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This paper explores the implications of costly informagaquisition in
a strategic communication model. We show that equilibrigtisions
based on a biased expert’'s advice may be more precise thaminfoe-

mation is directly acquired by the decision maker, evenefdkpert is
not more efficient than the decision maker at acquiring imfation. This
result bears important implications for organization dgsi Communi-
cation by an expert to a decision maker may often outperfalegation
of the decision making authority to the expert, as well agraéination

by the decision maker of both information acquisition ancisien mak-
ing authority.
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Strategic information transmission is one of the centrpld®in economics of infor-
mation. Starting from the seminal work of Crawford and Sqié&iB2), this literature
highlights the limited scope of information transmissiéa eheap talk messages, which
generically leads to inaccurate or imprecise decisions faesten-Smith (1993), Gilli-
gan and Krehbiel (1987, 1989), Krishna and Morgan (2001)insky (2002), Battaglini
(2002), Ambrus and Takahashi (2008)). A common assumptidhis literature is that
perfect information is exogenously given to the sendertee.f The exceptions include
Austen-Smith (1994), Ottaviani (2000) and Ivanov (2018)Alsten-Smith (1994), the
sender may either acquire complete information or rematarignt. In Ottaviani (2000),
the amount of information available to the expert is exogsndn lvanov (2010), infor-
mational structure can be selected costlessly by the deeisaker.

However, in reality information is typically obtained thugh time-consuming and
costly research effoft. This being our point of departure, we study a model of strate-
gic communication in which information is costly and the id&m to acquire it is taken
endogenously. In this setting, we demonstrate that thesid@cmaker can induce the
expert to acquire more information than the decision-makerid acquire directly, even
when the expert and the decision-maker have the same tegynol information ac-
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Iror example, this is the case for investment advice by fidrzsialysts, for policy advice by experts reporting
to Congress, for expert witnesses in trials, as well as fonyrather real-world applications of strategic information
transmission games.
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quisition. This result provides a foundation for our mairdiing: the decision-maker
can take more precise actions when the latter are based adviee of a biased expert
-provided that the bias is sufficiently small- rather thantlo& decision-maker’s direct
information acquisition. This stands in contrast to thericoon wisdom” of the extant
literature that the decisions based on the advice of a biagaelt suffer from a loss of
precision.

To explain our results, let us first highlight the main featuof our model. Initially,
both players — the decision-maker and the expert — are unieftb about the state of
the world and share a common prior. Information about thie siithe world can be
acquired by performing “experiments” or “trials.” The casid precision of the acquired
information is measured by the number of the performed|&ifaThis model of infor-
mation acquisition is simple and tractable, and fits well description of a number of
real world situations such as aggregation of individuahi@pis from sincere voting, sur-
veys, or experiments. Moreover, as we explain below, the mhaving forces identified
in our analysis are quite general and extend to other setting different -discrete or
continuous- models of information acquisition.

In our baseline model, the expert acquires the informatiwhthen conveys a cheap-
talk message to the decision-maker, who then takes an atterconsider two scenar-
ios: overt information acquisition and covert informateguisition® In the former, the
decision maker observes the quantity of information aeguby the expert, but not its
content. In the latter, the decision-maker observes ritigequantity nor the content of
the expert’s information. In both cases, we focus on the anoflinformation acquired
and credibly transmitted by the expert, which translatés the precision of the final
action taken by the decision-maker. We then compare themas of these two com-
munication games against two alternatives: the first ongestidnformation acquisition
by the decision-maker, the second one is delegation to tpererf both information
acquisition and the choice of action.

The expert’s overinvestment in information acquisitiodiizen by different forces in
the overt and covert games. In the overt game, the expeiheests in order to avoid the
negative implications of the decision-maker reacting meékpert’s deviation at the in-
formation acquisition stage. The worst credible punishiritest the decision-maker can
inflict on the expert in case of such a deviation -which of seyprovides the strongest
incentives for the information acquisition- is to ignore texpert's message, unless the
expert acquired the “right” amount of information. In teatal terms, a babbling equi-
librium is played off the equilibrium patH.

Moreover, the focus on off-path play of babbling equiliigavell-grounded and mo-
tivated in reality. Specifically, in a number of situatiohe tdecision-makers only heed
advice of experts whose qualifications or effort exceed liheshold set by the former.
Consider for example expert witnesses in legal trials. hS., the Federal Rules of

20ur set-up is related to the Bernoulli-Uniform model of gh¢alk analyzed by Morgan and Stocken (2008).

SWe refer to these two scenarios as “overt game” and “covenedain the remainder of the paper.

4Ubiquitous in communication games, a babbling equilibmalves the decision-maker taking a decision unaffected
by the expert's message, and, thus, the expert is indiffem@ong sending any message, and adopts a completely unin-
formative communication strategy.
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Evidence specify that testimony by an expert witness is@abée only if it “...is the
product of sufficient facts or data,” and “is the product ditae principles and methods
5 This rule is sufficiently broad and allows the judge todaiher threshold of accept-
ability to the particular case under considerafiofi.the judge finds that an expert has
not met this threshold, (s)he would typically disqualife tBxpert rather than allow a
limited testimony by the expert. Our results suggest thatlégal procedure provides a
powerful incentive for information acquisition.

Other examples of what essentially is a threshold knowledbge for admissibility
of an expert’s advice can be found in politics (parliamentnd congressional hearing
making use of expert’s advice), financial and consumer nsuff@ancial advisors and
real estate agents have rating systems and certain custai@nly deal with the agents
and advisors who have the highest rating categpand academia (short reference letters
that do not describe in detail an academic’s research aedlyisisregarded by hiring and
tenure committees).

Furthermore, we also identify a larger parameter regionhitvour strict overinvest-
ment result holds in all but one Pareto efficient equilibfidhe overt game. The only
exception is the expert’'s ex-ante preferred equilibriurwimch our result holds weakly:
the expert acquires and reveals exactly as much informasidine decision-maker would
acquire directly. This equilibrium outcome can be sus@playing the most informative
communication equilibrium both on and off path. In any otRareto efficient equilib-
rium, the final decision is strictly more precise than theiglen that would be made by
the decision maker acquiring information directly. Thisuk does not rely on the threat
of babbling off-path.

In the covert game, the information acquisition investmguoinobservable, and hence
the decision-maker cannot punish the expert by tailoring dehavior to the actual
amount of information acquired. In fact, we establish thewsearching for the most
informative and/or Pareto efficient equilibria and chagazing attainable levels of in-
formation acquisition, there is no loss of generality inusing on equilibria in which
the expert does not communicate how much information he tqsirad, as the latter
would be a non-verifiable “cheap-talk” message. So, thesg@eimaker interprets any
expert's message under the belief that the latter has a&ehthie equilibrium amount of

5According to the Federal Rule of Evidence 702:

“A witness who is qualified as an expert by knowledge, skilherience, training, or education may testify in the form
of an opinion or otherwise if: (a) the expert's scientificcHaical, or other specialized knowledge will help the toér
fact to understand the evidence or to determine a fact irgjigbli the testimony is based on sufficient facts or déta
the testimony is the product of reliable principles and rodthand (d) the expert has reliably applied the principles and
methods to the facts of the case.”

6Berlin and Williams (2000) report that a case in which: ‘heTlllinois Supreme Court then pointed out that it is
the judge who must determine whether a potential expertesitnis qualified to render opinions in a specific lawsuit”
They quote the opinion of said Court in the cdsees v. O'Young et abs follows: “...The trial court has the discretion
to determine whether a physician is qualified and competestate his opinion as an expert regarding the standard of
care. .. .By hearing evidence on the expert’s qualificatsrscomparing the medical problem and the type of treatment i
the case to the experience and background of the expertigheaurt can examine whether the witness has demonstrated
a sufficient familiarity with the standard of care practidadhe case... [If the expert withess does not satisfy these
requirements], the trial court must disallow the expeg&timony.... The requirements are a threshold beneathhwhic
the plaintiff cannot fall without failing to sustain the @djations of his complaint.”

7J.D. Power and Associates system of rating for brokers gesvbne example.
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information even if that is not the case. We refer to this propas inflexibility of the
equilibrium language. Importantly, this inflexibility @sn equilibrium propertyin our
model, not an assumption.

The inflexibility of the equilibrium language reduces theffiability of the expert’s
deviations in information acquisition. Specifically, thgudibrium language determines
the set of final decisions which the expert can induce thesagcimaker to take. This set
of actions is particularly well tailored to the equilibriutmmount of information. On the
other hand, by the inflexibility property, this set of fedsihctions does not change with
the amount of information actually acquired by the expertl hence it is less suitable
to the non-equilibrium quantity of information. This reisuin a lower precision of the
final action, hurting the expert when he deviates. This effsless powerful than the off
path punishment in the overt game. Therefore, strongerttons on the parameters are
required for the overinvestment to occur. As in the overt game strict overinvestment
result extends to all Pareto efficient equilibria of the cogame, except the equilibrium
preferred by the expert which is characterized by weak nvestment.

Examples of fixed communication language are fairly comnmoecionomic environ-
ments. In particular, the language of financial advice isrofitandardized. Standard and
Poor’s Capital 1Q equity analysts rank assets on a quakt&ipoint scale (Strong Sell,
Sell, Hold, Buy, Strong Buy). Similarly, consumer reseaficms, such as Consumer
Report, J.D. Powers and Associates and others, typicda#iytiha quality of products on
a grid with a fixed number of points. Standardized restrici@hmunication protocols
can be found in public administration and in the militarythese examples the adopted
languages/grids, although endogenous, are apparentiensitive to the amount of in-
formation possessed by the sender and may not be suitabfetatienuch or too little
information is acquired.

Finally notice that in both the overt and covert games, thpegs overinvestment in
information acquisition is not beneficial to the decisioakar by itself, but only when
the loss of the acquired information is transmission is notlarge. In turn, the small
loss in transmission is possible only when the expert’s (breesmisalignment of interests
between the expert and the decision-maker) is small. Heheesxpert's bias must be
sufficiently small for our results to hold.

Our analysis has significant implications for the theory pfimal organization. A
number of authors have cast doubt on the optimality of conication-based organiza-
tions vis-a-vis the alternatives. In particular, Dess@d0g) and Ottaviani (2000) have
shown that a communication-based organization, in whiehptincipal’s decisions are
based on the advice of a biased expert with access to perfddree information, is
dominated by delegation of the decision-making authodtthe expert due to the loss
of information in transmission. Similar results in somewtiéferent frameworks have
been established by Aghion and Tirole (1997) and Gilligash krehbiel (1987}

In contrast to these authors, our paper shows that, whemiaf@mn acquisition is

8Mitusch, and Strausz (2005) is an interesting contributian studies how and when adding a mediator can facilitate
communication between the decision-maker and an inforragy,[@and thus a three level hierarchy can outperform a two-
level one.



VOL. VOL NO. ISSUE STRATEGIC INFORMATION ACQUISITION ANBNRMISSION 5

added to the set of organizational tasks, communicatieedarganization performs
better than either delegation to the expert of both aadsitr direct information acqui-

sition by the decision-maker. Thus, our results providepsugfor the prominent role of

information transmission between experts and decisiokensan organizations, which
has been postulated theoretically and confirmed emplyi¢sdie, e.g., Bolton and Dewa-
tripont,1994, and Garicano, 2000).

Viewed from another perspective, our paper suggests timbptimal to divide the
tasks of information acquisition and decision-making incaganization when the con-
flict of interests within the organization is small. Our stwverinvestment result implies
that such division of labor makes the searching player emere effort, while combining
both information acquisition and decision-making taskihanhands of a single party re-
sults in less search effort, and lower efficiency becauskeopositive externality on the
other(s). This is particularly relevant to partnershipsagitically, it is in line with the
findings in Nelson (1988), who documented significant tadlerintiation among the
lawyers within law firms. Some deal mostly with informatiocgaisition tasks (taking
depositions, research, gathering information from ctignihile others focus on opera-
tional and decision-making roles such as developing casegy, preparing and arguing
motions and negotiating with the opposing parties. While tlivision of labor within
large firms may reflect the distinction between partners aad@ates, this does not play
a role within smaller law firmé.

I. Literatureon Information Acquisition.

The study of information acquisition has largely been utengal in the strategic com-
munication literature, except for a few recent contribasgioln particular, Eso and Szalay
(2010) consider a game in which an expert has the same preés@s the decision-
maker and is initially uninformed but can learn the exadization of the state by paying
a fixed cost. The decision-maker commits ex-ante to a messdgequivalently, action
set) that the expert can choose from. It is shown that résiithis message set can
induce the sender to acquire information for a larger rarigests. Similarly, Szalay
(2005) shows that restricting the set of actions availablhé agent in the delegation
game can increases the latter’s incentive to acquire irdoam. In both these papers, the
restriction on the set of messages (or actions) availablke@xpert is chosen ex-ante
by the decision-maker, and the focus is on the normativetiguesf which exogenously
fixed language maximizes information acquisition. Our nagl€ifferent in a number
of significant aspects. First, unlike in those papers, ingaume the language is endoge-
nous: it does not arise as a result of a commitment but ratherges as a feature of
the equilibrium interaction between the players. Our fosualso different: we study
the positive question of how much information acquisitioouwd occur in the commu-
nication game, as well as in other organizational forms.e©gubstantive differences

90ther studies of partnerships (e.g., Farrell and Scotchh®88, Garicano and Santos, 2004, Levin and Tadelis,
2005) compare them to other organizational forms, but dalebe into the matter of labor division within them. One
exception is Garicano and Hubbard (2008) who study the @biilistribution of lawyers across legal fields.
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between our model and those of Eso and Szalay (2010) andyS28i@5) involve the
expert’s preferences and information acquisition tecbgyal our expert is biased, he can
acquire any intermediate amount of information about the $tate of the world, and his
information remains imprecise, except in the limit.

Another related contribution is Pei (2015) who considersedocostly information ac-
quisition and transmission. In his model, the expert firguires an information partition
of the state space, and then observes the element of theetgairtition to which the
true state belongs. His key assumption is that a sender cair@@ny coarsening of
a feasible partition at a lower cost. The implication of thisverful assumption is that
all equilibria involve full revelation of the expert’s pate information. Indeed, there is
no reason for the expert to purchase an information partéitd then coarsen his infor-
mation in transmission if, instead, he can directly purehié®® corresponding coarser
information partition at a lower cost and then transmit dyawhat he has learned.
Our information acquisition technology -via experimentsiah improve the precision
of information- does not satisfy the assumption of Pei (3015

Less closely related, Che and Kartik (2009) study acqaisiéind disclosure of veri-
fiable information. In their model, the expert has the saneégpences as the decision-
maker but a different prior. Because of verifiability, aroimhed expert can only disclose
his signal or conceal it. These authors focus on the choitteeaéxpert by the decision-
maker, and show that the latter would prefer an expert withiar pifferent from hers.
The divergence in prior beliefs, while stifling communioati provides stronger incen-
tives for the expert to put effort into information acquitsit.

The rest of the paper is organized as follows. Section 2duires the model. Section
3 describes the main results for the overt and covert mo&astion 4 derives the im-
plications for organization design. Section 5 concludel$ pfoofs are relegated to the
Appendix.

I[I. TheModd

Our model of cheap talk with endogenous acquisition of gasflormation by the
expert-sender is a natural extension of the classic Crawdod Sobel (1982) model.
There are two players, the expert and the decision makerdé&tision-maker’s payoff
is given by
1) UR(y,0) =—(y—0)?,
wheref is an unknown state of the world agds the action taken by the decision-maker.
For simplicity, we assume thatis distributed uniformly over [01], but the main forces
driving our results are robust to different distributioaabumptions.

The expert’s payoff is given by
) US(y,0.b) —c(n) = —(y—0 —b)?> —c(n),

where the bia$ > 0 measures the preference discrepancy between the expgettean
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decision-maker and(n) is the cost of information acquisition when the expert pen®
n trials as described below.

The game unfolds as follows. Initially, both the expert dmeldecision-maker have the
same common knowledge prior beliefs tifais distributed uniformly over [01]. The
expert then proceeds to acquire information by deciding naraber of binary trials to
perform® Each trial results either in a success or a failure, with gbilly of success
equal to the trué@. Conditional or?, the realization of each trial is independent of other
trials. If the expert performa trials, he incurs the cost(n) = cn and simultaneously
learns the realizations of all trials. Then he sends a messag M to the decision
maker, whereéMl is some message set. After receiving the message, theatenisiker
chooses an actioy € [0, 1].

For givenn andé, the number of successkss distributed according to the binomial
distribution:

f (k|n, ) = lek(l—e)”—", forO<k<n.

k! (n — k)
Whené is uniformly distributed, the distribution ¢fis also uniform:

prkim = | — " gk — kg — L
" 'n)_A k! (n — Kk)! 1=0) TN+l

Finally, the posterior distribution @f givenk successes in trials is a Beta distribution
with parameter& + 1 andn — k + 1. Its density is given by:

1!
f Ok =—0tD < L-0)*, if0<0<L

k! (n — k)

The corresponding posterior expectatioas E [0|k, n] = E+ ;

We will distinguish between two cases in the analysis. Indhert game prior to
choosing an actioly the decision-maker observes the number of tmatserformed by
the expert. In theovert gamen is private unverifiable information of the expert.

A. The Overt Game

A pure strategy Perfect Bayesian Equilibrium of the overngas described by a
tuple (n, {Po}venuiop, LY (Pn/)}n/eNU{o}), wheren is the expert’s number of trial$, =

(pfa pﬂ’Pn/) is the partition of the set of the expert’s typgs 1, ..., n'} describing the
information communicated by the expert aftétrials, and{y (Py)} = (ygl yg;Pn/)
IS the decision maker’s action profile corresponding toifpant P,, .

10we envision a “batch” model in which the expert decides omzefar all on the size of the batch (number of trials)
to acquire. Changing the size of the batch along the roadisdstly e.g., requires a high fixed cost.
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According to this definition, if the expert performstrials with k successes, then he
sends a message to the decision maker that the elgmehthe communication parti-
tion Py has occurred, whetle € p;.1' A babbling partitioncontains a single element.
In a fully separating partition,each type is an element of the partition. Correspond-
ingly, yB. € [0, 1] is the action which the decision-maker takes after récgia message
corresponding to the elemept of the partitionP,, .

The following conditions must hold in an equilibrium:

(i) Action profiley(P,) is sequentially rational for aft’ i.e. yB. maximizes the decision-
maker’s expected payoff given that the expert’s tigpein p;:

1
3) yB. € arg max/ UR(y,0)f @]k € pi,n)do forall p; € Py;
Yy Jo

(i) For everyn’ € N U {0}, the partitionP, is incentive compatible i.e., for arly €
{0,1,...,n'}andp; € Py such thak € p;, we have:

(4)
1 1
/ us(yg;,e, b) f (61, ') do 2/ US(yY,6,b)f (1k,n') do, forallq e Py.
0 0

(iii) n maximizes the expert's expected payoff i }renuioy and{y (Po)}yvenuio)-
That s, ifk € p" (k), then we have:

n’ 1
S\ / / _ ’
5) ne argn/erg%} 2. (/o u (ypn/(k),e, b) f (01k,n")dd x Pr(k|n )) c(n).

Our next step is to characterize the decision-maker’s @bction rule and the incen-
tive compatible (IC) partitions.

LEMMA 1: The decision-maker’s sequentially rational acticgiﬁ ig equal to her poste-
rior expectation o, given ri trials and the element; pf the partition R communicated
by the expert:

’ 1 k+1
6 o =E|[0|p,n|=— ,
© i =Ebin = S0

where| p;| denotes the cardinality of; p

LEMMA 2: A communication partition fis incentive compatible if and only if each
element of it consists of consecutive types and the caiti@sdlp; | and| p;,1| of any two

11we do not specify explicitly which message(s)e M signals an elemeng; of the partitionP,,. Any arbitrary
partition of the message spabkinto #P,, setsMj, ..., M#pn, s.tUiMj = MandM; N M =@ fori # | will do.

With any such convention, every message uniquely maps tteareat of partitionP,, for anyn’.
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of its consecutive elements gnd p.; satisfy the following:

(7) db(n+2)—-2<|pl—Ipl <4b(n+2)+2

Condition (7) is an incentive constraint for boundary typesuthfully announce the
corresponding element of the partition. The first inequaltiarantees that the action
associated wittp; ;1 is sufficiently large that the highest type jm prefers to announce
pi rather thanp;, 1. The second inequality guarantees that the action asedaiath p;
is sufficiently small that the lowest type |, , prefers to announcegs; rather tharp;.

Note that (7) is conceptually equivalent to the arbitragedition in Crawford and
Sobel (1982), which guarantees that boundary types in arar@ipn are indifferent
between two consecutive elements of it. In fact, it is easshtow that agy becomes
large, any IC partition of our model converges to an equilior partition of Crawford
and Sobel (1982). The main difference is that in our modektpert is not perfectly
informed, and the type space is finite. Because of the lattehoundary types are typ-
ically not exactly indifferent between adjacent elemeiffitthe partition and also, unlike
in Crawford and Sobel (1982), fully separating communaafartitions can be incen-
tive compatible. In fact, by Lemma 2 a fully separating izt is incentive compatible
if and only ifb (n’ + 2) < 1/2. If b > 1/4, then the only IC communication partition is
a babbling one.

Because we will use Pareto-efficiency as a refinement aitglet us now highlight
the notions of Pareto-ranking of IC communication pamis@nd Pareto-efficiency of the
equilibria. For any’, IC partition{P,} and sequentially rational action prof§gP, ),
the expert’s and the decision-maker’'s ex-ante expectedfisalderived on page 32 in
the Appendix) are respectively given by:

®)  E[-(y(Pn)—0? Pyl —b?—cn' and E[-(y(Py) —6)*|Py].

At the interim stage (i.e., after the number of trialdras been chosen but the number of
successes has not yet been realized)is a sunk cost for the expert. So (8) implies that
at the interim stage the preferences of the players areealigihey both prefer a lower

E [(ygl — 0)2 | Pn/], the residual variance éfunder{P,}. Hence, all IC communication

partitions forn’ trials can be Pareto-ranked according to the residualnegiafé, or,
equivalently, according to tharecisionof the decision, 1E [(y(Py) — 6)*|Py].%?

Next, we say that equilibriungn’, {Pn}nenugoy, {Y (Pn)nenugo) 1S €x-ante Pareto ef-
ficientif there is no other equilibrium in which the expert's and thecision-maker’s
ex-ante payoffs are greater, with at least one of them Istigceater. In contrast to the
interim stage, at the ex-ante stage the preferences ofdlgerslare not aligned because
the investment costn’ has not been incurred yet. This creates a tension between the

12p complete characterization of Pareto efficient IC pamtisids provided in the online Appendix available at
www.severinov.com/iasupplement.pdf.
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common interest of the players to maximize the precisiorhefdecision, and the fact
that the cost of information acquisition is borne entireptie expert.

Note that ex-ante Pareto efficiency requires a Pareto effiti® partition to be used
in equilibrium. However, this does not preclude the playeym coordinating on a less
informative communication partition off the equilibriunagh, after a non-equilibrium
number of trials.

B. The Covert Game

In the covert game -unlike in the overt game- the decisionendkes not observe
the amount of information acquired by the expert. Formaliis implies that a Perfect
Bayesian Equilibrium of the covert game must additiongtlgafy the decision-maker's
beliefs about the expert's information acquisition choidéhe other elements are the
same in both games.

We will focus on the equilibria in which the expert plays a e@strategy at the in-
formation acquisition stage. In principle, the expert mgytd signal to the decision-
maker information how many trials he has actually performaa his cheap talk mes-
sage. However, the next Lemma shows that restricting aitetd equilibria in which
the expert does not signal how much information he has asgjisrwithout loss of gen-
erality. More precisely, it does not affect the set of edpilim outcomes and the scope
of information acquisition, which is our primary interest.

LEMMA 3: Any outcome supported in a Perfect Bayesian Equilibriumhefdovert

game in which the expert follows a pure strategy in the choftke number of trials can
be supported in a Perfect Bayesian Equilibrium in which tleeision-maker’s beliefs
about the number of trials do not vary with the expert's mgssa

The intuition behind the Lemma is based on the following olzs#on: if the expert
could affect the decision-maker’s beliefs about the nurobperformed trials, he would
have a larger set of deviations available than if he could Bpecifically, if the expert
could signal the number of performed trials he would have ¢lasses of available de-
viations. The first one involves the expert misleading thagien-maker by performing
a non-equilibrium number of trials but still sending an déiquum message, signalling
that he has performed the equilibrium number of trials. Témpad class of deviations
involves the expert performing a non-equilibrium numbetrais and signalling to the
decision-maker that some (not necessarily true) nondeguin number of trials has
been performed.

In contrast, if an expert cannot affect the decision-makieliefs about the number
of trials, then an equilibrium has to be immune only to theiakians of the first class
described above. So any equilibrium in which the expert dfactethe decision-maker’s
beliefs about the number of trials remains an equilibriunemthe expert cannot affect
those beliefs.

Relying on Lemma 3, we will focus on equilibria in which, isgectively of the ex-
pert's message, the decision-maker believes that thetdgumeperformed the equilibrium
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number of trials with probability 1. Then a pure-strategyf@ Bayesian Equilibrium
of the covert game is represented by a triple Py-, y (P.+)), wheren* is the number of
trials, P+ is a communication partition, aiyd Py ) = {ygi*}pi ep.. Isthe decision-maker’s
action profile. As in the overt game, the equilibrium pastitP,- must be incentive com-
patible and the action profilg(P,-) must be sequentially rational i.eP,- andy (P.+)
have to satisfy (3) and (4), respectively.

The equilibrium number of trials must maximize the expeetpected payoff given
P, andy (Py:) i.e.,

n 1
9) n* e arg max max US(y,, 0,b) f (0;k,n)do | Pr(k; n’) —c(n).
©) n*e gn’eNU{O}kZZ(;|:Yp€y(Pn*)/C; (¥ )1 ) :| ) = etm)

The latter condition reflects the specific structure of theedbgame. To understand it,
consider the expected payoff that the expert gets by dagiatithe information acquisi-
tion stage to some’, n’ # n*. In this case, the communication game will still proceed
on the basis of the equilibrium partitid®,« and so, whatever message the expert sends
at the communication stage, he will only be able to induceddrtiee actions in the equi-
librium action profiley (P,<). Then, given som& successes in’ trials, the expert will
choose to induce actione y (Py:) that maximizes his payoff, as reflected in (9).

The nature of the optimality condition (9) has important licgtions for the covert
game. In particular, the following trade-off emerges: a@iaformative communication
partition leads to a more precise decision. However, a higifermativeness of the
information partition makes it more profitable for the exgerdeviate at the information
acquisition stage.

The covert game, as the overt one, has multiple equilibria. vl focus on the set
of Pareto-efficient ones. The definition of Pareto-efficient equilibria given in the
previous subsection for the overt game applies to the cgeane as well.

C. Direct Information Acquisition

One of the central results in the literature on cheap talkas the decisions based on
information communicated by a biased expert are less @eargl hence less efficient,
than the decisions made by a decision maker with direct adoethe information. We
inquire below whether this result continues to hold whearimfation acquisition is costly
and endogenous.

To address this question, we need to consider the benchmabslem of a decision-
maker acting without an expert and acquiring informatiorhbyself. Such a decision-
maker chooses a number of triaddncurring the cost (n) = cn. She then observes
the number of successkse {0, ..., n}, and finally takes an actioy; ,. By the same
argument contained in Lemma 1, the optimal action givennfarination acquired is:
Yen = E[0IK] = (k+ 1)/ (n + 2). This implies:
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LEMMA 4: The expected utility of the decision-maker who performsatstis equal
to:

1

(10) E [— (Yien — 6)2 |n] —cn= “thi2 cn

The decision maker’s optimal number of triafs(g) is given by:

‘() = e (—— 1 -
n*(c) = max{n. 612 cn (6(n—1+2) c(n 1))>0}
1 2
w -3 Z-)|

Combining (10) and (11) yields a closed form expression fier decision-maker’s
maximal attainable expected payoff:
(12)

E [— (Y — 9)2 |n*]—cn* (c)=— ! )J —C L% (,/1 + 3% — S)J :

6[%( 1+2+41

Finally, we observe that if instead information acquisit@nd decision making were
both delegated to a biased expert, he would maxirEi{e— (Yien — 0)2 |n] —b?—cn. It
is immediate that the expert would also chooéc) trials.

I1l. Overinvestment and Decision Precision

This section provides the main result of the paper that thisdas based on the advice
of a biased expert can be more precise than the decisiond baseformation directly
acquired by the decision maker. This is driven by a combomatf two factors: the
expert’s overinvestment in information acquisition, ane $mallness of the information
loss in transmission.

To understand the intuition behind this result, note thiovahg basic misalignment
between the players’ preferences. Since the cost of info@macquisition is borne
by the expert, ceteris paribus the decision-maker prefersthe expert acquires more
information than under direct information acquisitioncbmtrast, the expert never wants
to acquire more information than in the benchmark direcqgition case, and will want
to acquire less information if some of it is lost in transriogs

We show that, despite the misalignment of the preferenbegrincipal is able to in-
duce the expert to overinvest in information acquisitiorne Exact way in which this
occurs is different in the overt and covert game. Howevegrarnon element in these
two games is that the expert’s information remains fairlgrese even under overinvest-
ment. This helps the expert’s incentives to transmit itfulthich, in turn, increases her
incentives to acquire information.
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It is worth noting that our overinvestment results do nof @ misalignment of pref-
erences between the two players: they hold also when thetexpmbiased. This stands
in contrast with the work Che and Kartik (2009) on the acdgiaisiand transmission of
verifiable information.

A. Decision Precision in the Overt Game

The observability of the number of trials in the overt gameligs that the decision-
maker can and will react to the amount of information acqlivg the expert. As we
show below, this reaction can induce the expert to overtriméaformation acquisition.
We will start by considering equilibria in which the decisimaker uses the strongest
credible punishment - playing a “babbling” communicatiaquiibrium- if the expert
deviates in information acquisition. We then demonstriaée such a strong threat is not
necessary for overinvestment.

In a babbling equilibrium of the communication game, theslen-maker ignores the
expert’s message as uninformative. An intuitive intergiien of this reaction by the
decision maker is that a deviation by the expert in the infdrom acquisition stage may
naturally cause the decision-maker to lose any trust inxperg!

To understand how the threat of babbling can lead to an oxesiment, consider the
limit case of an unbiased expert. Suppose the decision nvedets to induce him to
performn*(c) + 1 trials. If the expert does so, a fully separating equilibriis played in
the continuation, and the decision-maker uses the mosspraction rule given*(c)+1
trials. This is incentive compatible under zero bias. If atiyer amount of information
is acquired, a babbling equilibrium is played in the commation game: the decision-
maker ignores the expert’s message and takes an “uninféiangdny = % equal to the
ex-ante expectation éf Thus, the expert faces a choice between two alternativasod
perform any trials and save the cost of information acqoisjtout face an “uninformed”
actiony = %; alternatively, incur the codin*(c) + 1)c followed by the most precise
action rule. The second alternative is very close to themg@bsolute payoff maximum
attained by performing*(c) trials and fully revealing their outcome: the differencthis
cost of one additional triat;, which is partly compensated by higher decision precision.
In contrast, the payoff difference between the first altivaaand the expert’'s absolute
payoff maximum is significant whenis small and hence*(c) is sufficiently large. So
the expert prefer to overinvest and perfanhic) + 1 trials. By continuity, this result also
holds when the expert has a sufficiently small bias.

The next Proposition is based on this logic and identifieBcseiit conditions for the
existence of an equilibrium with overinvestment and a gk loss of information in
transmission*

13selection of a babbling equilibria to improve the decisioaker’s welfare is reminiscent of the constructions in
the sequential cheap talk models of Aumann and Hart (2008)Kaishna and Morgan (2004). But, unlike in those
constructions, we do not invoke babbling equilibria on theikbrium path.

14For expositional simplicity we have assumed that the infiom acquisition cost is the same for the expert and
the decision maker. The result of Proposition 1 holds adarif the expert is more efficient than the decision maker at
acquiring information.
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48
an equilibrium in which the final decision is strictly moreepise than in the case of
direct information acquisition by the decision maker.

1
PROPOSITION 1: If b < (‘/1+ 2 4 3) and ¢ < 3247 then the overt game has

The sufficient conditions of this Proposition guaranteéiffbrmation transmission
on equilibrium path. However, this is not necessary for mult of the Proposition to
hold. Rather what is required is that the loss of informatioocommunication should
not be too large.

To illustrate this, we have numerically computed the eftiiim of the overt game
with the most precise decision rule, and compared its rabicariancek [(yn —0)? |n]
with the residual variance in the benchmark direct inforaraicquisition case in (12).
We have performed these computationsifar [0, 0.25], ¢ € [0, 0.027] andn < 1001°
The results are presented in Figure 1(b). Figure (1a) defliet region where the suf-
ficient conditions of Proposition 1 hold. Taken togethegsth figures show that for a
broad range of parameter values the precision of the dedsiaigher in the communi-
cation game than under direct information acquisitionne/some information is lost in
communication. The overinvestment in information acdigisimore than compensates
for this loss.

(1a) (1b)

0.005 0.01 0.015 0.02 0.025 0.005 0.010 0.015 0.020 0.025
COST COST

FIGURE 1. DECISION PRECISION IN THE OVERT GAME

Note: (1a) In the white region, the sufficient conditions in Prdpos 1 are satisfied. (1b) In the white region the decision
in the most informative equilibrium of the overt game iscttyi more precise than with direct information acquisitidm
the grey region it is as precise. In the black region it icHtriless precise.

15This is the relevant parameter range, sincetfor 0.25 the unique equilibrium of the communication game is
uninformative, and foc > 0.027 the unigue solution of the decision maker’s optimizatiosbem isn* = 0.
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The next Proposition extends the scope of Proposition 1 tapkshing that its result
holds in all Pareto efficient equilibria of the communicatgame, except for the equi-
librium preferred by the expert. In the latter, the decigpoecision is the same as under
direct information acquisitiot

-1
PROPOSITION 2: If b < (‘/1 + 3—2C + 1) , then in the Pareto-efficient equilibrium of

the overt game with the highest ex-ante expected payofhéoexpert, the final deci-
sion has the same precision as the decision based on difectiation acquisition by
the decision-maker. This equilibrium can be supported vthermost informative com-
munication equilibrium is played off the path. In any othard?o-efficient equilibrium
of the overt game, the decision is strictly more precise thader direct information
acquisition.

To prove Proposition 2 we first show that full revelation dfoimation is incentive
compatible when the expert performg(c) trials. This implies that in the equilibrium
with the highest ex-ante payoff for the expert, the latteffggens exactlyn*(c) trials
followed by full revelation. Indeed, recall that at the exestage the players’ pref-
erences are aligned and they both would like to maximize #uésthn precision. So,
after n*(c) trials and full revelation the expert obtains the same etgukepayoff as the
decision-maker optimally acquiring information herseidulo a constari#?. Suppose
the expert deviates and chooses a different numbef trials. Then, in any continua-
tion equilibrium his payoff decreases by at least the sameuairas the payoff of the
decision maker who switches froni(c) trials ton” in direct information acquisition.
Becausen*(c) is optimal for the decision-maker in the latter scenarialsb constitutes
an equilibrium choice for the expélrt. This equilibrium is Pareto-efficient, because the
expert attains his highest ex-ante expected payoff. By itiefin in any other Pareto-
efficient equilibrium the decision maker achieves a higheamte expected payoff, i.e.
the decision is strictly more precise.

B. Decision Precision in the Covert Game

In this section we show that equilibria with overinvestmand higher decision pre-
cision also exist in the covert game, albeit under moreiotise conditions than in the
overt game, because in the covert game the decision-makemidd observe the amount
of information acquired by the expert and hence the lattemeake unobservable devia-
tions in the choice of the number of trials.

The logic behind this result is more subtle than in the oveni@. Consider the simple
case of an unbiased expert, so that full revelation is alvagsible on the equilibrium

18Focusing on Pareto efficient equilibria is standard in ttegdiure on signaling games.

I7Notice that this equilibrium outcome can be achieved fdiediit selections of the communication partition to be
played off-path. In particular, for the case in which the trioformative communication partition is played for any
number of trials acquired.
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path. Relying on Lemma 3, we restrict consideration to dayial in which the decision-

maker’'s beliefs about the number of trials performed do mainge with the expert's
message. This inflexibility ultimately implies that the eéactions which the expert can
induce is not tailored well to the information acquired aienon-equilibrium number

of trials, and hence the decision-precision after a denaith information acquisition

is lower than on the equilibrium path. As we show below, tlaistér outweighs any
potential expert's cost savings from a deviation to a lowemhber of trials, when the

equilibrium number of trials does not excedby too much. This logic is robust to the
presence of a small bias. The following simple exampletilatss this.

EXAMPLE 1. Suppose that &= 1/35and b < 17/210 By Lemma 4, h = O i.e.,
the decision maker would not acquire any information, reiogj a payoff of—1/12 .
However, the covert game has an equilibrium in which the experforms one trial
and reveals its outcome, inducing action=y 1/3 after a failure and y= 2/3 after a
success. The associated expected payoffs of the expertf #mel decision maker are
—1/18—b? —c and—1/18, respectively. So, the decision precision is higher thaeun
direct information acquisition, and the decision-makexgpected payoff increases by 50
percent. Let us check that the expert has no profitable demtAfter any deviation, he
can only induce one of the equilibrium actions=y1/3 or y = 2/3. If he deviates to
zero trials, then because of his upwards bias 10, he would induce y= 2/3 obtaining
expected utility of-1/9+ b/3 — b?. This is less thar-1/18 — b? — ¢ when b< 17/210
and ¢ = 1/35, so this deviation is unprofitable. Showing that a deviatom > 1 is
unprofitable is straightforward and is omitted.

Example 1 deals with the simplest case in which the only daavdwleviation in in-
formation acquisition involves performing no trials. Buirdine of argument works
more generally. Indeed, in Example 2 below the decisionenakquiring information
directly performs one trial, but in an equilibrium of the estvgame the expert performs
two trials. In this case a downward deviation by an expertdimgle trial still generates
a non-trivial, binary information partition, while the @ljorium action profile consists
of three elements and hence offers a finer choice to the ayentthis action profile is
not well-suited to the off-equilibrium information par@ih, and a deviation to one trial
causes a loss of decision precision which is not compenbgtad economy of informa-
tion acquisition cost.

EXAMPLE 2: Suppose that b< 1/24 and1/72 < ¢ < 1/48 By Lemma 4, the
decision-maker would acquire one trial and get a payff18—c . However, the covert
game has an equilibrium in which the expert performs twddrand truthfully reveals
the outcome, inducing actiorils/4, 1/2, and 3/4 after zero, one, and two successes,
respectively. The expected payoffs of the expert and ofettisidn maker are-1/24 —
b? — 2c and—1/24, respectively, with the utility gain to the decision-maketvieen 40
percent and 45 percent depending on the cost.

By Lemma 2 truthful revelation of the trial outcomes is incencompatible for the
expert. Let us check that there are no profitable deviatidaniseainformation acquisition
stage. Any message after such deviation can only inducefdhe equilibrium actions,
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1/4, 1/2, or 3/4. If the expert deviates to zero trials, then her payoffs frbem;e actions

are —1/12— (b + 1/4)%, —& — b?, and—=; — b, respectively. Since?b< 5, action

% gives the highest payoff WhICh IS nevertheless smaller kg putative equilibrium
payoff—1/24 — b?> — 2c because c< 1/48. So this deviation is unprofitable. Next,
consider a deviation to a= 1. In this case, the number of successes k could be either O
or 1. The computations provided in the Appendix show thaexipert prefers to action
1/4 when k= 0, and action3/4 when k= 1. So, after n= 1 the expert's expected

payoff equals Proik = O|n = 1) (—2]01 (3-60- b)2 (1- 0)d9) + Probk = 1jn =

1) (—2 fol (2-0- b)20d6) — ¢ =—3/48 — b? — ¢ which is less than his putative
equilibrium payoff-1/24 — b? — 2c. Finally, showing that the expert would not deviate
to n > 2is straightforward and is therefore omitted.

The following Proposition generalizes the above examples identifies sufficient
conditions for strict overinvestment and higher decisioecsion in the communication
game.

1
PROPOSITION 3: If m <C < smod

(321) Tna, (3351 Tns, (8822) In_s] for some integer ¥, and b < 4(n+3),

covert game has an equilibrium in which the final decisiortiietty more precise than
the decision based on direct information acquisition.

— max{0, (3b) Ino, (24b 2o5t) In-1,

then the

The conditions of Proposition 3 are represented graplgicaiFigure 2a. Observe that
an interval of costs for which these conditions hold, predithat the biab is sufficiently
small, is followed by an interval of slightly higher costs tehich these conditions never
hold, which in turn is followed by an interval of higher coéts which these condition
holds again under small bias, and so on. This pattern refleet®llowing regularity.

Let H(n) be an interval of cost values for whichis the optimal number of trials under
direct information acquisition. Note that(n) = ( L L ) and so the

6(+2)(N+3)* 6(n+1)(n+2)
cost axis can be divided into adjacent intervillén) corresponding to different values
of n. For eachn, the second condition in Proposition 3 identifies a subuatel (n)

of H (n) where the result holdsL (n) constitutes the lower part dfi (n) for everyn.
Hence, the intervalk (n) are not adjacent.

When the unit cost lies in L (n) and the bias is not too large, the covert communication
game admits an equilibrium in which the expert rins 1 trials and fully reveals their
outcome.L (n) is a strict subset off (n) because, i€ is too close to the upper bound of
H (n), the expert prefers to save some cost and deviatdrials. The condition on the
biasi.e.b < 1/[4 (n + 3)], guarantees that, if the expert performg- 1 trials, he then
fully reveals their realization in the communication game.

18The symboll,—k in the inequality denotes the indicator function takingreabne ifn = k, and zero otherwise. It is
easy to check that this interval is non-empty for every
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(2a) (2b)

BIAS
BIAS

0.005 0.010 0.015 0.020 0.025 0.005 0.010 0.015 0.020 0.025
COST COST

FIGURE 2. DECISION PRECISION IN THE COVERT GAME

Note: (2a) In the white region, the sufficient conditions in Prapos 3 hold. (2b) In the white region, the decision
in the most informative equilibrium of the covert game iscsly more precise than under optimal direct information
acquisition. In the grey region the precision is the sambémost informative equilibrium of the covert game and under
optimal direct information acquisition. In the black regjdhe decision under optimal direct information is morecjze
than in the most informative equilibrium of the covert game.

Since the conditions of Proposition 3 are stronger thanssaeg, we have numerically
identified the whole region of the parameter space where ribagion of the decision
maker’s action in the most informative equilibrium of theved game is strictly higher
than under optimal direct information acquisition. Theutessare presented in Figure 2b.

We conclude the analysis of the covert game with a resulbgoak to Proposition 2
for the overt game.

-1
PROPOSITION 4: If b < (2 1+ 3% + 2) , then in the Pareto-efficient equilibrium

of the covert game with the highest ex-ante expected paydffd expert, the final deci-
sion has the same precision as the decision based on difectriation acquisition. In
every other Pareto efficient equilibrium of the covert galhmedecision is strictly more
precise.

The proof of Proposition 4 establishes that in his prefeeqailibrium the expert per-
forms n* (c) trials and fully reveals their outcome. The key step of theopishows
that the expert cannot benefit by deviating fraimat the information acquisition stage,
because any such deviation yields him a loss exceedinggkérourred by the decision-
maker making the same deviation in direct information agitjon. The second part of
the Proposition follows because in any other Pareto effi@enilibrium the decision-
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maker’s payoff, and hence the precision of the decision} imfigher.
V. Organization Design

Our results have important implications for organizatiesign. Specifically, consider
an organization that has to gather information and take @idaaunder uncertainty. We
will focus on two cases which differ in terms of organizatibobjectives, depending on
whose interests are served by the organization. The firstdmeds with an organization
that serves primarily the interests of its principal. Hewe, consider three possible or-
ganizational structures. Undeentralization the principal acquires information directly
and takes the decision. Formally, it corresponds to ourt@ack case of direct informa-
tion acquisition by the decision-maker. Beyond a literédiipretation, we may consider
this organizational structure to describe situations irctvthe principal hires, directs and
closely supervises its employees. Undetegation the principal delegates both infor-
mation acquisition and decision-making to an agent. Rinaidlacommunication-based
organization the principal delegates the task of information acquisito her agent but
keeps the decision-making authority.

Under centralization/direct information acquisitione trincipal’s expected payoff is
given by the following:

(13) E [— (y - 0)2 |n*(c)] —cn*(c),

whereyl” = (k+ 1) /[n* (c) + 2] is the principal's optimal decision rule whekés the
number of successes observeair(c) trials.

The optimization problem solved by the agent under delegasi similar to the prin-
cipal's problem under centralization. In both cases, théymcquiring information op-
timally conductsn*(c) trials given by (11). But under delegation, the optimal dieei
rule for the agent i (b) = (k+ 1) /[n* (c) +2] + b. So, the principal’s expected
payoff under delegation is:

(14) E [— (y* —0)°|n* (c)] — 12

The comparison between centralization and delegationagbktforward. By delegating
decision to the agent, the principal trades off saving tlierimation acquisition cost
cn*(c), for a biased decision with lo&g.

Communication can be modelled either via overt or covertegamalyzed above, de-
pending on whether the principal observes the number d$ tierformed by the agent
or not. In either game, the principal’'s expected payoff iedained by the numbar of
trials and equilibrium communication partitign, and is equal to:

(15) E[-T-02%P],

wherey = E(0|p') is the optimal decision when the expert's message signaisagit
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p' of the partitionP.

Inspection of expressions (13)-(15) shows that both ckzrateon and delegation are
dominated by a communication equilibrium with partitighif E [— (Y — 6)? |P] >
E [— (y* — 0)?|n* (c)], or, in our terminology, if the decision in the communication
equilibrium is at least as precise as in the benchmark cadieanft information acquisi-
tion. Hence, Propositions 2 and 4 imply the following Ccaiol

-1
COROLLARY 1: (a) Ifb < ( 1+ 3% + 1) , then the principal strictly prefers any

Pareto efficient equilibrium of the overt game to centrdimaand delegation.
-1
(b) Ifb < (2 1+ 3—20 + 2) , then the principal strictly prefers any Pareto efficient

equilibrium of the covert game to centralization and detega

The comparison between communication and centralizatho@arollary 1 is per-
formed under the assumption that the agent and the prinkga the same costin
information acquisition. However, the comparison betweammunication and delega-
tion does not rely on it, since the expert bears the cost ofmmétion acquisition in both
organizations.

Next, to highlight the benefit that the principal gets frormeounication-based organi-
zation, we have computed and plotted in Figure 3 the chantpeidecision-maker’s ex-
pected payoff obtained by switching from direct informatazquisition to a communication-
based organization, in an equilibrium with the minimal avegstment. The former pay-
off is given by equatior§12), while the latter corresponds to the communication equilib
rium in which the expert performs’ (c) + 1 trials and reveals their outcomes (Sufficient
conditions for the existence of this equilibrium in the dad covert game are provided
in Propositions 1 and 3). The actual gain for the decisiokenés larger than the one
represented on the graph in equilibria larger overinvestifie

The lower curve on the graph represents the gain from higleeigion of the decision.
The latter varies from a few percentage points for low vahfdake costc, to around 25
percent whem is close to the top of the admissible range. The higher cumtb®graph
shows that the gain is much larger, and varies from 40 petoes percent, when the
beneficial effect of transferring the cost from the decisiagsker under direct information
acquisition to the expert under communication is also actamlifor.

As our second application, we consider an organization elodgective function is
the sum of payoffs of both parties who are affected by thesitati While we continue
to refer to them as principal and agent for ease of comparisothe present case it
is more natural to think about the organization as a pattirsrhus, the total payoff
of the partnership is given by[—2[— (J(P) — 6)? |77] — b? — cn, whereP is incentive
compatible information partitiory(P) is the action profile unde?, andn is the number
of trials performed ant is bias which in this case reflects the non-congruence alste
between the partners. Note that a non-congruence of itdebesween partners is a

1%we have plotted the two curves in Figure 3 for the same rangesi$ as Figures. As stated in Propositions 1 and 3,
an equilibrium with of the overt and covert game respegfiviel which the expert performs*(c) + 1 trials and reveals
their outcomes, exists only in subsets of this range. Thaissess are illustrated in Figures 1(a) and 2(a), respéygtive



VOL. VOL NO. ISSUE STRATEGIC INFORMATION ACQUISITION ANBN®MISSION 21

—

Principal's proportional gain

0.2T

"0.00 0.01 0.02

FIGURE 3. PRINCIPAL’S GAIN

Note: The lower line represents the proportional increase in #mstbn precision when switching froni* (c) trials
directly purchased by the principal td' (c) + 1 trials purchased by the expert and followed by full revefabf their
outcome. The higher line represents the proportional as&én the principal’s payoff when taking into account bbi t
increase in the decision precision and the cost savings.

common phenomenon (multiple lawsuits between partnegstdtt that), so the bids
and the fact that the partner who chooses the action maxdnhigeown payoff rather
than the total payoff above are a natural reflection of sudalgnment.

Although a partnership can be organized in many differentswaur analysis will
be limited to the organizational forms described above.sTander centralizatiorone
partner takes upon himself both information acquisitiod decision-making. Formally,
under partnership’s objective function, centralizatierpayoff-equivalent, to both our
benchmark case of direct information acquisition by thesie -maker and to the dele-
gation. Undespecialization or division of labothe tasks of information acquisition and
decision making are split between the partners. This orgéional form can be mod-
elled either via the overt or the covert game, depending ogtlven the decision-maker
observes the information acquisition choice by the othemnpaor not.

Our next result shoes that, under the sufficient conditiéfrapositions 1 and 3, the
outcome of specialization/division of labor (i.e. at leasé equilibrium outcome of both
the overt and covert game) dominates centralization.
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48
overt game yields a higher payoff to the partnership thartredimation in at least one
equilibrium.
(b) For any integer n, if b< —X~, and

1
PROPOSITION 5: (a) If b < ( 1+2 + 3) and c< =YI7_division of labor in the

= 23
s < © < e — Max{0, (3b) Inco, (¥65Y) Inot, (3255 Tz,

(321 Ins, (°%22) L4}, division of labor in the covert game yields a higher payoff t

the partnership than centralization in at least one equilim.

Since ours is not a complete study of partnership mechanmwagio not claim to
provide a characterization of the optimal organizationatffor a partnership. However,
the last result suggest that a partnership involved in médron acquisition and decision-
making in an uncertain environment would benefit from speaon and division of
labor between the partners. The equilibria identified inpBsitions 1 and 3 not only
yield a significant utility gain to the decision-maker, blgcagenerate a surplus that
would be sufficient to compensate the acquirer of infornmettiw the cost and effort that
he expends in this activity.

V. Conclusions

We have developed a simple, yet intuitive model of costlyogrhous information
acquisition with strategic communication of this inforioat In this context, we have
shown that decisions based on a biased expert’s advice nmagigegprecise than optimal
choices based on direct information acquisition, evenefakpert is not more efficient
than the decision maker at acquiring information. This ltesumportant for organiza-
tion design, as it implies that (i) under certain conditicosnmunication-based organi-
zations outperform delegation and centralization, andifider certain conditions part-
nerships are better off dividing the information acquasitand decision making among
the partners, rather than centralizing these tasks to segagtner. In this respect, our
paper contributes to the literature that employs a strasgnmunication framework to
study optimal allocation of authority in the presence obimplete information.

We have derived our results for a specific information adtiosmodel, but we would
like to highlight that the main forces behind our results mfgust to more general sta-
tistical structures. In the overt game, the use of a credibieat of the worst off-path
punishment to induce overinvestment would also be effedtivincentivizing the ex-
pert in different settings with either continuous or diseti@formation. As for the covert
game, consider any communication model in which the sesgiddrmation is fixed. We
know from Crawford and Sobel (1982) that unless the sendatigsed, the set of mes-
sages used on the equilibrium path is discrete (up to outemmizalence), and depends
on the amount of information held by the expert. When comsigecovert informa-
tion acquisition, an expert deviating from the equilibriinformation acquisition choice
would be penalized by the inflexibility of equilibrium langge. However, to conclude
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that overinvestment is beneficial for the decision makevoitld need to be the case that
(i) the fixed language effect is sufficiently strong relatiehe information acquisition
cost to deter deviation at the information acquisition stagd (ii) that the information
transmission loss is sufficiently small not to offset theikdopium overinvestmertf. We
leave this issue for further research.

A number of other interesting questions can be addresseukiframework of our
model. First, suppose that the decision-maker was ablelisidime the expert's infor-
mation acquisition cost. How would that affect the amounnhédrmation acquired and
the precision of the decision? Second, how would the outooitliee communication
game be affected if the expert acquired the information tlyvbut had an option to
verifiably disclose the amount of information that he acegt Would a decision maker
prefer knowing the amount of information acquired by an expghen she could not
inspect its content? As shown by Austen-Smith (1994), #sge is far from being trans-
parent. We leave these and other questions for future @sear

MATHEMATICAL APPENDIX
Proof of Lemma 1. The decision maker choosyglf SO as to maximize
1 , 2
—/O (ygi —0) f (01k € pi, ') do.

Taking the first-order condition, we obtajgl/ = folef (Olk € pi,n')do = E[0]p, n'].
Simplifying:

f (k;n') 1 k+1
E(0lp,n'|=E[E|0k,n|lke p|= ElOkN| =—F—"—=— —
[o1p. ] = E[E[o.n]lke p] = 2 B[kl =BG = ol 2wy 2
/ , 1 , n’! 1 ;.
becausé€ [0]k, n'] = &5, andf (k; ) = [ f(k;n,@)d@:mfo 0% (1—0)"*do =

n'l (=K 1
Kl (v — k)l @+t e+l

Proof of Lemma 2. First, we show that the incentive compatibility consttg#) can
be rewritten as

_ (VB. _ yg) [(ygl + yg) —2E[6/k,n'] - Zb] > Oforallq € Py.

20\e would like to thank an anonymous referee for this obsimat
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For this, note the following:

1 1
/ US(yp.0.b) f (e;k,n’)dez/ US(yY,0,b) f (0;k,n')do
0 0

_Al[(ygi/_e_b)z_(yg/—e—b)z] f (0;k,n)do >0

_Al [(yg.)z + (0 +b)?—2yY (0 +b) - (yg’)z —O+b2+2y] O+ b)] f(0;k n)do >0
_/Ol [(yg.)z - (yc?/)z -2 (YB, - yg’) @+ b)] f (0;k,n)do >0
— (y’;{ - y{;/) [(yg( + yg/) —2E[6/k, 1] - Zb] >0

Next, we prove that in any pure-strategy equilibrium of tbenmunication subgame,
each element of the equilibrium partition is connected.pg@s8p by contradiction that
there exists an equilibrium where at least one element opaintition is not connected.
Then, there exists at least a triple of ty[:(ksk’, k”) such thatk < k” < K, k andk’
belong to the same element of the partition, which we denpte,bandk” belongs to a
different element, which we denote Ipy. Let y, andy, be the equilibrium actions as-
sociated top, and pp respectively. By incentive compatibility, the followingequalities

must hold:
2k+1
(yb—ya)(ya+yb— ( )—Zb) > 0

n +2
( + 2(k+1) 2b) > 0
Yo —Ya){ Yat Yo v 12 >
2(k"+1
(Ya—Yb)(Ya'i‘yb—%—Zb) > 0
, . " 2(k+1
Because the first two expressions are positive, thes vy, — ( +2) — 2b and
2 (K +1) , 2 (K" +1)
Ya + Vo — ———= — 2b have the same sign. But then, algo+ yp — — — 2b

n+42
has the same sign, becaudse: k” < k. And hence, the last expression is negative: A

contradiction.

Next, we prove that incentive compatibility implies exmies (7). Let k be the ex-
pert's type. Denote by the equilibrium action associated ko and byy any other
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equilibrium action. The incentive compatibility constris:

_ - 2(k+1
(A1) (y—w(y+y—j%fgl—%)za

First, we rule out the possibility that a tygealeviates by inducing an equilibrium action

y larger thany. This deviation is unprofitable if and only if

_2(k+1)

A2 Y
(A2) y+y T2

—2b>0.

Because the expression is increasing and decreasing ik, itimmediately follows that
the tightest incentive compatibility constraints concahighest typ& in any element
pi of the equilibrium partition, entertaining the possilyildf deviating and inducing the
equilibrium actiony associated tq; , 1, the element of the partition immediately to the
right of p.

Hence, we now consider such constraints. The explicit esgpwa fory andy are:

1 [k+1 k—-1+1 k=(pl-1+1| 2k—|p]|+3
y = — + + ot =
Ipil | n"+2 n+2 n+ 2 2(n +2)
;- 1 |[k+1+1 E+2+1+ +E+|pi+1|+1 _ 2K+ |pisal+3
o pal | 42 n 4+ 2 n 4+ 2 2 +2)

Hence, condition (A2) simplifies as:

XK+ |pgal+3  K—|pl+3 2(k+1)
20 +2) 2(n+2) n 42

—2b >0,
or,

(A3) |pit1l > Ipil +4b(n+2) — 2.

Proceeding in the same fashion, we prove that wpeny, the tightest incentive com-
patibility constraints concern the lowest tygan any elementp; of the equilibrium
partition, entertaining the possibility of deviating amlucing the equilibrium action
y associated tq;_1, the element of the partition immediately to the leftmf Again,
letting j be the cardinality ofy;, andz be the cardinality of;_;, we obtain

1[g+1 k+1+1 g+mn—1+1]_2K+mn+1

=— +
lpil | +2 n+2 n 42 2(n +2)
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y= 1 [K—1+1 k—2+1 l_<—|pi_1|+1]_2l_<—|pi_1|+1
Ipi_al | n+2 n +2 n+2 2(n' +2)
Hence, condition (A2) simplifies as:
2k —|pi—al+1 2£+|pi|+1_2(5+1)_2b50
2(n+2) 2(n+2) n+2
which implies
(A4) Ipil < Ipi-al +4b(n+2) + 2.

Derivation of Expression (8). For anyn’, consider the expert's and the decision-
maker’s expected payoffs associated to IC partifiBp}, assuming that the decision-
maker plays her sequentially rational strategy, as desttiily Lemma 1:

(A5) s (

k=0

n’ 1
(A0) 2 (/o Us (ygn’(k)’9> b) f (6;k,n")do x Pr(k; n’))

k=0

1
/ us (ygn/(k),ﬁ, b) f (0;k, 1) do x Pr(k; n’)) — c(n)

0

Let the operatoE [.| Py] denote the expectation with respecttandk conditional on
the number of experiments, and the associated partitiéty. Then, using the fact that,
by (6), E [y(Py)|Pv] = E[0]Py], we can rewrite the expert's expected payoff in (A5)
as follows:

E [— (y(Pv) =0 —0)?|Py] — cn = E [— (Y(Py) — 0)* + 2b (Y(Py) — 0) |Py] — b? — cn
= E[- (y(Py) — 0)?| Py] —b* —cn,

Further, the decision-maker’s expected payoffs in (A6)manewritten as:

E[— (y(Py) —6)?|Py]

Proof of Lemma 3: Consider an equilibriurs? = (n', m'(n, k), B%(.), &%) in which
the expert performs?! trials, and follows message stratemy(n, k), wheren is the
number of trials and is the number of successes, the decision-maker forms delief
BX() : M = A({(n,k)n,k € N,n > k}) and follows action-choice strategy(.) :
B! — A([0,1]). ?* Note that the decision maker’s belieB(.) is a mapping from

21| this proof, we need to use a more canonical definition digeéBayesian equilibrium, not relying on partitions.
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the set of expert's messagés into the set of probability distribution& ({(n, k)|n, k e
N, n > k}), reflecting the fact that in the covert game the decision mhksrto form
beliefs not only about the number of successes but also #maumber of experiments
performed by the expert.

Let M® = {m*(n',k)|lk =0,1,. l} be the set of messages sent on the equilibrium
path with a positive probability. TheB L, (M) puts probability 1 om? for all m e Me.

Next, fix some arbitraryh € M®and con5|der modified beli&(.) and modified strategy
6 () such that for anyn € M, B(m) = Bi(m) andé(m) = o1(m), while for any
m e M\ Me B(m) = BL() andé (m) = ¢1(). Hence,B(.) puts probability 1 on
n! forallme M.

Now consider a putative equilibriuh= (n*, mt(n, k), B(.), 6 (.)) in which the expert
performsn? trials and follows message strategy(n, k), and the decision-maker uses
belief rule B(.) and strategy profilé (.). With the decision-maker’s belief ruB(.) in g,
no expert's message can change the decision-maker'ssabefit the number of trials.

Furthermore£ does constitute a perfect Bayesian equilibrium becatise a perfect
Bayesian equilibrium, and botfi and £* prescribe the same behavior and beliefs on
the equilibrium path, with the only difference between thesimg in the beliefs off the
equilibrium path i.e., after a messagee M \ Mé®: after such messag@ prescribes
beliefs B(m) = B(), while £* prescribes belief81(m). However, since a message
mis also available to a deviating expert§h but does not lead to a profitable deviation,
there is no profitable deviation for an experé'lnSo,é Is a perfect Bayesian equilibrium.
[ |

Proof of Lemma 4: First, recall thaty; = E[0]K] = (k + 1)/(n + 2). Using this
expression below we obtain:

n 1
E[— (y;—9)2|n]—cn=—zpr(k; n)/ (E[0IK] = 6)2 f (0 k,n) — cn
k=0 0

1 [/k+1 N+
— e 1— n—kd _
nt 1/0 (n+2 ) K10 &0 do—cn

_ 1 /k+1 2 k+1\]| (m+1r -
= /0{(””) 6_20(n+2)}k!(n—k)!9(1‘9) do —cn

3II

—=n+l
N 2 4D g pnegg - (ER)| Zen
N I<=0n+1 k'( —k)! ( ) (n+2)
"1 [ k+2)(k+1) (k+1)2 _
0n—|—1 Nn+3)(n+2) n+ 2

6(n 12
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Proof of Proposition 1. We prove that there exists an equilibrium of the overt infor-
mation acquisition game in which the expert rurigc) + 1 trials and fully reveals their
realizations. Clearly, this equilibrium implies a decisjarecision higher than the bench-
mark of direct information acquisition by the decision mak&he result then follows
because either this equilibrium is Pareto-efficient, orghexists another equilibrium
which Pareto-dominates it, in which the payoff of the desisinaker, i.e. the decision
precision, is even higher.

The proof proceeds as follows. First, we find the maximal nemndb trialsn (c) such
that, under a given investment castthe utility that the expert obtains by conducting
n (c) trials and fully revealing their realizations to the deaisimaker is higher than the
utility from running any other number of trials and playirtgetbabbling equilibrium.
Formally,n (c) is the highest integer that satisfies

1 1
S o ——
6(N+2) - 12

Further, from Lemma 2 it follows that (b) = Lz—lb — ZJ is the maximal number of trials
for which full revelation in the communication game is intte@ compatible. Hence, it
is an equilibrium for the expert to rumt (c) + 1 trials and to fully reveal the information
to the decision maker whenever the following condition kold

(A7) n*(c) + 1 < maxn(b),n(c)}.

The conditiom* (¢)+1 < fi (c) is satisfied if, /22X -3 +1 < 2 —2,i.e.,c < 5‘;41—7,

whereas the condition* (c) + 1 < n(b) is satisfied if % -5+1<x-—20r
-1
b= (J1+2+3) .
If A(b) > n*(c) +1 andn(c) > n*(c) + 1, then there exists an equilibrium of the
overt information acquisition game in which the expert rahgc) + 1 trials and fully
reveals their realizations, while the babbling equilibmiis played in any subgame in

whichn’ # n trials are run. The decision maker’s utiliﬁl[— (yp—0 — b)2 |Pn] in this

equilibrium is—1/[6(n* 4+ 142)] which is strictly larger than the decision maker’s utility
—1/[6(n* + 2)] if she directly acquired information. Q.E.D.

Proof of Proposition 2. We start by proving that under the condition of the theorem,
there is an equilibrium outcome in whigtf (c) trials are acquired and full revelation
occurs. This must be the outcome with the highest possibnexexpected utility for
the expert, by definition ofi* (¢). In this outcome, the decision precision is the same
as in direct information acquisition by the decision makére result then follows from
the observation that the expert’s preferred equilibriubyisonstruction Pareto-efficient.
Hence, in any other Pareto-efficient equilibrium, the eteantility of the decision maker,
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which coincides with the precision of the decision, must leakly larger than in this
equilibrium.

First, notice that the conditidm < ( 1+2+ 1) |mplies that] 5= — 2] > L‘/2+3° 15J
that isfi (b) > n*(c). This in turn implies that fully revealing the outcome mf (c)
trials is incentive compatible. Next, consider deviati@isthe information acquisi-
tion stage. In equilibrium, the expert's expected utili/[U ° (y*, 6, b) In] — c(n) is
equal toE [UR (y*,0) In] — c(n) — b?, the expected payoff of a decision maker who
directly conductsn*(c) trials, minusb?. Now suppose the expert deviates, and pur-
chasesy trials and some communication equilibrium is played in theutng commu-

nication subgame. Given this communication partititan E [— (ygl -0 - b)2 |Pn/] =

E [— (v — 0)2 | Pnl— b?. If the partition played after the deviation is fully septéng,
then the difference between equilibrium payoff and desrapayoff is equal to the pay-
off difference that the decision maker would receive in thgle agent decision problem
if he purchased’ trials rather tham* (c). This payoff difference is negative, by defini-
tion of n* (¢). If some information loss occurs, the deviation gain icfirismaller than
the payoff difference that the decision maker would rec@ivhe single agent decision

problem becausg [— (vy — 0)2 |Pn/] < E[UR(y*,0)|n’'] and again it is negative by
the definition oin* (¢). Q.E.D.

Pr oof of Proposition 3. We start from the observation that for any intelger (c) = |
for e(|+2—)(|+3) <C<gp lﬁ 5, hence also for ang in the interval required by the
Proposition. The proof will show that if the conditions iretproposition hold, then in
equilibrium the expert acquires (c) + 1 = | + 1 trials and fully reveals their outcome.

First by Lemma 2, full revelation of the outcomelof 1 is incentive compatible for
b < ( , hence it is incentive compatible for< 4(|+3)

Next, We establish that the expert has no incentive to agguinumber of trials dif-
ferent froml 4+ 1. The expert’s expected payoff from performing- 1 trials and fully

revealing the outcome is equal\ttb (1+1) = () +3) — b2

Becausem <C< m andb < m, the proof of Proposition 5 —
interchangingn* with | + 1 —- implies that deviating frorh+ 1 trials to runn > | 4+ 1
trials is not profitable. _

By concavity ofw, #EHI=D . WEL-WIED  Hence, requiring that < SN —
) deters all deviations from+ 1 tol — j, j =1, ...,1.

Finally, a deviation td trials is not profitable for the expertdf < W (l + 1) — W (1),
whereW () was defined in the proof of Proposition 5. The rest of the pemablishes
that forl > 4 < W({ +1) —W(l), hence requiring that <

' B+ 1 143 6( +1(+3)
guarantees that the deviation Itdrials is not profitable. Also, it establlshes that for
| < 4, the value ofg7irs — [w (+1) —W(I)] is at mostib if | = 0, 282 if

30b-1
| = 1,301 450 Lif | = 2, %0 If | = 3, and8%-2 = 2 if | = 4, hence the condltlon in the

proposition guarantees that< min {m [W l+1)—-W (I)]}.
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To calculate\N (I + 1) — W (1), we need to computé/ (). Denoting byy; the action

in the set{O, T30 o :i—é} preferred by an expert who observeduccesses intrials, we
obtain:
< 1 < L1 j+1 1
Wl = — (i.1; ———(yj —b)?+2 -b)—=
® | +1 Z‘ (1-5:%1) = 1 ) Z:(I+1)(I+2)y )3
1 wy-b j+1
= —=— —|yj—b—-2—¢+|.
37 &1+l [y‘ |+2]
Hence,
. 1 j+1
W(l+1)-W()=- i—b—2—-
(+D =W =575~ +3 +Z|+1[J |+2]
2k+5 j+1
= —b-2——1.
6(1+3 Z|+1[J |+2]
Next, we characterize the expert’s preferred actypnfor j = 0O, ...,I. First, we
establish thay; < {f% f};} The payoff of typej is maximized by actiod3 + b >

L2, hence the actioi} is preferred to any smaller action. Als{a— < L, hence
the fact that in equilibrium the type whose payoff is maxieuzy 12 s 2 + bis willing
to truthfully reveal his type guarantees that after a demiato| trials the actlon{+—§ is
preferred to any larger action.

Second, we observe that a sender whose payoff is maX|m|z¢§2—by b will choose

+2

to induce actlon{— rather than{ﬁ if and only if 2b + <I_+21)(ITS) > 0 and this quantity
IS increasing inj, hence for any bias such thhat < 4(|+3), we can find a threshold

J=[-b(nh+2)(n+3)+ 5] < 3 such that typeg < J prefer z’;lctloanJr—3 and types

j > J prefer actlon%. Notice that) = —1 denotes the case where all tygegrefer
actionsZ,

Then, the differenc&V (I + 1) — W (1) can be rewritten as

W +1)—W()
1 j+1 . j+2 j+2 .
S L ZJ:% blrs—b_j+1 +22': tsb(rs—b _j+1
6( +3) — |+ 2 | 42 G 1+1 2 | 42
202423 (12b — 1 + 100k + 2bk? + 1) + 2+ 12b + | — 2bk + 12 — 8ok? — 2bk®
204+ 0 +2) (1 +3)7?
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It is easy to check tham is smaller than the above expression for dnyhence

the range foc identified in the statement of the proposition is nonempty.
Next, we consider the following difference:

. 1

W(l+1)-W(l)—————

(+D=-Wh-5sirn053

2J2+2J) (120 —1 + 10bk + 2bk? + 1) + 2+ 12b+ | — 2bk + 12 — 8bk? — 2bk3
20+ (1 +2) (1437

1

6(+1)(1+3

3J2+ J (360 — 3k + 300k + 6bk? + 3) + 180 — | — 3bk + 12 — 12bk? — 3bk®
304320+ (1+2

The denominator is positive. The numerator is a quadrapesssion inJ. Forl > 8,
this quadratic is positive for ahyand anyb hence min{m, [W (+1)—W( )]} =

l . . . .
EESEER Using the definition of], we have that:

Forl =0,J = —landW (I + 1)-W () = 152, hencem—[W(l + 1) —W(I)]
b
:_3.

Forl = 1,ifb < &, J = 0 andgrsirrg — [W(I +1-WO] = 0. If instead
% <b < thend = —landgr — (W +1) - Wh| = 2552,

Forl =2,ifb< 3 J =Oand6(|+l—§(l+3)—:W(l +1)—W(I)_ < 0. Forb e (3, 551,

_ R -
Forl =3,ifb < & J = 1andgrtrg —|W (1 + 1) =W ()| < 0. Forb e [, 4],
- A -1 %_ -

Forl =4,ifb < 4 J :1andm—:W(l +1)—VV(I): <0.Forbe|

_ ' o
J =0 andgpgpry — W+ 1) - W) | = %2

Forl =5,ifb< 5 J=2Ifbe[fh <b<3]J=11fbe[$ <b<
1 R
J = 0. In each of these three Casgs g — [W (1+1 - W(I)] < 0.
Forl = 6, from the expression fal one can see that eithdr= 1 or J = 2. In both
1 R
casesgig — [W (I +1)— W(I)] <0.
Forl = 7, from the expression faf one can see that eithdr=10rJ =2 o0rJ = 3.

In all these cases 773 — [W (41— VV(I)] <0.

11
42> 281

5
13l
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We can therefore conclude that fos 4, e(|+1—§(|+3) < W (I +1)—W (1), hence requir-
ing thatc < 6(I+l—§(l+3) guarantees that the deviatiorl tiwials is not profitable. Moreover,

we have established that for< 4, the value ofm [W 1+1 - W(I)] is at

24b 1 300-1 300-1 63b—2
most bif| =0, if | =15 if | = Z,Wlﬂ =3, andﬁ if | = 4, hence the

condition in the proposmon guarantees that min {6(I+1—)(I+3) [W (I+1)—-W (I)]},
hence guarantees that the deviatiohfigals is not profitable. Q.E.D.

Proof of Proposition 4. Considern* (c), the optimal number of trials under direct
information acquisition by definition in (11). To prove theoPposition it is sufficient
to show that there exists an equilibrium in which the sendefogomsn* (c) trials and
fully reveals his information in the communication stageucl$s an equilibrium, if it
exists, would be the expert-preferred equilibrium. So yipBareto-efficient equilibrium
the decision-maker’'s expected payoff has to be (at leasklyegreater than in this
equilibrium.

To establish the existence of the desired equilibrium, iithvthe expert rune* (c) tri-

-1
als and fully reveals their realizations, first, note thatebnditiorb < (2 1+ 3—2C + 2)

and definition (11) together imply that< m So, by Lemma 2 full revelation is
incentive compatible at the communication stage afterxper runsn* (c) trials.

Further, the expert’s expected payoff after runmingc) trials and fully revealing their
1

realizations is equal to =——— SR +2) —b?—cn*. By definition,n*(c) e arg max — &y —CN-
Hencen*(c) € argmax W (n) —cn= _G(n_j-.i-Z) —b?—cn.

So, to complete the proof it is sufficient to establish thateoyn € {0, 1, ..., oo},
W (n) > W (n) whereW (n) is the expected payoff that the expert gets after deviating
to n signals.

To establish this inequality, first, note tAat(n) = ZJ 0 n+1 WA.D) \where

W (j,

_/1( [01j.n] — 0 —b)° f (0]}, n) do

1
— / [017,n] — )f(aun)d@ b?
0

. 1 ; A (i 1
&, n])z 2(E [01], n])rJ]IZJrErJ]I?,;ErJ]iz;]_bz

,+1 J+1j+1 (+20+D]_
n+2 n+2 n+2 M+3)(nN+2)

Il
I_ll_l

_ [d+2G0+y  (i+1\?] .
(A8) N {(n+3)(n+2) (n+2)} b
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Similarly, W (n) = >"_, WG \here

n+1
A l 2
W(j,n)=— max /(yj—e—b) f (@]j,n)do
vie[sts 7 i3 Jo
] n*42°n*42 n*4+2
L n+1)! ,
=— i —b)2+0%2—-20(y; — b .(—.91 1-0)"do
| 1o -1 ) = )] ) (= 6)
B 1 1
(n+ 1! _ (n+ 1 . i
= — | (y; — b)? — TP git2(1—p)id —2-—b/—1+11— =g
_(yj )+/0 j!(n—j)!e (1 =0)77d0 =20, )0 j!(n—j)!e (1-0) 9]

N+ 2+ =)

_ o 2
= |V e T T it o)

2y, — by (n+1)! (1—|—j)!(n—j)!]

rin-=j! (n+2)!

=~ | (i =b)" = 2(y; = b)

j+1 (j+2)(j+1)]
n+2 (M+3)(n+2) |

Note that the messagg optimally chosen by typ¢ (i.e. the expert who observgdsuc-
cesses im trials) has to be compatible with the equilibrium beliefatthe has acquired
n* signals, even off the equilibrium path. Therefoye.c (75 753 - 3 )

The proof proceeds by showing that for ang n — j
(A10)

D (. = [W(J,m) =W (i, y) |+ [Wn—jom) =W (n—j.n;yoy) | 2 0

Since typeg andn — j are ex-ante equally likely afterexperiments, inequality (A10)
implies thatw (n) > W (n). %2
Before computind (j, n) let us establish the following useful property.

Claim A. Suppose thay; = nkL+12 for somek € {0, 1, ...,n*}. Then eithery,_; =
n*—k+1 ory, — N*—k+2
n*4+2 n—j n*4+2 *

Proof of Claim A: For anyj € {0, 1, ..., n}, define

kK+1 j+1+b
n"+2 \n+2 ’
If for some j, the maximizek’ of the above expression is not unique, then choose one

of the (two) maximizers arbitrarily and set it equakio So,y; = kJ +
We need to dIStII’lgUISh two cases:

(Al11) K; earg mln

.....

+1 ki+1 _ j+1
Casely; = \5 < n+2, and Case 2yj = =5 > -

22| n is odd, there is an even number of possible tyfied, ..., n + 1}, and”TJrl pairs of types(j, n — j) with
j < n—j.If niseven, then there is an odd number of possible types, arhrdafmar% pairs(j,n— jywith j <n—j,
plus the typel. Whenj = J, we haven — j = j. In this caseD (§,n) = Z[W (3.n) =W (j.n; yj)]. The result

then follows by showing thab (3, n) > 0 and thatD (j, n) > 0 for each paij, n — j) with j < 5.
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n*—kj+1
Let us start with Case 1. We will show that in this cage,; = Tiz_
. 1 ki+1 _ kj+2 1 i j+1
Sinceb > 0, we have: (x 3112 s < ni+2—f]—iz. By (A11), &5 — (,11—12 + b)‘ <

K2 (J—“ +b)‘. So we have:

n*42 n+2

n—kl+1 (n—j+1 j+1 K41 j+1 ki+1
- b)| = —bl <b+ - <
n* 4+ 2 n+2 n+2 n*+2 n+2 n 42
(A12)
ki 42 i1 _ 1|, Kl+2 j+1| |n*—k n—j+1er
n“"+2 n+4+2| n"4+2 n4+2| |[n*42 n+2 '
Inequality (A12) implies that type — | prefers the actloﬁﬁiz—l associated with
messagen* — k; to the actlon*—JrzL associated with message — k; — 1. This, in

combination with™ n*'ji;l > ”nfgl and the fact that the utility function of type— j is

single-peaked around the maximlﬂﬁ:zr—l + b, b > 0, implies that typen — j prefers
messag@* — k; to any message lower thar — k; — 1.
Let us now show that type — j also prefers to send messayge- k; associated with

actlon—kii1 rather than any higher message associated with a highenadthis is

n*4+2
—kj+1 _ K4
immediate if’= J+l+b< n —L I, on the other hand‘,angl > D=5 this follows
\n j+1 T—kj+1 n—j+1 k]+l 1.
from the foIIowmg facts: (If 5 <?n n 5 S0 +b——- 5= <b< S +2),(u)

n"—kji+2 n—j+1 —b>

—b> TS +2) (iii) type n — j’s payoff function is symmetric

n*+2 n+2 = n*+2
and single-peaked Qﬁ'— +b.

Next, consider Case 2y; = %% > Jnj:—; Let us show that in this casg.—; €

n*—kj+1 n*—kj+2

n“4+2 > n*42 |°

Since ”*n_*'ji;l < ”;fzrl andb > 0, the expert of typa — j gets a strictly higher
payoff from action® n_'ji; ! than from any lower action. Thus, it remains to show that
typen — j’s expected utility from actio n_'jr; 2is higher than her expected utility from

any higher action.
Further, note that we must hayé; > n*+2
would get a higher utility from actiogﬂ%2 than from actio *+2, 1 which would contradict

Other\lee smcé) < 3w +2), type j

kj+1
Yi = nJ*+2

Thus, ”nfgl < n_'jgz and since the expected utility function of the type- j is
symmetric around its maximum gt= —J—l + b andb < =——:, we conclude that the

2(n*+2) *+2)’
typen — j gets a higher expected ut|I|ty from aCtlaﬂ*—i‘_ziz than from any other actions.
This completes the proof of Claim A.

Let us now turn back to the proof of the Proposition and compugj, n). From (A8),
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(A9), (A10) we have

(G+D* (—j+1)72
(N+22 (n+27?

+ [(Yj —b)"+ (Yo_j —b)* = 2(y; — b)

D(j,n) = — 202

j+1
n+2

—2(yn-j —b)

n—j+1
n+2

_(+1D% (n—j +1)2
S (n+22 (n+2?

— 1
i+1 , n-j+

nr2 ity TR0

|:yj +yn j _2yJ

(j+1>)2 ( = j+D)°
n—j = = Aoy

(A13) = (yj — nt2) n+2) ) —2b(yj + ¥n-j — D).

K : i+1)2
If yoj = Tizil,thenyj-i-yn_j =1, and hence by (A13) (j, n) = (yi - %r%) +

2
(yn_ = (”—‘Jill) . The latter expression is nonnegative.

(n+2)
If insteadyn_; = “=2, theny; + yn_j = 1+ =15. So, by (AL3),
. 2
. j + n—j+1 2b
D(j,n) = =) -
(. ( +2)+(yn, n+2) L
j+1 kK VP (k1 41 D
Al4d =|— - — —
(A14) (n+2 n* +2 + n"+2 n+2 n* +2
In the proof of Case 2 of Claim A, we have established ﬂ#ﬁ < ﬁ+2 < Eié
Observe thatsz — n—1+—2 = n*J-.i-Z So the value of the first two terms @ (j, n),
(Jnﬁ - n—k1+—2) + (% niz) depends only ori—i— JnT% and reaches its mini-
41 k12 : 1 k)2 K+l j41)2 1
mum whenrjpr2 = - Inthis case,(:]—Jr2 — n—'+2) + (n1+2 — :1_+2) = e
andD (j,n) = 2(n}r2)2 — nf_‘iz. Hence,D (j,n) > 0 whenb < m. This con-

cludes the proof that under the given conditions on the petars,D (j, n) > 0 hence
W (n) > W (n). Q.E.D.

-1
Proof of Proposition 5 The proof of proposition 1 shows thatif< ( 1+ 3% + 3)

andc < = %ﬁ, the overt game has an equilibrium in which the partner arginfor-

_ 1)]

mation performs*(c) + 1 trials and then reveals them to the decision making partner
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so thatE [— (¥ — 6)*|P] = E[— (y* — 6)*In*(c) + 1] . The stronger result that

E[-—072P]—E[-(y' =0)*In"©)]
= E[-(y -0 Im©+1]-E[-(y =0’ I ©] 2 n- n*(c)]g —¢/2
is satisfied when the costis not too large, i.e., when

_; — En*(c).
6(n*(c) + 3)

C *
MO+ Y = 2 2

This inequality is satisfied when < which is shown to always hold,

1
3(n*(©+3)(n*(0)+2)°

using the expression for (c) of Lemma (4).
Likewise, the proof of proposition 3 shows thabi L, and

an+3)
1 1 1 2401 3b-1
e < © < semery — Max{0, (3b) In-o, (%g57) In=1, (557) In=2»
30b-1 63b—2 BT . .
(5%5") In=3, (®%z%) In=4}, then the covert game has an equilibrium in which the partner

acquiring information performs*(c)+-1 trials and then reveals them to the decision mak-

1 [oTaY 1 1 i —l
ing partner. Becauqetn o) < 3o 2 the constraint that < 3(n*9 PO

does not impose any additional constraint on the sufficienditions of 3.

*
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