5),h(3) - h(4)],

the maximal in-degrees become k; = ... = k. = 4. Note that soft links between the players with

adjacent biases can be a part of the communication network of a pairwise stable equilibrium,
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Figure 10: Communication network of pairwise stable pure cheap talk equilibrium when n = 5 and
k=3.

1 4 1 4
? ® 2
v i g g
P @=esssss -, 2v !
(i) ky = ky = 1, ko = ky = 2 (ii) ky = ko = ky = ky = 2

Figure 11: Communication network of pure cheap talk equilibrium when n =4 and k = 2.

implying that the total cost of hard links in g(C;) has an upper bound of 12 - 2(h(3) — h(4)),
which is lower than the gain in the total welfare, 5-[3(h(3) — h(4)) + 2(h(2) — h(4))]. Hence,
W(g(C1),C1) > W(g(Co), when n =5.

Consider now n =4 and k = 2. Depending on b, g(C) can have two different structures with

the following in-degrees (see Figure 11):

: 1 1 _ _ _ _
(l) Ifm<bﬁm,thenkl—k4—1,k2—k3—2.

(ii) If

m then ky =k, = k3 = k4 = 2.

1
<0<

When hard links become available with
max{A, 1 - A}C; € (h(3) —h(4),h(2) — h(3)],

the maximal in-degrees become k] = ... = k; = 3. In case (i), the total cost of hard links has
an upper bound of 3-4-2(h(2) — h(3)), which is lower than the gain in the total welfare 4 -
[2(h(2)—h(3))+2(h(1)—h(3))], because h(2)—h(3) < h(1)—h(2). In case (ii), soft links between the
players with adjacent biases can be a part of the communication network of a pairwise stable
equilibrium. Thus, the total cost of hard links in g(C;) is below 6-2(h(2)—h(3)), which, in turn,
is lower than the additional total welfare, 4-4(h(2)—h(3)). As a result, W(g(Cy), Cy) = W(g(Cy)),
when n = 4. QED.
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F Policy implications

In this section we discuss the results and empirical predictions, and study how to implement
optimal corporate policies that not only improve the quality of discussion, but also benefit

shareholders in corporations.

E1 Prediction 1:

Hard links are formed towards managers who receive relatively small number of truthful
signals via soft links. The network implications of our results predict that when and where
managers (in equilibrium) are likely to use verifiable communications (hard links) to commu-
nicate their private information. As shown in Section 3.2, while the truthful revelation of a
signal is always beneficial to both parties from the ex-ante perspective, there is a credibility
issue in cheap talk communication at the interim stage. In particular, there exists a negative
externality effect, i.e., the willingness of manager i to report truthfully to manager j decreases
with the preference divergence and with increasing the number of truthful messages reported
to manager j—the in-degree of manager j, k;. In the case of verifiable information transmis-
sion, the incentive to form a hard link ij does not depend on the preference divergence; rather,
it depends only on the in-degree of manager j and is strictly decreasing in k;. The straight-
forward equilibrium implication for the network structure is that hard links must be directed
towards managers who receive relatively small numbers of truthful messages via soft links.

To test this prediction there are several potential proxies an empiricist may use for prefer-
ence divergence among managers (e.g., division size or age, ownership, geography, affiliation,
social tie, etc.). Prediction 1 states that managers with similar preferences (e.g., homogenous
and strong social tie between all of them) can easily communicate with each other via cost-
less cheap talk, which leads to complete communication network that is robust to introducing
feasible hard links. In contrast, however, when there is drastic divergence between managers’
preferences (e.g., due to heterogenous properties of divisions, geography, or polarized nature
of social tie between managers), a manager whose bias is far from other managers most likely

use costly verifiable communication choices to communicate with others.

E2 Prediction 2:

All else equal, introducing verifiable communication choices improves the quality of dis-
cussion between the managers (Positive information improvement effect).  As shown in
Section 4, our first—and intuitive—policy result is that introducing reliable communication
choices improves the quality of discussion between the managers. This policy follows from

a positive informational effect arising from introducing a feasible verifiable communication
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channel, which is independent of the cost structure (see Theorem 1). That is, if a pure cheap
talk equilibrium fails to exist when hard links become feasible, then there exists an equilibrium
with hard links, in which every manager accumulates a weakly greater number of signals.?’
To test this prediction one needs to make reliable communications choices feasible, say by
sufficiently reducing its cost.>® A potential proxy that an empiricist may use to measure veri-
fiable communication costs are managers’ costs of communicating outside meetings (e.g. Hart
(2003)). These costs are likely to be lower if managers (or divisions) are geographically closer
to each other or if their social and professional ties are stronger (Stevenson and Radin (2009)).
Moreover, busy managers—for example, those who hold several managerships—are less likely
to find time to communicate via costly and time consuming reliable communications. Predic-
tion 2 is thus consistent with the empirical work in Fich and Shivdasani (2006) which shows
that managers’ communications are less informative when the cost of verifiable communication

is high, e.g., managers are busy and hold several managerships.

E3 Prediction 3:

Soft links will be replaced by costly hard links (Negative crowding out effect). Our theory
predicts that the above policy, however, may not be beneficial to shareholders.

As shown in Section 5 the appearance of hard links in the pure cheap talk setting has two
effects on the expected welfare: a positive effect stems from the information improvement and
a negative effect arises from crowding out soft communication with costly verifiable communi-
cation. The crowding out effect—that is at the heart of the paper—arises because newly formed
hard links increase managers’ in-degrees, which by the negative externality effect, destroys the
credibility of communication through some soft links. As a result, for the managers to transfer
their signals truthfully, those soft links should be replaced by costly hard links. The policy
implications of this result is important. This result identifies that corporate policies that pro-
mote verifiable communication choices between managers, paradoxically, may not be optimal
for shareholders. Interestingly, this crucially depends on the cost structure, summarized as

follows.

E4 Prediction 4:

All else equal, welfare (shareholder value) increases when only one party bears the cost of
a hard link.  As shown in Section 5.1, the positive informational effect always dominates

the negative crowding out effect when only one party bears the cost of a hard link. In other

37In other words, for any pure cheap talk equilibrium there is an equilibrium with feasible hard links, in which
every manager accumulates weakly greater amount of information.

38Such policies include: encouraging personal discussions by appropriate financing or making traveling a pleas-
ant experience when divisions are far from each other.
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words, when only one party (between any two communicating managers) bears the cost of a
hard link, then verifiable communication not only improves the quality of discussion but also
increases the total welfare as well as welfare in the corporation. Our theory therefore predicts
that communication policies promoting any of the following two simple schemes via verifiable

channels are optimal cost structures:

(i) Encoding policy: Processing cost only at the encoding stage. Here, the sender pays the
cost that naturally arises when it takes considerable effort to provide supporting data and
to develop argumentation, while it is very easy for the receiver to uncover the underlying

signal after being presented with the collected materials.

(ii) Decoding policy: Processing cost only at the decoding stage. Here, the receiver pays the
cost that naturally arises when it takes considerable effort to process data and to verify
the information content of the received data, while it is very easy for the sender to send

its signal knowing that the receiver is equipped with enough tools to verify the signal.

E5 Prediction 5:

All else equal, welfare (shareholder value) can decrease when the cost of a hard link is
shared.  As shown in Section 5, our theory predicts that the above positive welfare result
no longer holds when cost of a hard link is shared between the managers. This result suggests
that corporate policies that promote verifiable communications in which both parties (involved
in a communication) share the cost of its verification can reduce the total welfare and thus be
detrimental to shareholders.>® Instead, it is socially beneficial to replace those policies with
policies that only one party pays the cost of verification (e.g., the encoding and decoding polices

introduced above).

E6 Prediction 6:

Endogenous Negotiation and Heterogenous Costs. Our results are robust to endogenous ne-
gotiation polices. In one extension, we allow the parties to negotiate how to split the cost of
a hard link between them. As shown in Section E.1 such endogeneity of the cost shares does
not necessarily lead to aggregate efficiency; introducing hard links can still decrease the total
welfare and thus be detrimental to welfare. Therefore, policies that endogenize the cost sharing
of verifiable communications between managers (e.g., via negotiation) may not be optimal for

shareholders.

39Examples of such sharing cost policies are: Costly long meetings between managers; Sharing data processing
costs both for sender and receiver.
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In another extension we allow the costs of hard links to differ (for example due to social tie)
across the pairs of managers. As shown in Section E.2, when the cost difference is substantial,
the availability of hard links is likely to result in the localization of communication with respect
to the low cost of hard links, with the information accumulated by every manager being the
same. As a result, expected (total welfare) welfare can decrease even when only one party bears
the cost. The policy implications of this result is important.

In fact, our theory predicts that to maximize welfare by introducing verifiable communications,
not only one party should pay the cost of communications, but also cost should be homogeneous
among the parties. As otherwise, with heterogenous costs (and substantial differences) welfare may
decrease even when only one party bears the cost. This policy provides a rationale for certain
rules and principles in corporations aimed on equalizing the costs of verifiable communications
(hard links) across different pairs of managers.*’

Heterogenous costs can also be due to social ties between managers (Stevenson and Radin
(2009)). Regarding homogenizing this type of heterogenous costs, the corresponding corporate
policy that an empiricist can consider may be oriented at increasing conformity of social ties
between managers. For example, on the one extreme, the corporate culture might imply regular
corporate parties or retreats that help building and improving friendly relationships (Adams,
Hermalin and Weisbach (2010)). In terms of the model, this means moving towards the ho-
mogenous cost of low value. On the other extreme is a weak type of the corporate culture,
where informal meetings are not encouraged, which, in turn, precludes developing of social

ties between managers and leads to the setting with the homogeneous cost of high value.

40Thus, a corporate policy might be not only to cover, for example, the nominal traveling costs, but also to make
traveling process more pleasant by means of purchasing business class tickets, reserving accommodations in five-
star hotels and providing nice travel compensation. The goal of this policy is to equalize personal costs of private
meetings across locations, and hence, mitigate localization of communication.
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