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Abstract

How much valuable, albeit costly, information relevant for decision-making will be
acquired when the acquiror of this information and the ultimate decision-maker have
non-congruent interests? Will a sender-receiver communication paradigm emerge
when information has to be acquired by the sender at cost, before it can be trans-
mitted to the receiver, or will different organizational forms dominate sender-receiver
paradigm? In this paper, we address these questions by considering a model of strate-
gic information acquisition preceding communication in a standard signalling model.
We characterize the outcomes of this interaction, particularly, the amount and preci-
sion of information acquired and credibly transmitted, and compare these outcomes
to the ones that emerge under different organizational forms, such as delegation and
centralization. We find that, in many cases, the decision maker’s action will be
more precise in the communication game than under centralization, as the sender
will frequently overinvest in information acquisition (compared to the first-best) and
the spoils from such inverinvestment will typically be appropriated by the receiver.
Hence, when information, first, has to be acquired, strategic information transmission
i.e., signalling, will often dominate single-player centralization and delegation, from
the decision-maker’s point of view.
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1 Introduction

Strategic information transmission, also known as signalling, has been extensively analyzed

in the economics literature. Starting from the seminal contribution of Crawford and Sobel

(1982), many authors have studied a variety of signalling models and the issues arising

in this context, under various assumptions on the underlying primitives, information and

payoff structure. 1 This literature has identified possibilities for credible information trans-

mission by an informed party (sender) to an uninformed decision-maker (receiver), but

also pointed out the limits of such transmission. It is well-understood that the the sender

will transmit her information to the receiver completely and without loss only when the

divergence of interests between the sender and the receiver is small. Otherwise i.e., when

the sender and the receiver disagree about the optimal action to a significant extent, some

information will necessarily be lost in transmission. Put otherwise, the sender will transmit

a noisy signal of her true information.

In turn, equilibrium loss of information in transmission implies that signalling or com-

munication may not be an optimal organizational form. When an uninformed decision-

marker can choose how to structure her interaction with an informed agent who has different

interests, she will often find that the signalling outcome and the associated sender-receiver

paradigm are suboptimal for her. Instead of communicating with the agent and retaining

decision-making authority, the decision-maker would prefer to delegate the decision-making

authority to the agent (Dessein (2002), Ottaviani (2006)). Alternatively, the decision-maker

may choose to acquire information by herself rather than rely on experts.

However, these results are obtained for fixed informational structure including, in partic-

ular, a completely uninformed decision-maker and a perfectly informed agent-sender. The

latter had, presumably, acquired her information at no cost. This informational structure is

clearly an extreme point in the set of feasible possibilities. Indeed, information is typically

costly, and the acquisition costs would be expected to affect the actions and choices of the

1This literature includes Austen-Smith (1993), Gilligan and Krehbiel (1987, 1989), Krishna and Morgan
(2001a, 2001b), Wolinsky (2002), Battaglini (2002, 2004), Ambrus and Takahashi (2008), and other works.
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players. Expertise and knowledge are obtained as a result of often time-consuming work

and research.

Hence, the questions that naturally arise in this regard are whether this informational

structure can arise endogenously as a result of some process of costly information acquisition

where the costs of information are borne by either one of or both the decision-maker

and her agent, and whether information acquisition costs would affect the decision-makers

relative payoffs from and ranking across different organizational forms and alternatives to

communication/signalling.

In this paper, we attempt to address these issues by endogenizing the information acqui-

sition process which constitutes a part of our set-up. On a more specific level, we consider

the following questions. How do information acquisition costs affect the amount of informa-

tion collected by the sender? Will the sender acquire complete information or partial and

noisy signal of it? What amount of costly information is lost in equilibrium transmission,

and how does the magnitude of this loss depend on the cost of acquiring information? Will

the answer to these questions change when the decision-maker covers all or some informa-

tion acquisition costs of her agent? Finally, we also compare the equilibrium outcome of

the communication procedure with the outcomes of delegation and centralization regimes

focussing on their respective profitability for the decision-maker.

Let us now briefly describe our set-up, the results and the intuition behind them. We

consider an environment in which both parties- the decision-maker and her agent- are

initially uninformed about the state of the world and share the same common prior. In-

formation can be acquired by performing costly “experiments,” or trials. The more trials

are performed the higher the precision of the information about the state in the world. In

the limit, with infinitely many experiments, the state of the world is learned precisely and

perfectly.2

In the communication, or signalling environment, the agent acquires the information and

then makes an announcement to the principal who takes a decision. We consider both overt

2Out set-up is related to the cheap talk model analyzed by Morgan and Stocken (2009).
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information acquisition, where the number of experiments performed by the agent is learned

by the decision-maker, and the covert information acquisition case in which this number is

only known to the agent. In alternative organizational forms, the principal either delegates

both the information acquisition and the decision-making to the agent (delegation), or the

principal acquires information herself and takes the decision (centralization).

The equilibrium outcome of the communication regime is determined by the complex

interplay of several strategic forces and incentives, some of which are present in the standard

cheap-talk signalling model and some of which are new. Let us highlight the most important

of these strategic effects. First, since information is costly, the agent-sender is reluctant to

acquire more information than she would transmit in the equilibrium to the decision-maker.

Indeed, it does not make sense for the agent to pay for pieces of information that would be

lost in transmission with a high probability. This cost consideration creates a strong force

towards separation i.e., full information transmission in equilibrium, and towards more

limited information acquisition than would be optimal in the first-best.

At the same time, our communication game is characterized by multiplicity of equilibria

endemic to most signalling games and especially cheap-talk ones. In particular, there is

always a “babbling equilibrium” in which the principal completely ignores the signal send

by the agent. In the overt information case, this multiplicity of equilibria provides the

principal with an instrument to induce the agent to acquire more information than the latter

would like. Precisely, the principal could and would credibly threaten the agent to play a

“babbling” equilibrium unless the agent performs a certain number of experiments. Since

the principal does not bear the cost of information acquisition, she would be disposed in

favor of a larger number of experiments. Hence, this factor works in favor of overinvestment

and excessive acquisition of information.

We find that the latter factor dominates the former one in the over communication

case under certain parameter ranges. As a result, the decision-maker’s information and,

hence, her action would be more precise than in the social optimum. As a consequence, in

those cases the decision-maker would prefer the communication regime to the alternative
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organizational forms.

When information acquisition is covert, the threat of a babbling equilibrium is no longer

present. However, overinvestment in information acquisition may still arise due to a dif-

ferent and novel factor appearing in our model. This factor stems from the inflexibility of

the equilibrium language under covert information case. Indeed, note that the equilibrium

language i.e., the set of feasible messages that the sender can use, is determined by the

sender’s equilibrium expectations about the number of experiments to be performed by the

sender and is not sensitive to a sender’s deviation to a different number of experiments.

This property limits the attractiveness of a deviation to a non-equilibrium number of signals

for the sender, because regardless of the number of trials that she conducts, she can convey

her information only by reporting a signal that would be consistent with an equilibrium,

and not the actual, number of signals.

When comparing overt and covert information acquisition, we find that the final decision

is more precise, and hence the principal is better off, when information acquisition is overt.

Consequently, communication dominates other organizational forms more frequently under

overt information acquisition than under covert information acquisition.

Our results identify a robust pattern in organizational choice. For any level of the

information cost, centralization is optimal for the principal when the agent’s payoff are less

congruent with that of the principal (in the standard terminology, when the agent-sender

has a larger bias in decision-making). Communication is the optimal task allocation for

low levels of such bias, and delegation is optimal in the intermediate bias region. These

results stand in contrast with the findings of Ottaviani (2000) and Dessein (2002) that

delegation usually outperforms communication, when the sender is exogenously assumed

to hold either perfect or noisy information, but costless information.

As the last introductory note, our model is one of the first ones accounting for the

possibility of noisy sender’s information in signalling (see Ivanov, 2010, for an alternative

model). Hence, it is natural to consider the value of information in our set-up. We find

that the value of information is non-monotonic in our model.
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2 The Communication Game

2.1 The model

Our model is a simple extension of the classic Crawford and Sobel (1982) uniform-quadratic

model to allow for an imperfectly informed sender. There are two players, the sender and

the receiver. At the end of the game, the receiver chooses an action y ∈ [0, 1] to maximize

her payoff

UR (y, θ) = − (y − θ)2 , (1)

where θ is an unknown state of the world, with uniform common prior distribution on [0, 1] .

At the beginning of the game, the sender receives some information on θ. Specifically, he

observes n i.i.d. Bernoulli trials, with probability of success equal to θ. The number of trials

n is common knowledge, and measures the precision of the sender’s information about θ.We

let k be the number of successes, and note that it is distributed according to the binomial

distribution:

f (k;n, θ) =
n!

k! (n− k)!
θk (1− θ)n−k , for 0 ≤ k ≤ n.

Before the receiver acts, the sender may communicate a message m ∈ [0, 1] to the receiver.

The player’s preferences are misaligned: The sender’s payoff is:

US (y, θ, b) = − (y − θ − b)2 , (2)

where the bias b measures the preference discrepancy among players.

We note that in our statistical model, the posterior distribution of θ after observing k

successes in n trials is a Beta distribution with parameters k + 1 and n− k + 1:

f (θ; k, n) =
(n+ 1)!

k! (n− k)!
θk (1− θ)n−k , if 0 ≤ θ ≤ 1.

The corresponding posterior expectation is E [θ|k] = k + 1

n+ 2
.

5



2.2 Equilibrium Characterization

Given the number of trials n, a pure strategy equilibrium is described by an incentive-

compatible partition P of the set of sender’s types {0, 1, ..., n} and by the vector of associ-

ated sequentially-rational receiver’s actions yP . For any generic element, or pool, p of the

partition P, the sender’s message m informs the sender only that the sender’s type k be-

longs to p. In a babbling equilibrium, P has a single element, whereas in a fully separating

equilibrium, each element of P contains a single type.

By sequential rationality, the receiver chooses an action y that maximizes her payoff

given the sender’s message m and the equilibrium beliefs about θ. Given the quadratic

payoff function, such optimal y equals the expectation of θ conditional on the receiver’s

information. Specifically, if the receiver is informed that the number of successes k belongs

to p ∈ P , receiver’s optimal action is given by

yp = E [θ|p] = 1

|p|
∑
k∈p

k + 1

n+ 2
, (3)

where |p| denotes the cardinality of p (see the Appendix for the detailed derivation).

Given the receiver’s strategy, the sender’s equilibrium communication strategy described

by the partition P which it induces, must be incentive compatible. Thus, for any p, p′ ∈ P

and k ∈ p the following incentive constraint has to hold:∫ 1

0

US (yp, θ, b) f (θ; k, n) dθ ≥
∫ 1

0

US(yp′ , θ, b)f (θ; k, n) dθ, for all p′ ∈ P.

The characterization of incentive-compatible partitions P in our model is similar to that

in Crawford and Sobel (1982)3. However, in our model boundary types are typically not

exactly indifferent between two elements of the equilibrium partition, as our type space is

finite.

3In the signalling model of Crawford and Sobel (1982), incentive compatible communication strategies
are equivalent to partitions of the type space such that each element i of such a partition is an interval
(ai, ai+1), and each boundary type ai is exactly indifferent between inducing the two sequentially-rational
actions yi and yi+1 associated with the intervals (ai−1, ai) and (ai, ai+1). This characterization implies the
so-called “arbitrage condition”, ai+1 − ai = ai − ai−1 + 4b, which pins down all equilibria.
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Specifically, we prove in the Appendix that each element p in an equilibrium partition

P is composed of adjacent types. Further, the lowest type in a element pi must prefer the

associated sequentially rational yi to the action yi−1 associated to the immediately lower

element pi−1. Likewise, the highest type in pi must prefer yi to the action yi+1 associated to

the immediately higher element pi+1. These results lead to the following characterization,

where condition (4) is conceptually equivalent to the arbitrage condition by Crawford and

Sobel (1982).

Proposition 1 For any number of experiments n, any pure-strategy equilibrium of our

communication game is described by a partition P = {p1, ..., pI} of the type space {0, ..., n}

such that, for all i ∈ {1, ..., I}, the element of the partition pi consists of a set of adjacent

types, and the cardinalities |pi| and |pi+1| of pi and pi+1 satisfy the following condition for

any i ∈ {1, ..., I − 1}:

4b (n+ 2)− 2 ≤ |pi+1| − |pi| ≤ 4b (n+ 2) + 2. (4)

As we show in the Appendix, Proposition 1 has the following implications. First, a

fully separating equilibrium exists if and only if b ≤ 1
2(n+2)

. Second, if b > 0.25, the only

equilibrium is a babbling equilibrium. Third, as n → ∞, any equilibrium partition P of

our model converges to an equilibrium partition of the Crawford and Sobel (1982) model

in which the sender is perfectly informed. Precisely, |pi| /(n+ 1) → ai − ai−1 for any i.

2.3 Equilibrium Welfare

Due to the quadratic loss payoff specifications, the sender’s ex-ante utilityE
[
− (yp − θ − b)2

]
and the receiver’s ex-ante utility E

[
− (yp − θ)2

]
differ only by a constant, since under any

equilibrium partition P we have:

E
[
− (yp − θ − b)2

]
= E

[
− (yp − θ)2

]
− b2

Hence, we can take the expected residual variance of θ conditional on information contained

in the information partition P , E
[
− (yp − θ)2

]
, as the welfare measure of the equilibrium
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associated with P .

We now turn to characterizing the equilibrium with the highest welfare, or “the best

equilibrium.” In the Appendix, we show that

E
[
− (yp − θ)2

]
= −1

3
+ E

[
E [θ|p]2

]
, (5)

In words, the expected welfare in the equilibrium associated with partition P can be com-

puted by finding the prior expectation of the squared estimate of θ conditional on the real-

ized element p of the partition P . Since quadratic function is strictly convex, E
[
E [θ|p]2

]
is maximal when the set of the values E [θ|p], p ∈ P is spread over the interval [0, 1] in the

most uniform way.

This is equivalent to searching for the partition P ∗ with the largest number of elements

and in which the cardinalities of the elements in the partition differ by the least. Intuitively,

such a partition P ∗ allows to receiver to match the final action yp with θ as precisely as

possible.

Our next step is to describe the best equilibrium partition P ∗ that maximizes our welfare

criterion. First, for sufficiently low values of the bias b and of the number n of trials, there

exists a fully separating equilibrium. Intuitively, this is so because a relatively uninformed

sender i.e, the one who has observed a small number of trials, has no incentive to lower the

precision of the information that he provides when his preferences are sufficiently aligned

with those of the receiver. Note that a better informed or perfectly informed sender does

have such an incentive.

Next, let us consider the cases where a fully separating equilibrium does not exist. First,

we will describe the procedure allowing to construct the welfare-maximizing semi-pooling

equilibrium partition. Start by defining the first element of the partition p1 = {0}, so that

|p1| = 1. Then iterate the procedure by constructing element pi of the partition to consist

of adjacent types so that |pi| = |pi+1| + ⌈4b (n+ 2)⌉ − 2 for all i > 1, where the symbol

⌈·⌉ denotes smallest integer larger than the number in brackets. Terminate this iterative

process when adding another pool requires exceeding the number of types n+ 1. Let î be
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the index of the last pool constructed in our procedure.

This iterative process generates an incentive-compatible set of type pools with the

largest possible number of pools and with the smallest possible difference in the number of

elements between the successive pools. This set of pools may not include all n + 1 types.

So, suppose that k highest remain unallocated to a pool.

Then in the second stage of our procedure we adjust the pools in the following way.

First, let the new highest pool p′
î
include the highest |pî|+ 1 elements in the type set, the

new pool p′
î−1

contain the highest |pî−1| + 1 types among types remaining after the types

in p′
î
have been removed, and so on. This procedure continues until all types have been

allocated to new pools or the new pool p′j is identical to the old pool pj. Note that this

preserves incentive compatibility.

This description is formalized in the following Proposition, the proof of which is rele-

gated to the Appendix. Note that the symbol I{·} denotes indicator function which takes

the value of one if the statement in braces is true, and zero otherwise.

Proposition 2 For any n and b, the best equilibrium partition is P ∗ = {p∗1, ..., p∗K} such

that K = max{k ∈ N|k + ⌈4b (n+ 2)− 2⌉ × k(k−1)
2

) ≤ n + 1}. For all i = 1, ..., K,

the element p∗i of the equilibrium partition consists of adjacent types and has cardinality

|p∗i | = 1 + ⌈4b (n+ 2)− 2⌉ × (i− 1) +
⌊

r
K

⌋
+ I

{
r −

(⌊
r
K

⌋
+ 1
)
K + i > 0

}
, where r ≡

n+ 1−
[
K + ⌈4b (n+ 2)− 2⌉ × K(K−1)

2

]
.

2.4 Value of Information

It is natural to consider the important issue of the value of information in the context of

our intuitive statistical model, the task that we undertake in this section. To address this

issue, we compute the value of information in the equilibrium characterized in Proposition

2. We calculate the expected residual variance induced by the strategic communication for

the number of experiments in the range from 1 to 3000 and values of bias b in the range

from 0.001 to 0.25. Recall as for b ≥ 0.25 only the babbling equilibrium occurs.
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We find that the value of information is non-monotonic, with a trend that is increasing

and concave. This feature can be immediately appreciated in Figure 1, where the number of

experiments is listed on the horizontal axis in semi-logarithmic scale. dtbpFU6.0694in3.1653in0ptFigure

1: The value of information for bias equal to 0.05 (1a), 0.125 (1b) and 0.2 (1.c).valueofinfo.eps

To understand the intuition behind this particular shape, it is useful to decompose the

effect of an increase in the number of experiments into several factors. The first factor

that we identify is quite novel. Starting from the most informative equilibrium partition

for a given number of experiments, fixing the number of elements of the partition, and

their relative sizes, the value of information increases in the experiment’s precision, i.e.

in the number of experiments n. To make this claim precise, we prove the following an-

alytical result. Consider a partition of n + 1 types in K elements, and suppose that we

double the number of types to 2n+ 2, doubling the size of all elements {ki, ..., ki+1 − 1} to

{2ki, ..., 2ki+1 − 1} for i ∈ {1, ..., K}. We prove in the Appendix that

Claim 1 Doubling the number of types from n + 1 types to 2n + 2, doubling the size of

all elements {ki, ..., ki+1 − 1} to {2ki, ..., 2ki+1 − 1} for any element i ∈ {1, ..., K} increases

the value of information E
[
− (yn − θ)2 |n

]
.

While this effect explains the increasing trend in the figures, the reasons for non-

monotonic value of information are the following. First, as the number of experiments

increases, the number of types in the communication problem increases. Hence, there are

more incentive compatibility constraints to be satisfied, and more information may be lost

in transmission. This effect has previously been identified in a more stylized model by

Ivanov (2010). In particular, our calculations show that the number of elements in the

most informative equilibrium partition is initially non-monotonic in the number of experi-

ments, then stabilizes at the level equal to the number of elements in the most informative

equilibrium partition of the Crawford and Sobel limit case. Therefore, the condition of

Claim 1, that the number of elements in the equilibrium partition stays constant as the

number of experiments increases, does not hold.
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Second, we observe that even for a sufficiently high number of experiments, when the

number of elements in the most informative equilibrium partition stabilizes at the same

level as in the most informative equilibrium in Crawford and Sobel, the expected welfare

continues to oscillate, albeit less dramatically. This is because the addition of an extra

experiment, and hence an extra type to the type space, may make the equilibrium parti-

tion more or less homogeneous, depending on which element of the partition acquires one

more type. Thus, when the partition becomes less homogeneous, the equilibrium welfare

decreases.

Given that the value of information is not monotonic in the number of experiments

n, it is natural to ask what is the number of experiments that maximizes the value of

information. To address this question, we calculated the number of experiments n which

induces the highest ex-ante utility for the two players for n ≤ 3000. Then, we compared

the associated ex-ante utility with the ex-ante utility of the best Crawford and Sobel (1982)

equilibrium, which is approximated by our model as n → ∞. The results are represented in

Figure 2. They indicate that it is not always the case that limiting information acquisition

is beneficial to the players. This result is in contrast to Ivanov (2010).

For a large set of parameters, the Crawford and Sobel equilibrium dominates the best

equilibrium in our calculation. The intuition for this result is that in Ivanov’s model the

receiver is free to restrict the information of the sender to any arbitrary partition of state

space. In our model instead, the only feasible way to restrict the sender’s information is

by restricting the number of trials he performs.

dtbpFU5.8557in2.5624in0ptFigure 2: Optimal Number of Trials.optimalexogn.eps

The reason why the value of information may be highest in the limit for n → ∞

lies primarily in the effect identified in this paper and due to the increase of information

precision, fixing the number of elements and the relative sizes of elements in the partition.

However, this trend is non-monotone. As the number of experiments increases, the relative

difference in the size of the elements induces oscillations of decreasing amplitude in the

value of information, whereas the direct effect of information precision induces an upward
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trend. As a result, the value of information in our computations may either reach an

optimum for relatively small values of n, where the number of elements in the equilibrium

partition is larger than in the Crawford and Sobel best equilibrium, or it may be largest in

the limiting case for n → ∞.

3 Information Acquisition

3.1 Equilibrium analysis: Overt Information Acquisition

We now turn to the more realistic case where information acquisition is endogenous, and

costly. We first describe our calculations of the overt information acquisition equilibria.

Conceptually, the analysis is very simple. Suppose that the sender performs n′ experi-

ments. For any set of equilibrium actions (yn′)n′≥0 in the ensuing communication subgame,

consider the associated welfare function E
[
− (yn′ − θ)2 |n′]. Given the experiment cost

function c (n′), in equilibrium the sender’s information acquisition strategy n maximizes

E
[
− (yn′ − θ)2 |n′] − b2 − c(n′). Our analysis focuses on the case of linear cost of exper-

iments c (n′) = cn′, for n′ up to 100 — of course, numerical analysis does not allow to

consider arbitrarily large numbers of experiments.4

Evidently, the multiplicity of equilibria in the communication subgame implies that

there is also a large number of equilibria in our information acquisition gaeme. We focus

on two Pareto undominated equilibria: those that maximize the sender’s and the receiver’s

equilibrium payoff, respectively. The requirement of Pareto-efficiency implies that, given

the equilibrium number of experiments n, players select the equilibrium in the communi-

cation stage which minimizes the expected residual variance E
[
(y − θ)2 |n

]
. However, this

leaves the possibility that players coordinate on sub-optimal equilibria off the equilibrium

path, i.e. for communication subgames that follow the acquisition of n′ experiments other

than n.

4To assess robustness, we ran the same analysis also for n′ up 1000. We obtained the same results in
94.6% of the grid points in our parameter space (b, c) . The discrepancies occur only for very small values
of c.
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In the equilibrium that maximizes the sender’s ex-ante expected utility, it has to be the

case that for any number of experiments n′, on and off the equilibrium path, the players co-

ordinate in the communication stage on the equilibrium that maximizes E
[
− (yn′ − θ)2 |n′].

Indeed, note that maximizing the sender’s welfare E
[
− (yn′ − θ)2 |n′] − b2 − cn′ is equiv-

alent to a two-stage mazimization process. For any number n′ of experiments, select the

equilibrium actions (yn′)n′≥0 that maximize the equilibrium sender’s payoff given n′. Then,

choose the number of experiments n that maximizes the sender’s payoff. By interchanging

the order of the maximization, this corresponds to choose n′ to maximize the equilibrium

sender’s payoff, assuming that for any n′ the actions yn′ maximize E
[
− (yn′ − θ)2 |n′].

Second, we consider the equilibrium that maximizes the receiver’s expected utility. Note

that this equilibrium does not coincide with the sender’s best equilibrium, because the re-

ceiver does not pay the information acquisition costs. Indeed, the receiver can “force” the

sender to buy exactly n experiments by threatening him not to listen unless he gathers

exactly n experiments. Because babbling is always an equilibrium, for any number of ex-

periments n′, the threat is credible. It is effective if the sender’s payoff when acquiring n

experiments, E
[
− (yn − θ)2 |n

]
− b2 − cn, is larger than the babbling payoff for every n′.

Because playing the babbling equilibrium is the most severe credible threat available to the

receiver, we conclude that the equilibrium maximizing the receiver’s payoff is calculated

by choosing n′ and (yn′)n′≥0 that maximize the receiver’s payoff E
[
− (yn′ − θ)2 |n′] sub-

ject to the condition that E
[
− (yn′ − θ)2 |n

]
− b2 − cn′ is larger than the babbling payoff

E
[
− (1/2− θ)2

]
− b2 when no experiments are acquired.

3.2 Equilibrium analysis: Covert Information Acquisition

The game which represents covert information acquisition is analogous to the case of overt

information acquisition, except for the fact that the number of experiments performed by

the sender cannot be observed by the receiver.

Consider a candidate equilibrium, described by an information acquisition strategy n,

an incentive compatible partition P = {p1, ..., pK} of the resulting n + 1 experiment real-
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izations, and the associated sequentially rational action profile yn = {y1n, ..., yKn }. When

choosing the final action, the receiver cannot detect any sender’s deviation at the informa-

tion acquisition stage. Hence, she maintains her equilibrium belief that the sender acquired

n experiments, and that he communicated according to the partition P . As a result, even

if the sender chooses a number of experiments n′ other than n, his subsequent messages

can only induce one of the actions in the equilibrium list yn.

To identify the most profitable deviation for the sender at the information acquisition

stage, suppose that for any n′, given experiment realization j ∈ {0, 1, ..., n′}, the sender

sends a message that induces an action ykn which maximizes his expected payoff. Specifically,

the sender’s expected payoff for inducing ykn is:

Wj,k(y
k
n) = −

1∫
0

(
ykn − θ − b

)2
f (θ|j, n′) dθ = −

1∫
0

(
ykn − θ − b

)2 (n′ + 1)!

j! (n′ − j)!
θj (1− θ)n

′−j dθ

= −
1∫

0

[(
ykn − b

)2
+ θ2 − 2θ

(
ykn − b

)] (n′ + 1)!

j! (n′ − j)!
θj (1− θ)n

′−j dθ

= −
(
ykn − b

)2 − (j + 2)(j + 1)

(n′ + 3) (n′ + 2)
+ 2

(
ykn − b

) (j + 1)

(n′ + 2)
.

Hence, because the n′+1 experiment realizations j are equally likely, the sender’s expected

payoff for acquiring n′ experiments is:

Wn′(yn) =
n′∑
j=0

maxk∈{1,...,K} Wj,k

n′ + 1
.

Thus, an information acquisition choice n, an incentive-compatible partition P = {p1, ..., pK}

and a list of receiver’s sequentially-rational actions yn = {y1n, ..., yKn } describe an equilib-

rium of the covert information acquisition game if only if Wn(yn)− c(n) ≥ Wn′(yn)− c(n′)

for all n′.

As in the overt information acquisition case, our numerical analysis calculates the best

sender equilibrium and the best receiver equilibrium for any experiment cost c and bias

b. But the computations are now much more intensive. Unlike in the overt information

acquisition case, it need not be the case that in a Pareto-undominated equilibrium with
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n experiments, the equilibrium actions yn maximize E
[
− (yn − θ)2 |n

]
. Hence, for any n,

we had to consider all incentive-compatible partitions of the n+1 experiment realizations,

and all the associated sequentially-rational actions yn.

Specifically, for every number of experiments n we constructed all possible partitions of

n + 1 points corresponding to the number of experiment successes. Then we constructed

the set of partitions satisfying the incentive compatibility condition (4) for each b. As the

number of partitions of n + 1 elements grows exponentially in n, we had to restrict the

analysis to n ≤ 10, i.e. we calculated the equilibria of our model for any experiment cost

function c (n) that is linear for n up to 10, and very large thereafter. 5

3.3 Comparison with the First-Best

This subsection studies how the best equilibrium for the sender and the receiver, respec-

tively, compare relative to the first best, i.e. to a situation where the information acquisition

and decision tasks are centralized in a single player. We focus on the question of whether

the information aggregated is larger in first best or in the communication equilibria. This

question is key in light of the fundamental insight of standard communication models á

la Crawford and Sobel (1982), which uniformly find that communication results in less

efficient decisions than in the first-best. When information acquisition is incorporated in

the analysis, the answer is not obvious. On the one hand, some information may be lost in

the communication between the sender and the receiver, whereas there is no information

loss in the first best. But on the other hand, the amount of information acquired by the

sender in a communication equilibrium may be larger or smaller than in the first best.

We begin our analysis by considering overt information acquisition. In this case, it

is intuitive that the amount of information acquired by the sender in the communication

equilibrium preferred by the receiver may be larger than in the first best. In fact, the sender

may be forced to acquire a large number of experiments, upon the threat of not being

5We found that the parameter region where the sender, given the constraint n ≤ 10, chooses exactly 10
experiments in our equilibria is very small (it covers 2.3% of the grid points in our (b, c) parameter space).
This suggests that our analysis is reasonably robust.
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listened to if he deviates. Indeed, we find that whether more information is aggregated in

the first-best or in a communication equilibrium, depends crucially on whether the players

coordinate on the sender’s or receiver’s preferred equilibrium.

The analysis is as follows. We first calculate the information aggregated in first best,

as measured by the negative of the residual variance, E
[
− (yn − θ)2 |n

]
, given the final

actions yn. The first best number of experiments n∗ is such that

n∗ (c) ∈ argmax
n∈N

{
E
[
− (yn − θ)2 |n

]
− cn = − 1

6(n+ 2)
− cn

}
,

and specifically, for generic values of c,

n∗ (c) = argmax

{
n : − 1

6(n+ 2)
− cn−

(
− 1

6(n− 1 + 2)
− c(n− 1)

)
> 0

}
=

⌊
1

2

(√
2 + 3c

3c
− 3

)⌋
. (6)

Plugging back this formula in the expression for the residual variance, we obtain:

E
[
(yn∗ − θ)2 |n∗] = 1

6
(⌊

1
2

(√
2+3c
3c

− 3
)⌋

+ 2
) .

We then numerically compute the residual variance E
[
(yn − θ)2 |n

]
in the best sender

and best receiver equilibrium. We run the analysis for b ∈ [0, 0.25] – because for b ≥ 0.25,

the unique equilibrium in the communication game is such that n = 0 and the sender

babbles— and for c ∈ [0, 0.027] –because for c > 0.027, the unique solution of the first best

problem is such that n = 0. Our results, reported in Figures 3 and 4, describe whether

the information aggregated in equilibrium is larger in first best or in the communication

equilibria, under overt information acquisition.

Figure 3 considers the best sender equilibrium. We find that, with the exception of a

small region, more information is aggregated in the first-best outcome than in a commu-

nication equilibrium. Specifically, information is strictly less precise in a communication

equilibrium except when the bias is small and the cost of information acquisition is large.
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Consider first the vertical dimension in the Figure. For a given level of cost, when

the bias is small, no information is lost in strategic communication: the sender acquires

exactly the first best number of experiments, and fully reveals the outcome. For higher

levels of bias instead, some information is lost in communication. Next, consider the graph

from left to right. The bias needed for first best to aggregate more information than

communication increases in the costs of experiments c. The reason is that, as the cost

increases, the number of signals acquired in the best sender equilibrium decreases. As a

consequence, the maximum bias for which the best sender equilibrium is fully separating

increases.dtbpFU6.8559in3.0308in0ptFigure 3: Comparison with First Best, Overt Acqui-

sition, Sender Preferred Equilibriumovertrvbests.eps

It is remarkable that in a large parameter region depicted in Figure 3 the communication

equilibrium is as good as the first-best outcome in aggregating information. This result

goes against the accepted wisdom in the literature on communication: That communication

necessarily results in significant information loss, at least for non-negligible bias. This fact

does not happen in our model for the simple reason that, when information acquisition is

costly, there may not be much information to lose in transmission to start with.

While the information aggregated in first best is typically larger than the information

aggregated in a communication game where players coordinate on the best sender equilib-

rium, the results are strikingly different when considering the best-receiver equilibrium. As

reported in Figure 4, we find that more information is aggregated through communication

in a fairly large parameter region, namely, when the cost of experiments and the bias are

not too large. In this region, the receiver’s ability to force the sender to acquire a large

number of experiments overturns the information loss due to communication. Because the

cost of information acquisition is borne by the sender, the receiver may end up possessing

more information in communication than if she acquired information on her own. This

novel insight is, of course, absent in models of communication that abstract from informa-

tion acquisition. It makes our case that communication does not necessarily result in less

informed decisions quite compelling.
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Again, more information is aggregated in the first-best when the bias exceeds a certain

threshold that depends on the cost of experiments. It is remarkable that this threshold

function is essentially the same as in Figure 4. Ostensibly, in this region, the same forces

are at play: information loss through communication dominates the potential informational

gain of larger information acquisition. This result is reversed for sufficiently small levels of

bias and cost when the receiver succeeds in forcing the sender to acquire more experiments

than in first best. As a result, the receiver ends up with more information.

Finally, when the costs of experiments is large and the bias is sufficiently small, the

same amount of information is aggregated in the first-best outcome as through commu-

nication. In this region, it seems the two forces of information loss in transmission and

over-acquisition of experiments are ineffective: in the communication game the sender per-

forms exactly the first-best number of experiments, and fully reveals the outcome. To see

this in detail, note that when the costs of information acquisition is sufficiently large, it

becomes impossible to make the sender perform experiments, as the sender would prefer the

babbling outcome with no information acquisition. At the same time, since the bias is not

too large, full separation is an equilibrium, and no information is lost through transmission.

The same qualitative results apply in the case of covert information acquisition. It is still

true that the final decision is more precise in the first-best than in the receiver’s preferred

equilibrium. Again, this conclusion is reversed in the sender’s preferred equilibrium under

low levels of bias. Further, the region where the action is strictly more precise in the first

best is essentially the same across the equilibrium regimes, just like in the case of overt

information acquisition.

dtbpFU6.8751in2.9381in0ptFigure 4: Comparison with First Best, Overt Acquisition,

Receiver Preferred Equilibriumovertrvbestr.epsdtbpFU6.079in3.0369in0ptF igure5 : ComparisonwithF irstBest, CovertAcquisition, SenderPreferredEquilibrium(5a)andReceiverPreferredEquilibrium(5b)covertrv.eps
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3.4 Comparison with Delegation and Centralization

In this section we explore the implications of endogenizing information acquisition on op-

timal authority allocation in organizations, a topic that has received a fair amount of

attention in the literature.

Specifically, we modify our model to consider a more general principal-agent framework

with two tasks: (i) information acquisition; (ii) choosing an action. The principal may

delegate to the agent only the task of acquiring information, she may delegate both tasks

or neither of them.

We assume that the principal’s cost of information acquisition is the same as the agent’s.

It is worth pointing out that the possibility of costly information acquisition by the principal

has not been previously considered in the literature. Accordingly, the principal can choose

among the following three regimes:

• Centralization. The principal does not delegate: she acquires information, paying the

cost of information acquisition, and chooses the action.

• Communication. The principal delegates the (costly) information acquisition task to

the agent, but retains the decision-making authority.

• Full Delegation. The principal delegates both the information acquisition and the

decision-making to the agent.

The trade-off between communication and delegation has been previously explored in

the literate, albeit without information acquisition. Thus, our model allows to take another

look at this issue given a natural At the same time, a comparison between these two regimes

and centralization has not been explored before. Yet, this question is natural in our costly

information acquisition framework.

Let us start by comparing centralization and delegation regimes. In both cases, the

party acquiring information will choose the number of experiments n∗(c) calculated in
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equation (6). Under centralization, the principal’s expected utility is given by:

E
[
(yn∗ − θ)2 |n∗]− cn∗ (c) .

Under delegation, the principal’s expected utility is given by:

E
[
(yn∗ − θ)2 |n∗]− b2.

Hence, the principal prefers delegation over centralization if and only if

b <
√
cn∗ (c) =

√√√√c

⌊
1

2

(√
2 + 3c

3c
− 3

)⌋
.

The principal faces a clear trade-off when choosing between delegation and centralization.

By delegating the principal off-loads the information acquisition cost to the agent, but

simultaneously loses authority over the final decision. As the principal’s loss from allowing

the agent to take a decision increases in the agent’s bias b, the principal will prefer dele-

gation over centralization only when the bias b is small relative to the cost of information

acquisition.

The trade-off between centralization and communication is similar. When the principal

chooses communication over centralization, she also off-loads the information acquisition

costs to the agent. But, due to imperfect transmission of information in the communication

regime, the principal bears the cost of making a less informed decision. Since the informa-

tional loss increases with the bias b, the principal prefers communication over centralization

when the bias is small relative to the cost of information acquisition.

The comparison between delegation and communication is more complex. In both cases,

the principal’s payoff decreases in the bias b, either because of the agent’s biased action

(under delegation), or because more information lost in transmission under higher biases

(under communication). Also, in both cases the principal does not pay the cost of the

information acquired.

If we abstract from the sender’s incentives for information acquisition by assuming

the same fixed number of experiments under delegation and under communication, then
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delegation would be pervasively preferred to communication, unless the bias is small or the

information is very imprecise (see Figure 6).

When the costs of information acquisition are factored in, the comparison between

delegation and communication becomes more nuanced and either regime may dominate

depending on the parameter c characterizing the cost of information acquisition. This is so

because the agent’s incentives for information acquisition are different under delegation and

in the communication game. This aspect distinguishes our results from those in Ottaviani

(2000) and Dessein (2002)).

dtbpFU6.7787in2.8634in0ptFigure 6: Comparison of Delegation and Communication,

Fixed Amount of Information.del1.eps

The results of the comparison and the best of the three regimes- delegation, centraliza-

tion, or communication- are reported in Figures 7, 8 and 9 for any b and c. These figures are

different because in each of them we consider a different equilibrium under communication.

Specifically, in Figures 7 and 8 we consider the receiver preferred and the sender preferred

equilibria, respectively, under overt information acquisition. Figure 9 presents the results

under covert information acquisition.

Altogether, Figures 7-9 demonstrate that for small costs of information acquisition,

any of the organizational regimes can be optimal, depending on the bias. Specifically, the

principal prefers communication if the bias is small, delegation if the bias is intermediate,

centralization if the bias is large. But the region where delegation is optimal disappears as

the information acquisition cost increases. Perhaps not surprisingly, centralization domi-

nates when the bias is large, regardless of the cost of information acquisition.

It is notable that communication is the best regime for a large set of the cost-bias pa-

rameters. In particular, communication is optimal unless the bias is significantly large and

the cost is quite small. These findings are markedly different from those in the existing lit-

erature which does not consider information acquisition and typically finds that delegation

is the best regime.
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Figures 7 and 8 also confirms that, not unexpectedly, communication is more likely to be

preferred by the principal under the best-receiver equilibrium than under the best-sender

equilibrium. But interestingly, this gain is mostly at the expenses of delegation, rather

than centralization.

Compared to overt information acquisition (Figures 7 and 8), the results under covert

information acquisition (Figure 9), show that the additional informational asymmetry due

to the sender’s uncertainty about the number of experiments makes communication least

attractive for the sender. This remains true regardless of whether we consider the equilib-

rium preferred by the sender or the equilibrium preferred by the receiver.

To summarize, our results demonstrates that the ranking of the regimes may change

significantly when when information acquisition is costly and endogenous. But overall, our

results can be viewed as an argument for the principal to retain the decision-making power

in organization while delegating the information acquisition to the agents.

dtbpFU7.3785in3.2248in0ptFigure 7: Best Task Allocation, Overt Information Acquisi-

tion, Receiver Preferred Equilibriumovertbestregbestrslides.eps

dtbpFU6.876in3.0386in0ptFigure 8: Best Task Allocation, Overt Information Acquisi-

tion, Sender Preferred Equilibriumovertbestregimebests.eps

dtbpFU6.8926in3.0133in0ptFigure 9: Best Task Allocation, Covert Information Acquisitioncovertbestregimebestr.eps

3.5 Comparison of Overt and Covert Information Acquisition

Finally, let us compare the decision-maker’s welfare (or, equivalently in this comparison,

the final action precision) under the two alternative regimes of covert and overt information

acquisition. The results are reported in Figure 10 and 11, which consider respectively the

sender preferred and the receiver preferred equilibrium. As it is expected, the decision

maker is better off when information acquisition is overt. Intuitively, the communication

game has additional asymmetric information when information acquisition is covert, and

this hurts the receiver. It is remarkable, however, that for large and for small values of the
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bias, covert and overt information acquisition fare equally well. Indeed, when the bias level

is very large, not much information acquired in either information acquisition regime, and

hence there is not much scope for any informational discrepancy.

In the case of low bias, when considering the sender’s preferred equilibrium, there is a

large area of the parameter space where the decision maker’s welfare is exactly equal to

the first best welfare both in the case of overt and covert information acquisition. This

corresponds to the grey area in the lower portion of figure 10. When considering the

receiver’s preferred equilibrium, part of this area is instead white, to indicate that overt

information acquisition outperforms covert. The reason is that the ability to use the threat

of a babbling equilibrium in the communication subgame allows the decision maker to

induce overinvestment by the sender. Clearly, this threat is not available in the case of

covert information acquisition, because deviations to a different number of experiments are

not observable.

dtbpFU7.5288in3.2894in0ptFigure 10: Receiver’s welfare, Overt vs. Covert Information

Acquisition, Sender Preferred Equilibriumovertcovertbests.eps

dtbpFU7.5297in3.2894in0ptFigure 11: Receiver’s welfare, Overt vs. Covert Information

Acquisition, Receiver Preferred Equilibriumovertcovertbestr.eps

4 Conclusion

This paper has studied a rich yet computable model of strategic information acquisition and

communication. We first provided a generalization of the classical model by Crawford and

Sobel (1982) to account for possibly noisy sender’s information, and found that the value of

information is non-monotonic in our model. Turning to information acquisition, we found

that the decision maker’s final action may be more precise in the communication game than

in first best, due to the sender’s overinvestment in information precision. This result com-

plements the classical results that information is necessarily lost in strategic transmission,

but stands in stark contrast with the often claimed implication that communication makes
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choice imprecise. As a result, when comparing different organizational allocations of the

information acquisition and decision tasks, we found that, unlike in Ottaviani (2000) and

Dessein (2002), communication may often outperform delegation.

5 Appendix

Calculations leading to Expression (3). The receiver chooses yP so as to maximize-

taking the first-order condition, we obtain yP =
∫ 1

0
θf (θ|k ∈ p) dθ = E [θ|p] . Simplifying:

E [θ|p] = E [E [θ|k] |k ∈ p] =
∑
k∈p

E [θ|k] f (k)∑
k∈p f (k)

=
1

|p|
∑
k∈p

k + 1

n+ 2

because E [θ|k] = k+1
n+2

, and

f (k) =

∫ 1

0

f (k;n, θ) dθ =
n!

k! (n− k)!

∫ 1

0

θk (1− θ)n−k dθ

=
n!

k! (n− k)!

k! (n− k)!

(n+ 1)!
=

1

n+ 1
.

Proof of Proposition 1 First, we prove that in any pure-strategy equilibrium each

element of the equilibrium partition is connected. Suppose by contradiction that there

exists an equilibrium where at least one element of the partition is not connected. Then,

there exists at least a triple of types (k, k′, k′′) such that k < k′′ < k′, k and k′ belong to

the same element of the partition, which we denote by pa, and k′′ belongs to a different

element, which we denote by pb. Let ya and yb be the equilibrium actions asociated to pa

and pb respectively. By incentive compatibility, the following inequalities must hold:

(yb − ya)

(
ya + yb −

2 (k + 1)

n+ 2
− 2b

)
> 0

(yb − ya)

(
ya + yb −

2 (k′ + 1)

n+ 2
− 2b

)
> 0

(ya − yb)

(
ya + yb −

2 (k′′ + 1)

n+ 2
− 2b

)
> 0

Because the first two expressions are positive, then ya+yb−
2 (k + 1)

n+ 2
−2b and ya+yb−
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2 (k′ + 1)

n+ 2
− 2b have the same sign. But then, also ya + yb −

2 (k′′ + 1)

n+ 2
− 2b has the same

sign, because k < k′′ < k. And hence, the last expression is negative: A contradiction.

Next, we prove that incentive compatibility implies expression (4). Let k be the sender’s

type. Denote by y the equilibrium action associated to k, and by ỹ any other equilibrium

action. The incentive compatibility constraint is:

(ỹ − y)

(
ỹ + y − 2 (k + 1)

n+ 2
− 2b

)
≥ 0. (7)

First, we consider the possibility that a type k deviates by inducing an equilibrium action

ỹ larger than y. Hence, incentive compatibility is satisfied if and only if

ỹ + y − 2 (k + 1)

n+ 2
− 2b ≥ 0. (8)

Because the expression is increasing in ỹ and decreasing in k, it immediately follows that

the tightest incentive compatibility constraints concern the highest type k in any element

p of the equilibrium partition, entertaining the possibility of deviating and inducing the

equilibrium action ỹ associated to p + 1, the element of the partition immediately to the

right of p.

Hence, we now consider such constraints. Letting z be the cardinality of p and j be the

cardinality of p+ 1, the explicit expression for y and ỹ are:

y =
1

z

[
k + 1

n+ 2
+

k − 1 + 1

n+ 2
+ ...+

k − (z − 1) + 1

n+ 2

]
=

1

z
× z

2
× 2k − z + 3

n+ 2
=

2k − z + 3

2 (n+ 2)

ỹ =
1

j

[
k + 1 + 1

n+ 2
+

k + 2 + 1

n+ 2
+ ...+

k + j + 1

n+ 2

]
=

1

j
× j

2
× 2k + j + 3

n+ 2
=

2k + j + 3

2 (n+ 2)

Hence, condition (8) simplifies as:

2k + j + 3

2 (n+ 2)
+

2k − z + 3

2 (n+ 2)
− 2 (k + 1)

n+ 2
− 2b ≥ 0,
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or,

j ≥ z + 4b (n+ 2)− 2. (9)

Proceeding in the same fashion, we prove that when ỹ < y, the tightest incentive compati-

bility constraints concern the lowest type k in any element p of the equilibrium partition,

entertaining the possibility of deviating and inducing the equilibrium action ỹ associated

to p− 1, the element of the partition immediately to the left of p. Again, letting j be the

cardinality of p, and z be the cardinality of p− 1, we obtain

y =
2k + j + 1

2 (n+ 2)
=

1

j

[
k + 1

n+ 2
+

k + 1 + 1

n+ 2
+ ...+

k + j − 1 + 1

n+ 2

]
=

1

j
× j

2
×
[
2k + j + 1

n+ 2

]
=

2k + j + 1

2 (n+ 2)

ỹ =
1

z
×
[
k − 1 + 1

n+ 2
+

k − 2 + 1

n+ 2
+ ...+

k − z + 1

n+ 2

]
=

1

z
× z

2
×
[
2k − z + 1

n+ 2

]
=

2k − z + 1

2 (n+ 2)

Hence, condition (8) simplifies as:

2k − z + 1

2 (n+ 2)
+

2k + j + 1

2 (n+ 2)
− 2 (k + 1)

n+ 2
− 2b ≤ 0

which implies

j ≤ z + 4b (n+ 2) + 2. (10)

Putting together the inequalities (9) and (10), we obtain condition (4). This characteri-

zation implies that a fully separating equilibrium exists if and only if 4b (n+ 2)−2 ≤ 0, i.e.

b ≤ 1
2(n+2)

. Further, for b > 1/4, it follows that 4b (n+ 2) ≥ n+ 2, and hence condition (9)

cannot be satisfied by any partition, other than the trivial partition P = {{0, 1, ..., n+1}}:

The unique equilibrium is the babbling equilibrium. Finally, as n → ∞, any equilibrium

partition P converges to an equilibrium partition of the model by Crawford and Sobel (1982)

where the sender is perfectly informed, in the sense that, for any i, |pi| /(n+1) → ai−ai−1.

In fact, condition (4) implies that

4b (n+ 2)− 2

n+ 1
≤ |pi+1| − |pi|

n+ 1
≤ 4b (n+ 2) + 2

n+ 1
,
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and, taking limits for n → ∞,

4b ≤ ai − ai−1 + ai+1 − ai ≤ 4b,

which is exactly the incentive compatibility condition of Crawford and Sobel (1982).

Calculations leading to Expression (5). A mean-variance decomposition yields:

E
[
− (yp − θ − b)2

]
= −

∫ 1

0

(yp − θ − b)2 dθ

= −
∫ 1

0

[
(yp − θ)2 + b2 − 2b (yp − θ)

]
dθ

= E
[
− (yp − θ)2

]
− b2 + 2bE [yp − θ]

= E
[
− (yp − θ)2

]
− b2,

because Ep [yp] = Ep [Eθ [θ|p]] = Eθ [θ] , by the law of iterated expectations.

Further, by the law of iterated expectation,

Eθ

[
− (yp − θ)2

]
= −Eθ

[
(E [θ|p]− θ)2

]
= −Ep

[
Eθ

[
(E [θ|p]− θ)2 |p

]]
= −Ep [V ar [θ|p]] .

Because V ar [θ] = Ep [V ar [θ|p]] + V arp [E(θ|p)] , we thus obtain:

Eθ

[
− (yp − θ)2

]
= −V ar [θ] + V arp [E(θ|p)]

= −V ar [θ] + E
[
E(θ|p)2

]
− E [E(θ|p)]2

= −V ar [θ] + E
[
E(θ|p)2

]
− E [θ]2

= − 1

12
+ E

[
E(θ|p)2

]
−
(
1

2

)2

= −1

3
+ E

[
E(θ|p)2

]
.

Proof of Proposition 2.
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Let us, first, show that among the equilibrium partitions with the largest number of

elements, the equilibrium with the smallest difference between the cardinalities of any two

subsequent elements has the highest expected welfare.

In fact, consider an equilibrium partition P with K elements {ki, ..., ki+1 − 1}i∈K . Con-

sider a different equilibrium partition P ′ =
{{

k′
i, ..., k

′
i+1 − 1

}
i∈K

}
, such that there is a

unique i ∈ I with k′
i = ki + 1, and k′

j = kj for all j ̸= i. Note that, because P ′ is an

equilibrium partition, it must be that k′
i+1 − k′

i = ki+1 − ki − 1 > ki + 1− ki−1 = k′
i − k′

i−1.

Letting

E
[
− (yp − θ)2 ;P

]
= −1

3
+ E

[
E(θ|p)2

]
= −1

3
+
∑
i∈K

ki+1 − ki
n+ 1

(
ki+1 + ki + 1

2 (n+ 2)

)2

,

be the welfare associated to P and defining E
[
− (yp − θ)2 ;P ′] analogously, we obtain:

E
[
− (yp − θ)2 ;P ′]− E

[
− (yp − θ)2 ;P

]
=

ki+1 − (ki + 1)

n+ 1

(
ki+1 + (ki + 1) + 1

2 (n+ 2)

)2

+
ki + 1− ki−1

n+ 1

(
ki + 1 + ki−1 + 1

2 (n+ 2)

)2

−ki+1 − ki
n+ 1

(
ki+1 + ki + 1

2 (n+ 2)

)2

− ki − ki−1

n+ 1

(
ki + ki−1 + 1

2 (n+ 2)

)2

=
(ki+1 − ki−1) [(ki+1 − ki)− (ki + 1− ki−1)]

4 (n+ 2)2 (n+ 1)
> 0.

We now observe that, by definition, the equilibrium partition P identified in the Proposition

is the one with the largest cardinality K and with the smallest difference in the cardinality

of subsequent elements, subject to the incentive compatibility condition (4).

Hence, to conclude the proof, we need to show that, among the equilibrium partitions

with the smallest difference in the cardinality of subsequent elements, the one which maxi-

mizes welfare is the equilibrium partition with the largest number of elements. Specifically,

denoting the best equilibrium partition among those with m elements by P (m), we prove

that P (j) dominates P (j − 1) . Repeating the argument proves the statement.

To prove that P (j) dominates P (j − 1) we describe an algorithm to construct a se-

quence of partitions with the following features:
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(a) the first term of the sequence is P (j)

(b) the last term of the sequence is P (j − 1)

(c) each term of the sequence, except for the last one, is a partition with j elements

(d) each term of the sequence is preferred (according to our welfare criterion) to the

next one

The algorithm is the following. Given the n-th term of the sequence (the n-th partition),

the (n+ 1)-th is constructed as follows:

(i) If the sub-partition that includes the largest (j − 2) elements of n-th partition is

identical to the sub-partition that includes the largest (j − 2) elements of P (j − 1), then

let the n+1-th partition be P (j − 1); i.e., let the first element of the n+1-th partition be

equal to the union of the first two elements of the n-th partition. This step concludes the

algorithm, and satisfies condition (d), because, for any k1, k2 with k1 > 1, and k2 > k1 + 1,

k2 − k1
n+ 1

(
k2 + k1 + 1

2 (n+ 2)

)2

+
k1 − 1

n+ 1

(
k1 + 1 + 1

2 (n+ 2)

)2

− k2 − 1

n+ 1

(
k2 + 1 + 1

2 (n+ 2)

)2

=
1

4

(k2 − k1) (k2 − 1) (k1 − 1)

(n+ 2) (n+ 1)
> 0.

(ii) If the sub-partition that includes the largest (j − 2) elements of n-th partition is not

identical to the sub-partition that includes the largest (j − 2) elements of P (j − 1), then

the (n+ 1)-th partition is obtained from the n-th by moving the highest type included in

the k-th element pnk into the (k + 1)-th element pnk+1, where k < j is an index that satisfies

the following conditions:

(iia) the cardinality of pnk is strictly smaller than the cardinality of pnk+1

(iib) the cardinality of pn+1
k−1 is strictly smaller than the cardinality of pn+1

k

(iic) the cardinality of pnk+1 is strictly smaller than the cardinality of the k-th element

of P (j − 1)
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(iid) if the union on pn1 and pn2 is equal to the first element of P (j − 1), then k > 2

(iie) for l < j−2, if the sub-partition that includes the last l elements of n-th partition is

identical to the sub-partition that includes the last l elements of P (j − 1), then k < j−3.6

Because the number of types is finite, the algorithm has an end.

Notice that the fact that each term of the sequence is a partition with increasing cardi-

nality of its elements together with conditions (iia) and (iib) guarantees that (b) is satisfied.

The type-(ii) step can be repeated exactly until the condition for the type-(i) step is

satisfied because, by construction, the cardinality of the l-th element of P (j − 1) is weakly

larger than the cardinality of the (l + 1)-th element of P (j) , hence the union of the first

two elements of P (j) has cardinality weakly larger than the cardinality of the first element

of P (j − 1).

Comparing P (j) with the penultimate term of the sequence, notice that:

-the cardinality of the l-th element of the penultimate term of the sequence, for l > 2, is

weakly larger than the cardinality of the corresponding element of P (j) and exactly equal

to the cardinality of the (l + 1)-th element of P (j − 1) because of step (iic) and (iie);

-as a consequence, and because of condition (iid), the union of the first two elements of

the penultimate term of the sequence is exactly equal to the first element of P (j − 1) .

Proof of Claim 1 Because for any equilibrium partition P,

E
[
− (yp − θ)2

]
= −1

3
+ E

[
E [θ|p]2

]
,

6For example, if j = 10, if the last three elements of the n − th partition in the sequence are identical
to the last three elements of the target partition, then they shouldn’t be changed anymore, hence k < 7,
so that ”at most” a type is taken from the 6-th element and moved into the 7-th.
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adopting the same notation as in the proof of Proposition 2, the welfare comparison is:

= −1

3
+

K∑
i=1

ki+1 − ki
n+ 1

(
ki+1 + ki + 1

2 (n+ 2)

)2

−

(
−1

3
+

K∑
i=1

2ki+1 − 2ki
2n+ 2

(
2ki+1 + 2ki + 1

2 (2n+ 3)

)2
)

=
K∑
i=1

ki+1 − ki
n+ 1

[(
ki+1 + ki + 1

2 (n+ 2)

)2

−
(
2ki+1 + 2ki + 1

2 (2n+ 3)

)2
]

=
K∑
i=1

ki+1 − ki
n+ 1

[
ki+1 + ki + 1

2 (n+ 2)
+

2ki+1 + 2ki + 1

2 (2n+ 3)

] [
ki+1 + ki + 1

2 (n+ 2)
− 2ki+1 + 2ki + 1

2 (2n+ 3)

]

= −
K∑
i=1

ki+1 − ki
n+ 1

[
ki+1 + ki + 1

2 (n+ 2)
+

2ki+1 + 2ki + 1

2 (2n+ 3)

]
(ki + ki+1 + 1)− (n+ 2)

2 (2n+ 3) (n+ 2)

∝ −
K∑
i=1

fi
mi + m̂i∑K

i=1 (mi + m̂i)
[mi − 1/2] ,

where fi is the ex-ante probability that the type belongs to the i-th element of partition,

mi is the mean of θ conditional on the (n, θ) binomial experiment lying in the i-th element

of the partition, and m̂i is the mean of θ conditional on the (2n+ 1, θ) binomial experiment

lying in the i-th element of the partition. This quantity is evidently negative, because

K∑
i=1

fi [mi − 1/2] = 0

by the law of iterated expectations, and because the weights

mi + m̂i∑K
i=1 (mi + m̂i)

increase in i by definition.
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