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Abstract

This thesis consists of three essays on strategic communication. It deals with the motivations behind
experts’ incentives to transmit information to decision-makers. Large organizations, such as governments and
global corporations, rely on expertise associated with multiple areas of knowledge. The necessary information
is thus provided by many individuals or subunits who, in turn, may be interested in influencing decisions.
Chapter 1 studies the interaction between a decision-maker who needs to take action on correlated issues, and
experts who can communicate through costless, non-verifiable messages. Credible communication depends
on how information relevant to one decision affects other decisions. The paper shows that a specialized
expert can be trusted more than an expert whose knowledge extends to multiple areas. Even if the latter
advises on a single discipline, information from other areas of knowledge may favour his interests, increasing
his incentives to be dishonest. Chapter 2 expands this framework by introducing the strategic allocation
of authority and the acquisition of information. The correlation between decisions affects the extent of
the informational gains from delegation in three significant ways. First, there is a commitment value of
delegation: giving up control over a controversial decision can motivate experts to transmit information
relevant to less controversial decisions. Secondly, delegation hampers incentives to acquire information
because it restricts the expected ‘marginal return’ of being informed. Lastly, restricting an expert’s access to
information he is not expected to communicate enhances his credibility because it reduces incentives to be
dishonest. Chapter 3 studies in more depth the relationship between authority and information acquisition. It
focuses on how much costly information a biased expert acquires. It shows that experts with intermediate
bias acquire more information under centralization than delegation when costs are sufficiently high. In such

cases, the principal prefers to retain decision-making authority.

vi



Chapter 1

Information Aggregation in
Multidimensional Cheap Talk

1.1 Introduction

This paper studies strategic communication in environments with three features: a decision-maker has to
take action in multiple issues, the relevant information is dispersed among many agents, and what is relevant
for one decision also influences other decisions. I analyse how this informational interdependence affects the
decision-maker’s ability to aggregate information. Such interdependence arises in many real-world scenarios
including policy making, product development in multinational corporations, and diplomatic negotiations.
Effective communication poses a challenge because each agent possesses imperfect information that cannot
be transmitted as hard facts. Also, different players usually have conflicting preferences over decisions,
raising the problem of credibility.

Consider energy policy as an example. The main objectives of such policy in most developed countries
are to guarantee stable energy supply, at the minimum possible cost for consumers, and with the minimal
environmental impact. To address these objectives, policy-makers usually implement a combination of policy
instruments, such as financial and fiscal stimulus for projects associated to different sources of energy and
measures to improve consumption efficiency. Now, depending on how each of these instruments addresses
the different policy objectives, information about changes in voters’ policy priorities, or new technologies
associated to the different sources, or the risk of oil price disruptions will require re-calibrations of the
different policy instruments.! Most of this information, in turn, is generally dispersed among government
agencies, legislative committees, research institutions, and interest groups. Because providing hard evidence
is typically difficult, political actors use their information strategically, taking into account how it will affect

on the different decisions.

'A recent article from ‘The Guardian® observes that “[s]witching just some of the huge subsidies supporting fossil fuels to
renewables would unleash a runaway clean energy revolution, [...] significantly cutting the carbon emissions that are driving the
climate crisis [...] but could cause short-term price rises and political difficulties, as the benefits of lower costs in the future and
reduced air pollution are less obvious” (Carrington, 2019).



I construct a model of multidimensional decision-making under informational interdependence. A policy
consists of two decisions and the policy-maker (receiver, she) needs information about two state variables.
The information is related to how each decision addresses the different policy objectives, such that information
about each state influences both decisions.> Two agents (senders) observe private signals about the states
and send costless, non-verifiable messages to the policy-maker. Incentives for communication depend on
how information affects decisions, and on each sender’s preferences associated to each decision. I assume
linear informational interdependence, which allows me to capture in a parsimonious way the observation that
information about any state affects both decisions. To isolate the effect of interdependence, I also assume
preferences are additively separable on decisions.?

My main result is that an agent’s communication incentives depend on the nature of his information.
Based on the analysis of two different information structures, I characterize two novel effects. First, because
information affects both decisions, communication depends on how the informational interdependence
aggregates decision-specific biases. When each agent observes information associated to one state, the single
determinant of communication is the aggregate conflict of interest with the policy-maker. Because agents’
information refer to different states and these are orthogonal, individual message strategies are independent
of each other. The problem then becomes similar to the uniform-quadratic case in Crawford and Sobel
(1982) with one difference: the conflict of interest aggregates decision-specific biases. I exploit the apparent
simplicity of each senders’ incentive compatibility constraint to characterize informational spillovers.

The second effect arises when each agent observes noisy information about both states. Imperfect
information makes individual message strategies dependent on each other, similar to Morgan and Stocken
(2008) and Galeotti et al. (2013) among others. Now, having information about both states leads to a
credibility loss as compared to having information about only one. To see this note that agents observe
one signal associated to each state (two in total). Because states are orthogonal and each decision depends
on information about both states, some realizations of an agent’s information are be ambiguous—i.e. one
signal suggests a decision has to be adjusted in a particular direction relative to the prior beliefs, while the
other signal suggests the opposite. In such cases, the agent in question has incentives to follow the signal
that favours his own preferences on that decision. This means that revealing information about one state
is incentive compatible for a smaller set of biases as compared to the case in which the agent observes
information about that state only.

I also show that, due to the interaction between effects, the degree of informational interdependence
affects communication in a non-monotonic way. More interdependence means that information about any
state influences both decisions more similarly. Hence, the aggregate conflict of interest between an agent

and the policy-maker puts similar weights on the decision-specific biases. This means that an agent with

*Milgrom (2008) and Dziuda (2011) present a similar interpretation of decision problems defined in terms of multiple ‘issues’
which, in turn, are associated to the information the decision-maker needs—see also Gong and Yang (2018).

3Chapter 9 in Baumgartner and Jones (2009) provides an extensive discussion on how different issue areas are home to different
configuration of policy biases. Returning to the energy policy example, pro-environment groups may have strong preferences for
renewables and against fossil fuels, with little willingness to trade between these. Corporations related to fossil fuels have recently
started to invest in some renewable sources because they consider them as complement of their main business (see, for instance,
Macalister, 2016).



strong biases in both dimensions fully reveals his information because biases compensate each other. But
more interdependence also means that incentives to manipulate ambiguous information increase, and the
credibility loss becomes more pervasive. As messages involving ambiguous information become less credible,
communication tends to focus on information that reflects the interdependence—that is, signals realizations
leading to decisions being adjusted in the same direction.

Finally, I study the possibility of beneficial congestion. When an agent has imperfect information about
both states, having another agent revealing information to the policy-maker can alleviate his credibility loss.
Suppose that an agent’s preferences are aligned with the policy-maker in the first decision but feature a
large bias in the second. Due to interdependence, the large bias limits his ability to transmit information,
even when it is most relevant to the first decision. Now, suppose a second agent reveals information most
relevant to the second decision. Any information transmitted by the first agent has now a weaker overall
influence on decisions, but much weaker on the second dimension in which his bias is large. Therefore,
effective communication from the first agent will be incentive compatible for a larger set of biases than
without the second agent. Such beneficial congestion can have real-world implications in the composition of

decision-making teams, such as government cabinets, legislative committees, and organization boards.

1.1.1 Related literature

The paper contributes to the theoretical literature on multidimensional cheap talk. When each sender
observes both states perfectly, the receiver can extract all the information by restricting influence to the
dimension of common interests (Battaglini, 2002).% In other words, the receiver (in equilibrium) can commit
to ignore part of the information each sender provides because it will be provided by the other sender on path.
Levy and Razin (2007) show that the receiver loses such (equilibrium) commitment power when senders are
imperfectly informed and decisions are interdependent. Senders’ incentives thus depend on how information
affects both decisions, which can impede communication when the conflict of interest in one dimension is
sufficiently large. My paper builds on Levy and Razin (2007) and presents a framework to fully characterize
incentives for communication under linear interdependence.

Equilibrium communication in my model shares key elements with prior work on multidimensional
cheap talk. The very notion of aggregate conflict of interest is somewhat similar to ‘mutual discipline’
in Goltsman and Pavlov (2011) since revealing information leads to utility gains in one dimension that
compensate the utility losses in the other (see also Farrell and Gibbons, 1989; Chakraborty and Harbaugh,
2010). In addition, my framework features a class of strategies consisting in full revelation of some signal
realizations and non-influential messages otherwise. A sender fully revealing ambiguous information (and
nothing otherwise) is somewhat equivalent to providing rankings of the different attributes associated to
decisions, as in Chakraborty and Harbaugh (2007).

The paper also contributes to the literature on organizational design. Strategic communication has

important consequences on the organization of legislative institutions (Austen-Smith and Riker, 1987; Austen-

“Battaglini (2004) shows that this results is robust to imperfect signals when states are orthogonal. Ambrus and Takahashi
(2008) show that it is not robust to restricted state spaces for large conflict of interests.



Smith, 1990), decision-making cabinets (Dewan et al., 2015), and political parties (Dewan and Squintani,
2015). Most of the existing literature restricts attention to uni-dimensional decision problems. My focus on
multidimensional and multi-causal problems is thus a step forward to understand incentives in such complex
environments. A very similar notion of complexity has been used by Baumgartner and Jones (2009) to study
the effects of both problem prioritization and information on agenda setting and institutional evolution.

The notion of interdependent decisions is also important among firms, but the focus of this strand of
literature has been on the trade-off between coordination and adaptation (Alonso et al., 2008; Rantakari,
2008). Incentives for communication in such contexts are characterized by non-separability of preferences
(need for coordination), senders’ informational advantage (need for adaptation), and the difference in issue
salience among players (biases). However, the nature of some firms may lead to different trade-offs. For
instance, product design in multi-product firms relies on consumers’ preferences over different attributes,
with different products having different combinations of those attributes. Such firms face the need to gather
information about consumer preferences, technological innovations, and government regulations related
to each attribute, potentially leading to informational spillovers that will affect the organization of project
development teams.” My framework captures these issues and can be used to study how organizational
structures respond to the effects of informational interdependence.

The rest of the paper proceeds as follows. Section 1.2 presents the basic set up. In section 1.3 I analyse the
different information structures, and derive the two main effects shaping communication incentives. Section
1.4 provides comparative statics on how interdependence affects equilibrium information transmission, while

section 1.5 presents the result on beneficial congestion. Section 1.6 concludes.
1.2 The Model

1.2.1 Set Up

A receiver has to decide on two issues, y = (y1,y2) € R2, for which she needs information in hands
of two senders. Each decision is affected by two states, 61, 02, such that information about any of them
affects both decisions. 1 represent the (state-dependent) ‘optimal calibration’ of decisions as a vector
d = (01(01,02),02(01,02)). Player j’s payoff is thus defined in terms of decisions, composite states, and
biases as follows (for j = {R, 1,2}):

Uy, b)) = — (yl —01(61,62) — b{>2 - (yz — 02(6h,62) — bé)Q

The vector b/ = (b{, b%) € R represents j’s bias in the two dimensions. I normalize b? = 0, such that

b’ represents the conflict of interest between sender i (he) and the receiver (she). Optimal actions depend on

3See, for example, Andersson and Forsgren (2000); Gassmann and von Zedtwitz (1999); Boutellier et al. (2008).



the realization of states, as follows:

& w11 01 + wi2 02

8o way 01 + waz Oy

States are uniformly distributed in the unit square, 61,02 ~ U|[0, 1]. This assumption is not without loss
of generality, but is one that has been used extensively in the cheap talk literature (e.g. uniform-quadratic case
in Crawford and Sobel, 1982). The weighting matrix W characterizes the informational interdependence,
where all weights are weakly positive and w11, w22 > 1/2, so that the index corresponding to the state
also reflects which decision that state is more important for. Informational interdependence is thus linear
and information about any state affects decisions in the same direction with respect to the ex-ante optimal
calibration. Note that informational interdependence occurs despite the states are not correlated. It can be
characterized by:®

(w11 wa1 + Wi woe2)

T
[(wfl + w%2)(w§1 + w%Q)] ?

COI‘I‘(51, 52) =

The receiver obtains information through private, cheap talk communication with each sender. Each
sender observes a signal associated to each state, S' = (S}, S3) € S, with their precision given by o¢ and o3,
respectively. I analyse two different information structures. In the first, the signal and state spaces coincide,
S = [0,1]2. Senders are specialists, i.e. each of them observes a perfectly informative signal associated
to a different state and has no information about the other state. Which state each sender specialises on is
common knowledge. This information structure has been used in the organizational economics literature (see
Alonso et al., 2008, 2015; Rantakari, 2008). Section 1.3.1 analyses this case.

Secondly, I analyse the case of senders observing noisy signals about both states. Formally, the signal
space is given by S = {0, 1}? and the precision of a any given signal is such that Pr(Si = 1|¢;) = 6; and
Pr(S% = 1]65) = 5. This information structure is commonly used to study policy debate (see Austen-Smith,
1990; Galeotti et al., 2013; Dewan et al., 2015) in which each legislator has information about the likely effects

of decisions on the constituency he/she represents. I thus refer to senders in this case as local representatives.

1.2.2 Timing

First, senders privately observe their information; secondly, each of them sends a cheap talk message to
the receiver; finally, the receiver chooses y = (1, y2) and payoffs realize. The message space under each
information structure coincides with the signal space, that is m* € M = S.” I focus on pure-strategy Perfect
Bayesian Equilibria (PBE). Communication incentives will depend on the information each sender has and,
in some cases, on the other sender’s equilibrium message strategy. Denote by m*(S?) € M the message
strategy of sender ¢, where M € S represents the message space. A PBE of this game is characterized by a

decision vector, y*, and a collection of message strategies, m* = {ml*, mQ*}, such that:

®Note that the assumptions on W lead to non-negative correlation, which is without loss of generality
"This assumption is without loss since the type of information each sender observes is common knowledge. In the case of binary
signals, any message between 0 and 1 could, in principle, reflect a mixed strategy, but I restrict the analysis to pure strategies



* The receiver’s decisions satisfy:
y* = W E(6|m°)

» Sender ¢’s message strategy satisfies:

m® (S’) € argrrﬁx{E [— (y*(mi,m_i) -Wo - bi)/ (y*(mi,m_i) -Wéo - bi) ‘SZ]}

1.3 Equilibrium Analysis

1.3.1 Senders as Specialists

In this section each sender is perfectly informed about one of the states but has no information about the
other beyond the prior. This information structure is commonly used in applications of multidimensional
cheap talk to organizations (Alonso et al., 2008; Rantakari, 2008). I also provides a useful benchmark to
extend Levy and Razin (2007) characterization of informational spillovers and analyse their communication
implications.

Let assume that sender 1 observe a perfectly informative signal about §; and sender 2 about #». Each
sender’s problem becomes a Crawford-Sobel (CS) problem in which his message affects two decisions
according to the interdependence structure. Following CS, let a® denote sender i’s generic ‘boundary type’
0,. Also, let Jy(ak, at ;) = M be the expected action on dimension d = {1, 2} when reporting on the

upper interval, and similarly with respect to a;éfl.

Lemma 1.1. Suppose sender i € {1,2} observes a perfectly informative signal about 6;. Sender i’s
equilibrium message strategy involves noisy messages unless there is no conflict of interest with the receiver.
Moreover, the set of actions induced in equilibrium is finite.

The incentive-compatibility constraint leads to the following arbitrage condition:

(b wyy, + bhway)

A
(w2, + wl,) =

i i i
Upy1 = 205 —az_q +4

Proof. All proofs can be found in the Appendix. O

The corollary below characterizes the more immediate effect of informational interdependence on

communication incentives, which I denote by ‘aggregate conflict of interest’.

Corollary 1.1. Condition (A) coincides with the arbitrage condition in CS when the bias is equal to:

Bi = (bliwlr + béw%)
T (wf, wd,)

Information about #; affects both decisions and the magnitude (and direction) of that influence is given
by w11 and wi2. When there is no informational interdependence (w;; = 1 and wi2 = 0), communication

is characterized by CS. As long as information about 6, affects y; and y», incentives for communication



depend on sender i’s biases in both dimensions. Linear interdependence means that the aggregate conflict
of interest is a weighted average of the decision-specific biases. I now proceed to characterize equilibrium

communication.

Proposition 1.1. Suppose senderi € {1,2} observes a perfectly informative signal about 0;. Any equilibrium
message strategy consists of finite partitions of the state space unless B: = 0. Moreover; the intervals are
characterized by:

ak = a\7 + 27 (F — 1) B!

And the maximum number of intervals is given by:

: 11 2\ /2
NB)=|—-—=+=-|1+—=
Proof. Follows from Crawford and Sobel (1982) when b = Bf;. ]

Proposition 1.1 characterizes communication for each sender when they are specialists. The expressions
concide with those in Crawford and Sobel (1982) when b = Bf,. Note that the information at i’s disposal is
orthogonal to that of the other sender and, thus, he cannot infer the message strategy of his counterpart. This

is why 7’s message strategy does not depend on the other sender’s strategy.

Maximal Incentives for Communication. In order to get a graphical intuition of communication incent-
ives and informational spillovers, I define the maximal incentives to reveal information which, in turn, is a

function of the interdependence.

Definition 1.1. Let )\, = {z ER?| Z W, = O} be the locus with slope —q“w”—;: related to 0,. This locus

represents the bias vectors for which incentives to reveal information about 0, are maximal.

Note that b® € ); implies that B! = 0, meaning that i fully reveals his information to the receiver.
Definition 1.1 helps characterize the set of bias vectors for which there is information transmission (influential
messages) from any individual sender. Lemma 1.1 and Proposition 1.1 imply that equilibria with influential

messages exist only if Bf < 1/4, which can be re-expressed as:

[(w1)? + (w2i)2]%
4

[Ib" — Proj,, (b')|| <

Here Proj, (b?) is the projection of 7’s bias vector onto the locus \,.3

Figure 1.1 shows the set of bias vectors for which an influential equilibrium exists. Panel (a) illustrates
the case of small interdependence, for which the maximal incentives to reveal information, A, are close
to the vertical axis. The small rotation indicates that revealing information about #; will mostly influence

y1 but also has a small effect on yo. Therefore, the incentive compatibility constraint weighs the sender’s

8More precisely, the LHS of the expression above constitutes the module of the rejection of b’ on ;.



Figure 1.1: Bias vectors for which an influential equilibrium for Sender 1 exists
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Notes: Shaded areas indicate bias vectors for which B; < 1/4, for different levels of interdependence.

biases in both dimensions. Positive correlation means that maximal incentives for communication happens
when biases have different signs. As interdependence increases, maximal incentives take place when biases
are more similar in magnitude, as Panel (b) shows. The overall width of the region for which By < 1/4 is
decreasing in interdependence, which reflecting the denominator of B:: as interdependence increases, the
overall influence of each sender is split between two decisions.

Informational Spillovers.

Levy and Razin (2007) show how informational spillovers can kill communica-
tion when signals are imperfect. In their argument, a large bias in one dimension is a sufficient condition

for communication breakdown even when preferences of the sender and the receiver are perfectly aligned
in the other dimension. Unlike the Fully Revealing Equilibrium in Battaglini (2002), the receiver loses his
equilibrium commitment power to ignore information across dimensions because senders are imperfectly
informed. Levy and Razin define this communication breakdown as a negative informational spillover. In the

and information structure.

next lemma, I present the possibility of positive informational spillovers. I define these by comparing the
two-dimensional decision problem with two separate unidimensional problems with the same preferences

When senders are specialists, I can define informational spillovers by comparing the two-dimensional

problem with those associated to the decisions for which each sender’s information is more important. The
lemma below characterizes 4’s incentives for communication in the one-dimensional problem for which

his information has the highest influence (wg, = w;; > 1/2), and determines the necessary conditions for



negative and positive spillovers.

Lemma 1.2. When sender i = {1,2} observes 6;, the one-dimensional problem associated to decision
d = {1,2} is characterized by:
. bt
By = <
W
Let j = {1,2} denote the decision for which sender i’s information is less important (w;; < 1/2). A

necessary condition for negative informational spillovers is B}; < Bj;; whereas, a necessary condition for

positive informational spillovers is BZZ > BJZZ

Consider the case of sender 1, who is perfectly informed about ;. Negative spillovers occur when he
would transmit some information in equilibrium if y; were decided separately, but the equilibrium of the
two-dimensional problem involves no information transmission. Such harm to communication increases
when b% is large relative to the influence of 81 on ys (ws). Figure 1.2 illustrates these cases with a minus
sign for bias vectors featuring small conflict of interest in the first dimension and large in the second.

Positive spillovers, on the other hand, arise when his incentives to reveal information are stronger in the
two-decision problem as compared to the one-decision problem. This takes place when b} is small relative
to bi. As a consequence, ‘adding’ this second decision dilutes the conflict of interest in the first dimension.

Figure 1.2 shows such bias vectors with a plus sign.

1.3.2 Senders as Local Representatives

In this section, I study the case in which each sender observes two noisy signals, one associated to each
state. From a policy-making perspective, such information structure reflects the fact that political actors
(senders) observe information from the constituencies they represent. From an organizational perspective,
the information structure can be interpreted in terms of headquarters seeking local information from geo-
graphically dispersed subsidiaries. Formally, each sender observes one binary signal associated to each state,
{91,895} € S = {0,1}2, such that Pr(Si = 1) = 61 and Pr(S5 = 1) = 6. Recall that the message and
signal spaces coincide: (mi,m%) € M = {0,1}2. After messages have been sent, the receiver updates
beliefs according to a Beta-binomial process. Let k, < 2 be the number of senders truthfully revealing their
signals and ¢, the number of those signals that equals 1, where » = {1, 2} indexes the states. Then, the

updated expectation for each state is given by:’

)
(k1 +2)

(b2 +1)

E(91|k’1,£1) - m

E(02)ka,l2) =

Let k] and k3 denote the number of truthful messages the receiver has in equilibrium; also, let /] and

5 denote the number of “ones” reported in equilibrium. From now on, k and ¢ (no superscript) denote i’s

The conditional pdf and the receiver’s posterior on state 6,. are, respectively:

k!
0 (ky — £0)]

|
0l (1 — 0,)" " B0 e, By = e DL _ger (g gyt

Flr|Or, kr) = = 00k — )]



Figure 1.2: Informational Spillovers for Sender 1 — Two decisions vs one-dimensional problem (y;)

o\

E1B; < 1/4 (two decision
B; <1/4 (y1 only)

[JInfo Externalities

Note: Corr(d1,02) = 0.8. + (—) indicates positive (negative) Info Spillovers.

conjecture about other senders revealing truthfully and reporting ones on the equilibrium path.'°

Because of the possibility of multiple equilibria, I need to specify the selection criterion. As most papers
in the cheap talk literature, I focus on the receiver-optimal equilibrium. This criterion chooses the message
strategy that maximizes the receiver’s ex-ante expected utility. Unlike the analysis in the previous section,
here more messages do not always lead to more information transmitted to the principal. For a given m* the

receiver’s equilibrium actions are given by:

D (54 o D (54
R G I TR TP TR

The above expressions show how a sender’s information, if revealed, affects the receiver’s beliefs and
decisions. Revealing one signal affects decisions according to the importance of the associated state. Just
as in the specialists case, incentives for communication depend on the way the interdependence aggregates
decision-specific biases. But having information about both states makes each sender’s incentives depend on

the information the other sender is expected to reveal in equilibrium.!! Moreover, independence of states can

19Sender i’s conjecture will be correct on path, and whenever his equilibrium message strategy involves revealing the correspond-
ing signal then k; = k, + 1, while &k = k, otherwise.
"ndeed, this is caused by the fact that both senders observe information about the same states (see Krishna and Morgan, 2001b)
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produce signals that, if fully revealed would move decisions against the informational interdependence. The
possibility of such information raises some additional incentives to deviate for each sender, leading to a loss
of credibility that harms communication. This ‘credibility loss’ is another important effect of informational
interdependence.

In order to build up intuition, I start with sender 7’s incentives to reveal one signal only and then derive
incentives for full revelation. Finally, I show that equilibrium communication is not only based on revealing
information on separate dimensions independently. There are equilibrium strategies in which the amount
of information a sender transmits depends on his signals realizations. Proposition 1.2 characterizes the

receiver-optimal communication equilibrium for sender %.

Incentives to reveal one signal only. Revealing any single signal amounts to revealing information about
one state only, which would move both decisions in the same direction due to the positive informational
interdependence.!? As in the previous section, this means that sender i’s incentives depend on the aggregate
conflict of interest. But having information about both states alters these incentives. Because states are
orthogonal, a sender’s information may consist in signals realizations that contradict each other in terms of
policy recommendations. Take, for example, a sender who has positive bias in both dimensions and is expected
to reveal information about #; in equilibrium. Because of his biases, incentive compatibility demands that
he is better-off revealing Si = 0 than lying about this signal realization. These incentives for truth-telling
are weakened when his other piece of information is S = 1, because it implies adjustments towards i’s
biases on both decisions. The fact that he cannot credibly transmit this piece of favourable information in
the equilibrium under consideration undermines his incentives to reveal S} truthfully. Therefore, the very
possibility of such ‘ambiguous information” harms credibility. Below I present the incentive compatibility

(IC) constraint for this message strategy.

Lemma 1.3. Consider an equilibrium (y*, m*) in which {S%} € m**. Revealing information about state 0,
is incentive compatible for sender 1 if:
1 1 Cr

Brl =3 (kr +3) (ks +3) (1-1)

wiwizt+w21waz)

where C, = ( @2 Tl € [0, 1]; such that when w11 = wag = w, then C; = Cy = Corr(d1, d2).

Sender i’s incentives to reveal information about 8, = {61, 62} depend on the other sender’s strategy for
two reasons. First, information is noisy and this imposes an upper bound on how much ‘additional precision’
sender ¢ can induce by revealing his signal. Since both senders have binary signals, ¢ can predict the marginal
effect of revealing his signal on the corresponding posterior— captured by k, in equation (1.1).!* The first

term in square brackets shows how ¢’s incentives depend on whether sender j reveals information about the

and that information is noisy (see Austen-Smith, 1993; Galeotti et al., 2013).

12Recall that this stems from the assumptions on W, which are without loss of generality.

131f the other sender is not expected to reveal S on path, the set of possible posteriors is given by E(6,-|m% = Si) = {1/3,2/3};
while if he is expected to reveal, the set becomes F(0,.|m} = Si,m] = S7) = {1/4,1/2,3/4}.
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same state, similar to the unidimensional decision problems in Austen-Smith (1990); Morgan and Stocken
(2008); Galeotti et al. (2013).

The second effect relates to the fact that senders have information about both states. I have already
described how ¢ experiences increased incentives to lie when information about one state is favourable and
that about the other is unfavourable. Recall that, due to positive interdependence, revealing information
about one state moves decisions in the same direction. Ambiguous information hence arises for signal
realizations (5%, 5%) = {(0,1), (1,0)}."* The second term of the right-hand side in expression (1.1) captures
the credibility loss. Note that it is increasing in the informational interdependence, which is captured by C.

(for given k; and k»)."

Incentives to reveal both signals. The way in which 7’s information affects decisions depends on its
realization. Fully revealing (S%, S%) = {(0,0); (1, 1)} moves decisions in the same direction with respect
to the prior, whereas fully revealing (S%,S%) = {(0,1);(1,0)} moves decisions in opposite directions.

Therefore, the set of b’ for which revealing both signals is incentive compatible depends on their realizations.

Lemma 1.4. Consider the equilibrium (y*, m*) in which {S%, Si} € m®. Sender i finds full revelation

incentive compatibility if:

* he does not have incentives to lie on any signal individually; that is, for 6, = {61, 02}:

. 1
B < —
AR Ty

(1.2)
* he does not have incentives to lie on both signals when S* = {(0,0); (1,1)}:

0<
= (k1 +3)

1 [( 1 Ch

. 1 1 Cs
m+3f+w2+mi234+< L

ka +3) k:2+3)+(k‘1+3):|:2B2] (1.3)

s he does not have incentives to lie on both signals when S* = {(0,1); (1,0)}:

1 1 Cy ;
< _ 7
0_(k1+3) [( :I:QBl}-l-

1 [ 1 Co
ki+3)  (k2+3) (

o t3) [ ot3)  td) | 232] (1.4)

The operators = in (1.3) mean that the expression must hold when B! and B} are both added and when
they are subtracted, keeping their signs. Incentive compatibility thus requires that the RHS is non-negative
in both cases, which in turn indicates the way in which decision-specific biases aggregate. Similarly, the
operators + and F in (1.4) mean that the expression must hold when Bi' is added and Bg subtracted, and
vice-versa. The latter means that this IC constraint is slack when b} and b} have the same sign, as opposed to

expressions (1.1), (1.2), and (1.3) that are slack when b’i and bé have different signs.

14Tn section 1.5 T show that for those signals realizations, sender i’s incentives to deviate from fully revealing one of his signals
are lower when j reveals information about the other state in equilibrium.
15 Alternatively, note that when Corr(d1, d2) = 0, ¢’s information about 62 does not affect .
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Fully revealing (S, S%) = (0,0) or (S%, S%) = (1,1) moves both decisions in the same direction with
respect to the prior. Note that each signal reinforces the influence of the other, which is captured by the
the terms C'; and C5 having the same sign in (1.3). Note also that the expressions within square brackets
correspond to the incentives to reveal each signal individually (equation (1.1)). To see this consider the
case in which ¢ fully reveals both signals and j is expected to reveal information about ¢; only. In this case,
1’s message strategy has a smaller influence on y; than on ys because the receiver is expected to be better
informed about #; (from j equilibrium message strategy). As a consequence, ¢’s IC constraints put more

weight on B} than B:. The following corollary summarizes this intuition:

Corollary 1.2. When sender i reveals both signals, the larger (smaller) k1 relative to ko the smaller (larger)

the influence on y relative to ys.

Incentives to fully reveal signals (S%, S%) = {(0,1);(1,0)} are somewhat different. Not only decisions
moves in different directions, but also the net influence on each decision is smaller than the influence
of revealing any of the signals individually. Moving decisions in opposite directions leads to a different
aggregation of decision-specific biases. As a consequence, the RHS of equation (1.4) is less restrictive when
when B! and B} have the same sign. The smaller overall influence makes this IC constraint relatively more
restrictive as compared to the others in Lemma 1.4. Finally, Corollary 1.2 also applies to this IC constraint,
meaning that the relative importance of each piece of information depends on whether the other sender is

revealing the same information or not.

Dimensional non-separable message strategies. The equilibrium characterization in this game is not just
based on communication on separate dimensions independently. In fact, it is possible that senders credibly
transmit information for some signals realizations but not for others. This is the case when, for example,
i’s biases are b} > 0 and b} < 0, and they are large but similar in magnitude (|b}| ~ |b5]). If such a sender
truthfully announces m’ = {(1,1)}, the receiver should believe him because his utility gains from increasing
y1 compensate the utility losses from decreasing yo. But announcing m’ = {{(0,1)}} or m* = {{(1,0)}}
does not have the same compensation across dimensions. If these messages were believed, ¢ would always
announce m’ = {(1,0)}, which cannot be an equilibrium. As a result, a sender with such biases fully reveals
signals that coincide and transmits no information when they do not (meaning that he plays the corresponding
babbling strategy). I call such message strategies dimensional non-separable (DNS, henceforth). In Appendix
Al, I show that the only strategies of this class arising in the receiver-optimal equilibrium has the structure of
the example: full revelation for two combinations of signal realizations and babbling for the other two. The
lemma below characterizes communication incentives when the message strategy includes both babbling and

influential messages, for the class of DNS strategies arising in equilibrium:

Lemma 1.5. Consider an equilibrium (y*, m*) in which m" includes a babbling strategy and full revelation

of some signal realizations. Then, full revelation is incentive compatible for sender i when:
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* he does not have incentives to lie on both signals when S* = {(0,0); (1,1)}:

1 [( 1 Ch

Z. 1 1 Cy
(k1 + 3) k1+3)+(k2+3)i431]+( [(

+4BL >0 (15
/-6'2-1—3) k‘2+3)+(k‘1+3) 2:|_ (1.5

* he does not have incentives to lie on both signals when S* = {(0,1); (1,0)}:

1 [( 1 Ch

— +4Bi| +
(k1 +3) 1]

1 { 1 Cy
ki+3) (k2 +3) (

(ky+3) | (k2+3) (k1 +3) “Bé] =0 (16

The similarities between conditions in Lemmas 1.4 and 1.5 reflect the fact that the influential messages
fully reveal the sender’s information. The main difference between the two is the weight of the aggregate
conflict of interests: DNS message strategies put more weight on B: and B}, meaning that conditions (1.5)
and (1.6) hold for a smaller set of biases. This is due to the influence of deviations to non-influential messages.
When any of these messages are announced, the receiver does not update decisions. However, if ¢ announces
one of the influential messages, both decisions move away from the prior. This deviation features a lower
overall influence than lying on both signals. Because of this lower influence, non-influential types'® are more
tempted to deviate and, thus, the IC constraints hold for a small set of biases.

I now characterize the receiver-optimal equilibrium of this game.

Proposition 1.2. The receiver-optimal Perfect Bayesian Equilibrium for sender i consists of the following

message strategies:

1. Revealing both signals, if b* satisfies conditions in Lemma 1.4 with respect to both states.

2. Revealing one signal only, if b* satisfies conditions in Lemma 1.3 with respect to one state only and

does not satisfy those in Lemma 1.4.
3. Dimensional non-separable message strategies in the following cases:
(a) Fully revealing (St,S%) = {(0,0); (1,1)} if b’ satisfies condition (1.5) only;
(b) Fully revealing (Si,S%) = {(0,1); (1,0)} if b’ satisfies condition (1.6) only.
4. No communication (babbling strategy), if none of the above holds."’

First note that the set of strategies that constitute an equilibrium is a strict subset of the strategy space.
Proposition 1.2 implies that equilibrium communication depends on the profile of biases and the informa-

tional interdependence. The system of beliefs that supports each strategy is characterized in Appendix Al.

15 A sender’s type is given by his signals realization. By non-influential type I mean a sender whose signals lead to babbling
message strategies on path.

"Formally, the message strategy in (1) is m® = {{(0,0)}; {(0,1)};{(1,0}; {(1, 1)}}; in (2) when revealing S is
= {{(0,0);(0,1)}; {(170);(1,1)}}, and when revealing S is m' = {{(0,0);(1,0)}; {(071);(1,1)}}; in (3).a is
= {{(0,0)};{(1,1)};{(0, 1);(1,0)}}, and in (3).bis m' = {{(0,0);(1,1)};{(0, 1)};{(1,0)}}; and in (4) is m’ =
0,0)5 (1,1)5 (0, 1); (1,0)} }.

2
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Intuitively, when the strategy involves some sort of pooling between types (Parts 2 and 3), there are at least
two messages that induce the same actions and, upon hearing any of such messages, the receiver assigns
equal probability to the types involved. Note also that the non-influential messages in DNS strategies provide
no information at all to the receiver. This is due to the fact that the signals realizations involved perfectly
compensate each other (and the receiver puts equal probability on each pair).

The Fully Separating Equilibrium arises only if the aggregate conflict of interest between ¢ and the
receiver is sufficiently small. The shape of the different correspondences reflects how each message strategy
affects decisions. Recall that \; and )\, represent the maximal incentives to reveal information about each
state. Positive informational interdependence then leads to the negative slopes of A\; and \2'® because
incentives to reveal any single signal are greater when decision-specific biases have different signs. Condition
(1.1) can thus be re-expressed as follows:

w, +wi)2 [ 1 G

b’ — Proj, (b")|| < —
H I'OJ)\T( )H = 2 (kr+3) (kf‘f‘g)

This formulation allows the comparison with the specialist case. The main difference relates to the
effects of ambiguous information on incentives for communication: the set of biases for which there is any
information transmission is strictly smaller than when senders are specialists.'

Figure 1.3 illustrates the set of biases for which the different strategies arise in equilibrium, for a given
set of parameter values. The blue and red regions correspond to DNS message strategies. Note that the blue
region consists mainly of biases in the II and IV quadrants, meaning that b} and b% have different signs. When
i’s biases lie on this region and his signals are S* = {(0,0); (1, 1)}, fully revealing them moves both decisions
in the same direction and, as a consequence, ¢’s utility gains associated to one decision compensate the utility
losses associated to the other. This interaction between interdependence, biases, and messages makes the
aggregate conflict of interest relatively small, and the message credible. On the contrary, if the receiver were
to believe any of the messages given by m® = {{(0,1)};{(1,0)}}, ¢ will announce the message that moves
decisions according to the biases. Similar intuition applies when biases are in the red region (quadrants I and
II), for full revelation of signals S* = {(0, 1); (1, 0) }—decisions move in different directions in this case.

Next I present a formal discussion on the effects of informational interdependence on communication.
1.4 How Informational Interdependence Affects Communication

To provide a more intuitive interpretation of the results, I assume wy; = wes = w and w > % The
analysis looks at how sender 7’s IC constraints change when w changes, given sender j’s message strategy.

Note that a higher w means less informational interdependence.

Proposition 1.3. Let 1/2 < w < 1. Increasing interdependence affects communication through the effect of
the credibility loss and the aggregate conflict of interest. The effect through the credibility loss associated to

8The different slopes relate to the fact that incentives to reveal information about 6; (62) weighs more the bias on y1 (y2).
Here I only refer to whether there is communication or not, leaving aside the amount of information transmitted in each case.
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Figure 1.3: Equilibrium communication for a sender with information about both states (Prop. 1.2)

£35S only [MS3 only £Z4(0,0) and (1,1) only [21(0,1) and (1, 0) only
EFull Revelation [IBabbling
Note: W11 = W2 = 3/4 (COI‘I'(51, 52) = 06) and ]4)1 = k‘g =0

state 0, = {01, 02} is given by:
oC,

~ ow
The effect through the aggregate conflict of interest associated to state 0, = {61,602} is given by:

CL, <0

Interdependence changes the extent to which the credibility loss affects communication: more inter-
dependence increases the effect of credibility loss on incentives. To see the intuition, consider the case in
which ¢ is expected to reveal information on ;. When interdependence increases, the opportunity costs of
not revealing favourable information about 65 increases as well—revealing information about the latter has
a relatively higher influence on both decisions due to the stronger interdependence. Whenever ¢ observes
ambiguous information, his incentives to deviate to sending a favourable message associated to ¢ increase.

A similar intuition holds for the incentives to reveal both signals, since equations (1.3) and (1.4) require than
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revealing at least one signal individually is incentive compatible.
On the other hand, interdependence also affects the aggregate conflict of interest. Below I show the cases

in which more interdependence reduces the aggregate conflict of interest.

Lemma 1.6. A necessary condition for interdependence to reduce the aggregate conflict of interest is

sign(Bt) = sign(bt — b%), which implies that:

1. if sign(b}) = sign(b), the necessary condition becomes: |b}| > |bf,

2. if sign(b) # sign(bh), the necessary condition becomes: w|bt| > (1 — w)|b|.

Suppose, again, that sender ¢ is expected to reveal information about #; in equilibrium. Higher inter-
dependence loosens the corresponding IC constraint when b is sufficiently small relative to b’i.zo In other
words, information in hands of 7 has a higher influence on a decision of smaller conflict of interest between
him and the principal.

Figure 1.4 depicts the intuitions behind Proposition 1.3 and Lemma 1.6, illustrating the two channels
described above. The change in the aggregate conflict of interest can be seen in the rotation of \; and
A2, which represent the maximal incentives to reveal information about 6; and 69, respectively. Higher
interdependence means that information about 61 (62) affects both decisions more similarly, then the weights
of bi1 and bé on the corresponding IC constraint will be more similar, i.e. A1 (A2) rotates towards the -45 line.

The second effect relates to the credibility loss. More interdependence exacerbates the negative implica-
tions of ambiguous information. Take the incentives to reveal one signal. As interdependence increases, such
strategy is incentive compatible for a smaller set of biases, which is represented by how the corresponding IC
constraints narrow in Figure 1.4. The same effect is also present for the DNS strategy involving full revelation
of St = {(0,1), (1,0)}. Recall that in such case the overall influence on decisions is smaller than revealing
each signal individually. Higher interdependence means each signal counteracts the effect of the other and,
thus, the overall influence decreases.

Note that the DNS strategy involving full revelation of S¢ = {(0,0); (1,1)} is not affected by the
credibility effect. The influence that revealing each signal has on decision reinforces that of the other in such
strategy. As a consequence, sender ¢’s incentives to deviate from truth-telling are driven only by his bias and
not his information.

In the next section I explore the possibility of beneficial congestion, which is related to the role of k; and

ko on 7’s incentives to fully reveal his signals (at least for some realizations).
1.5 Beneficial Congestion

The cheap talk literature has identified many instances in which an additional source of information
negatively affects the incentives of the original source. For perfectly informed senders, Krishna and Morgan
(2001b) show that if their biases go in the same direction the receiver cannot do better than consulting the

sender with the lowest bias. When senders observe imperfect information, Morgan and Stocken (2008);

Note that bé corresponds to the decision for which 6; is less important, i.e. wi2 < wii.
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Figure 1.4: Equilibria in Proposition 1.2 for different levels of interdependence
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(a) Corr(d1,02) =0 (b) Corr(d1,62) = 0.3
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(c) Corr(d1,02) = 0.8 (d) Corr(dy,62) =1
Notes: k1 = ko =0

Galeotti et al. (2013) among others, show that individual incentives for communication decrease with the
number of truthful messages transmitted in equilibrium. In one-decision problems, therefore, congestion
harms individual incentives for communication.?!

When senders are imperfectly informed and decisions are correlated, the possibility of ambiguous

information harms communication incentives. In particular, sender ¢’s incentives to reveal information about

2I'This also holds for multidimensional problems in which decisions are not correlated (Dewan et al., 2015).
2Krishna and Morgan (2001b) show that the receiver can extract more information from senders with opposing biases. As I shall
show, the mechanism is completely different to the case of multiple decisions and imperfectly informed senders.
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0, also depend on the information the receiver gets about 5 in equilibrium. If she is expected to be well
informed about 65, sender ¢’s signal associated to this state would represent a small proportion of the receiver’s
information. Sender 4’s credibility loss is therefore weaker, i.e. his incentives to deviate from revealing S!
are less affected by ambiguous information. Figure 1.5 shows how the set of biases for which revealing S? is

incentive compatible expands as the number of sender revealing information about 65 increases.

Figure 1.5: Beneficial Congestion effect on incentives to reveal S}
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Note: Corr(d,d2) = 0.8.

This beneficial congestion effect becomes stronger with interdependence, that is:

8]0(1,1) . Cr

Ok; (ki + 3)2

Beneficial congestion also arises for DNS strategies. Due to the complexity of the IC constraints and
their derivatives, I show the results by looking at the set of biases for which the beneficial congestion takes
place. Below I describe the conditions under which increasing the number of senders revealing information

about 87 induces 7 to reveal more information.

Proposition 1.4. Let b = {b?, b’} and b = {b? b’} be two collections of bias vectors, such that b/ # b,
Let ky, ko € {0, 1} be the number other truthful signals the receiver has from other senders in the equilibrium
under b, and ki = ki + 1 and ky = ko be those for the equilibrium of the game under b. For any
12<w<lif

(k2 +3) <min{(k1+4)_ 4w (1 —w) }

(k1 +3) (ko +3) 7 [w?+ (1—w)?]

Then, there exist b € R2 such that i’s equilibrium message strategies are:
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* Revealing both signals when they coincide and nothing otherwise, when preferences are given by b;
and

* Revealing both signals, when preferences are given by b.

Figure 1.6 presents Proposition 1.4 with a simple example. There are two senders, A and B, each
characterized by his bias vector. The figure represents A’s IC constraints. I show how sender A’s incentives
change for different biases of sender B. The different biases will lead to different equilibrium message
strategies for B, which change sender A incentives for communication. In the graph on the left, B’s
equilibrium message strategy is babbling, while A fully reveals when signals coincide and play babbling
strategy otherwise.> Note that A’s bias on the first dimension is relatively large, so if he observes S4 = (1, 0)

he prefers to announce m“ = {(0, 1) }—that is why full revelation cannot be an equilibrium in this case.

Figure 1.6: Effect of increasing the receiver’s equilibrium information under Proposition 1.4 on A’s incentives

% 0

0.3 03

—0.3 —0.2 —(0), 1l

(a)k1:07k2:0 (b)k1:17k2:0
Note: Corr(d1,02) = 0.8. Both k; and ko are A’s equilibrium conjectures.

Sender A’s incentives change when B’s preferences are as shown in B in the right panel. Because B
is expected to reveal his information about #; on path, A’s influence from revealing both signals is smaller
in y relative to 7. As a consequence, A is now willing to fully reveal if he observes S4 = (1, 0) and his
equilibrium message strategy is full revelation.?* Thus, increasing the receiver’s precision on 5 is now more
important for A than the cost associated to y; .

In summary, as the receiver has more information about 6; on path, sender A’s influence on y; decreases.

Given A has strong preferences over ¥, the reduced influence improves his communication incentives to

“Formally, m(h) = {{(0,0)}: {(1, 1)} {(0,1); (1,0)}} and m® = {{(0,0); (1,1); (0, 1); (1,0)}}.
**Numerically, preferences for A are bi' = —0.11 and b3' = —0.03.
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the point he transmits more information than in the original situation. Note that the beneficial congestion
is also possible because neither b{' nor b4 are too large in magnitude. Both informational interdependence
and imperfectly informed senders are crucial features for this mechanism to arise. The mechanism can
have important implications for the conformation of executive cabinets or legislative committees, which
have been among the most studied applications of cheap talk models (see Austen-Smith, 1990; Dewan and
Hortala-Vallve, 2011; Dewan et al., 2015).

1.6 Concluding Remarks

I studied cheap talk communication between two senders and a receiver who decides on two issues.
Information relevant for each issue also influences the other. Such informational interdependence affects
senders’ incentives because it aggregates decision-specific biases, but communication also depends on the
information structure. When senders are specialized on different issues, the aggregate conflict of interest is the
only determinant of communication. When senders observe noisy signals on both issues, on the other hand,
the possibility of ambiguous information also affects communication. Incentives to reveal information that
influences decisions against the sender’s bias become weaker when he observes other pieces of information
that would have the opposite influence if revealed.

I showed that the aggregation of decision-specific biases can lead to informational spillovers. Negative
spillovers arise when the multidimensional decision problem reduces the amount of information transmitted
in equilibrium as compared to separate unidimensional problems—similar to Levy and Razin (2007). Positive
spillovers arise because the aggregate conflict of interest of the multidimensional problem is smaller than the
biases associated to each decision. Such spillovers can play a key role in the organization of governmental
departments (White and Dunleavy, 2010) and negotiation teams (Trager, 2011, 2017) among others.

I also showed that information congestion can result in more information transmitted in equilibrium. In
a context of imperfectly informed senders, the more information the receiver gets in equilibrium, the less
influential each sender is. Deviations that may arise in the presence of favourable information that is not

revealed in equilibrium are therefore less profitable.
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Appendix

Al Proofs

Senders as Specialists

PROOF OF LEMMA 1.1. First, note that a;;g < 0 and % > () because preferences are quadratic losses
and additively non-separable. This guarantees that equilibrium message strategies involve finite partitions of
the state space characterized by an integer /N (b)lsee Lemma 1 in Crawford and Sobel (1982). For a given
equilibrium N (b), let ajy, a, ..., a’y; denote the boundaries of this partitions.

I now derive the arbitrage condition for a typical ‘boundary type’. Let assume sender 1 observes the
realization of #; and sender 2 that of f3. Also, let v = E(6;/m?) denote the posterior induced on 6; after
message m’ was sent by sender 4, for i = {1,2}}. Communication incentives for a given realization of 6; are

then given by:
E [UY0;,v*] = —E [(1n — w1161 — w1202 — b})* + (y2 — wa161 — waa — b5)?|0;, m"™]
= —E[[wn(u{' — 01) + wia(v5 — 62)]° = 203 [wir (V] — 01) + wiz(vh — b)) + (b)) +
+ [war (v] — 01) + waa (V3 — 02)]* — 20w (V1" — 61) + wia (V" — 62)] + (b3)*(6;, m™
Notice that the independence of 6; and #, implies that sender ¢’s messages cannot affect the receiver’s

beliefs on 6;, i.e. E [u}*]&i, ml*} = E [0;|0;, m™] = E(6;). Then, re-arranging the squared terms involving

(V4 — 61) and (V& — 65), sender i’s IC constraint becomes:

E [U7165,017] = — B[} = 002 (wl, + wh) — 20" — 00) Blwss + byuwai] 6, m™
— B[(E(0;) - 0;)°] (wi; +wd;) + (b)) + (03)° (AL
Because of continuity of the state space, for any equilibrium partition there exist boundary types that

would be indifferent between announcing two messages. More precisely, denote by a’, a generic boundary

type for n = {0, 1, ..., N'}. Then, by definition of boundary type:
B (m},) = Ut (m5,41) 0] = 0
Now solving the above expression with (A1.1) and noting that:

i i
) a +a X
i _ “n—1 n 7 _
Vp =5 and Upi1 =

i 7
Apt1 T O
2

I get:

(@1 — apy1) [(WT + W) (ag 41 — 2a5, + aj,_y) — 4(bjwy; + bywa;)] =0
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Which holds if and only if:

(biwy; + bhwa;)

i _ T 1
Apt1 = 2an an—1 +4 (’UJ% I w%)
i 7

The same Arbitrage condition as the uniform-quadratic case in Crawford and Sobel (1982), with the

conflict of interest between sender ¢ and the receiver defined by:

(bl wy; + bhwa;)

B
(w%i + w%z)

Senders observe noisy signals about both states

Suppose that the decision-maker holds & signals about one of the states, for » = {1, 2}. Let £ denote
the number of such signals that equal 1; then the conditional pdf is:
kx!

GOy k) = O (1= 0,) 5
SO k) = i — gy o (1 = 6r)

And her posterior is:
(ky +1)!

* 7% 0* k*—0%
— T 1 J— ™ T
As a result:
B0, 105 k) = -2 ——~ Var (6,05, k) =
Ol k) = gy VOl ) = S ot 1)
For r = {1, 2}.

A generic IC constraint. Recall that S? is the vector of signals actually received by sender i and m* is
the vector of equilibrium message strategies for all senders. Now, let m** denote sender i’s pure message
strategy in equilibrium, and m’ the deviation under consideration. In addition, denote by 4(m?, m™) the
action the receiver would take in dimension d = {1,2}, when she receives m™ from players other than 4, and
i is influential under both m® and m’. Given that i takes other senders’ equilibrium strategies as given, and
in order to simplify notation let y4(m® (S*), m™) = y4(m®™) and y4(m*(S?), m™) = y,(m?).

For §; = wq1601 + wg2bs, then sender ¢ reports m® instead of m’ if and only if:

= [ (i) = 61 = 8)” + (i) — 6 bgﬂ] £ (01, m[S7) f (02, m*[S7) dBy dBs > 0
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Using the identity a? —b? = (a+b)(a —b), and by noting that f (61, m™|S?) = f(0;|m™, S}) P(m™|S?)
and that f (62, m™|S?) = f(f2|m™, Si) P(m™|S%) I get:

Al

(y1(m™) + y1 () = 2(61 + b)) (y21(m™) — y1(10")) +

+ [(y2(m™) + yo(10")) — 2(52 + b3)] (y2(m™) — yo(rn"))
F(61]m™, S1) f(62|m™, o) P(m™|S]) P(m™|S3) d6: df2 > 0
Note that in equilibrium:
y1(m’,m") = E(d;|m’, m") y2(m’, m”) = B(dm’, m")
Now let denote:

A(61) = B(6 | m™, m™) — B(6 i, m
A(62) = B(62)m™, m™) — B(6[1h’, m

!
<. .
~— ~—

I then get the first expression of the IC constraint:

gl

E(5lm™, m™) 4+ E (53|’ m™)
+ 2

51|m ) +E(51|ﬁ’l7',m_7')
2

6 - bﬂ [AG)]+

— 8 — b [A(62)]

f(61m™, S?) f(62)m™, S%) P(m*|S%) P(m™|S%) dfy dfy > 0 (A1.2)

Given that the equilibrium message strategies for players other than i, m™, are independent of i’s actual
signal realizations, the expressions P(m™|S?) and P(m™|S}) can be taken out the double-integral. Then,

noting that:

1 1
/ / 51 £(601]51,m™) F(62]Ss, m) P(m?|S)) P(m?|Sy) dy dby = E (8], S, m”)
0 0

= E (w11 01 + w12 62|51, S2,m™)
= w11 E(01]S1, m™) + wio E (62| S,

and similarly for d5. Note that y;(m’, m™) = wg E(f1|m?, m™) + wgy E(f2|m’, m™) for any m* =
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{m® m’}. Let define the receiver’s updated beliefs with respect to d; from i’s perspective as:
vy = E(bm™) 0y =E(m’)  vy=E(0S")

And let v = Vit = E(0,)m™), 2i, = 05 = E(0.|m’), and vi, = v, = FE(6,|S!) the posteriors

associated to 0., respectively. Then, equation (A1.2) becomes:

- [M* +71) = 20f — b)) | A1) + (5" + ) — 2004 — b5) | A(6) | P(m|S1) P(m[S5) = 0

(A1.3)

The following lemma shows the expressions for the expected influence of each message when the sender

is believed with respect to a single signal.

Lemma Al.1. Suppose sender i is expected to truthfully reveal his information about St = {St, Si}, and
let k, = {k1,ka} be the other truthful messages associated to the same state that the receiver expects to

receive on the equilibrium path. Then the receiver’s updated beliefs about 0,, = {61, 02} is given by.

E [E (£T10r|5; = 1,m'i)] — M

i - (kr +2)
E (6,5, =0,m") = -——= =20 1 3)

-~ 2(k, +3)
Proof.

From equation (A1.2) it is true that:
E (84)m" = {S], S5}, m™) = w1 E (61|S}, m™) + wao E (62|55, m™)

Working out the expectation for each state conditional on the signal realization gives the following (for
0, = {61,602}, and S = 0):

E(6,|S5; =0,m") =
By the Law of Iterated Expectations, recalling that f(¢,.|0,, k.) = h(0,|0,, k) /(k, + 1), 1 get:

E(0,|S.=0,m™") = E[E (6,]¢,,S. = 0,m™)]
! i (6, +1)
(ke +3) = (Rt 1)
_ (hr+2)
~ 2(k, +3)

25



And now the expectation conditional on St = 1:

. , ‘0
it sl £ 2
(kr +4) '
-~ 2(k, +3)

PROOF OF LEMMA 1.3.
Consider the interim equilibrium in which ¢ is believed to be telling the truth with respect to one signal.

The equivalent of equation (A1.3) in terms of the posteriors on states if given by:

Z — [war (v — 2n) + waa (Vi — D)) [war (Vi + Dl — 20) + waa (Vi + Dy — 20p) — 263] > 0
ya={y1,y2}
(Al1.4)

Consider the case in which i reveals S? only. This implies that v{§ = v&t = 14, and i} = vl = 1/2.

The above IC constraint then becomes:

L L 1 .
Yo~ [wai - o)) |—wa Wi — V) — 2wa (Vfiz - 2> - 2521] 20
ya={y1,y2}

Now I analyse for each possible pair of signal realizations.
1. St = {(0,0)}, then according to Lemma A1.3:

Ui i (k1 +2) b (k1 +4) an
db = Al 9 (k) + 3) A 9k +3)

And the IC constraint (A1.4) becomes:

(—1) wgr  (—1) war (—1) i
s gy S Sy Y 20

Operating the sum I get:

(wi) +wly) | (wiwia + worwsy)

b b <
wno Wb = 50 2(ks + 3)
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(wiiwi2+w21w22)
(w%I 'HU%Q)

Multiplying both sides by (w?; 4+ w?,)™" and defining C; = I get:
1 1 Ch

Bi <= +
V=92 (k1 +3)  (ka+3)

. 8t = {(1,1)}, then according to Lemma A1.3:

iy (it d) o (kt2)
w0k +3) M 2(ky +3)

Following the same steps as above it can be shown to lead to:

_ Z<1 1 + Cl
1_2 (k1+3) <k2+3)

. St ={(1,0)}, then according to Lemma A1.3:

. . ki+4 4 ki1+2 < ko + 2
i ktd) o (k42 (k24 2)

VAL = Vi T o013y YT ok 1 3) 2= 5(ky + 3)

The IC constraint becomes:

(1) wg (1) wgo  (—1) ;
2 - [U}dl(k1+3)} {21(%1+3) +72(7~f2+3) bd} =0

ya={y1,y2}

Which, following the same steps leads to

i 1 1 C1
“Bisj [(kl +3) " e +3)]

. St ={(0,1)}, then according to Lemma A1.3:

i i (kit2) sio_ (kitd) i (k2 +14)
Al Pl 9 (k) + 3) a9k + 3) 927 9(ky + 3)

Which, following the same steps leads to

S 1 1 Cy
Bi < = -
=2 (k1 +3) (k2 +3)

Note that the absolute values for left-hand sides of the above IC constraints are equal; hence, the

expression with the minimum value on the right-hand side constitutes a necessary and sufficient condition for

truthful revelation of S%. The proof for truthful revelation of S% is equivalent. O
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PROOF OF LEMMA 1.4.

Here I derive the IC constraint for truthful revelation of both signals, against the deviation of lying on
both of them simultaneously. In other words, if 7 is believed to reveal both signals on path and he observes
S’ = (0,0) he must not find profitable to announce m* = (1, 1). Note that, when i reveals all his information,
then v = v for both decisions and states —yy = {y1,y2} and 6, = {61,62}. Then, equation (A1.3)

reduces to:

A(d2)

5 P(m™YS;) P(m™S5) >0

[_ A(d1)

S — b A+ | - ~ 1] A%)

Let 3% = wy,-b% + wa,bh (B2 = BL (w?, + w3,)), then:

(a). For S’ = (0, 0) not announcing m’ = (1,1):

Bi B4 1 [(w% +wy) | (wiy +wsy) | 2wnwie + wz1w22]]
(k1+3)  (k2+3) — 2

S5 13?13y (k1 + 3) (ks + 3)

(b). For S’ = (0,1) not announcing m* = (1,0):

BB 1 [(w% twy) | (wiy+wd)  2wiwiz + ’w21’w22]]
(kl + 3) (ko2 + 3) -2 (k1 + 3)2 (]472 + 3)2 (k1 +3)(k2a+3)
No deviation for S* = (1,1) requires a condition similar to (a) with the signs on the left-hand side
changed, while no deviation for S' = (1,0) requires the same as (b) with the corresponding change in

signs. O

PROOF OF LEMMA 1.5.

When sender ¢’s equilibrium message strategy includes full revelation of some signals realization and
babbling for others, any information transmission must be incentive compatible against the deviation to
the babbling message (and vice-versa). Then, by Lemma A1.1 the expected marginal influence against the

deviation to babbling, for each possible combination of signals realizations is given by:

_ wa wap — W 2
AO0D00 =755, T A+ SO0 T 50 48 T 2k 1)

wa1 Wy Wq1 Wq2
A =- A = B
O =50, +3) T 3k, +3) CD00 = 30 +3) ~ 20k +9)

Plugging each of these expression into (A1.3) and working each of them out as previously:
(a). For S* = (0,0):

1 (Wi +w3y) | (Wi +wdy) | 2wiiwiz + warwas]
4 (k1+3)2 (k2 +3)2 (k14 3) (ko + 3)

B, B

U +3)  (mtd) =
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(b). For S* = (0,1):

(w) +w3)) | (wih+wdy)  2wiiwiz + wawyy)]

Bi B4 1
4 (/Cl + 3)2 (k)g + 3)2 (kl + 3)(]€2 + 3)

r+3) (bt3)

And similarly for S = (1,1) —part (a)— and S* = (1,0) —part (b). Each of the above corresponds
to the incentives for the influential type to play his equilibrium strategy. Now, for the babbling types in
each case, the expected influence of no announcing the influential type will be the opposite to that of the

corresponding influential type; that is:
A(bd)bavbling = —A(8a)(s1 s1)

Which can be proved to lead to the same IC above. Finally, pairing the corresponding IC constraints in each

case leads to the corresponding conditions. 0

Characterization of the Most Informative Equilibrium
Proposition Al.1. The strategy profile (y*, m*) constitutes the receiver-optimal equilibrium when for every

possible message strategy from sender i to the decision-maker; then i:

1. Reveals both signals if and only if condition (1.2) holds for both signals, and (1.4) hold. The message

strategy in this case is given by:
m' = {{(0,0)}: {(0,1)}: {(1,0)}: {(1, D} }
2. Reveals S, only:
(a) if (1.1) holds for St but not for S};
(b) if (1.1) and (1.5) hold together, then:

[(w11)? + (w21)?] _ [(w12)? + (w22)?]
(k1 +2)(k1 +3) (k2 +2) (ko + 3)

(A1.5)

3. Reveals both signals when is of type (0,0) or (1, 1) and no information otherwise:
m' = {{(0,0)}: {(1,1)}: {(0.1): (1,0)} }
(a) if condition (1.5) holds but (1.1) does not; or
(b) if (1.5) and (1.1) hold, and condition (A1.5) does not.

4. Reveals both signals when is of type (0,1) and (1,0) and no information otherwise if and only if

condition (1.6) holds and (1.1) does not. The associated message strategy is:

mi = {{(0,0); (1,1)}: {(0,)}: {(1,0)} }
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5. Reveals no information (babbling strategy) if and only if none of the previous applies.

mi = £{(0,0); (1,1);(0,1); (1,0)} }.

PROOF OF PROPOSITION A1l.1.

That is:

This proof consists on two steps: in the first I construct the equilibrium for each of the message strategies

in Proposition 1.2, while the second shows that each message strategy constitutes the receiver-optimal

equilibrium for the set of preferences it applies.

Equilibrium Construction

Part 1.

and bé satisfying (1.2) for both signals, (1.3), and (1.4), then the following system of beliefs:

p((0,0)lm' ={(0,0)}) =1 p* ((1,0)}m" = {(1,0)}) =
p (0, Dm' ={0,1)}) =1 p* (1, DIm' ={(1,1)}) =
And the following equilibrium actions
. i ((1+1) (b2 +1) . (61 +2) (L2 +1)
'={(0,0)},m") = + 5 (m = {(1,0)},m") = +
Uy (m {(0,0)}, m ) Wy (o +3) wdQ(kg 3) Ya (m {(1,0)},m ) W1 (k1 +3) d2(k2+3)
. i r (1+1) (b2 +2) . . (61 +2) (62 +2)
1 — 0 1 T — * 3 — 1 1 7 —
i (" = {0 D} m") = wap—mgy F v gy vi (= AL D)) = wa g e g g
Ford = {1, 2}.
Are consistent with sender i revealing both signals truthfully, that is m™ = {(0,0); (0,1); (1,0); (1,1)}
Part 2. For sender i’s biases that satisfy (1.1) for S only, consider the following equilibrium beliefs for
the receiver:
* 7 * 7 1 * (2 * 7 1
#* ((0,0)jm’ = (0,0)) = " ((0, )Im" = (0,0)) = 5 " ((0,1)[m" = (0,1)) = p* ((0,0)|m" = (0,1)) = 5
* (2 * (2 1 * (2 * (2 1
H ((170)|m = (170)) =K ((17 1)|m = (170)) = 5 2 ((L 1)|m = (1’ 1)) = u ((1’0)|m = (1’ 1)) = 5

Sender i revealing both signals truthfully constitutes the Fully Separating equilibrium. Thus, for b

The above beliefs mean that upon hearing any message the receiver is certain that 7 reveals the realization

of St truthfully but not that for S%. The receiver’s optimal actions being
- - (1 +1)
(m'=(0,0),m") =y* (m'=(0,1),m™ w
va ( (0,0) )=y ( (0,1) ) = W ky + 3)
] i (fl + 2)
(m'=(1,0),m") =y* (m'=(1,1),m") = w
va ( (1,0) )=y ( (1,1) ) Dk +3)
Ford = {1,2}.

the following:

(b2 +1)
Yk +2)
(52 +1)
(kfz +2)

When b’ satisfies (1.1) o but not (1.3) the above system of beliefs is consistent with 7 optimally revealing

the realization of S} only, that is m** = {{(0,0), (0,1) }; {(1,0)
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only.

Part 3. The case of i revealing the realization of S} only is equivalent to the previous and, thus, omitted.

Part 4. Note that when (1.5) but not (1.1), the only incentives to lie for sender ¢ happens between types

S’ = (0,1) and S? = (1,0). In this equilibrium types S* = (0, 1) and S°
babbling strategy, while the other types are revealing truthfully both signals.

(1,0) play the corresponding

Let consider the following equilibrium beliefs for the receiver upon having seen sender i’s message m’,

given that ¢’s bias satisfy condition (1.5) but not (1.1).

w ((0,0)Imi = (070)) =

(0, 1)|m’ = (0,1)) = p* ((1,0)jm’ = (0,1)) =

And the optimal actions by the receiver:

. P ) (la+1)
va (' = (0,0),m) = wiy gy +
i PN CES N CE )
va (' = (L 1), ) =i gy + v
i (m' = (1,0),m) = yj (m' = (0.1).m") = war ;=5 +

(61 +1)
(k1+2)

(la+1)

ko +2)

For d = {1, 2}. The above means that upon hearing either m* = (0,0) or m* = (1, 1) the receiver updates

her estimation of both #; and 5, but she does not update any of them otherwise. From the sender’s perspective,

types S* = (0,1) and S* = (1, 0) should prefer an equilibrium babbling strategy (mixing between these two

messages) rather than announcing any of the influential messages.

The lack of incentives for types S? = (0,0) and S* = (1, 1) to pool to each other given both of them are

influential is given by condition (1.3), which is implied by (1.5).

Now, incentives to reveal both signals given types S? = (0,1) and S°

Lemma 1.5. It is worth noting that condition (1.5) guarantees type S°

(1,0) are babbling are given by
(0,0) as well as S* = (1, 1) has no

incentives to play the babbling strategy when he is believed about both signals if announces truthfully. At the

same time, these conditions guarantee types S’ = (0,1) and S* = (1,0) prefers to play the babbling strategy

available rather than announcing any of the influential messages.

Part 5. In this equilibrium types S = (0,0) and S* = (1, 1) send the corresponding babbling messages,

while the other types are revealing truthfully both signals. The proof is similar to that in Part 4, adapting the

equilibrium beliefs to the messages and types that are playing each strategy.

Part 6. The babbling equilibrium is always part of the available equilibria in any cheap talk game. In Part 6

of the following section I show that for the set of preferences that do not satisfy any of the conditions above,
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the unique equilibrium available is the babbling.

Most Informative Equilibrium

Part 1. Trivially, the sender is fully revealing his information.

Part 2. Any strategy that is more informative than revealing only one signal has at least one type fully
revealing in equilibrium (and the others revealing partially). Consider the following message strategies that

would improve upon revealing S? only:
» ' = {{(0,0)};{(0,1)}:{(1,0): (1, 1)}}
» 1’ = {{(0,0); (0, )} {(1,0)}: {(1, 1)}

(a) Condition (1.1) holds for S: only. For m’ to be an equilibrium, types S* = (0, 0) and S* = (0,1)
must have incentives to separate from each other, which requires condition (1.1) to hold for S4, leading to a

contradiction. The same applies to 1’ for separation between types S? = (1,0) and S* = (1,1).

(b) Condition (1.1) hold for both signals. The set of preferences for which both m’ and m’ can be
sustained in equilibrium are the same, leading to multiple equilibria. Moreover, both m’ and i’ improve the
receiver’s ex-ante payoff>> in exactly the same wayli.e. by obtaining information about S when sender is one
of the fully revealing types, which occurs with probability 1/2; thus, receiver ex-ante utility fails to select
among these equilibrium message strategies. Finally, the implementation of any m’ or r’ depends upon
the pooling types playing mixed strategies and, thus, is restricted to all possible message strategies being
played with positive probability on path. In other words, there are no out-of-equilibrium strategies/beliefs

that sustain any of these strategiesli.e. neologism-proofness (Farrell, 1993) fails.

Part 3. Any strategy that is more informative than revealing only S5 must be of the form:
e ' = {{(0,0)};{(1,0)};{(0,1); (1,1)}}
« ' = {{(0,0); (1,0)};{(0, 1)} {(1,1)}}

Then, the same arguments as in Part 2.(a) and 2.(b) apply.

Part 4. Given the equilibrium message strategy m’ = {{(0,0)};{(1,1)};{(0,1);(1,0)}} then a more
informative message strategy would necessarily involve at least one more type revealing both signals, since
revelation of one signal is not available due to pooling types not sharing any single realization —i.e. (0, 1) and
(1,0). As a consequence, the only message strategy that is more informative than m? is the fully separating

one, for which condition (1.4) must hold; a contradiction.

»With respect to revealing S only.
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Part 5. Given the equilibrium message strategy m* = {{(0,0);(1,1)};{(0,1)};{(1,0)}} then a more
informative message strategy would involve at least one more type revealing both signals, since revelation of
one signal is not available due to pooling types not sharing any single realization —i.e. (0,0) and (1,1). As
a consequence, the only message strategy that is more informative than m’ is the fully separating one, for

which condition (1.4) must hold; a contradiction.

Part 6. The equilibrium message strategy is given by m* = {(0,0); (0,1); (1,0); (1,1)}.

Let first consider the partition in which a single type fully separates. Lemma 1.5 implies that for types
(0,0) and (1, 1) (individually) the corresponding condition leads to the equilibrium in Part 4, which rules
out this possibility. The same argument applies to the cases in which either types (0,1) or (1,0), the
receiver-optimal equilibrium for the set of preferences satisfying the corresponding condition would involve
the following message strategy m’ = {{(0,0); (0,1)};{(1,0)};{(1,1)}}.

Secondly, consider the cases in which one type with coincident signals and another with non-coincident
signals separate and the others play babbling. By Lemma 1.5 whenever type (0, 0) separates, type (1, 1) has
incentives to do so and the deviation is profitable for the receiver; while type (0, 1) has incentives to separate
if and only if (1, 0) has.

Finally, I must rule out the message strategy in which only one realization of a given signal is revealed
—i.e. the equilibrium message strategies being either m’ = {{(0,0); (0,1)};{(1,0);(1,1)}} or m* =
{{(0,0);(1,0)};{(0,1); (1,1)}}, with only one message being influential in each. The argument is simple:
if, for instance, sender ¢ were willing to reveal only S{ = 1; then the receiver would infer S{ = 0 when ¢

plays the babbling strategy, which implies the equilibrium in Part 1. O

PROOF OF PROPOSITION 1.3 AND LEMMA 1.6
Both Proposition 1.3 and Lemma 1.6 are corollaries of the following result.

Proposition A1.2. Let 1/2 < w < 1. How informational interdependence affects incentives for communica-
tion depend on two effects: the aggregate conflict of interest and the credibility loss; as follows.

Incentives to reveal one signal only:

0ICqyy 1 9C, 0| Bi|
ow (ki +3) ow ow (A16)
Incentives to fully reveal (S%,S) = {(0,0); (1,1)}:
01C 3) 2 oC; dBj 0B;
= =+ (k + (k Al.7
o (k1+3)(k2+3)[8w (ke +3) 5 = ki +3) 50 (ALT)
Incentives to fully reveal (S%,S%) = {(0,1);(1,0)}:
0ICq4) 2 _0C; B! B!
dw (k1 +3)(ka 1 3) [ gu =R T3 F k350 (Al8)
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for 0 # 0,

Proof. Let w11 = wog = w; then, note that:

OBf _  bi-bh 2w —2(1 — w)][wbi + (1 — w)b]
ow w2+ (1 —w)? (w2 + (1 — w)?]?
_ by 2Qw—1)
w2+ (1—w)? w2+ (1—w)? !
By the rule of derivative of absolute value functions, 6‘%(;)‘ = 8%(;) fég;r and noting that |Bj| =
%, the above expression yields:
O1Bil _ . ;i (b — b)) ; 2(1 — 2w)
— BZ BZ
w B X r g TR

For higher interdependence to reduce the aggregate conflict of interest, I need % > 0.2 The second

term of the above equation is clearly negative; so, for the derivate to be positive a necessary condition is that
the first term is positive as well. I then need that sign(B}) = sign(b} — b}), which depends on the signs of

the decision-specific biases as follows.

1. if sign(b}) = sign(bs), then sign(B:) = sign(b}) and the necessary condition above depends on
sign(bi — b%). It is straightforward to check that the necessary condition is satisfied when |b%| > |b|.

2. if sign(b%) # sign(b}), then sign(b] — bi) = sign(b}) and the necessary condition above depends
on sign(B%). Again, it is straightforward to notice that sign(B%) = sign(b}) requires that w[b} >

(1 — w)bi,.
Now, let proceed to compute the credibility loss, given by %. Note that w;; = wgp implies that
Ci=0y= %; for which, after some algebra I get:
oC, 2(1 — 2w)

dw =20 —w)? ="

PROOF OF PROPOSITION 1.4. For k] > k;, the statement in Proposition 1.4 is equivalent to preferences

%Recall that highe w means less informational interdependence.
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that satisfy the following conditions:

il < e (AL9)
8] < w (AL10)
|<k’1ﬁi 5 51<3 [ @t  w i) M
R e Eehd e e el e e | I

The proof proceeds as follow: I first find B{ and 5; for which both (A1.11) and (A1.12) hold, and then
derive the conditions under which they satisfy (A1.9) and (A1.10). First note that LHS of both (A1.11) and
(A1.12) depend on the signs of 3% and S4:

1. If sign[B}] # sign[B5], then

B By

| [
(Kf+3) (k2+3)] (K +3) (k2+3)

2. If sign[B?] = sign[f}], then

18] 18]

’ i sy H
(i +3)  (k2+3) (K1 +3)  (k2+3)

The signs of 3¢ and 3} are determined by both the sign and the relative magnitude of b¢ and b%. In the

first of the above, biases go in opposite directions and are relatively similar in magnitude according to the
(1-w) _ bl
< :

w 105

sign[bi] # sign[b}] but one of them being sufficiently larger in magnitude. For the sake of simplicity, assume

interdependence:

< (1% For sign[B{] = sign[B3] arises either when sign[b}] = sign[b}], or
the increase in the receiver’s information on 6, is minimal —i.e. k] = k; + 1.

Case 1: sign[3!] # sign[3%]. Then, (A1.11) becomes

|ﬂ2| ]ﬁ’] 1 w2+(1—w)2 w2—|—(1—w)2 4w (1 —w)
(k’141r3) + (k2i3) =3 [ * 132 (k13 (k’1+3)(k2+3)]
And (A1.12):
184 |85 >1[w2+(1—w)2+w2+(1—w)2_ dw (1 —w) ]
(k1+3)  (k2+3) 2 (k1 +3)2 (k2 +3)2 (k1 + 3) (k2 + 3)
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The biases for which increasing information in #; improves communication must satisfy:

(k1+3) [wQ—}—(l—w)2 w? + (1 — w)? 4w (1l —w) } B |8%] (k1 + 3)

— < i <

432 (t3)? (k1 +3)(ka+3)
<k +3) [w2+(1—W)2 w? 4 (1 — w)? dw (1 —w) }_lﬂ%\(k‘i+3)

=2 (ki +3)2 (ke +3)2 (K| +3)(ka+3) (ky + 3)

and

(ko + 3) [w2+(1—w)2 w? + (1 —w)? 4w (1 —w) }_ |8%] (ko + 3) <18l <

5 i +32 ' (32 (kb +3)(ka+3) (k1 +3)
(k2 +3) [w2+(1—w)2+w2+(1—w)2 4w (1 —w) :|_‘Bﬂ(k2+3)

=2 (k' +3)2 (ke +3)2 (K| +3)(ka+3) (k| +3)

Then, the necessary conditions for each of the above to hold are, respectively:

[w? + (1 —w)’]  [w’+ (1 —w)? (k2 +3)

NS S 8 20k 3k 1 D) (ALY
and
i w4 (1 —w)? 1 1 2w(l — w)
il 5 13 ntd|  (kat3) (AL14)

Note that condition (A1.13) implies condition (A1.10). Then, for it to hold it must be that the RHS is

greater than zero, which occurs if:
(k)l + 3)(]61 + 4) > (kg + 3)2

Now, condition (A1.14) holds together with (A1.9) only if the value of | ﬁ% | is in between two magnitudes:
RHS(A1.14)< \Bﬂ < RHS(A1.9); which holds if:

(k2+3)< 4w (1 —w)
(k1+3)  [w?4(1—w)?]

It is worth noting that both conditions above require k; to be sufficiently large with respect to ko, which
has the interpretation of saturation. After the increase in k; takes place, sender ¢ is willing to reveal all his

information because he will move y; very little and y» (where preferences are aligned) very much.

Case 2: sign[3!] = sign[3%]. I consider two cases. First, the conflict of interest in the first dimension
is so large that it outweighs that of the second in terms of incentives (even in the case in which they go
in opposite directions across dimensions). Secondly, I analyse the case in which the bias in the second

dimension outweighs that of the first.

181 183
S WS 7 et D)

>
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Then, (A1.11) becomes

IEA |85

1
(K +3)  (k2+3) ~ 2

[w2+(1—w)2+w2—|—(1—w)2 4w (1 —w) ]
(R +3) (k2 +3)° (kK +3)(k2 + 3)

And (A1.12) becomes

T T m+3? T (w432 (i +3)(+3)

s —c l[w%r(l—w)2 wi+ (1 -w)?® 4wl —w) ]
(k1 +3) (k2+3) 2

Getting restrictions over |3}| and |3%| the necessary conditions are:

[w? + (1 —w)?]  [w?+ (1 —w)?] (ks +3)

Bl > S T3 S £ 1 ) (ALIS)
and
i w4 (1 —w)? 1 1 dw(l - w)
1811 > 5 ) + s 5 3 (A1.16)

In this case both (A1.9) and (A1.10) will be upper bounds for |3%| and |3}

, such that (A1.15) holds if:

(k1 +3)(k1 +4) > (k2 + 3)?

While (A1.16) holds if:
(ks +3) dw(l—w)

i +3) “ [+ (1 —w)?

Note that the conditions are the same as the previous case. The differences are on the restrictions over
b} and bY: sign[Bi] = sign[B%] implies that when sign[b}] # sign[b}] then (1 — w)[b%| > g|b}|; while
in the previous case both conflict of interest had to be of similar magnitude.?’
In summary, when biases go in opposite directions across dimensions, “beneficial congestion” occur
when the magnitude of the conflict in the first dimension is sufficiently large with respect to that on the
second dimension.
4 1831

b Tts) < Tt

Then, (A1.11) becomes

w? +(1-w)? w4+ (1—w)? 4w (1 —w)

Bl 1B 1
2| (¥ +3) (k2 +3)2 (K +3)(k2 +3)

(k2+3) (k] +3)

<

*"More precisely, when sign[31] # sign[83], (1 — w)|b3| < |b}] < w]|b]|.
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And (A1.12) becomes

183 Bl 1w+ -w)  wit(1-w) dw (1 —w)

(k2 +3) (k1+3) " 2| (k1 +3)? (k2 4 3)? (k1 +3) (k2 + 3)

Getting restrictions over |3:| and |3%| the necessary conditions are:

[w? + (1 —w)?]  [w?+ (1 —w)?] (ks +3)

P S ta) T 20k 3k + 4) (ALID
and
o 2wl —w) w4 (1 - w)? 1 1
Bl < =59 2 k1 +3) (it d) (A118)

Given that (A1.17) implies (A1.10), it is only necessary to check when its RHS is greater than zero.
As before, this happens for:
(k1 +3) (k1 +4) > (k2 + 3)?

Similarly, (A1.18) is greater than zero when:

1 1 4w (1 —w)

(k2 +3) (k:1+3)+(l<:1+4) STt (1= w)

Note that the last condition is more restrictive than those of the previous cases. Hence, it is a sufficient

condition for the existence of positive congestion effects for a large range of biases.
Moreover, it can be noted that when w = 1 the above condition cannot be satisfied.?® O]
B1 Equilibrium Selection
Proof. The ex-ante expected utility for a generic player in equilibrium (y, m) is given by:

E[U(8,b);m] = —E [(y1 — 61 — b))% — E [(y2 — 62 — b3)?]

- _ Z E {(yd —6)% — 2(ya — 6a)b + (bfz)Q?m}
d={1.2}

EH 1851 EH
® 49 < (atd) < rita)
increasing the receiver’s information for some range of biases.

1 am leaving aside the case of since the conditions above guarantee the beneficial effect of
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Which, by definitions of y, andd, yield:

EUi@bym]=— Y (6)’+E [(wdl (E(O1]m) — 61) + wgz (E(6m) — 92))1 + B [E(S4lm) — 64t}
d={1,2}
With some rearranging and given the last term equals zero, I have:
E[U'(8,b);m] = — [(53)2 n (bgﬂ — [(wi1)? + (w21)2] E [(E(@ﬂm) _ 91)2;m]
~ [(wi2)? + (we2)2] E [(E(eg\m) - 92)2;m] (B1.19)

Now, following Galeotti et al. (2013) and Dewan and Squintani (2015), the expectation of the squared

deviation for each state is given by:

1kr+1
[( (6,/m) — 6,) / E(6,|m) —9) F(lolkr, 0,) d6,
0 zfo
1’““ 2 (0, 0y, Ky )
9 m 0, #dgr
- X 2 (B —0r) TG,
kr+1
=) +2 Z/ E(6,|m) —6) h(0, |y, k) dby
1 kr+1
() ZZOVarH [y k)

Plugging the above into B1.19 gives the expression for player ¢’s ex-ante expected utility:

6 (k1 +2) 6 (k2 +2)

B[0(8 bysm] = [()7 + (v)?] - () (] [l (waa)]

In order to analyse the ex-ante optimality of each equilibrium in Proposition 1.2.6, I “break” m into m’
and m™. Then, denoting by k, the equilibrium number of truthful messages for senders other than 7, the
expected variance of each possible message strategy for ¢ become:

: : [(w11)? + (w21)?]  [(w12)? + (w22)?]
E[UR (Y7mZ - {{(0,0),(0,1)},{(1,0),(1,1)}},1’11_7')] = - = - =
6 (k1 +3) 6 (k2+2)
(B1.20)

Win)2 4 (wor)2 w19)2 - (wos)2
E [Un (y,m' = {{(0,0): (1,0)}: {(0, 1)s (1, D}} ,m)] = — 1 6)(k1+ +<2)21> - 162)(15;+(3)22)]

(B1.21)
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w 2 w 2 w 2 w
B U (ym' = (L0001 D (0.0): (L0} m)] = — 3 [ lon (bt Lo
1 {[(wn)Q + (w21)?] | [(wi2)? + (w22)?]
21 6(ki+2) 6 (k2 +2)

Where the fact that in (B1.20) sender ¢ reveals 57 only can be seen in the different numerators of its
first and second term, and the same applies to (B1.21). Now, when 7 reveals (0,0) and (1, 1) only (Part
4.c) the receiver’s ex-ante expected utility weights the probability of ¢ being one of these types, and the
complementary probability of being (0, 1) or (1,0) and not receiving any information. The following step
consist in finding the conditions under which each of the above expressions are ex-ante optimal for the

receiver, given the equilibrium strategies of the other senders.

1. Sender ¢ reveals S; only:
(a) (B1.20) > (B1.21):

_Lwn)’ 4 ()] [(wi2)” + (w2)?] | [(wn)® + (wn)?] | [(wn2)” + (wo)]

6 (k1 +3) 6 (ko + 2) 6 (ky +2) 6 (ko + 3)
Which leads to:
[(w11)? + (w21)?] _ [(w12)? + (w22)?] (B1.23)
(];71 + 2)(];71 + 3) - (7272 + 2)(7272 + 3) ’
(b) (B1.20) > (B1.22):
[(wi1)? + (wa1)?] 11 [(wi2)? + (wa2)?] 11 >0
2 (k1 +2) (k1 +3) 2 (k2 +2)  (k2+3)] "~

Which is straightforward to note that leads to (B1.23).

2. Sender ¢ reveals S5 only: requires that (B1.21) > (B1.20) and (B1.21) > (B1.22); which following the
above algebra happen if and only if

[(w12)* + (w22)?]
(kg + 2) (ko + 3)

[(w11)? + (w21)?]

= = (B1.24)
(k1 +2)(k1 +3)

<

3. Sender i reveals (0,0) and (1, 1) only: requires that (B1.22) > (B1.20) and (B1.22) > (B1.21); which

happen if and only if,
[(w12)? + (w22)?]
(k2 +2)(ko + 3)

[(w11)? + (w21)?]
(k1 + 2)(k1 + 3)

>
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and
[(w12)* + (w22)?]

(kg + 2) (ko + 3)

[(w11)? + (w21)?]
(k1 + 2)(ky + 3)

<

Both equations above are compatible if and only if:

[(w11)? + (w21)?] _ [(w12)? + (w2)?] (B1.25)

(k1 +2)(k1 +3) (k2 +2)(ko +3)

The above equation tells us that the receiver’s ex-ante utility is maximal when i reveals (0,0) and (1,1)
only, when she has similar amount of truthful messages for each state in the equilibrium being played. In
addition, equation (B1.25) implies that for ¢ revealing S; only to be the optimal ex-ante equilibrium for the
receiver (B1.23) must hold with inequality, and the same applies for Sy and (B1.24). O

Observation 1.1. The RHS of (1.4) is positive if and only if:
[wn(kz + 3) — wlg(lﬁ + 3)]2 + [U)Qz(kl + 3) — w21(k2 + 3)]2 >0

Since (k“l’jrl?)) represents sender i’s influence on y; through revealing S, then w11 (ko +3) —wi2(k1+3) =

0 implies that the influence on y; through S; perfectly outweighs that of S;. Consequently, RHS of (1.4)

equal to zero implies sender ¢ has no influence on any decision when he reveals both signals (and he is either
type (0, 1) or (1,0)), which again depends on the number of other sender revealing truthfully their signals. In
section 1.4 I show this plays an important role on the effect of changes in the number of senders other than ¢

revealing truthfully in equilibrium.
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Chapter 2

Authority in Complex Organizations

2.1 Introduction

A principal in charge of many decisions needs to aggregate soft information from agents. The amount
of information agents transmit depends on both their preferences over decisions and how the information
they have affects these decisions (Battaglini, 2002; Levy and Razin, 2007; Ambrus and Takahashi, 2008).
When decisions are independent, communication takes place in each dimension separately and depends
on the degree of preference misalignment between each sender and the decision-maker. In some cases,
the principal can delegate authority over a decision to an agent and reduce the conflict of interests with
other agents, thus improving the transmission of information in that dimension (Gilligan and Krehbiel,
1987; Krishna and Morgan, 2001a; Dessein, 2002). When information most relevant for one decision also
affect other decisions, on the other hand, communication depends on how this interdependence aggregates
decision-specific preferences. In such cases, delegating authority over a decision will affect communication in
other dimensions as well. This paper studies the allocation of authority under informational interdependence
when communication is strategic.

Consider information aggregation in Multinational Corporations (MNC). The ability to generate and
exploit innovations in such organizations is dispersed among subunits () but requires that each subunit forges
close relationships with local partners, which creates conflicts with organizational goals (Ghoshal and Bartlett,
1990; Ghoshal and Westney, 1993; Andersson and Forsgren, 2000; Andersson et al., 2007; Ecker et al., 2013).
Preference misalignment can affect the transmission of information that is valuable across the organization.
To govern this complexity, the MNC needs a rather flexible organizational structure or, as Ghoshal and
Westney (1993) put it, ‘the management process must be able to change from product to product, from country
to country, and even from decision to decision’ (1993, p. 5).

If decisions are independent, headquarters delegate control over a decision to a subsidiary if the informa-
tion received from business partners and other subsidiaries compensates for the preference misalignment
(Austen-Smith, 1990; Dewan and Squintani, 2015)." If there is informational interdependence, on the other

hand, delegating control over one decision may affect incentives to transmit information relevant for other

ISee also Gilligan and Krehbiel (1987); Aghion and Tirole (1997); Dessein (2002).
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decisions. These incentives depend on how the interdependence aggregates conflicts of interest between
senders and receivers. In other words, the headquarters’ incentives to delegate authority depend on whether
the interdependence benefits or harms information transmission. Along these lines, the international business
literature found evidence that a subsidiary’s autonomy over product decisions is positively correlated with the
degree to which the knowledge created spills over to sister units (Andersson et al., 2007).

In this paper I construct a theoretical model of authority under informational interdependence. The
headquarters of a MNC must decide on the design of two products and needs information about profitable
innovations over two different attributes. There are n susidiaries, each represented by its manager. A manager
has access to information about innovations that are locally profitable, and his preferences over the design
of each product are common knowledge. Information can be transmitted trought costless, non-veriable
(cheap talk) messages. Before any communication takes place, the headquarters allocates the right to decide
over each product among all members of the organization: she can either delegate or retain authority over
any decision.” The degree of preference misalignment (conflict of interest) between each manager and
decision-maker determines the amount of information the former transmits to the latter.

Delegating authority over a decision can lead to informational gains, which in this context are of two
types. Direct gains refer to the additional information a manager receives in equilibrium as compared to what
the headquarters would receive if she controlled that decision. This constitutes the mechanism found in the
literature (Dessein, 2002; Dewan et al., 2015). Indirect gains, by contrast, refer to the additional information
the headquarters receives when she delegates one decision and retains authority on the other. These gains
occur only under informational interdependence, and require there exist managers whose preferences are
misaligned with the headquarters in one dimension but aligned in the other.> Delegating the high-conflict
decision allows the headquarters to restrict these managers’ influence to the low-conflict decision.

The intuition behind indirect informational gains leads to one of the main results of the paper. Proposition
2.2 shows that when indirect gains are sufficiently large, the optimal informational structure is partial
delegation; that is, the headquarters delegates high-conflict decisions and retains authority over low-conflict
ones. Indeed, because of indirect informational gains, the headquarters tolerates a larger bias on the delegated
decision for a fixed ‘amount’ of direct gains, as compared to the case of independent decisions. For a different
set of preferences, however, the headquarters tolerates less bias on the delegated decision. This takes place
when there are many managers whose preferences do not align with headquarters in any dimension, but
still the aggregate conflict of interest is small; i.e. decision-specific (large) biases counteract each other
due to the interdependence. The optimal organizational structure when such preferences are prevalent is
centralization. The mechanism behind this result is similar to ‘mutual discipline’ in public communication
with multiple audiences (Farrell and Gibbons, 1989; Goltsman and Pavlov, 2011), and ‘persuasive cheap talk’

in multidimensional communication (Chakraborty and Harbaugh, 2010).

In other words, the headquarters has limited commitment power: she can commit to delegate decision rights but cannot contract
on decisions; which defines her problem as one of organizational design (Aghion and Tirole, 1997; Dessein, 2002) rather than
mechanism design (Holmstrom, 1977).

3The presence of high conflict of interest in one dimension kills a manager’s credibility under centralization, which led Levy and
Razin to call this situation ‘negative informational spillovers’.
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Informational interdependence also affects incentives to acquire information. In the second part of the
paper, I extend the basic framework allowing managers to decide about what information to observe once
decision rights have been allocated. Managers have access to imperfect information about each type of
innovation and must incur in a cost to observe it. The investment is worth making only if the expected
utility gains from a given piece of information compensate its costs. However, a manager’s expected gains
from truthful communication are decreasing in the amount of information the decision-maker receives on
the equilibrium path.* As a consequence, there exists an upper bound on the amount of information any
decision-maker receives in equilibrium.

I show that the upper bound on information aggregation is weakly lower when the headquarters delegate
at least one decision. In other words, a subsidiary aggregates a suboptimal amount of information (in
expectation) when it controls only a subset of all decisions affected by that information: some senders are
expected to underinvest in information because they fail to internalize the informational interdependence. A
similar mechanism leads to unbalanced investment in information under delegation; that is, managers acquire
information that is more relevant for the decision they influence. Finally, I show that the headquarters may
prefer to restrict a manager’s access to information he is not expected to reveal in equilibrium. By doing so,
she reduces the set of deviations from truthful communication and communication is incentive compatible

for a larger set of preferences.

2.1.1 Related Literature

The paper contributes to the literatures on cheap talk and organizational design. In multidimensional
cheap talk, the receiver can extract all the information from perfectly informed senders by restricting the
influence of each of them to the dimension of common interest (Battaglini, 2002). As long as the number of
decisions do not exceed that of senders, the receiver can commit to ignore part of the information provided
by any sender because it is provided by the others (in equilibrium). Note that, as a consequence, she does
not need delegation to affect communication incentives.> But this argument relies on the assumption of
perfectly informed senders. When this is not the case and decisions are interdependent, the receiver loses
her equilibrium commitment power. Levy and Razin (2007) show this leads to communication breakdown
if the conflict of interest in one dimension is sufficiently large because communication incentives depend
on how information affects decisions.® My paper shows delegation substitutes for the receiver’s ability to
ignore information in Battaglini (2002) and, more generally, analyses how the allocation of authority helps to
manage informational interdependence.

Strategic communication with informational interdependence has received some recent attention in the
work of Deimen and Szalay (2019). Their paper focuses on an unidimensional decision problem with two

payoft-relevant states of the world, such that principal and agent disagree about the state upon which the

*I assume signals have a fixed amount of noise and agents can acquire at most one such signal per state. As a consequence,
individual incentives for communication are decreasing in the amount of information the decision-maker is expected to have in
equilibrium (see Morgan and Stocken, 2008; Galeotti et al., 2013).

SDewan and Hortala-Vallve (2011) apply this argument to study how a Prime Minister uses her prerogatives on ministerial
appointments and allocation of portfolios to limit ministers’ influence to decisions of low conflict of interest.

%See also Chakraborty and Harbaugh (2007); Ambrus and Takahashi (2008).
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decision has to be calibrated. Hence, the conflict of interest between the two players decreases with the
correlation between states. In my paper, the effect of interdependence (correlation) on communication is
not monotonic because conflicts of interest are state independent (as in Crawford and Sobel, 1982). Besides,
the multidimensionality of the decision problem plays a central role in shaping incentives for information
acquisition under different organizational structures.

The second contribution of the paper relates to organizational design. In unidimensional decision
problems, Dessein (2002) shows that the benefits from delegation are increasing in the sender’s informational
advantage.” The same intuition applies to the organization of legislative debate (Gilligan and Krehbiel, 1987;
Austen-Smith, 1990; Krishna and Morgan, 2001a), policy-making cabinets (Dewan et al., 2015; Dewan
and Squintani, 2015), bureaucracies (Epstein and O’Halloran, 1994; Gailmard and Patty, 2012), and multi-
divisional firms (Alonso et al., 2008; Rantakari, 2008). In all these environments, however, is natural to think
of multidimensional decision problems in which the relevant information is dispersed among many agents
and features interdependence.

Part of organizational design literature has addressed questions similar to mine. Several papers focus on
multi-divisional firms, which trade off the need for adaptation to local shocks with the need for coordination
between divisions. Communication frictions may lead to inefficiencies in terms of giving up benefits from
the specialization of production (Dessein and Santos, 2006) or the need for coordination through scheduled
tasks instead of using communication (Dessein et al., 2016). When divisional managers’ information is not
verifiable, the allocation of decision rights—along with non-separability of preferences and divisional conflict
of interest—shapes incentives for communication (Alonso et al., 2008, 2015; Rantakari, 2008). Differently
from these papers, I focus on interdependence arising exclusively from information and not preferences.
Besides matching many real-world environments,® this approach allows a more direct comparison with the
mainstream cheap talk literature (see above) and helps study strategic acquisition of imperfect information
(see Di Pei, 2015; Argenziano et al., 2016).

The allocation of decision rights also affects incentives to acquire information. Aghion and Tirole (1997)
show that delegation of real authority motivates an agent to acquire information, resulting in a loss of control
for the principal. But delegation may discourage information acquisition in this context, either because the
agent prefers to put more effort into information that benefits him personally (Rantakari, 2012), or because he
no longer has to convince a principal with divergent opinion about the best course of action (Che and Kartik,
2009). My paper shows that informational interdependence has meaningful consequences for incentives to
acquire information. By allowing information acquisition about multiple states, my framework also captures
different drivers of specialization.

The next section presents the baseline model with no information acquisition and the results for optimal

allocation of decision-rights. In section 2.4 I integrate the allocation of decision-rights with endogenous

"He also shows that delegation dominates cheap talk communication for all conflicts of interest for which there is transmission
of information in the latter, but this result relies on the sender being perfectly informed.

81n addition to aggregation of knowledge in MNC, the framework in this paper reflects the design of legislative committees to
incentivize acquisition and transmission of information from legislators (Austen-Smith, 1990, 1993; Dewan et al., 2015), and the
conformation of negotiation teams in international relations (see Ramsay, 2011; Trager, 2011).
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information acquisition. In section 2.6 I discuss some extensions and conclude.
2.2 Baseline Model

Players and preferences. An organization consists of a principal, P, and n agents.” There are two decisions
to be made, y € R2, but the outcome of each of them depends on two state variables ¢ and 6> (to be defined
later). Optimal decisions thus require information about these states. The decision-specific uncertainty is
represented by two composite states d1 (01, 02) and d2 (61, 62). Preferences for player i = {P, 1,...,n} are
given by:

U (0,y,b") = — (y1 — 61(61,09) — b2)” — (1 — 82(61, 69) — b)”

Where b € R represents 4’s bias vector, which is normalized to b” = (0, 0) for the principal.

Information structure. Pay-off relevant states, #; and 6, are uniformly distributed with support in the
interval [0, 1], and 6; L 2. Information about each of these states affects both decisions, that is, there is
informational interdependence. In the example of multinational corporations, the states can be interpreted as
different technological attributes relevant for many products the firm produces. Decisions would represent
the different product lines using these technologies; arguably, each technology is a salient attribute for a
different product. In a policy-making example, states can be interpreted as the different goals of a policy
intervention, while decisions represent the different policy instruments that address those goals; arguably,
different instruments address goals with different degrees of success. The composite states §; and d5 capture

informational interdependence:

51 wiy 01 + wi2 02

02 wa1 01 + wa 02

The uniform distribution of states represents the canonical example in Crawford and Sobel (1982) and
has been extensively used in the cheap talk literature.Assuming independent states allows me to isolate the
effect of informational interdependence through 8. The elements of the weighting matrix W are indexed by
wqyr, for yg = {y1,y2} and 6, = {61, 02} (d represents decisions and r represents states). All the weights
are weakly positive and I normalize them as wg; + wge = 1. Without loss, I also take wi1, way > %, SO
that the index corresponding to the state also reflects which decision that state is more important for. As a
consequence, the informational interdependence between decisions is linear, and captured by the ex-ante

correlation between the composite states.

(wi1w12 + wa1wa2)

Corr(d1,d9) =
(1:02) = e a2 Sk, + wly)

Agents’ signals and communication. Agents have access to noisy, non-verifiable information about both

states. Each agent observes one signal associated with each state (two in total). Let S* = (Si,S%) € S =

°As usual in this literature, I use female pronouns to refer to the principal and male pronouns for each agent.
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{0,1}2 be i’s signals, and S € S be the vector of realizations. Signals are independent across players,
conditionally on 8. The prior probability distribution for each signal is characterized by Pr(S’{ =1)=060,
and Pr(S} = 1) = 6,.1°

Each agent sends private, non-verifiable (cheap talk) messages to decision-maker j = {P,1,..,n}.!! Let
m} (S’) € {0,1}? denote agent i’s message to decision-maker j, in charge of y4 = {y1,y2}. Note that i’s
(pure) message strategies associated with each signal can take one of two forms (up to relabelling messages):
the truthful one, m/, (S’) = S for all S?, and the babbling one, m;(S’ﬁ =0) = m;(S’i = 1). Besides,
the complete set of message strategies is not just based on babbling or revealing information on separate
dimensions independently. An agent could, for instance, truthfully reveal both signals for some realizations
and send the babbling message for others. Such message strategies arise because states are orthogonal and
information about one state does not reveal information about the other. I call these strategies ‘dimensional
non-separable’ (DNS)

Letm; = {..,, m ...} denote the matrix containing all the messages decision-maker j receives from
agents (including hlmself if applicable). The updated expectation and variance for each state depend on
the number of agents revealing the corresponding signal truthfully, k,.(j) < n, and the the number of those

agents who report a 1, ¢,.(j), for 6, = {01, 02}, as follows.

(4r(4) + Dk (4) = £(G) + 1)
(kr(5) +2)?(kr () +3)

E(6r|m;) = Var (0, |m;) =
Allocation of decision rights. Decision-rights are allocated before each agent learns his information.
Formally, the principal decides on a set of assignments that grants decision making authority over the set of
decisions. The assignment grants complete jurisdiction over the delegated decision, such that authority over
each decision is granted to a unique individual. Decision makers are also granted the possibility of private
communication with each agent. I assume decision-makers cannot communicate the information transmitted
to them by other agents. Different allocations of decision-rights lead to different organizational structures. I
group these structures into three categories: under centralization the principal decides on both issues; under
full delegation the principal grants authority to two different agents, each of them assigned to a different
decision; under partial delegation the principal retains authority over one issue and delegates the other to an
agent.

At this point two clarifications are necessary. First, I am not considering the case of delegation of both
decisions to a single agent. Incentives for communication in such a case use the same measure of conflict of
interest as under centralization. Hence, interdependence plays no role beyond the basic trade-off between
informational gains and loss of control. On the contrary, the two forms of delegation considered in the paper

involve different measures of conflict of interest. The second clarification relates to the distinction between

1A similar information structure, for unidimensional problems with one state variable, has been used in Austen-Smith and Riker
(1987); Morgan and Stocken (2008); Galeotti et al. (2013) among others.

"'When an agent controls a decision, I assume he cannot reveal any information provided by other agents at the communication
stage. An in-depth analysis of informational hierarchies can be found in Migrow (2017), while discussions of communication of
imperfect information in the form of binary signals can be found in Forster (2020) and Chapter 3 of this dissertation.
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delegation of decision authority and decentralization on the access to information. In my framework, authority
can be centralized or decentralized, the latter is called ‘delegation’ throughout the paper. Information, on the

contrary, is always decentralized because it is dispersed among agents.

Equilibrium concept The equilibrium concept is pure-strategies Perfect Bayesian Equilibria (equilibrium,
henceforth). A full characterization including mixed strategies is cumbersome and does not provide much
insight beyond the pure-strategies case. Because communication is cheap talk, there typically exist multiple
equilibria. I select among equilibrium message strategies on the basis of the decision-maker’s ex-ante
expected utility.!?

In the following section I analyse optimal organizational design when agents observe one signal associated

with each state.
2.3 Organizational Design and Information Transmission

In this section I characterize the role of informational interdependence in organizational design. I first
describe incentives for communication under each organizational structure (the formal analysis is left to the

appendix). I then analyse the optimal organizational structure. The figure below outlines the timing of the

game.
1 2 3 4 5
P allocates Agents observe Communication Decisions .
L . Payoffs realized
decision rights signals takes place are made

Figure 2.1: Timing of the Organizational Design Game

Before describing the incentives for communication, I introduce some notation. Let £k (j) = kr(m;‘f)
and ¢%(j) denote the number of truthful messages and ‘ones’ decision-maker j receives in equilibrium,
respectively. Also, let k,(j) be an agent’s conjecture about the number of agents other than him who
reveal information about state 6, to decision-maker j (on path).'> To keep track of who decides what, let
j', " € {P,1,...,n} be the decision-makers for y; and y2, respectively (the number of apostrophes coincides
with the index on the decision).

An equilibrium of the game defined by the allocation of authority is characterized by the triple (y*, m;f,, m;f,,) ,
representing the vector of decisions and the vectors of message strategies to 5’ and j”, respectively. Optimal

actions satisfy:

yi = win E(01|m},) + w2 E(62|mj,) + b Y = war E(01|m,) + waa E(62m,) + by

12See Crawford and Sobel (1982); Farrell (1993); Chen et al. (2008). Also, given the focus on pure strategies, it can be shown
that this criterion satisfies neologism proofness (Farrell, 1993).

3Note that i’s conjecture will be correct in equilibrium, and whenever his message strategy involves revealing the corresponding
signal then k;:(j) = kr(j) + 1, otherwise & (j) = kr(5).
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Where b represents the bias of decision-maker j’ with respect to y1, and similarly for b5, 5", and ys.
Note that centralization means ;' = j” = P, such that the biases are equal to zero. From the principal’s
perspective, delegation of decision-rights has two payoff-relevant consequences. On the one hand, it implies
a biased agent decides on behalf of the principal, resulting in a biased decision. On the other hand, individual
incentives for communication depend on the conflict of interest between the agent and each decision-maker.

Different organizational structures (and decision-makers) then result in different communication incentives.

s'| }

To simplify notation, let k¢ = {k,.(j)| 7/ = j” = P} denote the number of truthful messages about

Agent 7’s optimal message strategy to decision-maker j solves:

mi* (S, b, b, b) = arg max {E[ = (un () =61 = 69)" — (2 (s, ) — 6 — b3)°
m;

0, = {01,062} the principal receives under centralization; let k! = {k,(P)|j’ = P} be the number of
messages received when she decides on y; only, and kF? = {k,(P)| j” = P} when she decides on y» only.
For when P does not decide at all, let k. = k(j') and k! = k(j") refer to the number of truthful messages
for decision-makers of y; and y», respectively, while keeping k= kx(j) for a generic decision-maker.
Note that the principal’s expected utility from different allocations of decision rights depends on the
amount of information the different decision-makers are expected to receive on the equilibrium path. I first
analyse incentives for communication for a typical agent under different organizational structures, then I

study the role of informational interdependence in the principal-optimal structure.

2.3.1 Incentives for Communication

Delegation. I first describe agent ¢’s incentives to reveal information to decision-maker j in charge of y,.
Because communication between ¢ and j is private, incentives depend on the conflict of interest between
them, represented by |bil — bgl]. But since 7 is imperfectly informed, communication also depends on how
many other agents are expected to be truthful to j on the equilibrium path. If j receives information from
many agents other than 7, he conjectures the decision will be ‘too close’ to j’s ideal, and far away from
his. These two determinants constitute the traditional mechanism determining communication of imperfect
information via cheap talk (Austen-Smith and Riker, 1987; Morgan and Stocken, 2008; Galeotti et al., 2013).
In my framework, agents observe signals about two independent states, which introduces a third determinant.

Informational interdependence implies that information about the two states affect each decision. When
i observes signals S’ = {(0,1)}, for instance, his influence depends on which signal he is expected to
reveal to 7. Because the conflict of interest between them is unidimensional, one of these signals always
moves the decision towards his bias. Therefore, ¢ has higher incentives to follow the favourable signal, for
all possible message strategies. These deviation incentives lead to a credibility loss, which depends on ’s
conjecture about the influence of the favourable signal, given the equlibrium behaviour of the other agents.
As a consequence, incentives for communication now depend on how much information about both states
other agents are expected to reveal on path.

Lemma A2.1 and Proposition A2.1 in Appendix A2 characterize the equilibrium communication between
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agent ¢ and decision-maker j; here I describe the intuitions. When 7 is expected to reveal one signal on path,
his incentives depend on the conflict of interest with j, on how many agents reveal the same information,
and how many of them reveal the other signal (due to the credibility loss). When i is expected to reveal both
signals on path, his influence on the decision depends on whether the signals realizations coincide or not.
If they coincide, S* = {(0,0), (1,1)}, the signals’ influences reinforce each other; i’s expected marginal
utility from revealing such signals will be larger than revealing each of them individually (conditional on
k‘{ and k‘%). Agent ¢ would have, in principle, higher incentives to reveal both signals than revealing either
of them individually. But signals may not coincide, S* = {(0, 1), (1,0)}, in which case their influences
counteract each other and 7 has incentives to follow the most favourable of them. An implication of this is
that incentive compatiblity constraints for revelation of one signal and full revelation coincide, meaning that
these constraints hold for the same set of bias vectors. As a result, the equilibrium under delegation involves
only two message strategies: full revelation, m%* = {{(0,0)};{(1,1)};{(1,0)}; {(0,1)}}, and babbling,
m’* = {{(0,0): (1,1); (1,0); (0, 1)}}.4

Centralization. In Chapter 1 I showed that interdependence means that information transmitted to the
principal under centralization affects both decisions. But an agent’s influence on decisions depend on the
type and amount of information he transmits. To see this, note that revealing S? has a larger influence on y;
and, thus, the bias on the first dimension weighs more heavily in determining ¢’s incentives. If he reveals
both signals, on the contrary, the overall influence is more balanced and so are the weights of b% and b, on the
IC constraints. This leads to different measures of conflict of interest depending on the information revealed
by different message strategies.

The possibility of different measures of conflict of interest results in two main differences with respect to
delegation. First, revealing information about one state only constitutes the equilibrium message strategy
for a non-empty set of bias vectors. The relevant measure of conflict of interest for revealing S} is given
by 51 = bﬁwll + b’éwzl, while that for revealing S; is By = bﬁwlg + béwgg (Proposition Al.1). The
second difference with delegation relates to the effects of ambiguous information, i.e. S* = {(0,1), (1,0)}.
Under centralization, revealing both signals has a balanced overall influence on decisions. Note that truthful
revelation of S* = {(0,1)} or S* = {(1, 0)} move decisions in opposite directions. If, for instance, i credibly
announces m% = {(0,1)}, he would influence y; towards 0 and y, towards 1. If i’s biases have the same
sign, such a message leads to utility gains in one dimension and losses in the other. For some set of bias
vectors 7’s equilibrium message strategy consists of revealing ambiguous signals and sending non-influential
messages otherwise. As Proposition Al.1 shows, the principal-optimal equilibrium features the following
message strategies: full revelation, revelation of information about one state, full revelation of some signal
realization and nothing otherwise, and babbling. I now focus on the analysis of the optimal organizational

structure.

4One could think that ¢ may want to fully reveal signals when they coincide and announce the corresponding babbling message
when they do not—i.e. m’; = {{(0,0)}; {(1,1)}; {(1,0);(0,1)}}. In the Appendix I show the set of bias vectors for which this is
incentive compatible is a strict subset of that for which full revelation is.
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2.3.2 Optimal Organizational Structure.

In this subsection I characterize the optimal organizational structure and present the main result of the
communication game: the optimal allocation of decision-rights depends on the existence and the extent of
informational spillovers.

The profile of preferences, B = {b!,...,b"}, determines the amount of equilibrium information for
each possible organizational structure. By allocating decision rights the principal affects agents’ equlibrium
message strategies; effectively, she chooses among the different equilibria induced by B. Let Var(6,|m;)
denote the ex-ante expected variance associated to state 6, = {61,602} in the equilibrium in which decision-
maker j = {P, 1,...,n} receives messages characterized by mj.ls The definition below characterizes the

principal’s ex-ante expected utility, for two generic decision-makers j' and j”.

Definition 2.1 (principal’s ex-ante expected utility). Consider an equilibrium (y, m) in which j', j" =
{P,1,...,n} decide on y, and ys, respectively. Denote by m; = {m;, m;»} the equilibrium messages for

j" and j" under delegation, for j', j" = { P, 1,2, ...}. Then, the principal ex-ante expected utility is given by:

U"(B,my, myn) = — [(0))* + (wi)* Var(61[my) + (wi2)? Var(62|my)]
— [(65)% + (w21)? Var(61|myn) + (wa2)? Var(62|mjn)] (2.1)

Equation (2.1) is derived in Appendix A2. The first term in square brackets represents the principal’s
ex-ante expected utility associated with delegation of y; to decision-maker j’. Because his decision will be
biased, the principal’s utility is decreasing in b}. But her utility also depends on her expectations about the
decision-maker’s posterior beliefs in equilibrium. The principal thus delegate authority to a player whose
preferences on the associated decision are sufficiently close to other agents’ preferences. This is the trade-off
in the literature: informational gains must compensate for the loss of control.

But informational interdependence can lead to a different source of informational gains for the principal.
Because delegation breaks the interdependence, there may be agents willing to reveal information under
delegation but not under centralization. This happens when, for instance, agents’ biases are very large in one
dimension and small in the other. If the principal delegates the high-conflict decision and retains authority
over the low-conflict decision, these agents will reveal information to her. I call these informational gains
indirect, since they do not arise because the new decision-maker aggregates more information, but is a
by-product of delegation. Indeed, indirect informational gains arise because some agents are affected by
negative informational spillovers—under centralization, a high-conflict dimension impedes communication
in a dimension of low conflict of interest (Levy and Razin, 2007).'® The proposition below defines both types

of informational gains arising in this game, and characterizes the necessary conditions for each of them.

Proposition 2.1. Consider the equilibrium under centralization, characterized by my.; and the equilibrium

15 — 2| = 1
Formally, Var(6,|m;) = E [(E(0T|mj) —0,) ,mj] = ity
!8Levy and Razin describe negative informational spillovers as the case when i’s bias with respect to y; is so large that he would

not reveal any information under centralization, even though |b3| is very small.
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in which the principal delegates v to agent j' and retains authority on ys, characterized by m;'f, and my,.

Utility gains from delegation consist of:

* Direct Informational Gains if:
DIGj/(y1) = (w11)2 [Var(Gl\mé) — Var(91|m;,)] + (w12)2 [Var(02|m§) — Var(Gg\m})] > (b'1)2

Moreover, such direct informational gains require that there exists an agent i whose preferences satisfy:

1+ by —=

- <
b1 — b wonl

(2.2)

* Indirect Informational Gains if:
G (1) = (wa1)? [Var(61|mg) — Var(61|mjy)] + (waz)? [Var(62|mg) — Var(62|mgy)] >0

Moreover, such indirect informational gains require that there exists an agent © whose preferences
satisfy:
1

b — + b
w22

|by] < (2.3)

Moreover, whenever the optimal allocation of decision rights involves delegation of vy, to j', then either
DIG i (y1) > by, or [IG(y2) > 0, or both.

Proof. All proofs can be found in Appendix A2 O

Direct informational gains arise when more agents transmit information to the new decision-maker under
delegation than to the principal under centralization. Such gains arise only if j’ has more central preferences
on y1; that is, if there is at least one agent who is willing to reveal information to ;' but not to the principal
under centralization. Equation (2.2) reflects this condition: it shows that the relevant conflict of interest
between 7 and j’ (left-hand side) is lower than that between i and the principal under centralization (right-hand
side).

Indirect informational gains arise when more agents transmit information to the principal upon delegation
of one decision, as compared to centralization. For this to take place there must be at least one agent who
reveals more information to the principal when she decides on y2 only. Equation (2.3) shows that the conflict
of interest with the principal under partial delegation must be lower than the aggregate conflict of interest. In
this case, the bias on the first dimension is so large that communication under centralization is less informative
than when the principal only decides on 2. The presence of negative informational spillovers is then a
necessary condition for indirect informational gains.

The optimal allocation of decision rights is fully characterized in Proposition A2.2. Full delegation is

optimal when there are two different agents with central preferences and no informational spillovers associated
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with retaining authority. The allocation of decision rights depends then on the different communication
equilibria induced by the profile of preferences. The previous discussion made clear that the argument reduces
to whether the direct and/or indirect informational gains are sufficiently large, where sufficiency involves the

loss of control from delegation.

2.3.3 Organizational Design with Informational Spillovers

I now present the main result of this section: how the presence of informational spillovers leads to
specific organizational structures. In the previous section I showed that the presence of negative informa-
tional spillovers is a necessary condition for indirect gains, which in turn leads to partial delegation. But
informational spillovers are not limited to being negative in this context. Positive spillovers occur when i’s
decision-specific biases are both large, but the aggregate conflict of interest (associated with the information
he reveals in equilibrium) is small. When ¢ is expected to reveal information about #; only, for instance, his
incentives are maximal when b} = —’Lw”—ﬁbg. Intuitively, if there were many agents whose preferences are
affected by positive spillovers, the principal would prefer centralization to any other organizational structure.

The proposition below shows how informational spillovers affect the allocation of authority.

Proposition 2.2. Let the triple (K, k', k") characterize the optimal organizational structure under the
profile of biases B" = (b',...,b"). Suppose that k| = kb, k| = ki, and k{ = kS. Now, consider the
associated game consisting of n + m agents, with the profile of biases for the first n being B", such that
B"t™ = (bl,...,b", b .. b"t™). For a sufficiently large b € R, it is true that:

1. For b1 = .. = b"™™ = (b,0); then, there exists a sufficiently large m such that the optimal
organizational structure in the game with n + m agents is partial delegation of y; only.

2n+m+1 2n+m+1

2. Forb™! = ... =b~ 2 = (=bb)andb™ 2 = .. = b"™ = (b,b); then, there exists a

sufficiently large m such that the optimal organizational structure in the game with n + m agents is

centralization.

If negative spillovers are sufficiently large with respect to one dimension, the principal’s optimal organ-
izational structure is partial delegation. If positive spillovers are sufficiently large, the principal’s optimal
organizational structure is centralization. Informational spillovers in Proposition 2.2 are captured by the
preferences of the ‘additional’ agents, such that m reflects the intensity of these spillovers.

Negative spillovers lead to partial delegation because the principal finds optimal to delegate the controver-
sial decision in order to induce the additional agents to reveal the information they have. Positive spillovers,
on the other hand, lead to centralization because the additional agents are willing to play dimensional
non-separable strategies under centralization. Agents whose decision-specific biases have different signs fully
reveal their signals when S¢ = {(0,0); (1, 1)} and announce the babbling message for the other possible real-
izations; while agents whose biases have the same sign fully reveal their signals when S* = {(0,1); (1,0)}
and announce the babbling message otherwise. In both cases, the additional information the principal expects
to receive from the m agents brings her a higher expected utility than the optimal allocation under the original

profile of preferences.
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Because the choice among organizational structure depends on the trade-off between informational gains

and loss of control, in the following subsection I study it in more depth.
2.3.4 Informational Gains and Loss of Control
Proposition 2.3 below characterizes the relationship between informational gains and loss of control

under informational interdependence, when agents are imperfectly informed.

Proposition 2.3 (Maximum Admissible Loss of Control). Let b® = (b}, bly) be the biases of decision-makers
for y1 and v, respectively. Then, the maximum b® for which the principal is willing to delegate at least one

decision is given by:

N

6P| = Z {w?ﬂ(Var(HllmC) — Var(&l\mj)) + wﬁQ(Var(Gg\mc) — Var((?g]mj))

There is a positive relationship between informational gains from delegation and loss of control. The
expression ||bP|| represents the relevant measure for the loss of control: how far are both decisions from the
principal’s (state-dependent) ideal. Under partial delegation, one of the components of ||bP|| is zero, which
marks the maximum bias the principal tolerates in a single decision.

Figure 2.2 illustrates the relationship between informational gains and loss of control. It shows the
maximum deviation the principal tolerates from her ideal decision—measured by ||b”||—as a function of
the number of agents revealing both signals in three cases.!” First, when she delegates both decisions to
different agents (in blue). Minimum informational gains in this case mean each decision-maker decides
with his own signals, but no other agent reveals any additional information. The concavity of the curve
represents the decreasing marginal utility of additional information, which comes from quadratic preferences
and the updating process.!® Maximum informational gains are represented with the dashed line, showing the
maximum bias the principal tolerates when she expects each decision-maker to become perfectly informed
in equilibrium. Second, the red lines show the relationship for direct informational gains only, assuming
the principal retains authority on one decision and does not receive any information from agents. Minimum
informational gains thus mean the agent decides with his own information and the principal decides with
no information. Hence, the maximum bias the principal tolerates is lower than the full delegation case,
which holds for all possible informational gains. The same intuition applies for the maximum bias the
principal tolerates (dashed line). Finally, the yellow lines show the relationship when informational gains are
indirect—partial delegation results in more information being received by the principal. For the delegated
decision, the agent observes his own signals, which explains in part why the principal tolerates a higher bias
than for direct informational gains. Because of the quadratic preferences, this additional information has a
high marginal return for the principal.

The intuitions just described assume constant information under centralization (k§ = k5). I now show

"To make the comparison clear, I assume k = kS = 0.
3The marginal influence of an additional signal on the associated posterior belief is decreasing (see Morgan and Stocken, 2008;
Galeotti et al., 2013).
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Figure 2.2: Maximum bias the principal tolerates as a function of informational gains
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how the information the principal expects to receive under centralization affects the loss of control she
is willing to tolerate. In summary, the principal’s marginal expected utility from an additional signal is

decreasing in the amount of information she expects to receive under centralization.

Corollary 2.1. The ‘marginal value’ of a signal for the principal is decreasing in the amount of information
she receives under centralization. Let AVar(0,|ky) = Var(6,|m¢) — Var(60,|m;, k= kS +1).
OAVar(0,|kS) 1 1 1

oke 6 |kcta? o220 @4

Equation (2.4) means that an additional signal represents a smaller informational gain when the principal
expects to be well informed under centralization. The maximum bias she is willing to tolerate thus decreases
as the profile of biases allows more agents to truthfully reveal information under centralization. The result

extends Corollary 1 in Dessein (2002) to the case of imperfectly informed senders. '

YDessein finds that incentives to delegate depend on the magnitude of the residual variance. His paper features a single, perfectly
informed sender who advises the principal on a one decision problem. He analyses incentives for delegation as a function of the
ex-ante variance associated with the state, against the babbling equilibrium. The residual variance here depends on the amount of
information received by the principal under centralization.

55



2.4 Endogenous Information Acquisition

In this section I analyse agents’ incentives to acquire information before the communication stage,
but after decision-rights have been allocated. I first present the extended model. Next, I derive the two
incentive compatibility constraints involved in information acquisition decisions and show how costs impose
restrictions on informational gains from delegation. I then characterize the equilibrium strategies for a generic
agent, showing the cases in which he decides to specialize. Finally, I analyse how interdependence affects

incentives to acquire information under different organizational structures.

Baseline model with endogenous information acquisition. Agents have access to imperfect information
about each state. In particular, each agent has access to one binary trial per state and decides which realizations
to observe (if any).? Formally, let s € {{0}, {51}, {52}, {S1,S2}} be agent i’s information acquisition
decision. With this formulation, ¢’s type is given by the realizations of both signals but he decides the extent

to which he observes his type.

Definition 2.2. The information structure for agent 1 in the game with endogenous information acquisition
consists of the following elements: S' = (Si,S%) are the signals available to him, S = (Si,S}) the
realization of the corresponding signals (his type), and s° € {{0},{S1}, {55}, {851, 5‘2}} the information he

actually decides to observe.

The costs of different information structures are captured by the function C'(s), which satisfies C ({S’ 1,55 }) >

C ({51}) =C ({52}) > C' () = 0. The principal has no direct access to information. The preferences of

agenti = {1,...,n} are given by:*!

U'(0,x,b’,s") = — Z (yd —04(01,02) — 52)2 —C(s")

ya={y1,y2}

Figure 2.3 shows the timing of the game. The allocation of decision rights is observed by all agents.
Knowing who decides what, each agent chooses the information he will observe (if any). I assume overt
information acquisition—individual decisions (but not information) are observable. In Section 2.6 I discuss
the implications of relaxing this assumption.

The communication stage is similar to the previous section, so I keep the notation. Let ¢ be a generic agent
and j a generic decision-maker, let j', j” € {P,1,...,n} be the decision-makers for y; and ys, respectively,
such that i = {1,..n} and j = {j’,j"}. Let ki = k7 (mj(s*)) be the number of truthful messages decision-
maker j receives in equilibrium, and k.. = k(') and k' = kX(j”) refer to the number of truthful messages

to decision-makers ;" and j” (respectively).

In principle, agents could have the choice on how much information about each state to observe, involving information
acquisition at the intensive and the extensive margins. Here, however, I focus on the extensive margin, meaning that each agent
decides whether to observe at most one binary signal per state. In section 2.6, I discuss some implications of allowing agents to
acquire information on the intensive margin.

2The principal’s preferences are captured by ur (0,x) = — (y1 — 01(01, 02))2 — (yz — 02(04, 02))2.
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Agents decide Agents . ..
P allocates Communication Decisions .
L on observe Payoffs realized
decision rights . . takes place are made
info acquisition signals

Figure 2.3: Timing of the Org. Structure / Info Acquisition game.

An equilibrium in this game is then characterized by the decision vector, y};, and collections of messagse
and information acquisition strategies for each agent and decision-maker j, mj = {..., mé»*, ...} and
s* = {...,s", ... }. The expressions for optimal actions and messages are similar to those of the previous
section, noting that & (m*(s*)), y;(m’(s*)), and m}" (s’, m™(s™)). Agent i’s information acquisition
strategy is given by:

5t

o = argm { B[ = (o (i (69, f) = 62 = ) = (o (om0, a) = 02 = )| = €}

The expectation is based on equilibrium beliefs. Agent 7’s equilibrium message strategy depends on
the information he acquired in an earlier stage of the game and his conjecture about other agents’ message
strategies. Information acquisition are observable at the communication stage, which simplifies the beliefs
space. The signals i acquired thus affect his communication strategy. When he acquires information about
both states, the IC constraints for communication are the same as in the previous section. When he acquires
information about one state, however, the IC constraints change significantly because his incentives to reveal
information are not affected by beliefs about the other state. This kills the credibility loss and truthful
communication is incentive compatible for a larger set of bias vectors. Now, let me focus on the details of

these arguments.

Incentives to acquire information. For an agent to acquire a piece of information the expected utility
gains must compensate its costs. First, costly information acquisition means that each agent will invest in a
signal only if he expects to benefit from it. In equilibrium ¢ only acquires signals he is willing to reveal; if
he fails to reveal any piece of information (off path), no other agent will change his equilibrium message
strategy.”? The number of truthful messages does not change when i acquires a signal he does not reveal, but
he still bears the costs. The lemma below formalizes this intuition—incentive compatibility at the information

acquisition stage requires incentive compatibility at the communication stage.

Lemma 2.1. Let (y*, m*, s*) be equilibrium strategy profiles for the principal and all agents. The equi-

librium is characterized by the number of truthful messages decision-makers receive, k:{ (m;‘ (5*)) and

2Formally, i’s incentives for communication depend on having acquired the signal, b?, and on his conjecture about k{ and k%
Then, for i acquiring S’ off-path to change another agent h’s conjecture about k7, b should be such that he is willing to reveal that
signal. In such a case, h (off-path) conjecture for kZ should be larger than the equilibrium value, but then ¢ would be willing to reveal
S¢ in equilibrium and would have acquired it.
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k% (m;‘ (5i*)),f0rj = {j',§"}. Then, agent i equilibrium information acquisition strategy, s**, satisfies:

S, € s only if truthful revelation to j is incentive compatible, given ki (mj (5*));

o {S1, 52} € s only if full revelation to j is incentive compatible, given k{ (m;k (5*)) and k% (m;‘ (5*))

The main implication of Lemma 2.1 is that the choice of organizational structure will affect agents’
incentives for information acquisition, because it determines the relevant IC constraints at the communication
stage. Incentives to acquire information depend on the possibility of being influential. But credibility hinges
on both the conflict of interest and the number of other agents expected to reveal similar information on path.
Agents thus acquire information they expect to reveal on the equilibrium path, given the allocation of decision
rights. The conclusion is similar to Di Pei (2015): information structures available to agents and the cost
function satisfy assumptions 1 and 2 of his paper (“Richness” and “Monotonicity”). Both seem rather natural
assumptions in my framework; for a given information structure a ‘coarser’ alternative means investing in
less signals, which will also be cheaper than the original choice.

The second element of incentive compatibility of information acquisition relates to its costs. Utility
gains from revealing any piece of information are decreasing in the number of other agents revealing the
same information (kﬂ). Given costs are strictly positive, there is a maximum number of agents for whom the
utility gains of revealing that piece of information compensate the costs. The following lemma presents the

cost-effectiveness condition, which captures this idea.

Lemma 2.2. Let ki denote i’s conjecture about other agents revealing S, truthfully to j.

Centralization: acquiring signal S! is cost-effective for i under centralization if:

(wlr)2 + (w2r)2

) = 5ae +2)0ks + 9

(2.5)

Delegation: acquiring signal S is incentive compatible for agent i if for at least one decision, yq, with the

corresponding decision-maker j is true that:

(wdr)2

6(ki + 2) (k) + 3)

C(sy) < (2.6)

The right-hand sides in equations (2.5) and (2.6) represent the ex-ante expected utility gains from
revealing one signals under centralization and delegation, respectively. An agent acquires a signal if its
expected influence on decision(s) is sufficiently large. The influence of revealing a signal depends on how
many other agents are expected to reveal the same information, which in turn depends on the organizational
structure. Under centralization, revealing a given signal influences both decisions, which is reflected in the

numerator of equation (2.5). Under delegation, the influence depends on whether 7 reveals the signal to one
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or both decision-makers. The ex-ante expected utility gains of acquiring (and revealing) a given signal are
thus weakly lower under delegation.

Dimensional non-separable message strategies face a more restrictive cost-effectiveness condition because
1 expects to reveal information for half of the possible signal realizations. The costs of acquiring both signals
must then be sufficiently low for such a strategy to be cost-effective. The latter does not hold if revealing one
signal is also incentive compatible for ¢, in which case the most-informative equilibrium consists of acquiring
and revealing information about one state.

Because the expected influence of truthful revelation is decreasing in the number of other agents revealing
the same information, there exists a maximum number of agents for whom cost-effectiveness holds with

respect to any signal.
Corollary 2.2. The maximum number of agents acquiring S, in any equilibrium under centralization is

given by:

KS =

r

1 [(wi)? + (we))]? 5
H4+ 160(571;)2 ] -5+t 2.7)

And under delegation, the maximum number of agents acquiring S, in any equilibrium is:

D } (wdr)2 2 § . 1C
K. e \‘[4—&-60(&1)} 3 +1; K, (2.8)

Where 4, = min{w,, wa, }

Expressions (2.7) and (2.8) represent the maximum number of agents, other than ¢, for whom investing
in a signal is cost-effective under centralization (K¢) and delegation (K ), respectively. These numbers
depend on whether revealing information influences both decision or only one of them. Note that under
centralization any influential agent affects both decisions; while, under delegation, the same is true only for
agents revealing information to both decision-makers. Typically, however, many agents under delegation will
reveal information to one decision-maker, which would make K¢ > KP.

I now discuss the equilibrium information acquisition and message strategies and how they are affected

by the allocation of decision rights. I also present the analysis on specialization.

2.4.1 Specialization

Equilibrium information acquisition strategies depend on the organizational structure and the cost of
information. Cost-effectiveness imposes restrictions in addition to incentive compatibility at the communica-
tion stage, which can lead agents to underinvest in information—relative to what they would be willing to
reveal. In the following paragraphs, I analyse how this leads to specialization, here defined as the case in
which an agent decides to acquire information about one state only.

Individual decisions on information acquisition are equivalent to choosing between message strategies

given other agents’ equilibrium behaviour. In particular, when agent ¢ acquires information about one state
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only, his incentives for communication do not depend on information about the other state (because he does
not observe any). This eliminates the credibility loss due to ambiguous information, thus enlarging the set of

biases for which revealing that signal is incentive compatible. The proposition below shows the result.

Proposition 2.4. Letk/ = {k{, k‘% }, where ki = K} (m}k (5*)) be i’s conjecture about other agents revealing
their information about 0,, = {01, 62} to decision-maker j = {P, 1, ...,n}. There exists a set of bias vectors,
Bl = %i(bj ,k7), such that if b’ € B, then revealing information about 0, only is incentive compatible
when s' = {S1}, but is not incentive compatible when s* = {S%, Si}. Moreover, the set B}, depends on the

organizational structure.

Acquiring information about one state eliminates the possibility of ambiguous information. Hence, agent
7 is not tempted to lie when information about the other state is more favourable: revealing information
about that state is thus incentive compatible for a larger set of biases. In other words, specialization acts as a
commitment device because the agent does not know when an unfavourable signal produces an excessive
update against his preferences.

Proposition 2.4 also implies that, for a given set of biases, the principal prefers that agent i specializes,

even when he has free access to information.

Corollary 2.3. Let C(S%) = C(S%) = 0. If agent i’s preferences satisfy:

; (w11)® + (wa1)? 1 Cy (w11)? + (w21)?
st (P [ - | e

Then, in the most informative equilibrium under centralization he acquires and truthfully reveals inform-

ation about 01 only.

The principal prefers a less informed agent because it guarantees he will not be tempted to manipulate
information. Note that the two results above hinge on the assumption that information acquisition decisions
are observable. In Section 2.6, I discuss the implications of relaxing it and show that specialization still
increases credibility when the cost of information is not too low. These results have implications for how
firms organize subunits’ access to information, since increasing the cost of some types of information may
improve the quality of communication.

I now analyse the different conditions that induce an agent to specialize, in an example with two agents.
Let assume wy; = wsy = w > 3 and C(s') = ¢ x (#5'), and let denote the agents by A’ and AZ. I focus
on the centralization equilibrium in which A! acquires information about §; and A? acquires information
about 6, s'* = {51} and s** = {S2}. In the equilibrium under consideration, the principal is (ex-post)
more informed than each of the agents since k] = 1 and k3 = 1.2* The Proposition below formalizes the

result and panel (a) in Figure 2.4 illustrates the set of biases for which s* = {511} under centralization.

BThe paper by Alonso et al. (2015) analyses a similar situation in the form of generalist-specialist information structure, where
each agent specializes in a different piece of information and fully transmits it to the principal.
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Proposition 2.5 (Specialization under centralization). Suppose that there are only two agents, A" and A?,
and the marginal cost of each signal is linear and equal to c. There exist two cost thresholds, c < ¢, such that
the most-informative equilibrium under centralization, (y*, m*, s*), consists in A' acquiring and revealing

information on 01 only, and A? acquiring and revealing information about 05 only, in the following cases:**

1. For ¢ < ¢ if and only if revealing Si is IC for Al, revealing S5 is IC for A% and revealing both
signals is not IC for any of them; or
2. Forc < c < ¢, if and only if revealing 511 is IC for A' and revealing 522 is IC for A?.

(1—w)?

2 21 (1—qw)2
Where ¢ = wiH(l—w)®

and ¢ = 36

When the cost of a signal is close to zero, information acquisition does not impose restrictions on
communication. Agents will then acquire any information they are willing to reveal and, thus, they specialize
on different signals only if these are the only IC message strategies. The stripped region in panel (a) of Figure

2.4 shows specialization driven by preferences.

Figure 2.4: Specialization in the two-agents model — Driven by preferences (P), influence (I), and costs (C)
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(a) A' specializes on #; — Centralization (b) A specializes on §; — Delegation

Notes: w = 2 and k} = k3 =1

The cross-hatched region in panel (a) represents the set of biases for which A! is willing to reveal
information about any state if he only observes the associate signal, but this does not hold if he observes

information about both states. In the equlibrium under considerantion, he expects A% to acquire and

**Formally, the equilibrium consists in s'* = {S1} and m"* = {{(0,0), (0,1)}, {(1,0), (1,1)}} for A", and 5** = {S3} and
m** = {{(0,0),(1,0)},{(0,1), (1,1)} } for A%.
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reveal information about 62, such that the expected utility gains is larger when he specializes on 6;. This
specialization decision is driven by expected larger influence on the principal’s beliefs, given the equilibrium
strategy of the other agent.>

Now suppose preferences of A' are such that he is willing to reveal both signals under centralization.
Specialization only emerges if acquiring such information is too costly. Whether he acquires information
about @ or Ay depends on what A? is expected to do: A! acquires information about the state the principal is
expected to be less informed on path. The solid gray region in panel (a) illustrates the case of specialization
driven by costs.

Specialization under delegation follows the same intuitions. I describe them using Panel (b) in Figure
2.4. Recall that information about 6; affects y; more than yo. Therefore, A' specializes on §; when his
preferences on the first dimension are sufficiently close to j'. Indeed, whenever his preferences are close to
the decision-maker of the second dimension, A! prefers to acquire information about 5. The intuitions for
the different drivers of specialization—preferences, influence, and costs— are the same as for centralization,
and are illustrated in the different regions of panel (b).

In the following section, I analyse the effects of different organizational structures on incentives to acquire

information.

2.4.2 Information Acquisition and the Organizational Structure

The optimal organizational structure depends on both the profile of biases and the cost of information. In
the previous section I showed that an agent acquires a signal if the expected utility gains from revealing it
compensate its cost. If information costs are small, the principal can materialize the informational gains from
delegation studied in Section 2.3. For sufficiently large costs, however, centralization is always optimal, since
at the limit no agent can aquire any signal.

In this section, I study how the allocation of decision rights affects incentives to acquire information
when the exact profile of biases is not known by the principal. Abstracting from the precise profile of biases
circumvents the fact that information acquisition depends on how many other agents are willing to reveal each
piece of information. In other words, for sufficiently small costs, there always exists a profile of biases for
which delegation outperforms centralization in terms of information acquisition. This conclusion, however,
stems from the analysis in section 3 more than from new insights on the effects of organizational structure
on investment. From an empirical perspective, the analysis captures the idea that institutions may have
persistent informational effects on outcomes. In policy-making, for instance, the allocation of authority over
a set of issues to a governmental agency effectively grants policy influence to interest groups linked to it
(Baumgartner and Jones, 2009). Part of that influence is about ‘feeding’ the agency with information likely to
be more favourable to the groups’ preferences. Hence, the policy becomes too responsive to these issues but

insensitive to other issues it should be taking into account.

% An alternative equilibrium exists when both agents’ bias vectors lie on cross-hatched regions. The strategies 5'* = {5'21} and
57 = {S’ 2} can also be sustained; agents thus face a coordination problem for which there is no clear selection criterion—the
principal is ex-ante (and ex-post) indifferent between any of these. Both equilibria involve specialization mainly because no agent is
willing to reveal both signals.
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I first analyse whether delegation affects the expected absolute investment in information, by focusing on
the maximum number of agents for whom acquiring a signal is cost-effective. Second, I analyse whether
delegation affects the expected relative investment in information, by assuming the bias vectors are randomly

allocated within a fixed conflict of interest with the principal.

Absolute Investment in Information

When information is costly for agents, there is a limit on the informational gains the principal can obtain
from delegation (Corollary 2.2). Through this channel, costs affect the ability of different organizational
structures to aggregate information. The following result shows that information costs impose stronger

restrictions on delegation than centralization.

Proposition 2.6. Let k be the maximum number of agents willing to reveal information about 0, = {01, 05}
to both decision-makers under delegation. Then, for every k < n, there exist costs for which the maximum
number of agents willing to acquire (and reveal) information about 0,. is strictly lower under delegation than

under centralization. Formally,

(wdr)2 (wlr)Q + (wQT)Q
k+2)(k+3)" 6(k+3)(k+4)

= Ky > K}

C(Sy) € (6(

Where 14, = max{wi,, wa, }.

When information is costly, the maximum informational gains under delegation are weakly lower than
under centralization. Under delegation, there can be agents who reveal information to one decision-maker
only, unless there is an agent whose preferences are central in both dimensions (and these are not too far from
the principal’s preferences). Under centralization, on the contrary, any information transmitted affects both
decisions, and agents willing to reveal any signal have larger overall influence. The expected utility gains for
such agents are thus larger under centralization and there will typically be more of them willing to invest in
information.

Proposition 2.6 does not mean that centralization is always optimal. For a non-empty set of cost values,
there exist profiles of biases, b, for which delegation of some sort is preferred to centralization (K > K is
not binding). But for sufficiently large costs, centralization always dominates (see Corollary A2.1). This is
the case when the cost of each signal is so high that no agent acquires information under delegation.

In addition, Proposition 2.6 relates to the relationship between loss of control and informational gains in
Proposition 2.3. In the previous section we learned that ||b"|| is increasing in the informational gains from
delegation. In the present section I showed that information costs impose limits on informational gains; now

I will show how ||bP|| is affected by costs. The maximum bias as a function of KP (maximum informational

1Pl = {[wQ : (é —u) [1 - (KD2+ 2)”é

Which together with equation (2.8) in Corollary 2.2 leads to the following result.

gains) is given by:
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Corollary 2.4. The effect of information costs on ||bP|| is given by:

9|[b®]]

2c(s,) <"

The maximum admissible bias the principal tolerates decreases as the cost of information increases.
Increasing costs reduces the number of agents willing to acquire any signal, decreasing the informational
gains that can be achieved through delegation. This is relevant when information costs are large and the
principal is not sure about the exact profile of biases at the moment of allocating decision rights. In such
a case, she can expect the benefits from delegation to be low relative to centralization. This relationship
between the information costs and distributional loss could be related to information acquisition on the
intensive margin—the higher the costs, the lower the amount of information a single agent is expected to
acquire and, thus, the lower his ‘informational advantage’ with respect to the principal. I explore this intuition

in Section 2.6.

Relative Investment in Information

I now analyse whether the allocation of decision rights affects the relative investment in information—the
amount of information about each state decision-makers are expected to receive. In order to isolate the
mechanism, I make two assumptions. First, I assume the principal does not observe the exact distribution of
biases when deciding on the allocation of decision rights. As in the previous analysis, this assumption allows
me to abstract from the influence of the specific profile of biases. Second, I assume zero cost of information,
which eliminates the influence of the costs on incentives to acquire information.

Consider the case of delegation. Agent 7’s incentives for communication with decision-maker j', in charge
of y1, are maximal when the conflict of interest is zero, that is b% — b} = 0. More generally, any conflict of
interest between i and j can be expressed as the ‘horizontal distance’ between b’ and b?. Communication of
a given piece of information is then incentive compatible for ¢ if this distance is small enough or, equivalently,
the distance between b’ and the ‘maximal incentives for communication’ is small enough. In the Appendix I
show this distance can be expressed as the projection of b? onto the line that represents the maximal incentives
for communication when j’ decides on .

Because 6; is more important for y; than s, j’ expects to receive more information about the former
than about the latter (Lemma A2.2). In other words, under delegation, each decision-maker expects to receive
proportionally more information about the state that is more important for the decision he controls. This can
be seen in Panel (a) of Figure 2.5, for fixed conflict of interests € and 7y €, and where the maximal incentives
to reveal information about 6; (62) are denoted by A1 (\2).

Now, consider the case of centralization. As in the case of delegation, the conflict of interest between ¢ and
the principal can be measured as the distance between b’ and the ‘maximal incentives’ for communication.
Here, however, the maximal incentives for communication with the principal depend on the information ¢
is expected to reveal. For instance, when expected to reveal information about #; only, ¢’s communication

incentives are maximal when ﬁf = wubil + wlgbé = 0. Because there are different measures of ‘maximal
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incentives’, for a fixed conflict of interest, there are always agents willing to reveal information about 6
and 6. This is shown in panel (b) of Figure 2.5 by the two lines A; and Ay, which represent the maximal
incentives to reveal information about #; and 5, respectively. The difference between A; and Ao implies that
for any agent 7 who is willing to truthfully reveal Si on path, there exista an agent h who is willing to reveal
Sé‘ on path (Lemma A2.3).

Figure 2.5: Information transmission under different organizational structures
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In Section 2.3 I showed that negative informational spillovers can provide a just foundation for partial
delegation. This argument requires that the principal knows the profile of biases of informed agents, B. When
she does not observe B, however, delegation may lead to losing control over payoff-relevant information,
well beyond the distributional loss. In particular, each decision-maker under delegation is expected to receive
more information on the more relevant state, becoming an ex-post specialist. I formalize this argument in the

proposition below.

Proposition 2.7. Let w1y = woy = w. For a sufficiently large number of agents, n; for any conflict of
interest ¢ € R, such that the profile of biases, B = {b', ..., b"}, is uniformly distributed between 0, €| for
agents i = {1,..,n}; for any integer k. Then, the principal expects to receive more balanced information

under centralization than when she delegates any decision to agent j; that is,

|E [Var(61|m¢)] — E [Var(2jm¢)]| < |E [Var(61/m})] — E [Var(62|m?})]|
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Because of informational interdependence, the influence of revealing any signal is larger under central-
ization. When a principal delegates a decision, this influence decreases and, also, varies depending on the
dimension in which communication is expected to take place. For instance, the decision-maker of y; expects
to receive more information about 8; because expect to have a higher influence by revealing the associated
signal. This leads to decision-makers being ex-post specialized on the issues that are more relevant for a
decision. Proposition 2.7 shows this specialization in the form of higher expected precision of beliefs about
the most important state for each decision.

Ex-post specialization of decision-makers under delegation is not in itself an undesired outcome. The
increased precision associated with the most important state could, in principle, compensate for the lower
precision of the other. Proposition 2.6, however, shows that the opposite happens: the expected absolute
investment in information is (weakly) lower under delegation. These two results highlight an important
limitation of delegation that goes beyond the distributional loss: the negative effects on incentives to acquire
information. Hence, organizational design that aims at providing incentives to invest in information must

consider the negative ‘long run’ informational consequences of delegation.
2.5 Covert Information Acquisition

Suppose information acquisition decisions are private information of each agent. I focus on the cent-
ralization case, restricting the analysis to pure strategies at the information acquisition and communication
stages. It can be shown that focusing on equilibria in which messages do not convey information about the
acquisition decision is without loss (Lemma C2.4).%° As a result, messages sent at the communication stage
do not convey information about decisions on information acquisition. Also, any deviation at the information
acquisition stage results in a deviation (from truth-telling) at the communication stage (see Lemma C2.5).

In the appendix I derive the IC constraints for a typical agent ¢ in the covert information acquisition
game. There are two relevant deviations: acquiring fewer or more signals than on the equilibrium path. First,
when agent 7 deviates by acquiring fewer signals than on path, he saves on information costs but he induces
lower-than-optimal precision on beliefs. Suppose i is expected to acquire information about both states
on path; if, instead, he decides to acquire information about #; only, his message corresponding to # will
induce wrong beliefs for half of its possible realizations. Because his message strategy off-path consists of
announcing the most favourable of the possible realizations of S&, the deviation is equivalent to lying on this
signal. Incentive compatibility, hence, requires that these utility gains—Ilying towards his bias plus saving
on information costs| are lower than the expected utility losses from inducing a higher expected variance.?’
Incentive compatibility constraints in the covert game are thus more restrictive than in the overt game.

The second deviation consists of acquiring more signals than on path. When ¢ is expected to acquire
and reveal information about 61, he can profitably deviate by also acquiring information about #,. But ¢
cannot transmit information about 62 on path. Hence, the expected utility gains have to do with ambiguous

information. This means he lies about 6; when his information is unfavourable and that about 05 is favourable.

% Also, see Lemma 3 in Argenziano et al., 2016.
YSee equations (C2.10), (C2.11), and (C2.12).
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If information costs are sufficiently low, ¢ cannot commit himself to acquiring information about 6; only. The

result below shows when he can commit.

Proposition 2.8. Let (s*, m*, y*) characterize an equilibrium in the covert game under centralization, and
let k¢ = {k{, kS} be agent i’s equilibrium conjecture about other agents truthfully revealing information.
Denote by Bt = B, (C(Si), C(Sy), kC) the set of biases for which acquiring and revealing information
about 0, is incentive compatible for agent i, where 0., 0z = {01, 02} such that 6, # 0;.

; w2 4w? i W1 W1 FF+Wor Wor i
1. B # () if and only U‘% —maX{C(ST); W —20(5;)} > 0;

OB, .
2. 30(S) <0

3 0B,

Acquiring information about #; in the covert game is incentive compatible for ¢ if and only if the utility
gains are sufficiently large. As in the overt game, these utility gains must compensate for the cost of acquiring
the corresponding signal, C'(S?). Unlike the overt game, however, the utility gains from increasing the
precision of the principal’s beliefs must compensate for the utility gains associated with having ambiguous
information (rightmost term inside the curly brackets). In other words, if acquiring information about 05 is
cheap for 4, he will acquire S% and lie to the principal whenever this signal favours his interests and S? goes
against them. Incentive compatibility, hence, requires that the cost of the signal associated with the state is
low and the cost of that associated with the other state is sufficiently high.

The relationship between incentive compatibility and the costs of the different signals is shown in the
last two statements of Proposition 2.8. Because of the first type of deviations—acquiring fewer signals— ¢’s
incentives to acquire and reveal information about ¢, decrease as the cost of Si' increases; saving on the cost
of the signal becomes more profitable for ¢. The second type of deviations—acquiring more signals— leads
to an increase in credibility when the cost of S increases. This effect stems from the credibility loss due to

ambiguous information.
2.6 Concluding remarks

Most organizations operate in complex environments: they face multi-causal problems and solutions
involve many interrelated courses of action. Because actions address the causes with different degrees of
success, relevant information affects many of these actions. In addition, the information is typically dispersed
among the organization’s members, who communicate it strategically. This paper has studied how information
is acquired and aggregated under such complexity. I showed that the allocation of decision rights constitutes
a key tool to govern the conflict of interests in an organization. In particular, I found a principal may want
to delegate controversial decisions if that improves transmission of information on other, less controversial
ones. When preferences over all decisions are extreme, centralization can ‘discipline’ these conflict of
interests such that more information is transmitted. I have shown that complexity affects incentives to acquire

information under different organizational structures. Under delegation, expected investment in information
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is not only lower overall but also more concentrated on issues that are salient for the corresponding decision.
The analysis presented here has broad applications to the organization of policy-making bodies, advisory
committees, knowledge creation in multinational corporations, and other settings where information needs to

be obtained and communicated in complex environments.
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Appendix

A2 Proofs and Complementary Results
Equilibrium communication under delegation

Lemma A2.1 (Incentive Compatibility of Communication on y4.). Consider an equilibrium (y*, m*) in
which the principal delegates g to agent j (and he does not decide on the other decision).”® Then, revealing

any information (either S'. or both signals) is incentive compatible for i if:

Wq1 Wq2

(K[ +3) (k5 +3)

, , 1
bl — b))] < 3 (A2.1)

And revealing both signals when S*{(0,0); (1,1)} and announcing the babbling message for other

realizations if:

; i1 W1 W2
b, — b < = : : (A2.2)
ba=bal < 1 (K] +3) (K +3)
Where yq = {y1,y2}-
Proof. All proofs of results in this Appendix can be found in B2 O

The proposition below summarizes the equilibrium communication in the case of delegation.

Proposition A2.1 (Equilibrium Communication for y,). Let agent j be the decision-maker of yq. In the
most-informative equilibrium (y*, m;f,, mj//) between agents i and j, i fully reveals his information if and
only if condition (A2.1) hold. If the right-hand side of (A2.2) is larger than that of (A2.1), then agents
with |bl, — bfj| within these two values reveal both signals when (S%,S5) = {(0,0),(1,1)} and send the
corresponding babbling message otherwise. For other values of b', i always send the babbling message

consistent with his bias.

Equilibrium communication in the case of one decision is characterized by the IC constraint in Lemma
A2.1. As already discussed, full revelation dominates message strategies in which 7 reveals one signal because
the IC constraints are the same and the decision-maker always prefer the former. The same happens with
dimensional non-separable message strategies for most parameter values, so they can be overlooked in this
case with little loss. Now is time to analyse communication between ¢ and the principal when she retains

authority over both decisions.

2By assumption, communication between decision-makers only involves own signals (not information transmitted by other
agents). For an analysis on hierarchies as information intermediation see Migrow (2017).
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PROOF OF EQUATION (2.1). The principal’s ex-ante expected utility in the equilibrium characterized by by

{y,m;/, mjn} is given by:
E[U*(8,b);m] = —E [(y1 — 61)%my] — E [(y2 — 62)% myn]

Which, by definitions of equilibrium 4 and 6, yield:*
2
E [UP((S,b);m] = _(b/1)2 _ (bg)Q _ Z E |:(wd1 (E(91|mj) — 91) + wgo (E(@Q’mj) — 92)> :|
ya={y1,y2}
With some rearrangement and given 6, 1 6o, [ have:
BUP@b)im] =~ (002 + 057 = > D0 [(wa)? B[ (B0 m) —0,)%m; ]| (a23)
ya={y1,y2} 0r={01,02}

Now, the expectation of the squared deviation for each state is given by:

1 kj
E {(E(ar‘mj) o) mJ / E(6;/m;) — 0 ) F(E1k],6,) db,
0 ¢, —0
1 ’“J 2 (0,6, kD)
/0 E(0,[mj) — 9r> Wder
Ly *O r

- T Z/ B(6,m;) — 6,) (6.6, 1) db,

k” D ZVar@ 103 kD)
+

1 i(ﬁﬂ)(/ﬁz—aﬂ)
(kr +1) s= (ke +2)%(kr +3)

Solving the sum and plugging the above into (A2.3) yields:

o2 + (w21)? n (w22)?

2 2
UPB,m;,mi)=— |(¥)? (w11) (w12)
( ) M7, MM ) (by)" + + 2 6(k/1/+2) 6(kg+2)

6(ki +2)  6(k,+2)

PNote that the terms E (E(dq|m;) — dq) b; =0.
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Let denote by Var(6,|m;) = E [(E(9r|mj) - HT)Q; mj]

UP(B, mj/, l’nj//) = — [(6/1)2 + (w11)2 Var((91|mj/) + (w12)2 Var(92|mj/)}
— [(6/2/)2 + (w21)2 Var(91|mju) + (w22)2 Val'(@g’mj//)}

Optimal Organizational Structure

Proposition A2.2 (Optimal Organizational Structure). Given the vector of preferences, B = {b', ... b"},
and generic agents i, j', and j"; the organizational structure that maximizes the principal’s ex-ante welfare

is:

Full Delegation. That is, agents j' and 7" decide on 1y, and 1y (resp.) if and only if:

1. DIG/(y1) — (b])? > max {DlGi(yl) — ()%, IG(y1), —{DIG»(y2) — (bg)Q}}for any i # j'; and
2. DIGjn(y2) — (b5)* > max {DIGi(yz) — ()2, IG(y2) , —{DIG; (1) — (b’l)Q}} forany i # j".

Partial Delegation. That is, agent j decides on yq and the principal retains decision authority over y;

if and only if there exist both Direct and Indirect informational gains such that:

1. DIG;(yq) — (b))? > max {DIGi(yd) — (002, IG(ya), —IIG(yUZ)} foranyi # j; and
2. HG(y;) > max { DIG () — (4)? . ~{DIG;(ya) — (4)*} } for anyi #

Centralization. That is, the principal decides on both issues, if and only if there are no agent i and j
such that:

1. DIG;(yq) — (b‘gl)2 +IIG(y;) > 0; nor
2. DIGj(y1) — (b))% + DIG(y) — (b5)? > 0

Proof. The proof is constructive. The optimal organizational structure maximizes the principal’s ex-ante
expected utility. Optimality of delegation implies some informational gains, otherwise she can retain authority
over both issues and decide with the information transmitted under centralization. Full Delegation is then
optimal if there are two agents 5’ and 7" who decide on y; and ys, respectively; such that the corresponding
informational gains more than compensate each decision-maker’s bias. These gains must be maximal among
all agents, and strictly larger than if the principal retained any single decision (/IG).

Partial Delegation is optimal in either of two cases (non-exclusive). First, when direct informational gains
from delegation are possible only on one decision, the principal prefers to retain authority on the other. If the
DIG are sufficiently large, she may be willing to tolerate some informational losses on the retained decision;

that is, receiving less information than under centralization.
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The second and most interesting case is when indirect informational gains are large. From Proposition 2.2
we know that the presence of negative informational spillovers under centralization is a necessary condition.
Delegating y, thus breaks the interdependence between decisions and allows communication on the low-
conflict dimension. This may hold even if there are no informational gains in the delegated decision, as long
as the indirect ones are sufficiently large.

Finally, Centralization is optimal when any potential informational gain is small, such that it does not

compensate the loss of control on the delegated decision(s). O

PROOF OF PROPOSITION 2.1. The characterization of the optimal organizational structure (Proposition
A2.2 above) is a complement of this result. Informational gains arise when more agents reveal information to
at least one decision-maker, as compared to those revealing information to the principal under centralization.

Consider direct informational gains first. For every agent who would reveal information under centraliza-
tion, there must exist an agent revealing at least the same amount of information to the new decision-maker
under delegation. Strict gains require that there also exist at least one agent revealing strictly more information
to the new decision-maker. Let j’ denote the decision-maker on y; and suppose the principal decides on ys.
For every other agent h € N such that B{Z satisfies (1.1) there must exist a i € NN such that b} satisfies (A2.1);

otherwise, &} will be lower than £§.3% At this point, there must also exist an agent such that:

. . 1 2 2
Bwny 4 by > & [+ (Wa1)™  winwnz + wawy,
1 2

2 (kS +3) (kS +3)
b — | < T wn we
PN T2 (43 (K +3)

Multiplying the last inequality by w;,, its right-hand side is strictly lower than that of the expression
above. I thus get the condition that |b% — b/ | < |bi + by 2| for direct info gains from delegation.

Indirect informational gains mean that in equilibrium k%2 > kS; the above equations must hold for ys.
An argument similar to the previous leads to: for every h € N such that 3% satisfies (1.1), there must exist a

1 € N such that bé satisfies (A2.1) and, in addition, there exist exists an agent ¢ such that:

|bliW12 + b§w22| >

|:(w12)2 + (wo2)? ~ wnwi + w21w22]
(kS +3) (kS +3)

w22 w21

5] < - -
(ky +3) (k] +3)

N~ N

Again, multiplying the last inequality be w9 evidences that its RHS is larger than that of the first one.
This reduces the necessary condition for ITG to waa|bb| < [bw1a + bhwasl. It follows that the previous is
only possible when [b¢ | is sufficiently large. O

3ndeed, any of the agents revealing under delegation are revealing both signals.
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PROOF OF PROPOSITION 2.2. Let B"” = (b!,...,b") denote a given profile of biases for n informed
agents. The optimal organizational structure is characterized by the number of truthful messages decision-
makers receive in equilibrium, k’, k”, and the number of truthful messages the principal receives under
centralization, k€, as per Proposition A2.2. Suppose that k| = k), k] = kI, and kf = k§. Now consider the
associated game consisting of n + m agents, with the profile of biases for the first n agents being B", that is
B"t™ = (bl,...,b", b .. b"t™). Let b € R, denote a large number.

Now, consider the following cases for the preferences of agents n + 1 to n + m:

1. b"tl = . =b"™ = (b,0).

Suppose first that the optimal organizational structure under B™ was full delegation. Under the profile
B"™ the principal prefers to retain authority over ys if and only if IIG(y2) > DIGu(y2) — (b})?;

which by Lemma 2.1 and Proposition A2.2 translates into:

K +2) (K2 +m+2)

6 [(K/+2) (K2+m+2)

2

2 2
Wi 1 1 Wao 1 1 N2

> —(b
}+6 {( = ~(B2)

Then, for any k', k, kb2, kb2 < n, there exists a m for which the above holds.

Now, suppose the optimal organizational structure under B"” is centralization. Then the additional
information she receives with partial delegation of y; under B"™™ must also compensate the distribu-

tional loss on the delegated decision; which means:

w3, 2 1 +w7§2 I 1
6 [(Af+2) (KP+m+2)] 6 [(AS+2) (kZ+m+2)] "

>w%1{ 1 ]erg[ 11 }er,
6 (K +2) (K§+2) 6 [(K+2) (kS +2) 1

Note that the RHS of the expression above is non-negative because of the optimality of centralization
under B"™. A sufficient condition for optimality of partial delegation is that there exists an agent j’

whose bias satisfies:3!

2 2 2 2 2 2
2 o Wip T Wy | Wi TWhH Wiy Wiy

(01)" < 6(n+2)  6(n+2) 18 18

Then, there exists a finite m such that Partial Delegation (of y;) is preferred by the principal over
centralization.

2n+m+1 2n+m+1

2.b"l=..=b" 2 = (-b,b)andb” 2 = .. =b""" = (b,b).

Lemma 1.5 implies that, for k{ = kS, senders with these preferences will have maximal incentives to

3I'The expression reflects the case in which all n agents fully reveal their signals under centralization (kS = n), j' does not
receive any signals from other agents in equilibrium (k;. = 1), and the indirect informational gains are maximal (m = b).
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play equilibrium DNS strategies. In particular, those in the first group satisfy:

‘ B N 3 ’ _ ‘wnbg + wigbh + warb] + wagbl| ‘ b+ | _ 0
(k§ +3) (kS +3) (k€ +3) (k€ +3)
And those in the second group:
‘ 5% B ﬁ% ’ _ ‘wnb’i + wlgbé - ’w21bil — w22bé _ ‘ bZ1 — 512 —0
(k$ +3) (kS +3) (k€ +3) (k€ +3)

Then, m = 2n is a sufficient condition for the principal to prefer centralization over any other

organizational structure that was optimal with the original profile of biases.
O

PROOF OF PROPOSITION 2.3. Suppose the equilibrium organizational structure involve some form of
delegation, and let j', j” € {P,1,2,...} be decision-makers for y; and yo, respectively. The principal’s

ex-ante utility gain with respect to centralization is given by:

/ 1/ (w11)2 1 1 (w12)2 1 1
0+ 0 < - ) Y e wn)
(w21)2 |: 1 B 1 :| 4 (w22)2 |: 1 . 1 :|
6 (k§ +2) (K +2) 6 (kS +2) (ki +2)

According to expression (2.1), and denoting by m the messages sent to the principal under centralization,

the above can be expressed as:

[

()2 + (5’2’)2]% < [Z [wfﬂ (Var(61|mc) — Var(61|m;)) + w3, (Var(f2|mc) — Var(92|mj))H
Yd

Denote by b® the vector whose component satisfy the above expression with equality. Because the
LHS above represents the euclidean distance of a vector with components b} and b to the origin, then bP°
represents the maximum conflict of interest the principal will tolerate as a function of the informational gains
from delegation of the corresponding decision(s).

For the second part of the proof let assume that ki = kC + 1, and denote the reduction in variance under
delegation by AVar(6,|m;) = Var(6,|m¢) — Var(6,|m;, ki = kS + 1), which then is given by:

1 1 1

6 | (kS+2) (kS+3)

AVar(0,|m;) =

Then, taking the derivative with respect to kS gives expression (2.4). O
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PROOF OF LEMMA 2.1. The proof proceed by contradiction. I focus on the centralization case, since
decentralization follows the same logic. Let ({y*}, {m*, s*}) be the equilibrium strategy profiles for the
receiver and all agents, respectively. Recall the equilibrium is characterized by £} and k3.

Acquisition of S;. Suppose that i’s equilibrium info acquisition strategy has S; € s** but condition
(1.1) does not hold for .S;. In such a case revealing information about ¢ is not incentive compatible for ¢
despite he acquired information about it. Other agents base their message strategies on conjectures about k7,
but ¢ is not included among agents revealing S; truthfully. At the information acquisition stage, ¢’s expected

payoff of §'* is thus given by:
E [Uz (y*(m*(s*)),é, bz)] - _F |:(y1 (mi*(gi*),m-i*) _ 61 _ bqi)Q + (y2 (mi*(ﬁi*),m'i*) _ 62 _ bé)2:| —C(ﬁl*)

Now, consider the following deviation: 5° = 5%*\ { S }. Note that this deviation does not affect &k} or k3,
and 4’s overall influence on j’s decision(s) is thus unaltered—i.e. 14 (mZ (5"), m JZ> = yq (fml (5%, mj)
Note also that C(s™*) > C(5%), given #s5°* > #5°. Consequently,

E[U (y"(m*(s)),6,5')] = B [U" (v (m'(&),m™) ,6,5")] = —C(s™) + C(") < 0
So, 5 is a profitable deviation from 50, e

Acquisition of both signals. The proof is similar to the previous, with ¢’s proposed equilibrium strategy
being s'* = {51, S2} but conditions for Full Revelation do not hold. Then, a profitable deviation for i will be

to acquire the signal he is willing to reveal on the equilibrium path (if any). O

Equilibrium Information Acquisition and Cost-effectiveness condition

Before the proof of Lemma 2.2 I derive the information-acquisition IC constraint.

Observation 2.1. Ler ki* = ki (mé(si*,s'i),m}i(si*,s'i)) and ki = K} (m;'-(ﬁi,s‘i),m}i(si*,s'i)) for

0, = {01,02}. Let s°* denote i’s information acquisition strategy in an equilibrium characterized by

(y*,m*, s*). Then, i’s ex-ante expected utility from 5 is given by:

w 2 w 2
B0 ("5, 8 b0)] = — (017 + ())°] = 37 [6(;{51@)*6((1{;‘2’212)

ya={y1,y2}

Now, let (y*, m*, s*) be equilibrium strategy profiles. Then, s°* is incentive compatible for agent i if and

only if. for every alternative §':

(wdr)2 1 _ 1
2 2 6 |(kl+2) (K'+2)

ya={y1,y2} Or={01,02}

> [C(s™) — C(5")] (A2.4)
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PROOF OF PROPOSITION 2.4. Let S, € 5 and S; ¢ s** for 0, # 07, and Kl (m;k (5*)) be i’s conjecture
about other agents revealing their information about 6, to decision-maker j. Then, agent ¢’s IC constraint for

revealing .S is:

* When j = P decides on both issues (centralization),

(wlr)2 + (w27’)2

‘< A25
* When 5 decides on y, only,
; j War
b, — v < —F— (A2.6)
|bg — by 24+ 3)

I prove the IC constraint for case of delegation, as centralization follows the same argument but requires
more algebra.Suppose agent i’s acquires only S%; then strategy m** = {mé’,‘, mé’,‘,} is preferred to any

alternative m iff (IC constraint in section B2):
— [war (Vi — ) + waa (vl = 0i)] [war (Vs + ) + wan (vl + Ply) — 2[wan vy + wasviy — (b — b3))] = 0
But since i has information about 6, only, then E(62|S}, m}) = v}, = vi5 = 0},. Moreover, the

strategy space when i has only one signal is degenerated, such that he can only reveal it or lie. Revealing S {
is thus IC iff:

— [war (vl = 940)] [wan (VG — 7in) = 206 — b)]] = 0

Following the same steps as in section B2 it is easy to note that the above expression becomes:

For S =0 : 2(b, — b, <7Z.Ud1
1 ( d d) = (k{ 3)
ForSi=1: —2(b, —¥ <71.Ud1
1 ( d d) = (1{7{ 3)

Which together imply equation (A2.6).

Now, the vector ‘Bﬁ(bj ,k7) results from comparing equations (A2.1) and (A2.6). That is, assuming
j decides over y4 only and k= {k‘{, k%} are 7’s equilibrium conjectures about other agents revealing
information to j, D (b7, k7) can be defined as:

. , 1
‘Biz{x:bﬁlix€2x<

Under centralization, the vector %Z(bj, kJ ) results from comparing equations (1.1) and (A2.5). Denote

Wy
(Kl +3)

Wd1 Wd2

(k] +3) (k) +3)

by k¢ agent i’s equilibrium conjectures about other agents revealing information about 6,.{61, 65} to the
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principal under centralization, and k§ # ky. Then, B} (k") is defined as:

= {oo e I ([ - g 2o}

PROOF OF LEMMA 2.2. I first derive the cost-effectiveness condition (2.5) and then the maximum number
of agents for which acquiring a given piece of information is cost-effective —condition (2.7). In order to
derive cost-effectiveness (CE), I consider each possible info acquisition strategy in equilibrium.

The number of agents revealing truthfully their signals in equilibrium, £, includes i’s message strategy
when he acquires (and reveals) it in equilibrium.*? Here I need to make two clarifications. Firstly, if there
were agents who acquired information on 61 but were not willing to reveal it when ky = k7 + 1, then only
one of them changes his message strategy because when one of these agents stop revealing, then ky = kT
again. As a consequence, ky = {k7,k} + 1}. I take the most conservative of these approaches by making
ki = kT + 1 whenever 7 acquires S5 off-path.

The second clarification relates to what happens when ¢ acquires a signal and does not reveal it. Since
other agents’ message strategies will depend on conjectures about k., ¢ not revealing the signal acquired
off-path does not affect their equilibrium behaviour at the communication stage. In other words, Lemma 2.1

holds: ¢ gains nothing from acquiring a signal he will not reveal.

Centralization. Let first consider the acquisition of both signals in equilibrium; that is s = {Si Si}.

Expression (A2.4) for each possible alternative strategy becomes:

1) 58 = {0}

(wlT)2 + (w27‘)2 i i
2. 6(kx 4 2)(k* + 3) = C(51, %)

r

When 7 plays DNS message strategies on path, he expects to reveal information for half of the possible

realizations, such that the CE conditions becomes:

(w11)% + (wa1)? (w12)? + (w22)? o
6(k7 +2)(kf +3)  6(k3+2)(kb +3) >2C(51,5) (A2.7)

2) 5 = {81} fine) + ()
6(k: +2)(kx +3) ~

C(Sp)

Now, when the equilibrium strategy consists of one signal only, 5% = {5”,?}, the IC constraints become:

32n equilibria in which i does not acquire S%, kf does not count him; but in any deviation in which he does acquire it, then
k1 =k +1.
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3) 5 = {0}
(wlT)2 + (wQT)Q > C(Sz)
6(ki +2)(kr +3) = "

4) & = {1} (wir)? + (wr)?
6(k7 +2)(k; +3)

(wlr)2 + (w2r)2

>

5) 5" = {5}, 85}
(w17)? + (wor)?
6(kz + 2)(kz + 3)

< C(S)

Case 3) represents the necessary condition to acquire any individual signal S?, since it implies case 1)
(in which it holds for both signals) and case 4) (in which the agent acquires the signal that would have the
highest influence). This case corresponds to equation (2.5).

Now I work out the expression for the maximum number of agents to acquire a given signal under
centralization. According to the equation (2.5) as k, increases the ex-ante expected utility of acquiring .S,
decreases. So, the maximum number of agents who will acquire that signal is given by the largest £* for

which the cost-effectiveness condition hold. Re-arranging this condition I get the following polynomial:

(wlr)2 + (w2r)2
6 C(57) -

—(ky)? = 5ky — |6 =
Then, solving for the highest positive root I get K© in (2.7).

Delegation. As before, ¢ is not willing to acquire signals he is not willing to reveal on-path (Lemma 2.1).
But in this case there are two decision-makers and IC can refer to any of them (or both). From (A2.4) we

know that acquiring S? requires that 7 is willing to reveal it to at least one decision-maker, say:

o(si) < —(war)®
6(k +2) (ki + 3)

For at least one y4. Consider the case of acquiring both signals, which is cost-effective in two generic cases.
First, when ¢ is willing to reveal at least one signal to a different decision-maker, the CE condition above
should hold for each decision-maker. Second, when 7 is willing to reveal both signals to a single 7 the RHS of
the above expression becomes larger. As a consequence, equation (2.6) is a necessary condition for investing
in any individual signal.

To get the expression for the maximum number of agents to invest in .S, I need to analyse also two cases.
The minimal incentives to reveal are given by the case in which all agents are willing to reveal .S, to decide

on the dimension it is less important. This will define the minimum upper-bound, since the CE condition
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becomes

C(sy) < min{ : (wdr)z. }
war | 6(k} + 2)(ki + 3)

Now consider the case in which all agents are willing to reveal both signals to both decision-makers. This

is the maximum upper-bound. In such a case, the CE condition will be just like the centralization case; that is:

(wlr)2 + (wQT)2
6(k! +2) (ki + 3)

C(sy) <
Then, following the same steps as the proof of Lemma 2.2 (Appendix A2) I have the first and the second

expressions in square bracket in equation (2.8), respectively. O

Agents’ equilibrium strategies (endogenous information acquisition).

In this subsection I combine the results of Lemma 2.1 and Lemma 2.2 to characterize agent ¢’s equilibrium
information acquisition and message strategies. I start with the case of centralization (;' = j” = P) and then
proceed to the case of delegated decisions. The following result summarizes the intuitions developed in the
previous discussion, presenting the equilibrium acquisition and message strategies for a typical agent under

centralization.

Proposition A2.3 (Equilibrium under Centralization). In the most informative equilibrium under centraliza-
tion (y*, m*,s*), agent i only acquires signals that are cost-effective and incentive compatible. In particular,
1’s equilibrium strategies are given by:

Acquiring and revealing both signals: if and only if conditions (2.5) and (A2.5) hold for both signals,
and (1.4) hold.

Acquiring both signals and playing a dimensional non-separable strategy: if condition (A2.7) hold for
both signals and (A2.5) does not at all, in the following cases:

» Fully revealing both signals when they coincide and babbling otherwise, if condition (1.3) holds;
* Fully revealing both signals when they do not coincide and babbling otherwise, if condition (1.4) holds.

Acquiring and revealing one signal only. Agent i acquires and reveals S% if (A2.5) and (2.5) hold with

respect to 01 and one of the following is true:
* Revealing S is not IC —i.e. (A2.5) does not hold for 05; or
e Acquiring S5 is not CE —i.e. (2.5) does not hold for 5; or

* Acquiring S% is CE and revealing it is IC, but revealing both signals is not IC —i.e.(1.1) and (2.5) hold

2 2 )2 \2
for both signals, but (1.4) does not and ((12;22;%3?3) > ((%ié%%ﬁ?g)

Forr # 7.

Acquiring no signal, if only if any of the statements below is true:
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* No signal is CE to acquire —i.e. condition (2.5) does not holds for any signal; and/or
* No signals is IC to reveal —i.e. condition (A2.5) does not hold for any signal, nor (1.4) holds.
Proof. See Appendix B2 0

As discussed earlier, the number of agents revealing the same piece of information is an important
determinant of cost-effectiveness. It could lead some agents to acquire less information than what each is
willing to reveal, resulting in either specialization or non-investment. The possibility of abstaining to acquire
a given signal can enhance incentives for communication (for the other signal) because it kills the effects of
ambiguous information.

Dimensional non-separable message strategies can arise under centralization. As in the pure communica-
tion game, these strategies take the form of full revelation for some realizations and babbling for the rest.
Because any of these involves acquiring both signals and revealing them half of the time, they arise when
costs are sufficiently low and only if revealing one signal is not IC. Then, agent ¢ typically prefers to reveal a
single signal than play a DNS strategy, provided both are incentive compatible and cost-effective.

Similar intuitions apply to the case of delegation. The result below characterizes equilibrium strategies

for agent ¢ and decisions yq and y ;.

Proposition A2.4 (Equilibrium under Delegation). When the organizational structure involves more than
one decision-maker, agent i only acquires signals that are cost-effective and for which communication is
incentive compatible. In the most informative equilibrium ,(y*, m*, s*), i’s equilibrium strategies are:
Acquiring and revealing both signals: if and only if conditions (A2.1) and (2.6) hold for both signals
and at least one decision-maker —and the associated decision.
Acquiring and revealing S, only, if acquiring this signal is both cost-effective and incentive compatible

for agent i in the following cases:
1. Revealing Ss is not IC for any decision —i.e. condition (A2.6) does not hold for Si; or
2. Acquiring Ss is not CE for any decision —i.e. condition (2.6) does not hold for S} for any decision; or

3. Both S1 and Ss are CE and IC, but revealing both is not IC with respect to any decision-maker —i.e.
conditions (A2.6) and (2.6) hold for both signals and at least one decision-maker, but (A2.1) does not

Wdr 2 Wds 2
hold for any of them and (k:j(tziiflz:+3) > (k;n(L231(7122+3)

Forr # 7.

Acquiring no signal if only if any of the statements below are true:
1. Condition (A2.6) does not hold for any signal and any decision, nor (1.4) hold; and/or

2. Condition (2.6) does not holds for any signal, any decision.

33For a formal discussion see Appendix B2.
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Proof. See Appendix B2. O

In presence of two decision-makers agents acquire a signal if it is cost-effective and incentive compatible
to reveal it to at least one of them. As discussed in Proposition 2.4, the possibility of not acquiring one of the
signals makes credible the strategy of revealing only one signal. When such a strategy is incentive compatible
it always refers to the state the decision-maker is less informed in equilibrium. In other words, the agent will
acquire the signal for which the influence is larger, which in turn implies that dimensional non-separable
strategies are dominated by this strategy. As a consequence, no DNS strategy can emerge in equilibrium
under delegation.

ﬁ;‘% < C(Sy) < wﬂr both 0. If there are

no agents j' and j" whose preferences represent a conflict of interest within ||b°|| < 1 —2w(1 — w), then the

Corollary A2.1. Let w = w1 = woo, k = 1, and

principal strictly prefers centralization over any form of delegation. If there where such agents, the principal
still prefers centralization (strictly) as long as there is at least one agent i who fully reveals his information
—i.e bt satisfy conditions (1.1) and (1.4) with respect to both signals.

Proof. When k = 1, decision-makers have the stronger incentives to acquire both signals under delegation.

~2
Wy

Noting that 6(x + 2)(x + 3) = 72, from Proposition 2.6 I get that =&~ < C/(S,) < w implies
Kf{ > KP = 1. In addition, from Proposition 2.3 we know that, for w11 = waa = w and k=1

=[5 (1-2) + O3 (1)) <1200 - )

If there are no agents j/ and j” such that |[b®|| < ||bP||, then the distributional loss from delegation is

never compensated by the maximal informational gain; as a consequence, centralization yields higher ex-ante
expected utility to the principal. On the other hand, if there were agents j/ and j” such that (&, b4) € ||bP||
the principal prefers delegation when there is no agent ¢ whose preferences satisfy conditions (1.1) and (1.4).
For if there were such an agent, he reveals both signals under centralization and, thus, delegation yields no
informational gains.

Under the parameters of Corollary A2.1, costs are so high that the maximum number of truthful messages
under delegation is zero. Having the chance to influence both decisions, ¢’s acquisition of one signal is cost-
effective (provided communication is IC). The result also illustrates the restrictions imposed by information
costs on the optimality of different organizational structures (Proposition A2.2). For sufficiently high costs the
principal always prefer to retain authority over both issues, but restrictions weaken as the costs of acquiring a

signal decreases. O

PROOF OF PROPOSITION 2.6. Let (s, m,y) denote a generic equilibrium in which £ < n is the maximum
number of agents willing to reveal S, to both decision-makers (suppose x > 0). For any of such agents

cost-effectiveness under delegation —condition (2.6)— is given by:

(wlr)2 + (wQT)2
6(k! + 2) (ki + 3)

C(S)) <

T
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But for any other agent, the CE condition is at most:

c(s) < — Dl
6(k +2) (ki + 3)

Then, C(S!) < % implies acquiring information about 8, is CE for agents willing to reveal it

to both decision-makers. But if at the same time C'(S%) > % agents willing to reveal .S, to at most
one decision-maker do not acquire this signal because it is not CE.

On the other hand, the first of the above equations (2.7) determines the maximum number of agents for
which acquiring S, is CE under centralization. But since C(S?) < %, it should be greater or

equal to k + 1. Then, K =k < Kf O

Relative investment in information under delegation

Consider the case of delegation. Let \Y = {z € R2| z’'I; = 0} be the locus of maximal incentives
to reveal about 6, = {1,602} when deciding on y3 = {y1,%2}.>* The locus \¢ captures the fact that
communication depends only on the conflict of interest associated with y;—coincides with either the vertical
or the horizontal axis, for Al. and \? (respectively). Condition (A2.6) for communication with the principal
can be expressed as:

i . i Wy
|[b* — Projya(b")[| < m

Then, the lemma below shows when the principal can expect to receive more information about one state

under (partial) delegation.

Lemma A2.2. Let w = w1 = wao. Given € € Ry and an arbitrarily large n., there exists an integer k and

i € N. with |[b’ — Pl"O]/\d(bl)H < “"“ 43y such that |[b? — Proj)\q( H| > 21:‘_1:3).

Moreover, this is true for the state assoczated with wq, because wg, > Wy

Proof. Given that \¢ = /\d and wg, > wgs, the result holds for any b’ Y <%; %} d

Now, consider the case of centralization. Let e € R and N. = {1,2,...,n.} be a group of agents whose
preferences satisfy: for all i € N; then ||b’|| = . Now, let A, = {z € R?| 2’ W, = 0} be the locus with
slope — 1= related to 6. This locus represents maximal incentives to reveal information about 6, = {61, 02}
to the principal (3. = 0). The IC constraint for revealing one signal under centralization —equation (A2.5)—
can be expressed as:

[(w1r)? + (w27“)2]%

b’ — Proj, (b%)|| <
I roj, (b")[] < 2 (kS + 3)

Where Proj, (b?) is the projection of i’s bias vector onto the locus ). Note that agents with small conflict of

interest reveal both signals. The same conclusion applies to dimensional non-separable message strategies;

M Where I is the 2-by-2 identity matrix, and I is its dth column, which matches the index of the decision under consideration.
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agents with the corresponding preferences reveal both signals for some realizations and reveal nothing
otherwise. Hence, the principal expects to receive more information about one of the states when many
agents acquire and reveal the associated signal and few agents acquire and reveal the other. The result below

shows whether this is the case under centralization.

Lemma A2.3. Let w = wy1 = woo. Given € € Ry and arbitrarily large n., then for every integer

1
A } w)2+(1-w)?] 2
and i € N with ||b" — Proj, (b")|| < %
[(1—w)2+(w)2]%
(=

, there exists a j € N, with ||b7 — Projy,(b7)|| <

Proof. See appendix B2 O

PROOF OF PROPOSITION 2.7. Note first that Var(y;/m*) = w?, Var(1|m*) + w?,Var(f2|m) which,
given wy; = wag = w, implies that Var(y; | m*) — Var(y2|m*) = w?(1—w)? [Var(f;|m*) — Var(|m*)] =
201 _ 2|1 1
w(l — w) [6(1q+2) 6(k5+2) |
Under centralization, the principal’s expectation about her updated beliefs on each state—and, thus, the

residual variance— depends on how much information she expects to receive from agents on the equilibrium
path. Since biases are uniformly distributed between |0, €], Lemma A2.3 implies that for any agent revealing
information about 6, she expects another agent with the same conflict of interest who will be willing to
reveal information about 6. Then, in expectation, the number of agents revealing each signal coincide, that
is k¢ = k° = 2, which implies that E [Var(6;|m*) — Var(f|m*)] = 0.

Now suppose the principal delegates y to agent ¢ = 0. Again, given the uniform distribution of biases,
by Lemma A2.2 she expects more agents willing to reveal information about 81 than #;—and the opposite
pattern for ¢ = 0. Then, her ex-ante expectations about equilibrium information on each state satisfy:
k' > EKE' and kY < k9; as a consequence, E [Var(f1|/m™)] < E [Var(fslm*")] and E [Var(f;|m°)] >
E [Var(62|m?)]. O

B2 Proofs of Complementary results
Generic IC constraints for communication

Proof. Letj',j” € {P,1,...,n} be the decision-makers for y; and y2, respectively; and i € {1,...,n} be a
generic sender. Let mé* denote i’s equilibrium message strategy with respect to j, and rhé an alternative
message strategy (deviations to be considered in each case). Then, yd(mé-, mj) represents the action j takes
.. ™ . - . . . . .
when 7 is expected to play m7" and other senders are playing m’’. Given ¢’s conjectures about others’ strategies

are correct in equilibrium, I can simplify notation in the following way: yd(mé*(Si), mjl) = yd(mé*) and

{2

ya(1n(S"), m7) = yy(m}).
Message strategy m™* = {m’;,m’},} is then incentive compatible for sender i if and only if for any
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alternative m‘:

s

[ (814 05— g1 (i) 4 (82 + B — ya(mih)) [

- [(51 + 08 — ()’ + (62 + b — yg(m§,,))2]] F(01, m7[ST) £(02, m|S) dby dfy > 0

By operating inside the square brackets with the identity a? — b> = (a + b)(a — b), by definition of
optimal decisions, y; = E(d4/m;) + v’,, and by denoting:
A(6y) = E(61|m}i, m})) — E(61 |, m}) A(82) = E(62mli, mjy) — E(6;h’,, mj))

J 3" T

1 get:35

Sk

[E(&Im?, m)) + () [xiri,, m7)

5 8- (b — bg)}A(51)+

|:E(62 ‘m§T/, m;w) + E(dg ’Iil;,,7 m_.i,,)

; I — 5y — (b5 — )] A2)

F(a]rn, 1) £(02m, S3) P(m}|S7) P(m)[S3) P(m|S}) P(m|S3) d6y by > 0

Given that the equilibrium message strategies for players other than 4, m™, are independent of 7’s actual
signal realizations, the expressions P(mj'|S}) and P(mj|S5) can be taken out the double-integral.

I denote the receiver’s updated beliefs with respect to §; from i’s perspective as:
I/é* :E(édlmi*, mjl) ﬁfl :E(5d|rh§, m;) I/é :E(éd]S§-, m]’)

Such that A(dy) = l/fl* — ﬁfl. The generic IC constraint is then given by:

- U(u;’* 1) = 204+ B = 0] A1) + |(0" + 55) — 20 + 5 — b5)| A(62) | P(m|S1) P(m|Sp) = 0

(B2.8)

Note that under Centralization b} = b = 0 and we are back to the IC constraints in Chapter 1.More
importantly, when ¢ reveals one signal only I/fl* and 192 are different from v%. Sender i’s strategies in
equilibrium and in the deviation under analysis do not transmit all the information he has, and the beliefs
he induces on j are different from what he believes are the optimal decisions (in the equilibrium under
consideration). As I show later, this generates credibility losses for ¢ because of the possibility of ambiguous

information —i.e. signals that move decisions in opposite directions if fully revealed. O

*Note that f(6;, m*|S?) = f(6:|m™, S}) P(m™|S%) and that (02, m*|S?) = f(62|m™, S%) P(m™|S3)
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PROOF OF LEMMA A2.1. Consider the equilibrium (y*, mjk,, m}",,) in which the principal delegates y, to
agent j, who does not decide on the other decision. By the assumption on private information with each

decision-maker, ¢’s messages to j only affect y4. The IC constraint in (B2.8) then becomes:
=i + ) = 20— )| AGa) = 0

I denote by v = E(6,|m;) and 2% = E(0,|th;) sender i’s expectations of j’s posterior beliefs about
0, in equilibrium when he plays strategies m; and m; (eqm and deviation), respectively. In addition, denote
by v, = E(6,|S}, mj) sender 7’s expectation of j’s posterior beliefs about 0, if j knew ¢’s information
about that state.

The IC constraint then becomes:
— [wan (V5 — ) + waa iy = Oi)] [wan (V55 + ) + wan iy + D) — 2[warn vy + wasviy — (b = V)] = 0

When he reveals only one signal, however, the previous is true for the state associated with the signal he
reveals truthfully but not for the other state. To see this recall that he is not being influential with respect to
the latter, so his expectations about j’s beliefs in equilibrium are different from his conjectures including his

own information.® It is easy to check that:

(£ +1+5,)
(k. +3)
(K +3— (=1)%)
2(ki +3)

Vi = E <9r|§i,m}i> -

The second equality follows from taking expectation over the realization of others’ signals (by the Law of
Iterated Expectations); whereas F (Hrlmj) = v} = 1/2 —i.e. what i expects j’s beliefs on 6, are if only
considers other senders’ truthful messages.

Consider the equilibrium in which i reveals S% only, the IC constraint becomes:

— [wan (s — 2in)] [war (Pl — Vi) + 2u0aa (035 — vig) + 2[5 — 1))]] 2 0

. L Si o (K42~ (Kl44) i
When 7’s type is given by S* = (0,0), then v}j; = v}, = 72(]3{+3), vy = 72(];“3), and v = 0, = 1/2,
i (K42) : . .
while v, = 2073)° Replacing these values on the above IC constraint I get:

Wd1 Wq2
- + -
(b +3) (k3 +3)

2001 — b)) <

The case of S* = (1, 1) is analogous, with the LHS having negative signs. For the case of S* = (0,1), all

3%1n other words, if 7 is expected to reveal S:, then v%5 = D%y = E (CA |m;-i) because i is not influential with respect to 62, and

7% )
Vi # Vaa-
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1’s conjectures about j’s posteriors are the same as the previous case (¢ reveals the same realization of the
(k1+4)
2(k1+3)

same signal), except for an = . It can be easily checked that this leads to:

i ] Wq Wq
2(b1 - bjl) < j - Y 2
(k1 +3)  (ky+3)

Whereas for S? = (1,0) the LHS above has a negative sign.
Because all these IC constraints have to be satisfied in order for 7 to be credible in the equilibrium under
consideration, and given that all of them hold for the same measure of conflict of interest between ¢ and j, the

following is a necessary and sufficient conditions for i not having incentives to lie on S%:

Wq1 Wq2

(kK +3)  (kl+3)

A , 1
by — bl < 5
LR

Now, in equilibria in which ¢ reveal both signals truthfully yfij = th,; that is, what he expects j’s
beliefs to be in equilibrium is the same as what he conjectures the optimal decisions will be according to his

information. The IC constraint then becomes:
— [war (Vi — D) + waa (Vi — D) [wdl(Vé"i — i) + wan (Vi — Vi) — 26 — b))]| > 0

Incentive compatibility in this case means 7 prefers truthful revelation of both signals to any de-
viation, taking into account that any message he sends is believed to be truthful. So, for each type
S = {(0,0);(0,1);(1,0); (1,1)} I consider deviations to announce a message different from his own.
This leads to three generic deviations: lying in both signals,*” lying on S%,3 and lying on S%.3 A substantial
amount of algebra shows that the IC constraints for not lying in one signal are similar to those for revealing
one signal, but without the negative term on the RHS. Incentives not to lie on both signals depend on whether
the signals coincide or not, enthusiast readers can check that replacing the values for yéj and ﬁér for each

type and deviation leads to the following IC constraints.

&i i g L wa W2
For S* = {(0,0);(1,1)} : by — b < = : + —
{(0,0); (1,1)} by =0l < 5 w13 13
~ . . . 1 wdl wd2
For S* = {(0,1);(1,0)} : by — | < = | — S
{(0,1); (1,0)} b =l < 5 13 (-3

The last of the above is the necessary condition for full revelation given it is more restrictive (RHS is
smaller). Note moreover that the expression is similar to that for revealing one signal only, which mean that

whenever ‘both’ hold the decision-maker will prefer full revelation and, thus, will be the strategy arising in

¥Meaning that type (0, 0) announces (1, 1) or vice-versa, and type (0, 1) announces (1,0) or vice-versa.
*¥Meaning that type (0, 0) announces (1,0) or vice-versa, and type (0, 1) announces (1, 1) or vice-versa.
¥Meaning that type (0, 0) announces (0, 1) or vice-versa, and type (1,0) announces (1, 1) or vice-versa.
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equilibrium.
Finally, I analyse the existence of Dimensional Non-separable (DNS) message strategies. I con-

%
J
{{(0,0)},{(1,1)},{(0,1),(1,0)}}, and full revelation when they do not coincide and nothing otherwise,
m;* = {{(0,1)},{(1,0)},{(0,0), (1,1)}}. Deviation incentives between the two influential messages trans-

late into the IC constrains derived above. Note that this rules out the DNS in which the agent fully reveals

sider two of them:* revealing both signals when they coincide and no information otherwise, m

ambiguous information because the IC constraint will be similar to that for Full Revelation.
Now I show that the strategy m;* ={{(0,0)},{(1,1)},{(0,1),(1,0)}} cannot arise in equilibrium. The
argument relies on the incentives of the ‘non-influential types’ to announce influential messages according

to their bias. When S’ = (0,1) does not have incentives to announce m’ = {(1,1)}, v{; = 1/2 and

o= % for both signals; whereas v, = Z(féj:?) and vi, = 2((%]12;). Then, solving the IC constraint [
get the following: ' ’
(B —p) < LW wn2
T4 (K +3) (K+3)

Which, solving for all the relevant cases, leads to:

w11 w12

(Kl +3)  (k}+3)

4 , 1
[
by 0] <

Note that this IC constraint is more restrictive than that for Full Revelation, and the decision-maker will

prefer the latter. As a consequence, no DNS strategy arises under delegation. O

PROOF OF PROPOSITION A2.1. Having derived the necessary conditions for communication (Lemma
A2.1), getting the receiver-optimal (R-optimal) equilibrium consist of finding the system of beliefs consistent
with each message strategy (if those exist). Let denote by 47 (Si \m;*) the beliefs of decision-maker j about
¢’s information (her type) upon receiving message m:".

A Fully Revealing message strategy means any of ¢’s messages is taken at face value, that is:

From Lemma (A2.1) we know that if ¢’s preferences satisfy condition (A2.1), then he truthfully announces
his type and the beliefs above are consistent with that strategy in equilibrium. Because j also knows that, the
system of beliefs defined above are implemented only if #’s preferences satisfy condition (A2.1); otherwise,
there is always a deviation for which the beliefs are not consistent. Now, because the IC constraints for

revealing one signal are the same and given I focus on R-optimal equilibria, fully revealing dominates.

“OIn the companion paper I show that full revelation of two types and babbling for the other two are the only two DNS message
strategies arising in any equilibrium. The argument is based on the equilibrium selection criterion given the similarity of IC
constraints, and applies to the case of one decision as well.

87



For DNS, the Proof of Lemma A2.1 showed the only of such strategies emerging in equilibrium is
m;* = {{(0,0)},{(1,1)},{(0,1),(1,0)}}. Beliefs consistent with such a strategy are given by:

#((0,0)jm = {(0,0)}) =1 P (L DmG ={(11}) =1
© (0, 1)|mj = {(1,0)}) = p* ((1,0)[m} = {(1,0)}) =1/2

By the same argument as above, these are equilibrium beliefs if and only if ¢’s preferences satisfy (A2.2). [

PROOF OF EQUATION (A2.7) (DNS UNDER CENTRALIZATION). For any dimensional non-separable
strategy in which ¢ fully reveals some realizations and play babbling on the others, the expected payoff in
equation (A2.4) becomes.

[(w11)? + (w21)?] 1 7 1 B 1 N
6 (kv +2)  2(kf+2)  2(ki +3)
[(w12)? + (w22)?] 1 1 1

+

. > [C(s™) - O]

(ko +2)  2(k3+2)  2(k3+3)

Agent ¢ fully reveals his signals half of the time (in expectation), where £ indicates the equilibrium
number of agents revealing information about 6, apart from ¢. Then, solving for deviations as in the previous

result, I get that acquiring both signals to play a DNS message strategy is cost effective if:

(w11)? + (war)? (w12)? + (wog)? o
6(kf +2) (kT +3) " 6(k3 +2) (k5 +3) >2C(51,55)

Now, ¢ would prefer to acquire both signals and play DNS strategy to acquire only S, and reveal it for

sure if: ) ) ) )
(wif) + (15277) ~ (wir)” + (war) > 20(81)
6(kX+2)(k:+3) 6(kf+2)(k;r+3)
Which is easily shown that never holds when w11 = wag and wq; + wgee = 1. ]

Proof of Proposition A2.3

PROOF OF PROPOSITION A2.3. We know from Lemmas 2.1 and 2.2 that any equilibrium information
acquisition strategy must be CE and IC at the communication stage. Recall that the principal observes agents’
choices of information, for which she knows the relevant message space for each agent. Equilibrium com-
munication is then characterized as in Proposition A2.1 and its equivalent under centralization (Proposition
Al.1).

But cost-effectiveness can impose restrictions on equilibrium communication; for instance, when 4 cannot
afford to acquire all the information he is willing to reveal on-path. Consider the case in which ¢ revealing

both signals is IC but acquiring only one of them is CE. Revelation of each signal individually is a necessary
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condition for Full Revelation, so 7 acquires one signal if CE and reveal it in equilibrium. Now, which of those
signals he actually acquires depend on the ex-ante expected utility —see case 4) in the previous proof.
Similar argument applies to any equilibria in which i is willing to reveal S! only. If acquiring is CE, then
he reveals that information in equilibrium; if not, he does not reveal any information —indeed, he has no
message to send and the receiver observes that.
Finally, no information is transmitted when 7’s preferences are such that he is not willing to reveal any
information, or when acquiring any signal is not cost-effective.

For the case of delegation the same argument applies, with Lemmas A2.1 and 2.1, and Corollary 2.2. [J

PROOF OF PROPOSITION 2.5. When costs do not impose restrictions on information acquisition, incentive
compatibility at the communication stage dictates agents’ equilibrium strategies (expressions in Proposition
Al.1). In the case of two agents and linear costs, CE does not restrict agents’ communication strategies if the

cost of any signal is lower than the ex-ante expected utility in the equilibrium when & = 1; that is:

< (wlr)Q + (w2r)2

“6(kx+2)(kr +3)

(w)* + (1 — w)?
72

C(Sy)

IA

C

Agent A' acquires and reveals S in equilibrium if his preferences satisfy expression (A2.5) associated
with 6; and with k] = 1 (see Section B2 for the supporting system of beliefs on communication). But his
preferences should not be such that full revelation is IC, otherwise the principal would be better-off under
this equilibrium.*! A similar argument applies for A2 with respect to S3.

When W <c< W it is not CE to acquire both signals, so agents acquire the signal
each of them is willing to reveal. In other words, the necessary and sufficient condition for specialization in
this case is that (A2.5) holds for different signals for each agent. 0

PROOF OF LEMMA A2.3. Let w = wi1 = wae, let kK be an non-negative integer, and let ¢ € R, with

associated integer n.. Also, let ¢ € NN, be an agent whose preferences satisfy equation (A2.5) with

respect to 0, for k, = k. Note that A, = (1, _’va;r), the associated unit vector is j\r = HiT\I =
<(w2 i‘z}g 177 T i”;g 172 ), and that Proj, (b%) = (b’ - Ar)A,. Then, careful algebra leads to condition
1r 2r 1r 2r

(A2.5) expressed as:

N

[(w)? + (1 — w)?]
2(k+3)

b’ — Projy, (b)]| <

Now consider an agent j with the following preferences: Y = bl and b% = b%. I need to show 1) j € N,

and 2) b’ satisfies equation (A2.5) for 6. Proving the first claim is straightforward, since j’s preference

“'Note that if condition (A2.5) holds for S4 (but still not those for full revelation) he will still find optimal to acquire S7 only,
given A% is acquiring the other signal in equilibrium.
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vector is just ¢’s with its components swapped. This says that both ¢ and j agents have exactly the same
conflict of interest with the principal.

The second part of the proof requires work out ||b? — Proj,, (b?)||, which yield:

[N

167 — Proj,, (b7)|| = |7 (1 — w) + By w| [(w)® + (1 —w)?]’

N

= |bb (1 —w) + b} wl [(w)2 +(1- w)Z]_
= [|b’ — Projy, (b")]|

C2 Covert Information Acquisition
Covert Information Acquisition Game

In the covert game the decision-maker does not observe agents’ information acquisition decisions. This
implies that a Perfect Bayesian Equilibrium must also specify the decision-maker’s beliefs about agents’
investments in information. I will focus on pure strategy equilibria at the information acquisition stage.
In principle, the agent in question may try to convey information about which signals he acquired to the
decision-maker by means of his cheap talk message. However, a result from Argenziano et al. (2016) allows
me to restrict attention to equilibria in which agents do not signal how much information each has acquired,

and this is without loss of generality. Below I present the result.

Lemma C2.4 (Argenziano et al., 2016). Any outcome supported in a Perfect Bayesian Equilibrium of the
covert game in which an agent follows a pure strategy in the choice of information can be supported in a
Perfect Bayesian Equilibrium in which the decision-maker’s beliefs about his information acquisition decision

do not vary with the agent’s message.

There would be two classes of deviations available to agents if the decision-maker’s beliefs about
information acquisition decisions could be affected by the choice of messages. First, an agent could acquire
an off-path amount of information but still send the message corresponding to the equilibrium amount
of information. Secondly, the agent could acquire an off-path amount information and send a message
corresponding to an off-path information acquisition choice, which in turn may no be true. The lemma says
that any equilibrium outcome under the second class of deviations can be supported as an equilibrium in
which the agent cannot change the decision-maker’s beliefs about his information acquisition decision.

When an agent acquires an off-path amount of information he can choose among the equilibrium messages
according to his preferences. As a consequence, any deviation at the information acquisition stage implies a

deviation at the communication stage. The result below summarizes this.

Lemma C2.5. When agent i acquires fewer signals than what is expected on the equilibrium path, the
messages used under the deviation are a strict subset of the equilibrium messages available. When 1 acquires
more signals than expected on path, he uses the additional information to deviate from truth-telling for some

signal realizations.
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The argument of the above lemma is straightforward. When ¢ acquires fewer signals, he will not be able
to condition his message on the information that has not been observed. As a consequence, the messages
effectively used under the deviation will be fewer than those available on the equilibrium path, which implies
that ¢ is inducing beliefs that do not reflect his signal realizations. When ¢ acquires more signals he cannot
transmit that additional information on the equilibrium path (there is no way of signalling he acquired more
information). Because additional information implies additional costs, ¢ must be obtaining some utility gains
with respect to equilibrium communicationlby inducing beliefs according to his preferences for some signals
realizations. This clearly implies that he will deviate from truth-telling when he observes the corresponding
realizations.

Let (s*, m* (s*),y* (m*(s*))) be the equilibrium information acquisition decisions, message strategies,
and decisions (respectively). Then, agent ¢’s IC constraint at the information acquisition stage must consider

any possible deviation 5° and the corresponding message strategy 1’ (5%); that is,

1,1 {ye} ‘ | | | | | |
b /0 /o = D (ya(m™ m™) = 64— b})" F(Or]s™, m™) f(Os]s"™, m™) +
Yd

1 01 1y1,v2} ‘ 4 A ) ] ) . ) )
+ /0 /0 S (ya (i, m ™) — 85— b)) F(1[5T, ) f(62)5T, m) | > O(s™) — C(7) (C2.9)
Ya

Then, given that deviations at the info acquisition stage do not affect the set of influential messages
(Lemma C2.4) and that this deviations necessarily imply deviations at the communication stage (Lemma
C2.5), the above expression can be solved by computing the expectation over all possible signals realizations
and the corresponding messages on- and off-path. In particular, the utility gains from deviations will be
given by the realizations in which the messages on- and off- path are different. Formally, let Si represent the
realization of the signals corresponding to agent ¢, independent of which of these he observes (determined
by s°). I can then express and compare message strategies on- and off-path as functions of i’s type and the
information he observes. In other words, before deciding on information acquisition and given the equilibrium
under play, he can assess the utility gains from any info acquisition strategy and the corresponding messages

he expects to send conditional on each possible pair of signal realizations. Equation C2.9 then becomes:

{y1,02}
> Pr(S) x /01 /01 - ?/Zy [(yd (mi(ﬁi*,éi)) ) b2)2 - (yd <mi(§i,si)) — 04 — bﬁzf] X
Ses Yd

x f(01] S, ™) f(62] S5, ™) > C(s™) — C(5")

Now, I proceed to analyse deviations from different equilibrium info acquisition strategies.
Agent i acquires both signals in equilibrium (s** = S?)

Let denote by v//*(S%) = E (&Jmi (s™*,S%), m‘i*) the beliefs about 6, = {61, 6-} induced by i under

the equilibrium information acquisition strategies and the message corresponding to the realizations given
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by S € S. Equivalently, denote by (S?) = E (9T\mi (8,8%), m'“‘) be the beliefs induced under the
deviation at the information acquisition stage (for the same signals realizations). Then, the IC constraint at

the information acquisition stage for agent ¢ becomes:

RIED [ = [wdl (V{*(SZ’) - ﬁ;’(si)) +wa (yg*(si) - p;(si))} x
S Yd

v (v(8) = (S - wae (v4'(S) - 74(8h) — 28] | 2 C6™) - C (&)

First consider the deviation in which ¢ only acquires information about 61; that is, § = {Si} It is
straightforward to note that this deviation per se does not imply any difference in induced beliefs with respect
to 01, formally I/i*(gl) = ﬁi(gl) for all S* € S. Now, 7’s message associated with S% does not depend on
the signal’s realization, but depends on b’ and may also depend on S%.

Let consider the case in which 7’ = {S%,1}, i.e. i truthfully reveals his information about 6; and

announces always a 1 for 6. Then, 7 (S%) = 2((k ;2:43)) and it is different from v*(S?) only when S} = {0}

which, in turn, happens for S* = {(0,0); (1,0)}. The IC constraint in such a case is:

(= 0.0) |3 o 325 s ) o s s 4]+
(s = t00n) |3 o 5 5 -se ) oe [s555 - sy 24 = oo

Given that Pr (g = {(0, O)}) =Pr (g ={(1, O)}) = 1/4, the IC constraint becomes.

1 (wiy + wdy) z:| ;
— > (55
(ko +3) |: 2(ko + 3) Bz| 2 C(S2)

That is, the expected utility gains of inducing the correct beliefs about 85 should be greater than the extra
utility from saving in the costs of becoming informed about that state. It is easy to show that the case of
! = {S%, 0} has the sign of 3} reversed, for which the generic IC constraint for not acquiring signal S’

becomes:

1 (w?, +w3,)
(kr +3) | 2(kr +3)

— B > C(Sh) (C2.10)

For the deviation involving no information acquisition, 5° = {(}}, the expression of the IC constraint will
depend on the message ¢ decides to announce at the communication stage. On the one hand, when the message
is 77;)2 = {(0,0), (1, 1)}, the induced beliefs will coincide with the equilibrium strategy when S* = (1,1),
but also partially for other realizations. Formally v2*(1,1) = 9(1,1) for 6, = {61,602}, v4*(1,0) = 2(1,1),

and v4*(0,1) = #¢(1, 1). Following the characterization of equilibrium communication under centralization,
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the IC constraint becomes:

1 [(w% +w3)) | (wiiwia + warws) 1B ’] n
(k1 +3) | 2(ki +3) (k2 +3) !
1 (wly +w3y) | (wiiwia + warwa) ; ] iy, (W11w12 + warwag)
Al > 20 1? St
+(k2+3) [ 2(ky + 3) (k1 +3) Bal | | 2 2C(51, 82) + (k1 +3) (k2 + 3)

(C2.11)

Which basically is a more strict version of the IC constraint for full revelation when signals coincide
(under centralization).

Similarly, when the deviation involves announcing rﬁ)Z ={(0,1),(1,0)} the IC constraint becomes:

1 [(w% + wh)  (wnwig + warwyg) mq] n
(k1+3) [ 2(k1+3) (k2 +3) '
1 (wiy + w3y)  (wirwiz + warwa) ] iy (Wiiwi2 + wawaz)
. | Rt > 90 z’ S
+(1<;2+3) [ 2(ka +3) (k1 +3) B2l | | 2 2C(5%, %) + (k1 +3) (k2 + 3)

(C2.12)

Agent i acquires one signal on path (s°* = {S%}).

When ¢ acquires only one signal on path, his assessment of the consequences of any deviation still
conditions on each possible pair of signal realizations. As I show in this section, this becomes particularly
important for deviation involving acquisition of more signals. Not is necessary to distinguish between the
induced beliefs on- and off-path, and the actual information ¢ has access to. Thus, in addition to the previously
defined v/7*(S%) and ©%(S?), I now denote by v/(S?) = E <9r]§i, m'i*) the beliefs about 6, that would result
from the decision-maker observing the signals available to agent 7 (independent of his information acquisition

strategy). Then, ¢’s IC constraint at the information acquisition stage becomes:
3 Pr(§) [— > Jwa (v7(8) = #1(89)) + was (v'(8%) - 94(8) |
Sies Y

(war (¥(8%) + 91(8) = 204(87)) + wan (vi'(S") + 4(S) - 24(8")) — 20} | = C(8}) - C(&)

When i considers the deviation of not acquiring any signals and decides to announce 7} = {1}, he
induces incorrect beliefs as compared to the equilibrium in two cases, namely S = {(0,0); (0,1)}. The
ex-ante expected utility losses of such strategy depends on the signal realizations, as can be noted in the
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expression for the IC constraint below:

pr (8= (0,0)) l— > [wdl ( (5;123)) - 2(5:11:4?5” :

(k1 +2) (k1 +4)  2(k1+2) 1 1 2k+2)\
[w‘“ < 2k +3) 20 +3) 20+3))  “2\2T 37 2, 43) 2a) |+
Pr k1+2) _ (k1+4)>}x
(k‘1 + 3) 2(k1+3)
(k14 2) (k1 +4)  2(k1+2) 1 1 2k+4))\ . ;
[w‘“ < 2 +3) 20 13) 2k+3)) 2T 2T 2k 1 3) 204] | = €51)
Which, after some algebra gives:
1 (wi; + w3,) ] ‘
— Bt > C(St C2.13
(k1+3) |: 2(k1 +3) B = C(5) ( )

It is straightforward to note that the generic IC constraint involves the absolute value of 3¢.

Deviations involving the acquisition of more information have the issue that ¢ cannot signal this to the
decision-maker. This additional information will thus be used to identify situations (i.e. signal realizations)
under which ¢ will deliberately lie to the decision-maker. Such deviations are thus related to the credibility
loss, because ¢ would like to induce beliefs about the signal he is not expected to acquire on path by means of
messages on the signal he is believed on path.

As analysed in the communication game, the credibility loss takes place when signals do not coincide,
S = {(0,1);(1,0)}, so any deviation at the communication stage will take place in one of these cases.
Moreover, given that 3] is typically not zero, 7’s incentives to lie will always be in a single direction, that is
either when S* = (0, 1) or when S” = (1, 0) but not in both. The IC constraint for the deviation of acquiring
both signals and announcing 7} = 0 when S* = (1, 0) will be given by:

(e =00 e (2 - 2]

Yd

(kr+4) | (k142 (k144 (ks + 2) i Z_
{wdl ( 2k +3) 20k +3) (ki 3)) T <1 T ot 3)> - de} > C(53)
Which yields:
(w?) + w3))  (wi1wi2 + warwss) }
[ 2(k1 + 3)? 2(ky 4 3) (k2 + 3) ~ Bi| = —20(8) (C2.14)

Which is equivalent to say that the cost of acquiring the second signal is too large with respect to the utility
gain from deviating under ambiguous information.

Incentive compatibility then depends on |3:| being within the limits imposed by equations (A2.5),
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(C2.13), and (C2.14). Note that equation (C2.13) implies (A2.5), meaning that if ¢ is willing to acquire 5}'
instead of acquiring no signal, then he will certainly reveal it. Incentive compatibility thus is captured by
equations (C2.13), and (C2.14), which lead to:

i 2 2
|51 < min { (wiy +wyy) ol

2(kS + 3)2

. (w3 +w3y)  (wiwiz + wagwas)
(k€ +3) — 7

i - +2C(S5% C2.15
R R s T I T A

Now, let define B, (C(S1), C(S2),k ) = {b : bsatisfies equation (C2.15)}. Then, the LHS in equation
(C2.15) is weakly positive and, thus, B # () when the RHS is strictly positive, that is,

(wiy +w3;) L (wiiwig + warwaz) ;

5 c(S7); —2C(85) ¢ >0 C2.16

Sk 3 O e e gy 200R) (C210)
Moreover, it is evident from the above expression that % < 0 and % > 0.
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Chapter 3

Organizational Design and the Acquisition
of Imperfect Information

3.1 Introduction

Principals who need to implement a policy and do not have enough information typically consult experts.
Politicians consult advisors, headquarters consult managers before making corporate decisions, and investors
consult investment bankers about the value of securities. However, effective communication is often impaired
by the presence of conflicts of interest between parties: experts may want to misrepresent information to
manipulate the principal’s decision. This credibility problem can be solved by delegation of authority, such
that all of an expert’s knowledge is used for decision-making. As long as the expert is well informed, the
principal typically benefits from the informational gains associated to delegation despite the decision will be
biased (Dessein, 2002). But information is often costly and the expert’s knowledge on the relevant matters
can be limited. This paper argues that information costs play a crucial role in the expert’s informational
advantage under delegation, thus shaping the principal’s incentives to allocate authority.

I model the interaction between a principal and a biased expert as a game with three stages. First, the
principal decides whether to make the decision herself or delegate it to the expert. Secondly, the expert decides
how much information he observes. The information, in turn, takes the form of noisy signals correlated
with a state with known prior distribution. Finally, the expert sends a costless, non-verifiable message to the
principal. Unlike similar papers in the literature, here I characterize information acquisition incentives for all
biases for which communication is possible.! Doing so allows me to analyse information acquisition and
optimal allocation of authority for intermediate biases, which leads to novel intuitions.

Under centralization, information transmission at the communication stage depends on the expert’s bias
and information. Were he perfectly informed, equilibrium communication involves a particular ‘coarsening’
of his information (Crawford and Sobel, 1982). When information is costly, however, the expert will typically

have imperfect information. Equilibrium communication in such cases may also involve coarse messages,

! Argenziano et al. (2016) answer a similar question but focus on incentives to acquire information for small conflict of interests.

96



but there are instances in which he fully reveals his information (Fischer and Stocken, 2001; Di Pei, 2015;
Forster, 2020). For small biases and large information costs, the prevalence of such communication strategies
reduces the expert’s informational advantage under delegation (Argenziano et al., 2016).

Incentives for delegation thus depend on how much information the expert acquires under each organiza-
tional structure. Signals have decreasing informational value but increasing costs. When in charge of the
decision, the expert acquires information until the utility from the marginal reduction in variance compensates
for the marginal costs. When the principal decides, however, the amount of information the expert can
credibly transmit in equilibrium decreases with his bias. For intermediate biases, the use of coarse messages
dilutes the informational value of each additional signal. Decisions under delegation are therefore (weakly)
more informed than under centralization, but information costs will affect how large these informational
gains are. Delegation is optimal only if the informational gains compensate for the loss of control.

My contribution is threefold. First, I show that centralization is optimal if the cost of information is
sufficiently large—where the expert’s bias determines how large costs must be. The benefits from delegation
depend on how much more information is effectively used in decision-making. When the expert’s bias is
small, such benefits are marginal because he is willing to fully reveal large amounts of information. When
the expert’s bias is large, on the other hand, the informational gains that would make the principal delegate
authority must compensate a larger loss of control. Therefore, the net informational benefits from delegation
decrease as the unitary costs of information increase.

Secondly, I show that for intermediate biases the expert needs sufficiently many signals in order to
implement an informative message strategy.> For the case of quadratic preferences, uniform distribution
of the state, and binary signals, this restriction results in the expert acquiring more information under
centralization than under delegation. Such overinvestment leads to optimal centralization for a range of
intermediate biases, despite delegation being optimal for a non-empty set of smaller and larger biases.

Finally, when the principal does not observe how much information the expert acquires, delegation
becomes (weakly) more profitable for all biases and information costs. This is due to the additional deviations
available to the expert at the information acquisition stage. Acquiring fewer signals than what the principal
expects in equilibrium would save the expert some costs of information. Such deviations restricts the expert’s
ability to become informed under centralization, while they do not affect his incentives under delegation.

Therefore, informational gains from delegation in the covert game are larger than in the overt game.

3.1.1 Related Literature

The paper relates to two strands of the literature on organizational design: one dealing with endogenous
information acquisition, and the other analysing optimal information quality when communication is strategic.
Aghion and Tirole (1997) present one of the first analysis of authority on incentives to acquire information. In
a model of project selection, a principal delegates formal authority to an agent because it encourages him to

acquire information, if these increased incentives compensate for the loss of control associated to preference

The arbitrage condition for the implementation of a two-partition message strategy in Crawford and Sobel (1982) holds for
types closer to zero as the bias increases.
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divergence. When actions are contractible, Szalay (2005) finds that the agent’s incentives improve when left
with extreme option because departing in the wrong direction is ex-ante more costly.

For the case of non-contractible actions and strategic communication, Dessein (2002) studies the allocation
of authority when a perfectly informed expert can send cheap talk messages to the principal. He finds that full
delegation dominates communication if the preference divergence between players is sufficiently small. My
paper shows that this result is not robust to imperfect information. For small biases, the expert is willing to
fully reveal his information to the principal.> Such communication incentives reduce informational gains from
delegation when the cost of information is sufficiently large. The same intuition led Argenziano et al. (2016)
to conclude that the principal can induce the agent to overinvest in information under centralization. Beyond
the case of small biases, my paper also shows that the set of intermediate biases for which centralization is
optimal increases with the costs of information.

The fact that imperfect information can lead to better communication is not new either. Fischer and
Stocken (2001), for instance, find that the optimal information structure in a two-players cheap talk game
consists of noisy signals the sender fully reveals in equilibrium. Such information structure divides the state
space into intervals which are more even than under equilibrium communication when the sender is perfectly
informed. In a more general setting, Ivanov (2010) shows that the principal prefers such information design
to different forms of delegation if the conflict of interest with the expert is small. More recently, Forster
(2020) shows similar results when the agent has access to binary signals.* Unlike these papers, my work
features an expert who optimally decides how much information he acquires after he knows who controls the

decision.
3.2 The Model

An organization has the opportunity to engage in a valuable project. There are potentially infinite projects
but only one can be implemented. A principal, P (she), controls the critical resources of the organization,
needed to initiate the project. An agent (expert), E' (he), is hired to implement the project because he has

access to relevant information.

Preferences. The projects available differ from each other in one dimension that can be represented by a
real number y € Y = R.. Players derive utility from each project, denoted by up(y, ) for the principal and
up(y, d,b) for the expert, where 6 is a random variable representing the payoff-relevant state and b > 0 is a
parameter of preference dissonance between E and P. The utility of the principal reaches a unique maximum

for y = 6 and can be represented as:

UP(y, 9) = uP(07 9) -4 (‘y - 0’)

where ¢(-) > 0 and ¢'(0) = 0. Similarly, the utility of the expert is maximized for y = 6 + b. Unlike the

3Forster (2020) shows the expert’s (equilibrium) willingness to fully reveal information is decreasing in his bias.
“The notion that some noise added to cheap talk communication can improve welfare is also related to mediation (Goltsman
et al., 2009), and language barriers (Giovannoni and Xiong, 2019)—see also Blume et al. (2007).
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principal, the expert has access to imperfect information about 8, but he must bear some costs to effectively
observing that information. The information structure Sk represents the amount of information the expert
decided to observe, where K (to be explained below) is associated to its precision. Acquiring more precise

information is increasingly costly for the expert. The expert’s preferences can be rewritten as

Information structure and timing. The state is distributed in the unit interval, § € © = [0,1]. The
common prior over the state is a distribution F' on © with continuous and strictly positive density f(6). The
expert can decide on how many binary signals associated to 6 he observes. In particular, his information is
represented by a vector S = (81,52, ...,8k) € Sk = {0,1} for K € K = Z,. Bach s;; € {0,1}is a
conditionally independent realization of a Bernoulli Distribution associated with 6; that is, pr(s; = 1) = 0
andpr(s; =0)=1—6.

The cost of information structure S is represented by an weakly increasing and convex function ¢(Sk),
such that ¢(0) = 0. Formally, if the expert chooses to observe K signals, he incurs in the cost ¢(Sk)
and simultaneously learns the realization of all signals, X = Zszl s € {0,1,2,..., K'}. T assume that
the number of signals the expert observes, K, is common knowledge at the communication stage.’ Once
informed, he sends a cheap talk message to the decision-maker, m € M = R.

Before the expert decides on information acquisition, the principal allocates the right to decide over y.
Figure 3.1 depicts the timing of the game. If the principal retains authority, the expert can use his information
indirectly through communication with the principal. If, in the other hand, she delegates authority to the
expert, he has complete discretion over y and hence uses his information directly. Formally, the principal
decides on a € A = {P, E}, which defines a proper subgame I' = {T'’, 'P} characterized by the player
who has the right over y. A strategy for the principal is then a mapping « : A — I'; strategies for the expert
are mappings o : K — Sk and p : Sg — A(M). Also, depending on who controls y, a decision strategy is
amapping ¢ : I' x K x M — A(Y).

1 2 3 4 )
P allocates E decides on Communication Decision .
o . . . ] Payoffs realized
decision rights info acquisition takes place is made

Figure 3.1: Timing of the Game

Equilibrium concept. In this game I study Perfect Bayesian Equilibria (v, 0, i1, %) = (e, o(a), u(Sk), ¥(8(m)));
where 5(m) — A(O) denote the posterior belief of the decision-maker upon receiving message m € M

derived from the expert’s message strategy u following Bayes’ rule whenever possible. As usual in the cheap

SSection 3.5 deals with the case of covert information acquisition.
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talk literature, I assume that for any m € M such that Pr(m/|u) = 0, then ¢(m) = ¥ (u(Sk)) which allows
us to ignore off-equilibrium messages.®
Let DM = {P, E'} the index for the decision-maker; then the equilibrium action profile ¢)(m) satisfies:

yP € argnax | uPV(y,6,0)F(6lu(Si). o)
yey o

In particular, the optimal decision for any decision-maker will depend on the updated expectation about
the state: yPM = E[0|u(Sk), K] + bPM.
Given K, the communication strategy p(Sg ) satisfies:

m € arg max/ u(y,0,b)f(0o)db
©

meM

And o maximizes the expert’s expected payoff under the allocation of decision rights, given equilibrium

conjectures about y and :

K E(y.0.b)f(0)do
Eargrlr(lglg/@u (y,0,b)f(0)

Finally, the optimal organizational structure depends on the principal’s ex-ante expected utility under
centralization and delegation. Delegating the right to decide over y motivates the expert to acquire information
because he can use all knows to decide; contrary to the case of centralization, where the bias determines the
amount of information that can be credibly transmitted. As a consequence, having more signals does not
necessarily translate into a more informed decision, since it depends on how the expert uses his information—
directly when he controls 4, and by means of cheap talk when the principal does.” Besides the potential
informational gains, delegation leads to decisions that are different from the principal’s ideal. This involves a
trade-off between informational gains and loss of control for the principal which, in this case, is determined

by how much information the expert is willing to acquire under the different organizational structures.
3.3 Equilibrium Analysis

3.3.1 Information Acquisition

Delegation. If the expert controls y, then " (S ) = Y. In this case, any additional signal improves the

precision of his decision but the net marginal utility of such additional information also depends on costs.

Remark 3.1. When the expert controls y, the following holds true:
(i). E[0(y(Sk),0,b)] < E[¢(y(Sk-1),0,b)] forall K;

Acquiring more signals increases the precision of the expert’s decision, which reduces the expected loss

from decision-making for him as well as for the principal. The fact that there are no communication-related

®In the covert game, I have to consider deviations at the information acquisition stage as well.
"Forster (2020) shows that additional signals may decrease the informativeness of equilibrium communication.
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distortions makes this effect is monotonic, but it is decreasing in the number of signals because of the loss
function and the decreasing marginal value of information.® Together with the convexity of cost, these

features make the equilibrium amount of information under centralization unique.

Lemma 3.1. The equilibrium under delegation is characterized by a unique K = {0,1,2, ...} and decision
D = 4(Skp,b):
Y YWD, 0):

KP = max {E[(|E(O|SKk-1)—0|)] — E[¢(|JE@|SK) —0])] > c(Sk) — c(Sk-1)} (3.1

yP = E@|Skp) +b

The principal’s expected utility from delegation is given by E [uP (y, 0,b, SK) |] =Up(y(b,Xkp),Skp) =
up(9,0) — E [((|E(8|Skp) — 0+ b])]. Note that this expression is increasing in the number of signals
the expert acquires, K, and decreasing in his bias, b. The principal is thus willing to delegate if the loss
from a biased decision is compensated (in expectation) by the additional information the expert acquires as

compared to centralization.

Centralization. This section builds upon Forster (2020), who characterizes a sender’s incentives to transmit
information via cheap talk when he has access to binary signals. When the information the expert observes
is imperfect, the equilibrium communication strategy can be truthful revelation even for non-zero biases
(Austen-Smith and Riker, 1987; Fischer and Stocken, 2001; Morgan and Stocken, 2008; Ivanov, 2010;
Galeotti et al., 2013; Argenziano et al., 2016). The lemma below characterizes the expert’s incentives for

communication given his bias and the number signals he observes.

Lemma 3.2 (Equilibrium communication). A message strategy (b, Sr) is an equilibrium under cent-
ralization if and only if there exist a K and an associated consecutive overlapping partition’ Py =
{Py, P1, ..., Ps_1} of Sk such that:

(i). There exist a message associated to each element of the partition, mg, m1, ..., mx_1 € Mg = Sk,
such that my, € sup(u(b, Si)) ifand only if ¥ € Py forallk =0,1,...,k — 1,

(ii). The following arbitrage conditions hold:
E[((|E(0|mi—1) — 0 +b|)|Sx = max P,_1] < E [((|E(0|my) — 6 + b|)|[ Sk = max Pj_1]

E [((|E(0)my) — 0+ b])|Sg = min Py < E [£(|E(0]my—1) — 0 4 b])|Sx = min Py
(3.2)

2
8Signals have a positive but decreasing marginal value of information. Let MSE(K) = E {(0 —E@0|1Z K)) } denote the

ex-ante residual variance of @ when the decision involves K signals; then, M SE(K)—MSE(K—-1) < MSE(K+1)-MSE(K).
A consecutive overlapping partition of the signal space Sk is a P = {Po, P, ..., Ps—1} such that U:;; P = Sk and
max Pr—1 < min Py forall k = 1,2, ...,k — 1 (see Definition 3 in Forster, 2020).
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There are two bias thresholds, b* ()0 and bNC (K),"! such that the most informative message strategy
characterized by partition P = {Py, Py, ..., Px—1} involves:

1. Full revelation of information if b < b"F(K),
2. Partial revelation of information if ¥ *(K) < b < bNY(K),
3. Babbling otherwise.
Proof. Application of Propositions 2 and 3 in Forster (2020). O

The first part of the lemma constitutes a generalization of Crawford and Sobel (1982) to imperfect
information in the form of binary signals. A message strategy is informative in equilibrium if different
messages induce different actions by the decision-maker. Any of such strategies involves a partition of the
signal space such that there is a unique message associated to each partition, and the expert finds incentive
compatible to announce a particular message when the signals realization corresponds to the associated
partition. The optimality of the expert’s behaviour is captured by the incentives of the ‘boundary types’ in the
arbitrage condition.

The second part of the lemma shows the different equilibrium message strategies. Information trans-
mission in equilibrium depends on the conflict of interest between principal and expert, and on how much
information the latter observes. When the expert observes few signals, his own posterior beliefs carry some
noise. He thus faces a trade off between giving information to the principal, which result in a more accurate
yet biased decision, and inducing too much residual variance that can also be costly. For small conflict of
interest, his optimal decision is close enough to the principal’s such that he prefers to keep the expected
residual variance low.

In other words, when the expert observes few signals, his information is less precise than what he would
optimally reveal to the principal through coarse messages. This intuition is captured by b" *(K) < bNC(K)
for any K, and by the fact that b7 (K) is decreasing in K .Indeed, for biases b < b/"%(K) the equilibrium
communication strategy with Sx can never be partially informative because any of such equilibria involve
neglecting favourable information for some signals realizations (which, he is actually willing to fully reveal).!?

With a partition with fewer elements the principal’s best responses to the different messages are further
apart from each other and, therefore, communication is less informative. Because less informative com-
munication loosens the expert’s incentive compatibility constraints, the equilibrium amount of information

transmitted in the most informative equilibrium is weakly decreasing in b. In the limit, large biases prevent

OpFR(K) - {ninKileR(k,K), such that b"%(k,K) solves E [((E(0|Sk = k),b""(k,K))|Sx =k] =

E[(EOISk =k+1),b"%(k, K))|Sk = k.
IpNC(K) = max le (k,K), such that bV (k, K) solves E [((E(0|Sk < k), b" (k,K))|Skx = k] =

k=0,1,...,K —
E[((E@|Sk > k),b" (k,K))|Sk = k].

ZEsrster (2020) shows that for any S, partially informative equilibria in which the expert fully reveals a subset of the available
signals is not an equilibrium for b < b¥ R(K). Also, for the same biases, note that all equilibria involving fewer partitions than
#Sk are dominated by full revelation.
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credible information transmission. This boundary is represented by v"V¢ (K), which is increasing in K
because having more signals enlarges the set of posteriors about # that can be induced in equilibrium; giving
the expert more flexibility to combine them into incentive compatible messages.

The threshold b*#( K') represents the bias up to which the expert prefers to disclose each of the possible
realizations of his K signals than to exaggerate some of them to induce higher actions.'® Similarly, the
threshold b™VC (K) represents the bias above which the expert prefers to induce a higher action whenever the
principal believes him to be revealing any information. The following two lemmas define variables associated

to these thresholds, and some of they properties that will help analyse information acquisition.

Lemma 3.3. There exists a non-negative integer K% (b) defined as:

KFR(p) zargm%x{E[z(y(zK = k),b)[Sk = k] < E[e(y(zK = k+1),b)|Sk = k”

forallk =0,1,..., K — 1. Moreover, lim K*%(b) = oo, K (b > b¥™F(1)) = 0, and w <0.

b—0

KFE(b) characterizes the maximum amount of information an expert with bias b is willing to fully reveal
to the principal in the most informative communication equilibrium. Note that, as the expert bias tends to
zero, his incentives to be truthful to the principal involve infinitely large amount of information. Indeed, if the
expert actually observes fewer than K "% (b) signals, he reveals them all at the communication stage, which
has clear implications for the principal’s incentives to delegate decision-making authority.

As the bias increases, incentives for truthful communication decrease. At some point all communication
equilibria involve coarse messages. In order to do this, he needs enough signals to implement an incentive-
compatible partition of the state space. The lemma below characterizes the minimum amount of information

the expert needs to implement an incentive-compatible message strategy.

Lemma 3.4. There exists a a non-negative integer KNC (b):

KN (b) = arg min {E[E(y(EK < k),b)|Sk = k} > E[e(y(zK > k), b)| Sk = k}}

for at least one k = 0,1,..., K — 1. Moreover, KNC (b < b"*(K = 1)) = 0, and % > 0 for
b € [b,bNC], where b > bI'E(K = 1) and bYC = Khm BNC(K).
—00

When the expert’s bias is so small that he is willing to fully reveal information, the minimum number of
signals to implement an influential message strategy is 1. For sufficiently large biases, on the contrary, there
is a single communication equilibrium which involves no information transmission—such strategy does not
require any information by the expert. Hence, the restrictions on the minimum amount of signals apply to
intermediate biases only.

Note that the relationship defined in Lemma 3.4 focuses on the implementation of equilibria involving

only two messages (x = 2). As the expert’s bias increases, incentive compatibility of such equilibria requires

3For binary signals and positive bias, it is sufficient to focus on deviations involving misrepresentations of a single low signal,
ie. for Sk = Yk, then ' = T + 1.
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Figure 3.2: Maximum amount of signals the expert fully reveals, & % (b), and minimum amount needed to
implement an informative communication equilibrium, V¢ (b) (Lemmas 3.3 and 3.4)

K

. KFE(b)
= —
— —
| KNC(b),
—‘ ‘.—I
—_— —_
b{"R — b{\/’C béVOC b

the message inducing the high decision to be coarser (see Crawford and Sobel, 1982). In other words, for
biases b < b’ such that influential communication is possible, x*(b,0) > x*(b,0) > 2,'* the boundary
type for k = 2 with the former bias is larger for b than for ', i.e. max P{(b) > max P (b') for any K.
Therefore, implementing PX (b') requires a finer partition of the state space, which means acquiring more
signals: KN (b) is weakly increasing in b.

The relationships I 77(b) and KV (b) characterize communication incentives when information costs
are large for the expert. If the maximum amount of information he finds cost-effective to acquire is lower
than K 'R (b), the associated message strategy involves full revelation. On the contrary, an expert with large
bias may find that he cannot afford to acquire KV (b) signals and, hence, no information will be transmitted
(or acquired) in equilibrium. Figure 3.2 shows both relationships.

I now proceed to characterize information acquisition under centralization. The expert’s decision depends
on the cost of a given information structure and on how much of that information he can credibly transmit to

the principal at the communication stage. Because costs are weakly convex, it is worth acquiring additional

Hex(b,0) = Klim k" (b, K); that is, the number of intervals in the most-informative equilibrium when an expert of bias b
—00
perfectly observes the state 6.
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signals only if enough of the additional information can be transmitted through cheap talk communication.
A larger bias, hence, typically means the optimal information structure involves fewer signals. The fact
that information acquisition is a discrete decision implies that for sufficiently close biases, the equilibrium

information acquisition decision coincide. The proposition below presents these intuitions.
Proposition 3.1. Given c(-) and b, there exists two thresholds, b < b°, such that:

1. forb <%, then K€ < min{KP, K*E(b)} and (b, K€) = L jec;

2. forb> b, then K€ = 0; and

3. forb € (b%,6%), then K€ > max{KFR(b), KNC(b)} and u(b, K€) = {mg,my, ...,m.}, with
k< K—+1

Moreover, b¢ > bFE(KP) and b¢ < bYC.

Equilibrium information acquisition is characterized by at least two regions. For non-zero costs K is
always finite. Therefore, even if the expert fully reveals his information, the decision never perfectly matches
the realization of the state. For sufficiently small biases, the expert fully reveals any K¢ < K. The amount
of signals he effectively acquires for b < bt R(K D ) depends on costs, but can never exceed K D

For sufficiently large biases, on the contrary, the expert cannot credibly transmit any information to the
principal in equilibrium and, hence, acquiring information is useless. How large must the bias be for K¢ = 0
to be optimal? This depends on information costs. A sufficient condition is that b > bY¢, which amounts
to say that no communication can take place even if the expert has perfect information about theta. The
actual b© may be larger than b™V¢ (K?), which implies that an expert with bias b € (bV¢ (K ), b%) acquires
more information than if he were in charge of the decision. As shown in section 3.4, such overinvestment in
information arises because the expert is ex-ante better off revealing some information to the principal than
leaving her uninformed. The expected marginal utility the expert derives from being able to transmit some
information to the principal compensates the cost of more than K signals.

Equilibrium communication for intermediate biases can take the form of coarse messages, in which case
w(b, Sgcc) = {mg, m1, .., m, } with & < K¢ + 1. Such a possibility requires sufficiently low information
costs. To see this suppose costs are such that K > 2 and the expert’s bias greater but close to b=0b" R(KD)
—b=0bF R(KP) + € for small ¢ > 0. Note that with such bias, the expert would be willing to fully reveal a
positive amount of signals had he observed them at the communication stage (K% R(l;) > 1). Then, among
all K < KFE(b), denote by K the cost effective information acquisition strategy involving full revelation
at the communication stage. When K > K¥%(b), however, the expert’s communication strategy involves
Kk < K 41 partitions of the state space; let Ko denote the cost effective of such strategies. Because Ko > K,
the existence of an equilibrium involving coarse communication requires that the expected marginal utility
compensates for the additional information costs. Moreover, when K; and K5 are close, some of the
additional signals are pooled together in the same messages and, hence, the expected utility gains (if any) are
small. Relatively low information costs are then a necessary condition for K¢ = K.

I now show how these intuitions shape the principal’s incentives to delegate authority.
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3.3.2 Decision Rights

The expert’s bias determines the maximum amount of information he can credibly communicate to the
principal, while information costs determines the cost-effectiveness of different information structures given
the allocation of authority. Under centralization, a well-informed but biased expert typically communicates
only part of his information. His his incentives to become informed are thus lower than the case in which he
controls the decision. Despite this intuition is not new (Aghion and Tirole, 1997), the optimality of delegation
depends on whether the informational gains outweigh the loss of control from a biased decision (Dessein,
2002; Ivanov, 2010; Argenziano et al., 2016). In the present context, the extent of the informational gains is
affected by the fact that information acquisition is endogenous and costly.

Firstly, let define a notion of ‘sufficient’ informational gains for the case in which the principal decides

with no information under centralization.

Definition 3.1. For everyb € R, let
KN(b) = argmin {K : E[((|E(0)—0])] — E[¢(|E(0|SKk) — 0 +b])] >0}

Moreover; there exists a bias by such that lim K NI(p) = oo
b—b2,
The relationship K V! (b) determines the minimum amount of information the expert with bias b must
have in order to get an uninformed principal to delegate authority to him. In this framework, this threshold
can be interpreted in terms of babbling equilibria under centralization.'> Next, I define a ranking of cost

functions that will be useful to interpret the results on organizational structure.

Definition 3.2. Given the expert’s bias, b, a cost function c(b, -) leads to acquisition of more signals than
another cost function &(b,-) if K€ (b,c(b,-)) > K¢(b,é(b,-)) or KP(c(b,-)) > KP(é(b,)), or both. 1
denote such relationship as c(b,-) = ¢&(b, -).

The relationship < specifies a criterion to compare between cost functions, based on how much informa-
tion an expert of bias b can acquire under each organizational structure. With such criterion, I now proceed to

set bounds on the principal’s incentives to delegate.

Proposition 3.2. Given c(-) and b € [0,b)1], there exist two cost thresholds, c1(b,-) < ca(b,-), and
associated information acquisition decisions, K IC (b) <K ID and KQC (b) < KQD , such that:

1. Centralization is the optimal organizational structure for all ¢(b,-) = c1(b,-);
2. Delegation is the optimal organizational structure for all c(b,-) < ca(b, -).

M ;1 b) = li b) =0.
oreover, bl_I)I(l)Cg( ) bii&fﬁ( )=0

SEquilibria in which the expert transmits no information to the principal.
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Whether the principal prefers to retain or delegate authority depends on how much more information
the expert acquires and uses when he controls ¥, as compared to the most informative equilibrium under
centralization. When information is costly and the expert’s bias is small, he fully reveals his information in
equilibrium and, thus, the incentives to acquire information are similar to delegation. For biases sufficiently
close to zero, indeed, the expert’s equilibrium information acquisition under centralization and delegation
coincide. The expert’s communication incentives improve as the bias converges to zero, which means that the
number of signals he is willing to fully reveal increases. As a consequence, the necessary informational gains
that justify delegation require a larger K relative to K'%(b). In other words, as the bias converges to zero
the principal will find that centralization is optimal for a larger set of costs.

For larger biases, however, the principal’s expected dis-utility from biased decision becomes very large.
Delegation will thus be optimal if the informational gains are sufficiently large. Note that, as the bias
increases, the expert’s incentives for communication given K deteriorate, which means the informational
gains from any given K initially increase. Eventually, for sufficiently large biases, the equilibrium message
strategy consists of only two different messages. From this bias onwards, the amount of information that
would compensate the principal for the loss of control increases in the bias. At the limit of bY/, the expert
needs to be perfectly informed for the principal to delegate authority to him. In other words, as the bias
becomes large the principal will find that centralization is optimal for a larger set of costs.

In summary, Proposition 3.2 shows that the principal’s incentives to delegate are non-monotonic in
the bias. On the one hand, small bias means the expert is willing to acquire as much information under
centralization as under delegation, and finds incentive compatible to fully reveal that information. Large
biases, on the other hand, lead to a large loss of control under delegation and, thus, the amount of information
that would compensate the principal can only be implemented if information is sufficiently ‘cheap’ for the

expert. Overall, large information costs lead to centralization for a large set of biases.
3.4 An Example: The Uniform-quadratic Case

In this section I apply the results to the case of quadratic preferences and uniform distribution of the
state. The uniform-quadratic case has been the workhorse formulation in the applied cheap talk literature
because its closed-form solutions provide clear-cut policy implications. Players’ preferences are then defined
by up = —(y — 0)? and up = —(y — b — 6)® — ¢(Sk ). Information costs are given by ¢(Sk) = yK. I
focus on the overt information acquisition game.

The state of the world is uniformly distributed in [0, 1] which, together with the binary structure of each
piece of information, configure a Beta-Binomial updating process in line with that of the previous chapters.

3.4.1 Information Acquisition

Delegation. It is well know in the literature that the expected utility of deciding with K signals in this

context is given by the residual variance V(0| K) = (see Argenziano et al., 2016). Hence the expert’s

1
6(k+2)
optimal information acquisition under delegation is given by:
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1
KD — max Ko .
are Kglc { 6(K +2) 7 } G-

The principal’s ex-ante expected utility is thus given by Up = — b2

1
T 6(KD+2)
Centralization. When the principal is in charge of the decision, the expert’s communication strategy
depends on how many signals he observes. After communication takes place, the principal’s decision upon

receiving a message associated to partition Pl-K € PX is given by:

Z k—l—l (3.4)

Given the optimal decision rule, the following lemma describes the expert’s incentives for communication.

Lemma 3.5 (Lemma 2’). For the uniform-quadratic case, the expert’s incentives for communication are

characterized by:
1. KFPR(b) = | % — 2]
b—
2. KNC@) = [S0]

3. |Prt| — [P € {4b(K +2) — 2, 4b(K + 2) + 2} for all P; = { Py, Py, ..., Py}.

How many signals the expert acquires thus depend on the net expected utility from each possible

information structure and the associated optimal communication strategy, which is characterized by partition

PE(b).

2

1 (k+1)(k+2) 1 (k+1) o
KOO =\ T, 2 | oK e R\ & ey ) | K

(3.5)

Note that the first term of the right hand side represents (minus) the residual variance under the equilibrium
communication strategy for a given number of signals K; i.e. V(0|Sk, P (b)) = Up(Sk,b). Given the

bias, if the number of signals acquired is lower than K% (b), the residual variance is y similar to

)
the delegation case. I now proceed to analyse the equilibrium information acquisition for different cost
parameters.

Figure 3.3 shows the equilibrium information acquisition strategy as a function of the expert’s bias, for
different values of ~. It also depicts the maximum amount of information the expert is willing to fully reveal,
KTE(b), the minimum number of signals he needs to be able to implement an informative message strategy,

KNY(b), and the amount of information the expert would acquire if he controls the decision, K.
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Figure 3.3: Equilibrium information acquisition under centralization
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As shown in Proposition 3.1, an expert with sufficiently small bias finds optimal to acquire the same
amount of information as if he had authority; also, the largest bias for which this holds decreases with the
cost of information. On the contrary, when the expert’s bias is large enough, his optimal decision is to acquire
no information at all, and the smallest bias for which this holds is increasing in costs. Note that for non-zero

information costs, K¢ (b) = 0 is optimal for some biases for which there are informative message strategies

availablelbut they are too costly for the expert.
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For intermediate biases, information acquisition incentives are shaped by two forces: K (b) and
KNC(b). Firstly, when the expert’s bias is close to b 7 K'”) the amount of information he is willing to fully
reveal is relatively large. Acquiring information beyond K % (b) means the additional signals will not be
fully revealed which, together with decreasing marginal informational value of signals makes such strategies
less attractive.

As the bias increases, however, the amount of information the expert is willing to fully reveal decreases.
For small enough costs the expert will be better-off implementing a message strategy involving coarse
communication (k < K©). In such cases there exists an intermediate range of biases for which coarse
communication is optimal, which can be seen in panels (b) to (d) of Figure 3.3. Indeed, the figure shows that
the range of biases featuring such information acquisition and communication strategies in equilibrium is
decreasing in the costs of information. For such biases, the equilibrium number of signals depends on the
communication strategy that can be implemented with each K and the marginal cost of information. Panel
(d) shows that, for sufficiently small costs, the amount of information acquired tends to decrease as the bias
increases.

When the bias is large, the expert needs sufficiently many signals in order to implement an informative
message strategy. This is captured by KV (b) —meaning that the expert implements an informative message
strategy if K¢(b) > KNY(b) and acquires no information otherwise. For large biases, the amount of
information transmitted in the most informative equilibrium is small, even when the expert is perfectly
informed. The expert thus finds cost-effective to acquire the minimum amount of information that allows
him to implement such message strategy. Because KV (b) is increasing in b, the amount of information
acquired by such an expert is also increasing in the bias. Indeed, at some point K¢ (b) = KV¢(b) > KP
which means the expert is willing to acquire more signals under centralization than under delegation. This

overinvestment, however, does not always translate in better decision-making for the principal.'®

3.4.2 Decision Rights

Now the question is how the expert’s behaviour under centralization affects the principal’s decision about
who controls y. Figure 3.4 shows the expert’s information investment under the optimal organizational
structure as well as the principal’s equilibrium ex-ante expected utility, for different values of .

First notice that the set of biases for which delegation is optimal (red line) is decreasing in the costs of
information. Because the state is uniformly distributed, optimal delegation converges to results in Dessein
(2002) as the unit costs converge to zero (panel (d)). This reflects the main result in Proposition 3.2. Further
intuitions arise when information is costly. Panel (a) in Figure 3.4 illustrates the fact that centralization is
optimal for (almost) all biases when cost are sufficiently large. More interestingly, though, is the fact that
there are some biases for which the principal prefers to centralize despite communication is very noisy.

To see this consider the case of b = 0.2. An expert with such bias needs at least three signals to

implement an informative message strategy but, more importantly, the same amount of information allows

!Unlike Argenziano et al. (2016), overinvestment in the present paper arises for large biases. Indeed, the case described in their
paper does not arise here because for small biases the expert acquires at most K2 signals under centralization.
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Figure 3.4: Information acquisition in the optimal organizational structure
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him to implement a message strategy with a very small residual variance: PX=3(b = 0.2) = {{0},{1,2,3}}.
This strategy can be implemented when o = 1.5 and v = {0.005, 0.0005}. When v = 0.005, such a strategy
represents an overinvestment relative to what the expert would acquire under delegation (KX = 2), which
can be seen in panel (a). The rationale of why the principal prefers centralization is such a case is clear, but
the expert’s incentives crucially depend on his impossibility to commit ex-ante to a less generous information
acquisition strategy. Indeed, the principal prefers such an expert to one with b = 0.15.

When the costs are lower (v = 0.005) the expert with b = 0.2 still finds optimal to acquire three signals

under centralization, but he would acquire many more if the had control over the decision (K” = 7). The
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principal, however, still prefers to retain authority because the informational gains from delegation are not that
large relative to the amount of information the expert is expected to transmit. Panel (c) shows that, for slightly
smaller unitary costs, the associated informational gains do compensate the loss of control—delegation is
optimal. To summarize, for large biases for which informative equilibria exist, the informational gains from
delegation may not compensate for the loss of control when information costs are large. In such cases, the
principal prefers to retain control of the decision.

The optimality of centralization for large biases and information costs crucially depend on the expert’s
lack of commitment at the information acquisition stage. For if he could commit to acquire no information at
all, the principal prefers to give up control rights in his favour. Note that the overinvestment in information
only benefits the principal for sufficiently large costs, as in panel (a). Overall, for large biases, centralization

incentives are more sensitive to whether K compensates the principal for the loss of control.
3.5 Covert information acquisition

In this section, I analyse the game in which the principal does not observe the expert’s information
acquisition strategy. I focus on pure-strategy equilibrium at the information acquisition stage. When
information acquisition is covert the equilibrium must specify the principal’s beliefs about the expert’s
information acquisition strategy. The latter could, in principle, use his cheap talk messages to communicate
how many signals he previously acquired. Based in Argenziano et al. (2016), I restrict attention to equilibria
in which the expert cannot affect such beliefs at the communication stage, which is without loss of generality.

A pure-strategy Perfect Bayesian Equilibrium of the covert game is then characterized by the triple
(KCC,PKCC, y(PKcC)); where K¢ represents the number of signals, PEE = {POKCC, PIKCC, s P,f(cc} isa
communication partition, and y(PKCC ) =A{yp,} p.epkE is the principal’s action profile. As in the overt game,
PEE must be incentive compatible and y(PKéj ) must be sequentially rational. The equilibrium amount of
signals must maximize the expert’s expected payoff given PKE and y(PKcC ) but, as noted above, it must be

immune to deviation to non-equilibrium information acquisition decisions.

K 1
K¢ € arg max > Leﬁﬁfw)/o ug (y,b,0) 0|2k, Sk)df| Pr(Xk|Sk) — ¢(Sk) (3.6)
S =0 he

When the principal does not observe how many signals the expert acquired, the equilibrium must be
immune to two deviations. First, the expert should not find profitable to acquire fewer signals than what the
equilibrium specifies, despite the cost savings. This will be true when the expected utility loss associated to a
larger residual variance outweighs the lower information costs. Information costs then must not be too large
as compared to the gains in decision precision.

The expert could also acquire more signals than those specified in a candidate equilibrium. By doing
so he can use the additional information to ‘tailor’ the different messages available in P ¢ to the different

possible realizations of the information acquired off path, K’. The expert thus expects some utility gains
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from using the message strategy associated to the equilibrium number of signals, K CC , while he acquires
more. For this to be true, if the principal knew the expert acquired K’, then equilibrium communication
would involve less information transmission than the equilibrium under K¢ Also, the costs of information
must be sufficiently small.

I now analyse how these additional restrictions affect equilibrium information acquisition as compared to
the overt game. First note that the observability of the information acquisition decision does not affect the
expert’s incentives under delegation. Hence, the equilibrium under delegation is characterized by Lemma 3.1.

Under centralization, the equilibrium information acquisition must be incentive compatibility in the sense
of (3.6) but must also be cost effective (among all K that satisfy IC). As a consequence, the set of equilibrium
information acquisition strategies available to an expert with bias b in the covert game is a subset of those
available to the same expert in the overt game. The lemma below extends this intuition to show that any
equilibrium in the former can be implemented as an equilibrium of the overt game in which the principal’s

off-path beliefs are conveniently restricted.

Lemma 3.6. Any outcome supported in a Perfect Bayesian Equilibrium of the covert game in which the
expert follows a pure strategy at the information acquisition stage can be supported in a Perfect Bayesian

Equilibrium of the overt game.

Our main result in this section uses the above lemma to guarantee the existence of cost thresholds that
work as sufficient conditions for the optimality of different organizational structures, just as in the overt

information acquisition game.

Proposition 3.3. Given c(-) and b, there exists two cost thresholds in the covert game, ¢1(b, -) and (b, -),
such that

1. Centralization is the optimal organizational structure for all c(c,-) = ¢1(b,-);

2. Delegation is the optimal organizational structure for all c¢(b,-) < ¢a(b, -).

Moreover, ¢1(b,-) = c1(b,-) and é3(b,-) = ca(b, ).

First note that K, CC = 0 satisfies (3.6) because acquiring more information is never profitable, as there
is no information transmission at the communication stage and, thus, the expert cannot make use of any
additional signals acquired off path. Therefore, the set of K that satisfies (3.6) is not empty. Now, among
those K within this set, the equilibrium information acquisition decision must bring the expert the highest
expected utility given the optimal communication strategy ;(b, K') and the cost of that information ¢(Sk ).
This constitutes the argument behind Lemma 3.6 and guarantees the existence of ¢1 (b, -) and é2(b, ).

Now the question is how these thresholds compare with those of the overt game. In the appendix I
show that for any two information acquisition decisions K < K’ and the associated message strategies
characterized by (b, K) and (b, K'), if acquiring more signals leads to more precise decisions, then cost
effectiveness implies incentive compatibility (condition (3.6) holds). In other words, the IC constraints

that typically bind in the covert game involve acquisition of fewer signals. As a consequence, information
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acquisition under centralization in the overt game involves as many signals as in the covert game. A
qualification to this relates to specific cases in which more signals involve less information transmission.'”

For large costs and small biases the informational gains from delegation are small because information
acquisition decisions under both organizational structures are similar; moreover the message strategy involves
full revelation. Deviations to acquire more signals than any candidate equilibrium are not profitable such that
K¢ < K¢. Because these (weakly) lower incentives for information acquisition, informational gains from
delegation are (weakly) larger in the covert game than in overt game.

A similar argument applies to the case of small costs and bias. Suppose there exist biases for which the
principal would optimally delegate were the expert perfectly informed. This is the limit case of information
costs converging to zero. Increasing costs affects incentives to acquire information under centralization more
than under delegation. The informational value of additional signals decreases because, for sufficiently many
signals the associated message strategies consist of the same number of partitions of the state.'® When the
principal does not observe the expert’s choice of signals, the additional incentive constraints hamper his
information acquisition incentives, increasing the informational gains from delegation as compared to the
overt game.

The same argument holds true for large biases as long as delegation is optimal when the expert is perfectly
informed. Now, recall that for large biases the expert needs enough signals in order to implement the
minimally-informative message strategy, K V¢ (b). Given any candidate equilibrium K¢ > K~ (b), then,
the expert will have incentives to acquire fewer signals rather than more. As a consequence, for large biases
and costs, there will be more instances in which the expert acquire no information at all, as compared to the
overt game. This further strengthen the claim that informational gains from delegation will be larger in the

covert game.
3.6 Conclusion

This paper analysed the optimal allocation of decision rights in the context of strategic communication
and endogenous information acquisition. A biased expert decides on how much information he acquires
after a principal allocates authority over a decision. If the expert is in charge, his incentives are shaped by
the marginal cost of information and by how it increases the precision of the resulting decision. From the
principal’s perspective, however, delegating the right to decide leads to a loss of control because the decision
will be biased. Delegation is then optimal only if the loss of control is outweighed by informational gains, i.e.
the expert acquires and uses more information than if the principal decides.

Under centralization, information acquisition depends on how much information the expert can credibly
transmit through cheap talk messages. Incentives for communication are shaped by the conflict of interest
between players and by the amount of information the expert decides to observe. For sufficiently small
biases the equilibrium communication strategy involves full revelation of information, up to a given expected

precision of the resulting decision. Such incentives to fully reveal information are decreasing in the expert’s

""For instance, when comparing K "7 (b) and K77 (b) + 1.
BProposition 4 in Forster (2020) shows that for sufficiently large K the most informative, cheap talk message strategy converges
to the equilibrium characterized in Crawford and Sobel (1982).
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bias. For sufficiently large biases, on the contrary, effective transmission of information requires that the
expert has enough information. Notably, communication in the latter case involves coarsening the information
the agent acquires.

I find that centralization is optimal for any conflict of interest provided the costs of information are
sufficiently large. Intuitively, large costs limit the amount of information the expert acquires under delegation
and thus the expected benefits for the principal. Low information costs, on the other hand, allow large
investments in information under delegation. Given that the amount of information transmitted through
communication is limited by the conflict of interest, sufficiently small costs leads a optimal delegation.

A more interesting set of findings stems from the application to quadratic preferences and uniform distri-
bution of the state. Firstly, an expert with intermediate bias acquires more information under centralization.
He does so because the minimum amount of information needed to implement an informative message
strategy exceeds his maximum investment under delegation. Secondly, this overinvestment leads to optimal
centralization when information costs are large. The overinvestment reduces the informational gains from
delegation to the point that they no longer compensate for the loss of control. For the same costs and larger
biases, however, the expert acquires no information in the equilibrium under centralization and, hence, the

principal is better off delegating authority to him. These intuitions will be further investigated in future work.
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Appendix

A3 Proofs and Complementary Results
Centralization

PROOF OF LEMMA 3.3. The proof exploits the fact that K7 7(b) = (b"F(K))~!. By definition, b *( K =
1) is the bias for which E [¢(E(f|$1 =0),b)|21 =0] = E[¢(E(0|S1 =1),b)|$1 =0]. For b <
bIR(K = 1) the left-hand side of the equality is strictly smaller because of the strict convexity of £(-), which
means a looser IC constraint.

Similarly, b #(K = 2) solves E [({(E(0|S2 = k),b)|Sy = k] = E [((E(0]S2 =k +1),b)|S2 = k]
for k = 0,1. Note that E(0|3X2 = k+ 1) — E(0|22 = k) < E0|X1 = k+1) — E(0|X1 = k)
for all £ < 1, which means that the IC constraint for full revelation of K = 2 is tighter than that for
K = 1. As a consequence, b" (K = 2) < b"R(K = 1) which, in turn, leads to K7 %(b) = 1 for all
be bFE(K =2),bFR(K = 1)].

By the same argument, E(0|Xx11 =k + 1) — E(0|Xx+1 =k) < E(Q|Ex =k +1) — E(0|X, = K)
for all k < K, and thus b" (K + 1) < bFR(K).

As b goes to zero, Crawford and Sobel (1982) and Spector (2000) show that the amount of information the

expert is willing to reveal in the most informative equilibrium goes to infinity; hence, ll)in% KFR(b) =o00. O
ﬁ

PROOF OF LEMMA 3.4. The relationship K V¢ (b) shows the minimum amount of signals the expert needs
to implement the least-informative message strategy, which consists of only two partitions of the state space,
k(b, K) = 2, and thus two equilibrium messages M = {mg, m;}. Under such a strategy there are two
‘boundary types’, max POK and min P/, whose incentives shape equilibrium communication and information
acquisition. The proof proceeds in two steps: first, I derive KV¢(b) = 1 and KV (b) = 2; then, I show that
KNY(b) is decreasing in b.

Because b > 0, I can focus on type max PUK ’s incentives to announce m; instead of its on-path message
mo. Let bI'? = pFR(K = 1) and bYC = Kh_r)rloo bV (K) represent the largest bias for which there is truthful
revelation of one signal and the largest bias for there will be some information transmission (only if the
expert is perfectly informed), respectively. Similarly, let *(b, 0) = Klgnoo k*(b, K) represent the number of
partitions in the most-informative message strategy when the expert is perfectly informed.

Now, let o' = bI'F + ¢ < bYC for sufficiently small ¢ > 0. Because the loss function satisfies
single crossing it is true that E {6(3/(21 = 0),V)[% = 0] > F [ﬂ(y(Zl = 1),)[% = 0} 19 But
v < bNC implies that x*(b,#) > 2 and, therefore, there exists a K’ > 1 such that x(b, K) = 2 can be
implemented; that is, there exist P/’ and P/’ such that E [ﬁ (y(Zxr = max Py Y )X = max P ,] <

E[z(y(PlK’), V) |[Sgr = maxPoK’] Define KNC(¥) = K’ — 1> 1.
Similarly, take b > b’ such thatE[E(y(ZK, = max P, b)|Sr = max P({('] - E[f(y(Pl 0[Sk =

9By definition of b¥E = bFR(K = 1), E[@(;,(gKZl = 0),b/R)|5 = o] - E[e(y(zK:1 = 1), b7 B8 = o].
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max POKI}. Following the previous argument, define b’ = b+e < bNC such that the previous IC
constraint fails to hold. Then, there must be a K” > K’ and associated P and PX” such that
E[E(y(EKu = maXPOKN),b”)\ZKn = maXPOKN] < E[E(y(PlKH),b”)mKu = max PX"|. Again,
KNC@" =K"-1>K'

To see why K" > K, let first define 6; = KhinooE[e\zK = max Pf] = KhinooE[e\zK = min Pf], as
the boundary type for a two-message communication equilibrium when the sender is perfectly informed.
Proposition 4 in Forster (2020) shows that such 0 exists and if the expert has enough signals, such an
equilibrium can be implemented.?® Now, Lemma 2 and Corollary 1 in Crawford and Sobel (1982) show
that to induce truthful communication from an expert with larger bias, the messages inducing higher actions
must be less profitable. This implies that for b < b’, the boundary types in a two-partition message strategy
satisfy 8% > 6%, which in turn means that lim E[f|Xx = max P (b)] > lim E[f|Sx = max PK ()]

K—o0 K—o0
Because a higher K results in a finer partition of the state space, there exist sufficiently large b < bévoc such
that the corresponding two-partition message strategies can be implemented by truthful revelation of X = 0.
Then, for b < V' sufficiently close to b < b the minimum K to implement (%', -) = 2 is never larger than
the corresponding to (b, -) = 2.

Now, the fact that the minimum amount of information needed to implement a two-partitions communic-
ation equilibrium is decreasing in the bias does not preclude that an equilibrium with more partitions can
be implemented with fewer signals. Indeed, Forster (2020) shows that this is true for the uniform-quadratic
case (see Example 2). In the present context, however, this can happen only for intermediate biases, since the
amount of information conveyed in the most informative communication equilibrium is decreasing in the bias.
For sufficiently large biases b = bYC — ¢, then x*(b, §) = 2 and, therefore, KV (b) is weakly increasing in
b. O

PROOF OF PROPOSITION 3.1. The expert’s information acquisition decision under centralization, K c

maximizes his ex-ante expected utility given his bias and information costs; that is, for all K # K

K¢ ={K: —E[¢(|E@0|ub,Sk)) — 0 —b|)] — c(Sk) > —E [¢(|E@|1(Skr,b)) — 0 — b])] — c(Sk)}
(A3.1)

Given the equilibrium message strategy associated to K¢ and b (Lemma 3.2), the resulting decision is
yC = y(u(b, See)) = EB|ulb, Ske))-

First note that, for a given ¢(-) and sufficiently small bias, the optimal information acquisition under
delegation, K P, represents the maximum number of signals the expert acquires. Suppose, on the contrary,
that K€ (b) > KP for b < bI"B(KP). It must then be true that K% (b) > K, which implies that, when

the principal decides;

E(EWOXkp) =0 = b)) = L(|E(O]Xkc) =0 = b]))] > C(Ske) = C(Skp)

PFgrster shows that the most-informative equilibrium with binary signals converges to that in Crawford and Sobel (1982).
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But if the expert himself decides, then
E(E0Xkp) —0]) = £(E(0]Xkc) = 0])] < C(Ske) = C(Skp)

Which is a contradiction because it means is willing to ‘use’ more information when the resulting
decision is biased than when it is not. Indeed, for b = 0 the left-hand sides of the above expressions coincide
and, thus, it must be that Kc(b =0) = KP. Forall b < bf(},g it is therefore true that K¢ < KL and
the acquired information is fully revealed to the principal. Moreover, because information takes the form
of discrete signals, there exists a b’ € (0, b" *(KP)] such that the expert will be indifferent between K
and K < KP—while for a marginal larger bias he strictly prefers the latter. The same argument applies
up to b = bI"E(KP), beyond which the equilibrium message strategy may not involve full revelation of
information.

Secondly, for sufficiently large biases no communication takes place in equilibrium; the resulting
equilibrium information acquisition strategy is hence K¢ = 0. A sufficient condition for this to be true is
b > b Note that this is a sufficient condition, since an expert with bias b = bV (K ) can only implement
an informative equilibrium if and only if K¢ > K and, for sufficiently low costs such an expert may find
cost effective to acquire K¢ = K + 1 signals. In such cases, the equilibrium communication strategy
involves coarse information transmission.

Now, given the sufficient conditions for full revelation and no communication, let analyse what happens
with intermediate biases. For b € (b7 (KP), bN¢) the equilibrium message strategy may involve coarse
communication. More precisely, for such biases there are always two candidate message strategies, one
involving full revelation of signals and the other involving coarse messages. In the former case, K %(b)
gives the maximum amount of information the expert is willing to fully reveal. Let K; denote the cost
effective of such strategies, that is, for all K’ < K¥'E(b), K1(b) satisfies

—E[((|[E(0|SK,) — 0 —b|)] — c(Sk,) = —E [((|JE@|Sk) — 0 —b])] — c(Sk)

Note that K1 (bF'R(KP) 4 ¢) < K€ (bFE(KP)); that is, as long as the optimal info acquisition decision
involves full revelation, K¢ is weakly decreasing in b.

The possibility of coarse communication arises when K¢ allows the expert of bias b to implement a
communication strategy involving at least two messages. Let Ko > K'f(b) denote the cost effective of such
strategies; that is, for all K” > K% (b) and associated (b, K"'), K5 and associated p(b, K>) satisfy:

-E [6(‘E(0‘:U’(SK27I))) - 0‘)] - C(SK2) >—-E [@(’E(Q’M(@ SK')) - 0’)] B C(SK')

Proposition 4 in Forster (2020) shows that for all b there exists a sufficiently large K (b) > K7 (b)
such that for all K¢ > K (b) the most-informative communication equilibrium implements the same
number of partition as if the sender were perfectly informed. Indeed, for all £ = {0, 1,...,k(b, K) — 1},

lim max PkK = lim min PkK + 1 = 6;, where 6}, represents the boundary type between partition k£ and
K—oo K—oo
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k + 1 of the most-informative equilibrium in Crawford and Sobel (1982). Therefore, for sufficiently small
costs the expert can implement the communication strategy he would implement if perfectly informed.

I now need to show that such strategies can dominate full revelation (of fewer signals). I show this is the
case when the state is uniformly distributed and preferences are quadratic losses. Figure A3.1 depicts the
expected residual variance in the most informative equilibrium as a function of the expert bias. It compares
the case in which the expert is perfectly informed (in blue) against the case in which he fully reveals binary
signals (according to Lemma 3.2). The picture shows that coarse communication dominates full revelation of
binary signals for all biases for white the latter features some information transmission. A direct implication
is that, for the uniform-quadratic case, sufficiently low information costs will result in implementation of the

former strategy over the latter.

Figure A3.1: Comparison between residual variances of a perfectly informed and an imperfectly informed
expert who fully reveals his signals
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Allocation of Decision Rights

PROOF OF PROPOSITION 3.2. Given the costs of information and the expert’s bias b, the principal deleg-
ates authority to the expert if and only if:

E [¢(|E0|u(b, Sxe)) —0])] — E [¢(|E(0|Sxp) —0+b])] >0 (A3.2)

Such that K and K¢ solve (3.1) and (A3.1), respectively.
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I first prove the existence of ¢; (b, -) and c(b-). Note that information costs can be so large that K = 0
for all b; in such cases, the principal strictly prefers to retain authority over y. Decreasing ¢(Sk ) increases
both K'P and K under the different organizational structures. As the costs go to zero, however, the expert’s
information acquisition under delegation converges to infinity, i.e. the ex-ante expected loss for the expert
converges to zero. Proposition 3 in Dessein (2002) shows that, when the expert is perfectly informed, a
principal who keeps control and communicates is on average infinite times farther away from 6 than a
principal who delegates control. In other words, there exists a sufficiently small bias such that the principal
ex-ante prefers to delegate authority to a perfectly informed agent than to decide by herself.?! Hence,
c1(b, Sk) is cost function yielding the highest cost for each Sk for which (A3.2) holds. Similarly, for any b
for which Proposition 3 in Dessein (2002) holds, c2(b, Sk ) is the cost function yielding the smallest costs for
each Sk for which (A3.2) fails to hold.

I now prove that ¢;(b,-) is bounded below by the expert’s information acquisition decision under

centralization.

Lemma A3.1. Forall 0 < b < b"R(K = 1), there exists a é(b, -) such that KP = K¢ (b) < KT'E(b).

Proof. First recall that for any ¢(-) and associated K, an expert with bias b < b"%(K ) fully reveals his
information to the principal under centralization. Also note that at b (K P) the expert is indifferent between
fully revealing K P signals and exaggerating any low realization he could have; the marginal expected utility
of acquiring K signals for such an expert is, therefore, small. For such costs, acquiring K is incentive
compatible for b = 0; therefore, there exists a 0 < b < b R(KP) such that acquiring K is incentive

compatible for smaller biases and it is not for larger biases. O

The cost &(b, -) holds for all b such that K 7*(b) > 1; thus, characterizes a relationship K (b) = KP =

K¢ (b) which constitutes an horizontal translation of K 77(b). I need to show that ll)iH(l) K (b) = co—which is
_>

easy provided that %i_r)r(l) KFE(b) = oo, and that for any non-zero cost c(+) and associated (finite) K, b>02

The previous paragraphs showed the lower bounds for ¢ (b, -) when the bias is sufficiently small; I now
prove the corresponding bounds for large biases. For given c(-) and associated K, if the bias is sufficiently
large even the maximal informational gains fail to compensate the principal for the loss of control from

delegation. This threshold can be defined as

WL ={b: E[((|E(®)—0)] —E[((|E(|Skp) —0+b|)] =0}

NI

which is increasing in b, its minimum being by p_,

= 0, and its maximum, b)Y/ = lim bNL is a finite
e KD 500 K

integer.

I This holds for any F(#). The argument builds upon the observation that the elements of the most-informative partition increase
at a rate 4b and, therefore, as b tends to zero the number of partitions converge to infinity at a rate that is lower than the measure of
the loss of control, b%.

“Note that K¢ = K is always incentive compatible for b = 0.
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The relationship b}4, can be inverted, leading to K/ (b) (Definition 3.1) which represents the minimum
amount of information an uninformed principal requires from an expert in order to be willing to delegate
authority to him. The definition of KV (b) assumes the principal is uninformed under centralization and,
hence, it is binding for biases such that the most-informative communication equilibrium is the babbling on
(for K < KN1(b)). As a consequence, when c(-) and b are such that K < min{ KN (b), KV!(b)}, the
principal strictly prefers to retain authority over 3. This show a sufficient condition on information costs that
guarantees that centralization is optimal for higher costs and b > b (K = 1). Finally, note that b/ < ¢,
and that:

lim KN (b) = 00

b—b1

Example

As in the previous chapters, when 6 ~ U|0, 1] and signals are i.i.d. realizations of a Bernoulli distribution,
the updating process follows a Beta-binomial distribution. Given the number of signals available to the
expert, K, the number of successes k is distributed according to a binomial distribution. And the posterior

distribution of € given k successes in K trials is a Beta distribution with parameters k£ + 1 and K — k + 1,

(k+1)
(K+2)°

which leads to a posterior expectation E(0|k, K) =

Derivation of expression (3.4) (Argenziano et al., 2016). Suppose authority is centralized. The number
of signals observed by the agent is given by K, and the equilibrium communication is characterized by
PE(b). Upon receiving the message associated to P; € X (b) the principal chooses y(P;) so as to maximize
- fo 2f(0|k € PX,K)df. Itis easy to see that the FOC leads to y(P;) = E[f|P;, K], which can

be worked out as:

flk:K) 1 (k+1)

E[0|P;, K| = E[E[0|k, K]|k € P}] E[0|k, K] = —

' keZP ZkeP flk:K)  |P] keZPZ- (K +2)
Where |P;| is the cardinality of the set P;. Since E(0|k, K) = ((1124;12 and f(k: K) = D +1) Note that,
under delegation, the expert’s uses all the information available to him so PX = Sg and, hence, the optimal

decision is given by y = ((Ik{il?)) s

Derivation of expressions (3.3) and (3.5). Again, suppose authority is centralized. The expert’s bias
defines an optimal message strategy for each possible K, PX(b) (see proof of Lemma 3.5 below). His

information acquisition decision maximizes his ex-ante expected utility given by

E [~ (y(P € PX(¥)) - 0~ b)%] = E[E[ - (y(P, € PX(v)) 0 )" |k € PP € PX(b)]
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The RHS results from the application of the Law of Iterated Expectations, and can be expressed as:

Pr(F;) Pr(k) /1 ,
x [ (y(Pi> k) —6—b)"f(6;k, K)do
PZE;((b) ZPz'GPK(b) Pr(F;) keP, ZkePi Pr(k € P;) 0
(A3.3)
Pr(k) Pr(P;) _ 1~ Py
Where, as before, m |P| and, therefore, W = 15k = (K-‘rl) Note also that

E[-(y(P)—0-1b)% = E[E[(y(P) — 0)?|P; € PX]] — 2bE [E[(y(P;) — 6)|P; € PK]] + b%. Since
y(P;) = E[0|P;, K], the second term of the RHS equals zero and I can work out equation (A3.3) to get (3.5):

I 1 ! 2000, 2
_ Al _ (P) — 0)F(0; k, K)dO + b
2 w1 _,CEZPJPA /o(y )

_ Z Iid Z 1 X/l( (P)? = 2y(P)0 + 62) f(0; k, K)db + b*
= K+1) . Y\t [ZAC) )y vy

PP (b) _kePi‘ d
2
| P; Z (k+1) Z (k+1) /
== > - 0f(0;k, K)do+
P,ePK (b) (K eP; K+2 |P| kep; K+2 kePp; ’P’
+) 7 /92 f(0;k, K)db + b?
iep, 1Tl
2 2
| ;| 1 Z (k+1) 1 (k+1)
Z (k+1)(k+2) 2
=7, [l (K +2)(K +3)
- 2
> 1Al 1 (k+1)(k+2) (k+1) b2]
pepri E D | 1B (K+2)(K+3) ~ (K +2)
- 2
1 (k+1)(k+2) 1 2]
(K41, o |5 Er2E+3) (Rl &

PROOF OF LEMMA 3.5 Condition number 3 comes from Lemma 2 in Argenziano et al. (2016), hence |

refer interested readers to the corresponding proof in that paper. Now, full revelation implies that | P;| = 1 for
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all partitions P; = {0, 1, ..., K'} and, thus, incentive compatibility requires:

|Pia| — [P > 4b(K +2) — 2 |Pi1| — [Py < 4b(K +2) +2
2> 4b(K + 2) —2 < 4b(K +2)
1 1
- > - <
2(K+2)_b 2(K+2)_b

Because I assumed b > 0, then the constraint on the right is not binding.

I now derive the equilibrium boundary types for each interval in the most informative equilibrium
partition given b and K. For each interval |P;| there are two of such boundary types k; = min PiK and
k; = max PZ-K . Note that |P;| = k; — k; + 1 and that k; = k; 41 — 1 for all partitions. I can then rewrite
‘Pi—&-l‘ - |Pz| = Ei—&-l - E@'+1 - Ez +k; = Ei—&-l - 27%’ + ];71‘—1, while |Pz| - ‘-Pi—l‘ = E¢+1 —2k; + k; 4.
Incentive compatibility thus becomes

B~ |Pra| = 4b(K +2) 2
Eivy —2k; + ki > 4b(K +2) -2

and

|Pi| = [Pi—1] < 4b(K +2) +2
ki1 — 2k, + k| <Ab(K +2)+2

Each of which, after applying the initial condition k, = 0, configures a second-order linear difference

equations with a class of solutions parametrized by k; as (respectively):

k; > iky +i(i — 1)[2b(K +2) — 1] (A3.4)
k; <ik;+i(i — 1)[20(K + 2) + 1] (A3.5)
A necessary condition for any informative equilibrium is k, < K. The maximum number of intervals in

any informative equilibrium, (b, K), is thus the largest positive integer such that i(: — 1)[20(K +2) + 1] <
K + 1,2 which can be show to be:

1
1 1 4K +1) 2
bK)=|—+-|1 A3.6
w(b, K) { 2+2[+(2b(K+2)+1)]-‘ (43.6)
Similarly, a sufficient condition for the non-existence of an informative equilibrium, (b, K) = 1, is
i(i — 1)[2b(K +2) — 1] > K — 1 for i = 2, which translates into b > 4(([[((112)). O

2Recall that the cardinality of Sk is K + 1.
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Covert Information Acquisition

DERIVATION OF EXPRESSION (3.6) The assumption of covert information acquisition only affects the
expert’s equilibrium strategy under centralization. Covert information acquisition implies that a Perfect
Bayesian Equilibrium must specify the principal’s beliefs about the expert’s information acquisition decision.

I focus on pure-strategy equilibrium at the information acquisition stage. Using a result by Argenziano
et al. (2016), I restrict attention to equilibria in which the expert does not use his cheap talk message to

influence the principal’s beliefs on K. The lemma below shows that this is without loss of generality.

Lemma A3.2 (Lemma 3 in Argenziano et al. (2016)). Any outcome supported in a Perfect Bayesian
Equilibrium of the covert game in which the expert follows a pure strategy in the choice of the number of
signals can be supported in a Perfect Bayesian Equilibrium in which the principal’s beliefs about the number

of signals do not vary with the expert’s message.
Proof. See pp. 142 in Argenziano et al. (2016). 0

If the expert could affect the principal’s beliefs about the number of signals he acquires, he would face
two classes of available deviations. First, he could mislead the principal by acquiring a non-equilibrium
number of signals but sending a message that signals he acquired the equilibrium number. Secondly, he could
acquire a non-equilibrium number of signals and send a message associated to a different, non-equilibrium
number of signals to the principal.

If the expert cannot affect the principal’s beliefs, on the contrary, the relevant class of deviations is the
first. Hence, any equilibrium that is immune to both classes of deviations remains an equilibrium when
it has to be immune to only the first of these. This results allows us to focus on equilibria in which the
principal beliefs the expert acquired the equilibrium number of signals, irrespective of his message at the
communication stage.

The equilibrium is characterized by the triple (K ¢ PKS , y(PKOc )) . As in the overt game, PKS must

C
be incentive compatible and y(PKOC )= {ygo } pepx§ must be sequentially rational. Let k = X, denote
the number of successes for a given information acquisition decision K. The equilibrium amount of signals

must, then, maximize the expert’s expected payoff, that is:

K¢

o

1
E [UE(y(PK(?)vg’ b)} = —ZPI'(I{Z,K(?) |:/ €(|yp7, —0— b|)f(9|kaKoc)d0
k=0 0

Recall that yp, = E(0|P; € PES ). For each equilibrium candidate K the expert must be better off, on
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the equilibrium path, than investing in any other amount K’ # K:

K 1
=S opetii k) | [ (0~ 0 - o) 61k )9~ i) >
k=0 0
K’ 1
> Pr(k; K’ (|lyB —0—b|)fOK, K")dO| — C(Sks A3.7
2= 3 P )[ypjrg%K)/o (15 — 0 = b) O Kds| — C(Si)  (a37)

Note that ygj represents the decision that maximizes the expert’s utility upon observing &’ successes,
among those induced by PX. In principle, the deviations may involve fewer or more signals than K.

On the one hand, K’ < K means the expert saves on information costs but typically induces a larger
residual variance. To see this consider the candidate equilibrium in which the expert fully reveals K. The
deviation to acquiring K’ < K implies he must implement K + 1 messages (actions) with K/ +1 < K + 1
available posterior beliefs about the state. To do that he must either use mixed strategies for some k£’ € K’ or
leave at least one of the K + 1 messages unused (presumably £ = 0 since b > 0). In both cases, the message
he announces upon observing any &’ induces an action that does not correspond to his posterior beliefs on the
state and, thus, he is more uncertain about it being the appropriate decision than if he acquired K signals. A
stronger argument for such deviations holds true when the expert’s message strategy with K signals involves
coarse messages because the marginal informational value of some signals is lower than if fully revealed.

On the other hand, by acquiring more than the equilibrium amount of signals, K’ > K, the expert could
better accommodate the messages on PX to the additional information. Because of the additional information
costs, the expected utility gains from ‘gaming’ the message strategy must be sufficiently large. Such a strategy
will then be particularly useful if the equilibrium with K’ induces fewer partitions than that under K—for
instance, when K = K% (b) and s(b, K') < K + 1.

Note that, given a candidate equilibrium K, the profitability of acquiring a different K’ does not depend
on the optimal communication strategy under K, but on the expert’s expectation of implementing (b, Sk )
with fewer or more signals. Because of this, there may be many Ks that satisfy condition (A3.7). In particular,
K¢S = 0 is always a candidate equilibrium, since acquiring fewer signals is not feasible and acquiring more
signals cannot be used by the expert on his benefit.?* Among all Ks that satisfy (A3.7), the expert chooses

the cost effective one; that is, for all K and K":

K

1
= Sopetii ) | [ (0~ 0 - o) 618 )9~ C5) >
k=0 0
Kl/ 1 ,
> — Z Pr(k"; K") [/0 Ulyp, — 0~ by)f(eyk”,f(”)de] — C(Sgr) (A3.8)
k=0

The condition above is the same as in the overt game, which implies that condition (A3.7) reduces the set

of candidate equilibria in the information acquisition stage.

**The equilibrium message strategy upon K€ = 0 is babbling.
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PROOF OF LEMMA 3.6. Consider an equilibrium of the covert game £ = (K°(b, c(-)), u(b, K, k), B(-), ¢°)
in which the expert acquires K¢ signals and follows message upon observing k successes, the principal
forms beliefs B¢ : M — A ({(K¢,k)|K¢, k € K, K¢ > k}) and follows decision strategy ¢°(-) : B¢ —

A ([O, 1]) The principal’s beliefs B¢ reflect the fact that in the covert game she has to form beliefs on both

the number of successes k£ and the number of signals the expert acquires K.

Now, for the same b and ¢(-) consider an equilibrium of the overt game £° = (K°(b, c(-), u(b, K°, k), B(-), ¢°).
Unlike £¢, the principal’s equilibrium belief 5(+) is a mapping from the set of messages to the set of probability
distributions over the number of successes k < K°.

First note that when K¢ = K°, and given Lemma A3.2, then B¢(-) = ((-) on the equilibrium path.
Secondly, recall that, for given b and ¢(-), the equilibrium number of signals in the covert game K satisfies
(A3.7) and (A3.8), while K only needs to satisfy (A3.8). Hence, if condition (A3.7) does not hold in the
covert game for K = K?, it means that K¢ # K°. However, I could still implement K¢ in the overt game: I
impose off-path restrictions of the form ¢°(8(u(b, K # K° k))) = E(0) for all kK € K. This amounts to

say that the principal does not update beliefs upon the expert’s message when he acquires K # K°. O

I now prove that for sufficiently large K and K’ > K, cost effectiveness implies incentive compatibility,
i.e. (A3.8) implies (A3.7).

Lemma A3.3. For any K and K' > K, and b such that (b, K) < k(b,K'); if K satisfies (A3.8) with
respect to K', then it also satisfies (A3.7).

Proof. T prove it by contradiction. Suppose condition (A3.8) holds for K with respect to K’. Because
k(b, K) < k(b, K'), cost effectiveness means the (weakly) increased precision from acquiring more signals

does not compensate the expert for the additional costs:

iPr(kz;K) [ [ (1yk — 0 — b))k, KH Z Pr(k'; K [ {e(|y£§,’ — 60— b|)|K, K’H < C(Swr) — C(Sk)
k=0

(A3.9)

I now suppose that condition (A3.7) is violated, that is, the expert has incentives to acquire K’ when the

principal expects he acquires K. The incentive compatibility constraint thus becomes:

iPr(k:;K)[ [ (lyk — 60— b))k, K” ZPr (K: K E[ max |y} —e—b|)|k’,K'] > C(Sgr)—C(Sy

K K
=0 yp, €Y(PX)

I now add and subtract S5 Pr(k’; K”) [E [ﬁ(\ypj' — 60 —b|)|K, K'H to the left hand side of the above

expression, which gives us:
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{iPr(k;K)[ [ (ly5 — 0 — b)) |k, KH ZPr K K') [ [ (\yg’—o—b\)w,K’H }+

Kl
1.t K' 5 !oget| K o !t ) —
+{2Pr(k:,f<> Ble(lyf — 0 - o), K] E[ygrg%mf(|ypj 0 — b)) K, K| }>O<SK> C(Sk)

Note that the first term in brackets is at most equal to C'(Sx) — C'(Sk )lequation (A3.9). Hence, the above
condition holds if the second term in brackets is larger than zero which, in turn, requires that the expert’s
utility is larger when he uses K’ signals to mislead the principal using the message strategy associated to K
than when using the message strategy that is optimal for K’. Because K’ > K, the message strategy with
PK partitions of @ is available to the expert with K signals,? but given x(b, K’) > (b, K) the optimal

message strategy for such an expert is not the same and involves at least the same number of partitions. As a

consequence,
3 Pr(k; K [ [ (v =0 — b)) ¥, K’H Z Pr(k’; K E[ max  ((lyK — 60— b|)yk’,K’]
vE, €y(PX) !
which leads to a contradiction. O]

PROOF OF PROPOSITION 3.3. Note that, given an equilibrium number of signals K¢ and Lemma 3.6, the
argument in Proposition 3.2 applies to the covert game. This means that for each b there exist sufficiently
large (small) information costs such that the principal prefers to centralize (delegate) control over y, which
includes larger (smaller) costs. In other words, ¢; (b, -) and é2(b, -) exist for all b.

I now compare the cost thresholds of the covert versus the overt game. First, I focus on large information
costs. For each b there exists a sufficiently large cost such that K” = K¢ = 0 and thus the principal strictly
prefers centralization. For slightly lower costs, ¥ weakly increases while K increases if and only if
both (A3.7) and (A3.8) relax. Note that, because costs are large, the expert will be inclined to deviate to
acquiring fewer signals than in any candidate equilibrium, i.e. equation (A3.7) will tend to bind for some
K’ < K. As a result, the sufficient condition on costs for centralization to be optimal is more restrictive:
é1(b,-) = c1(b,-).%0

Secondly, I analyse the case of small information costs. In Proposition 3.2 I used results by Dessein
(2002) to show that delegation dominates cheap talk communication for a non-empty set of biases and some

distributions of the state when the expert is perfectly informed. This represents a sufficient condition for

BPossibly under mixed strategies.
%Note also that, because for large costs K5 (b, ¢(-)) < max{KFR(b) KN (b)}, conditions of Lemma A3.3 are satisfied; that
is, cost effectiveness implies incentive compatibility and thus K& (b, c(-)) < K (b, ¢(-)).
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delegation when information costs are zero, given that expert who controls the decision will always become
perfectly informed. Now consider slightly large information costs for which the equilibrium number of
signals in the overt game allows the expert to implement the same number of partitions as in Crawford and
Sobel (1982). For any K and K’ > K, conditions of Lemma A3.3 are satisfied, and the fact that the expert’s
optimization problem in the covert game features more restrictions than in the overt game guarantees that
KE&(b,c(+)) < KS(b,c(+)). As a consequence, the cost below which the principal prefers delegation to

centralization is higher in the covert game than in the overt game: ¢é2(b, -) = ca(b, -). O
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