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Abstract

In a common-values election with two candidates voters receive a signal about which candidate is
superior. They can acquire information that improves the precision of the signal. Electors differ in their
information acquisition costs. For large electorates a non negligible fraction of voters acquires information,
but the quantity of informed voters and the quality of acquired information decline so fast that information

aggregation fails to obtain.
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1 Introduction

There is considerable evidence that voters have little and uneven knowledge about policies and the back-
grounds of elected governmental officials (see, for instance, Delli Carpini and Keeter, 1996). These facts
are consistent with the rational ignorance hypothesis formulated by Schumpeter (1950) and Downs (1957):

individual voters will choose to acquire little information, since each individual’s vote has little impact on
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the outcome of a large election and information acquisition is costly. Determining the implications of this
hypothesis has important implications about the quality of democratic deliberations.

A vast empirical literature attempts to assess the extent to which political judgments and deliberations
would differ if voters were well informed (see Althaus 1998, 2003, Gilens 2001). According to Althaus (2003)
“Knowledge does matter, and the way it is distributed in society can cause collective preferences to reflect
disproportionately the opinions of some groups more than others. Sometimes collective preferences seem to
represent something like the will of the people, but frequently they do not”.

A first view suggests that the informational failure can be so severe that the vote would not be more
likely to reflect the (informed) will of the electorate than a fair toss coin. Scholars have long feared that
democracies cannot function if they are too large. Polybius (1992, book 6) in the second century B.C. argued
that ochlocracy (mob-rule) is a natural evolution of democracy . In Madison’s (in Hamilton 1788, 9 and 14)
opinion the United States and even some states were too vast for direct democracy.

A second view suggests that aggregate opinion may be able to reflect the public interests even when most
individuals are poorly informed. Condorcet (1786) argued that the larger is the population, the higher is
the probability that a democracy will make the ‘right’ decision. According to this argument, in the process
of preference aggregation, the more or less random opinion of poorly informed voters would cancel out (see
Wittman 1989, 1995). This statement constitutes the so called Condorcet Jury Theorem.

The objective of this paper is to investigate how costly information acquisition in a large and heterogeneous
electorate affects the quality of voting outcomes. A model where voters have to decide over two alternatives,
A and B is introduced. Voters have common preferences but they do not know which one of the alternatives
is better for them. They do not have free access to a reliable font of information, but they can acquire
some information. Acquiring precise information is costly and voters may differ in their abilities of collecting
and processing information, which reflects in different information acquisition costs. A voter who acquires
information of quality x receives the correct signal with probability % + and faces a cost of C' («, ) where «
is her type. C is strictly convex and increasing in . Types with higher types faces increasingly higher costs.

The model incorporates the features of Martinelli’s (2006, 2007). In Martinelli (2006) electors can acquire
information of different quality but they all have the same cost function. Martinelli (2007) allows for hetero-

geneity in information acquisition costs but voters can buy information of one given quality. So Martinelli



(2006, 2007) cannot account for uneven levels of information. Both works conclude that (at least partial)
information aggregation in large election is always possible.

We focus on symmetric equilibria and prove that an equilibrium with information acquisition exists if and

only if the expected gains from reaching the right decision at the different states are equal. As the number
of electors grows the probability that any elector is decisive converges to zero. Only the electors with lower
information acquisition costs acquire information. The fraction of informed electors and the expected quality
of information they acquire decreases to zero. Asymptotically, the probability that the elections will reach
the right decision converges to one half.
We investigate whether access to cheaper information can alleviate this informational failure. In this model
the costs of information depend on two factors: the quality of information and the type of the agent. We
prove that elections produce efficient results only if the marginal cost of acquiring information increases
at a slower with respect to both the precision of information and the type of the agents, formally only
if Cpz(0,0) = Chuy (0,0) = 0. In this case an equilibrium with information acquisition exists for every
parameter specification and elections perfectly aggregate information: the probability of reaching the right
decision converges to one when the size of the population grows to infinity.

We reach different conclusions with respect to Martinelli (2006,2007) because our model jointly incorpo-
rates the feature he studies separately. In Martinelli (2006) voters acquire information of decreasing quality
but every elector acquires the same quality of information (they have the same costs). In Martinelli (2007)
a decreasing part of the electorate acquire information but the quality of information acquired is always
the same. In our paper the two effects combine: a decreasing part of the electorate acquires information
of decreasing quality as the number of voters grows. For this reason also the conditions for information
aggregation are more demanding.

The introduction of heterogeneity in information acquisition costs allows to account for three empirically
relevant facts:

(i) A small fraction of the electorate is informed.

(ii) The overall quality of information electors have is limited.

(iii) The distribution of information across electors is uneven.

Martinelli (2006) can account only for (ii) and Martinelli (2007) only for (i), none for (iii). The only paper



which reflects (iii) is Oliveros (2006) who takes an orthogonal approach: voters have the same information
acquisition costs but they differ in the losses they bear when the wrong decision is taken. He proves aggrega-
tion results similar to Martinelli (2006). In this model the existence of equilibria with information acquisition
heavily relies on the introduction of “stubborn voters”. A fraction of them always votes for alternative, A
while the others vote for alternative B. In this way the probability that a voter is decisive is bounded away
from zero.

The structure of the article is the following. Section 2 introduces the model. Section 3 characterizes
equilibria with information acquisition. Section 4 tackles the existence of equilibria with information acqui-
sition and its aggregation properties. Section 5 studies the aggregate costs of information acquired and the

asymptotic efficiency of equilibria. Section 6 concludes.

Related Literature

The paper is related to the line of research about the Condorcet Jury Theorem. The first proofs were entirely
statistical (see Berg 1993, Berend and Paroush 1998, Ladha 1992, 1993). They assumed that each individual
privately observes a signal about the right candidate and then vote sincerely according to the signal. More
recently the theorem has been proved under the assumption of strategic voting (see, e.g., Austen-Smith and
Banks 1996, Feddersen and Pesendorfer 1996, 1997, 1999, and Myerson 1998). But all these papers assume
that the information is freely available to voters. Interestingly, Paroush (1998), in a non strategic setup,
proved that elections can fail to aggregate information if the probability a voter receives the correct signal
is not bounded away from one half. Yariv (2004) analyzes majority voting in common value two-option
environments where voters have private information, the quality of which exogenous depends on the size of
the electorate. She proves that information of low quality may lead to informational failures. In this paper
we endogeneize the causes of the decreasing quality of information. In a recent work Mandler (2007) proved
a similar negative result: if voters are uncertain of the quality of the initial signal elections can loose their
ability to aggregate information.

The literature focusing on voting in committee has recently considered the issue of costly information
acquisition. Persico (2004) and Mukkhopadhaya (2005) consider a setting in which committee members have

identical and fixed costs of acquiring information. In this setup there is a maximum number of voters who



can acquire information at equilibrium so that for large electorates there is no equilibrium with information
acquisition. Oliveros (2007) presents a model based on Oliveros (2006) in which voters have the same
information acquisition costs but they differ in the gains obtained from taking the right decisions. Voters
can select whether to vote or abstain and the amount of information to acquire. He proves that there are
equilibria where voters collect information of different qualities, there are informed voters that abstain, and

information and abstention need not be inversely correlated for all voters.

2 The Model

There are N = 2n + 1 voters and two states of the world w = a,b. Electors have to select between two
alternatives, A and B by majority voting. The prior probability of state a is g, and the prior probability
of state b is g, = 1 — q,. Before voting agents independently receive a signal s € {s,, s;}. Before receiving
the signal they can acquire information of quality =z € [0, %] When a voter receives a signal of quality
 the likelihood of receiving the signal s,, conditional to w is p (s, | w,z) = 3 + z. Voters have different
acquisition costs. One interpretation is literal: voters bear different costs of access to information. An
alternative explanation is that people have different ability in processing information or they have access
to different fonts of information so less skilled agents must invest more effort in order to extract the same
amount of information. An elector of type « bears a cost C (z, ) to purchase information of quality x. Types
are distributed in the interval [0, 1], independently across the electorate. Let the types of each elector be
distributed according to a continuous density function f : [0,1] — R, with f(0) # 0.

The cost function is of class C? ([O7 %} x [0, 1]) and C; (0,0) = 0 and has the following properties:
NFL(No Free Lunch) C (0,«) = 0 and C (z,a) > 0 for all z > 0 and for all a.
MON (Monotonicity) C; (z,a) > 0, Cy (2, ) > 0, for all € (0, %) ,and for all o > 0.
CONV (Convexity) C, (z,a) > 0, Cyy (z,a) > 0, for all z € (0, 1) ,and for all a > 0.
SCP(Single Crossing Property) Cyq (z, ) > 0 for all z > 0 and for all @ > 0. Cy, (0,0) > 0.

According to NFL, acquiring a positive amount of information has a strictly positive cost, while acquiring no

information entails no costs. According to MON, acquiring better information has higher costs and higher



types have higher costs. Furthermore costs are strictly convex in the quality of information and higher types
« face increasingly higher costs.

We have not imposed any condition on the the curvature of C' at (0,0), yet. Intuitively such conditions
relate to the speed with which the marginal costs of acquiring information increase from the type having
lowest costs (the “smartest” voter) to more unskilled types and from the lowest level of information. It will
be relevant in our analysis because, as we will prove, with there are many voters only types with low costs

will acquire information and this information will be of little quality. The generic assumption is:
SVC (Smartest Voter Condition) Cy, (0,0) > 0 and C,4 (0,0) > 0.

Alternatively, one can assume that marginal cost of acquiring information grows at a slower rate as either
the quality of information grows or as the type increases (or both). This amounts in substituting SVC by

one of the following non-generic assumptions.

SVC1 C,, (0,0) > 0, Cy (0,0) = 0. There exists k € N such that C,) (0,0) # 0.
SVC2 C,, (0,0) > 0, Cyqs (0,0) = 0. There exists k € N such that C, . (0,0) # 0.

SVC3 C,, (0,0) = Cpa (0,0) = 0.

At state w = a,b, the utility of a voter of type o, who has invested in a level of signal precision z is,
depending on the decision d € {A.B} taken is: U (d,w) — C (z,«) for d = A, B. We assume that A is the
best alternative at state a and B is the right alternative at state b, which is U (4,a) — U (B,a) = AU, >0
and U (B,b) — U (A,b) = AU, > 0.

For every voter of a given type a strategy specifies: (i) how much information she acquires and (ii) for which

alternative she votes after receiving the signal.

Definition 1 A strategy for voter i consists of a information acquisition strategy x : [0,1] — [O, %] and
of a voting strategy v : [0,1] X {sa, s} — {4, B} such that = is measurable and v (-, s) is measurable for

s € {Sa,Sp}-

A strategy of player i is denoted by (z;,v;), a strategy profile (z;,v;),_; 5, is denoted by (X, V) and



(X,V)_, is the coalitional strategy of all voter but i. Given (X,V)_,, we denote by

Uplw = > U(dw)Pr(d|ww, (X,V)_,)
de{A,B}
the expected utility from voting v at state w, net of information acquisition costs, where Pr (d | w,v,(X,V)_ z)
is the probability the outcome is d at state w.

Given investment choice x and after receiving signal s € {s,, sy}, the expected utility from voting v is

U(v | x,s,(X,V)_i) = Z U(|w)Pr(wla,s)
we{A,B}
where Pr(w | (z,s)) is the likelihood of w given investment x and signal s.
The expected utility from a player investing = and using a voting rule from using a strategy (x,v) when other

agents play (X,V)_, is

Ulz,v|(X,V)_;) = Z Ut (v]ws, (X, V)_,)p(s)

s€{sa,sp}

where p(s)is the probability of receiving the signal s.

The equilibrium concept we employ is symmetric Bayesian equilibrium.

Definition 2 A symmetric Bayesian equilibrium (SBE from now on) is given by a strategy (&,0) such that

the profile (X,V) = (2,0);=1,.. ony 1 Satisfies:

i

1. U (v (Z(a),s) |2 (),s, (X'JA/)Z) >U (v | & (a),s, (X,V>7 ) for all a € 0,1], for all v € {A, B}
and for all s € {sq, Sp}-
2. U (x (@), | (XV)

rules v.

) —C (2 (a),a)>U (x,v | (X,V) > —C (z,q) for all a € [0,1] for all voting

—i —1
An SBE with information acquisition is a SBFE where a non-zero measure of types acquires information.
In a symmetric equilibrium all players agents employ the same strategy, voting strategies are optimal

conditional to the signals received and information acquisition strategies are ex ante optimal.



Observe that SBE with no information acquisition always exist: voters do not acquire information and
at least n + 2 of them vote for the same alternative independently on their type and signal.

When no ambiguity is possible we omit any reference to (X, V)_,. We now introduce some mathematical
notation. Let f,g : X — R where X is a metric space. Let z € X. We write f =~ g for z — z if
limzﬁz—) =1, f=o0(g) for x — z if limzﬁz% =0and f = O (g) for x — z if there exists C > 0 such
that |f (z)] < Clg (z)| in a neighborhood of z. Let {a,}, cy and {b, }nen two sequences of real numbers. We

write a,, ~ b, if limnﬁm‘;—: =1, a, =o0(b,) if limnﬂoo‘;—: =0 and a, = O (by,) if there exists C' > 0 such

that|ay| < C'|by| for n large enough. With ® we denote the standard normal distribution.

3 Characterization

The utility (net of information acquisition costs) that a voter derives from a voting strategy (vq, vp) is

Y Poto U (va | w0)p(sa|w) +U (v |w)p(sy | w)]+ U
we{a,b}
where p, = p (piv | w, (X, V)_i) is the probability a player is pivotal at state w, given other voters’
strategies and U_; = U_; ((X7 V)_i) is a term that depends only on the strategies taken by agents other
than q.
A voter who ignores the signal is always strictly better off by not investing in information. By playing

(0, A, A), her expected utility is

U(0,A,A) = paqoU (A | a) + ppqpU (A | b) + U_; =

_ PaqaAUq + ppqp AUy n PaGaAUs — Dpqy AU,
2 2

+paan (B | a) +prbU (A | b) + U*i

By playing (0, B, B), her expected utility is:

U(0,B,B) =paqoU (B | a) +ppqU (B | b) +U_; =

_ D@ AUy + paqa AU, n Do @y AUy — paqa AU,

2 2 +paQaU (B | a) +pl)‘]blj (A | b) + U—i




Observe that U (0, A, A) > U (0, B, B) if and only if poq, AU, > ppgpyAUs.

The benefit from acquiring z units of information and following the signal U (z, A, B) is
1
Uz, A, B) = (paqa AU, + ppgyAUy) (2 + :c) + paqaU (B | a) + ppqyU (A | b) — C (e, ) + U_;.
The marginal gain of acquiring information is then

PaqaAUq + ppgp AUp.

Types who acquire information equate marginal gains from acquiring information and its marginal costs.

The optimal investment from one of such types, « is ¢ = x (a, pa, pp)that solves
(paQaAUa +pbquUb) = CI (aa SC) (1)

For (pa,pp) # 0 and 0 < a < a (pga, pp) from the implicit function theorem we have

Caa ()
Ta (Oé7pa7pb) = _m
xp, (a )= cle
Da yPasPb) = Ca::r (a’LL' (a,pa;pb))
quUb

Tp, (Oé,paypb) = Cra (a7$ (Oé,paapb))

and limp, p,)—o0% (@, pa, pp) = 0 for every a.!The function, z (a, pa,pp) is strictly increasing in p,, for
w = a,b and strictly decreasing ina.

Let o = a (pa, pp) such that
(PaqaAUs + ppgAUy) — Cy (a,0) =0 (2)

if any exists and set « = « (py,pp) = 1 otherwise. For types a > «a (pq,pp) it is never optimal to acquire

L1f condition SVC or SVC2 holds zis differentiable for(pa,py) = (0, 0), too.



information because marginal costs from acquiring any unit of information are always above its marginal
gains. The function a (p,,pp) is differentiable in the interior of the set where (p,, pp) satisfies 2, with partial

derivatives

a ( ) _ quUa
Pa \Pas Po/ = Cea (Oé (pavpb) > O)

Qpy, (Pa>Pb) = 20
po \War B0 Cxa (Oé (pa;pb) 70)

and lim,, p,)—o® (Pa, Pb) = 0.% So, for p, and p, small, a (pa,ps) € (0,1).

Thus, the optimal information investment for type «, © = x (&, pa,pp) solves for @ < a(pq,pp). If a >

(6% (pa;pb): then (aapaapb) =0.

In general, for a voter of type « is optimal to follow the signal if and only if
U (z (o, pa,pp), A, B) >max{U (0,4, A),U (0, B,B)}

U(xz(a,pa,pp), A, B) >max{U (0,4, A),U (0,B, B)} or, equivalently if and only if

S 16 AU — Paqa AU |

(paquUa + pquUb) z—C (OL, I) 2

for z = = (o, pa, pp)-

Let o (pa,pp), satisfying

1Ps@s AU — paqa AU, |
= (3)

(PaqaAUq + ppqAU) x — C (a, x) 5

for x = x (o, pa, pp) if any exists and let &’ (pa, pp) = 1 otherwise. Finally set

& (pa,pp) = min{c’ (pa,ps) , & (Pa, Pp)}

and observe that a* (pa,py) = @ (pa, pp) if an only if ppgp AUy = paqaAU,, otherwise a* (pa,pp) < & (Da, Pb)-

Given (pq, pp), every type a < o (pa, pp) acquires the positive amount of information determined by Equation

21f condition SVC or SVC1 holds « is differentiable at (0,0), too.

10



1 and every type a > o (pa,pp) does not acquire information. If ppqpy AU, = paqa AU, the voters who do
not acquire information are indifferent among the two alternatives. Otherwise, they vote for alternative A if
oAU < paqa AU, and for alternative B if ppgp AUy > paqa AU, .

Let

a* (pa,pv)

T (pas o) = / z (o, pa, ) [ () dav
0

be the expected amount of information acquired by a voter of unknown type. Let A(a) € {0,1} be
the probability a voter of type o > a* (pa,ps») votes for A and set X(pa,pb) = f;*(pmpb))\ (o) f(a)da =
A (Paspp) (1 — F (a* (pa,pp))) for some A (pa,pp) € [0,1]. A is the conditional probability a voter of unknown
type votes for A, given that she does not acquire information. Finally set u (pq, pp) = A (Pa, Pb) — % € [f%, %] .

The probability a voter votes for alternative A at state a is:

[t

F (O{* (pavpb))

5 + 7 (Paspn) T A= 5 + & (Pa, o) + 1 (Pas 1) (1L — F (0" (pa, p1)))

[\]

The probability a voter votes for alternative A at state b is:

F(a” DPa; D ~ 3 1 ~ *
PO () 3 = 3~ (o) 1) (1~ F (0 (o)
The probability a voter is pivotal at state a is
2n 1 ~ * 2 "
P i) = (1) {5 = 1 ) + 1) (1= F (0 ()

The probability a voter is pivotal at state b is

Py (Pas pb) = (2:> {i = [ (Pas py) = 11 (Pas ) (1 = F (@ (pa,pb)))]z}n

Let & (pa,py) > o (Pa,pp) be such that

&(pa;,ps)
(k) +5) - Fl@” o) = [ Ti@)da
a*(Pa,ps)

11



Let o (pa,pp) < 1, then p+ % coincides with the probability of a type votes for A, conditional of not
acquiring information. If u =0, & (pa,ps) is the median of the conditional distribution.

We can summarize these findings in the following Proposition.

Proposition 1 A BSE with information acquisition equilibrium exists if and only if there are (pa,pp) €
[0, 1]2 \ {(0,0)} and p such that (Pay (PasDs) s Pop (PasDs)) = (Pa,pv). Equilibrium strategies are given by

(z,v), where:
1. (z,v) (a) = (z (@, pa, p, A, B)) for a < a* (pa,py),
2. (z,v) (a) = (0,4, A) if a> " (pa,ps) and ppgpAUp — pagaAUq > 0,
3. (z,v) (o) = (0, B, B) if @ > a™ (pa,pp) and ppgeAUp — paqa AU, < 0,
4. (x,0) (@) = (0, A, A) if & (pa, pp) < @ < & (pa,pp) and pygy AU — pagaAUa = 0,

5. (z,v) (o) = (0,B,B) if &(pa,pp) < a <1 and pp@pAUp — paqo AU, = 0.

2n - 2mn
n)"~ Jmn

Py (pa,pp) = O (\/an> :

It follows that, given any sequence of S BE and corresponding pivotal probabilities (pan, Dbn), iMn—coPwn =

From Stirling Formula:

so that for w = a,b

0, for w = a,b. Using the continuity of z (-) and of « (-) and applying Fatou’s Lemma we obtain a version of

the Rational Ignorance Hypothesis.
Proposition 2 For any sequence of SBE:
1. limp—ooPun =0, for w =a,b.
2. limp— oo (Pans Pon) = 0.

3. lZmn—>oo$ (a7pa’ﬂ7pbn) = 0

12



4. My — 00X (pan7pbn) =0.

According to this result, when there are many voters, each elector has little probability of being decisive.
Only a vanishing fraction of electors, the ones with the smallest costs, acquire information and this information

is itself of vanishing quality.

4 Existence and informational failure(s)

For every n let (x,,v,) be a SBE strategy with 2n 4+ 1 agents. Let p, = (Pan,Psn) be the corresponding
pivotal probabilities. Set a,, = o* (p,,) and set &, = Z (p,,). Finally let u,, = p(pn) -
In every SBE with information acquisition and for large n, uninformed voters are indifferent between the

two alternatives.
Lemma 1 For n large, in every SBE with information acquisition penqa AU, = pengp AUy .

As the probability of being pivotal converges to 0 for large electorates the cutoff type, o, and the quality
of information acquired by every agent, x,, converge to 0. In order to estimate how much information elections

aggregate we need to estimate the speed of convergence to 0 of these quantities.

Proposition 3 Let (zy,,Vn, ) enbe a subsequence of SBE strategies. Let

= limg—oo/Tk (ink + fhn, (1-F (ank)))

1 = limy— /g (jmc — i, (1= F (ank)))

and assume they exist. Let P,ibe the probability the right decision is taken at state w = a,b, at the corre-
sponding SBE. Then
Pu, — @ (2v211)

Py — @ (2\/51”)

In particular, the Condorcet Jury Theorem holds if and only if I = ' = co.

13



The proof is based on Lemma 1 and on the Berry-Esseen theorem (see Chow and Teicher 1997, p 322),
which provides an estimate of the speed of converge to the standard normal distribution of the normalized

sum of i.i.d random variables.

Theorem 1 For n large an equilibrium with information acquisition exists if and only if @, AU, = qyAUy.
As n — oo the probability of taking the right decision converges to % along every sequence of equilibria with

information acquisition.
The proof of Theorem 1 is broken in different lemmata.
Lemma 2 If ¢,AU, = ¢yAU, a SBE with information acquisition exists.

Once the pivotal probabilities are known the amount of information acquired in equilibrium is determined.
From Proposition 1 and Lemma 1 it follows that p, = p, = p and u = 0. In this way we can reduce the
dimension of the problem and work in the space of pivotal probabilities instead than in the infinite dimensional
strategy space. Brower’s fixed point theorem is employed in order to proof that Pug (pa,ps) has a fixed point.

The next result evaluates the speed of convergence of u,,,Z, to 0.

Lemma 3 For every sequence of equilibria with information acquisition, limg, —copt, = 0, limp_0o/NE, =0

and limy—cov/n (T, £ p1, (1 — F (o)) = 0.

In Martinelli (2006 and 2007) limy,—cov/n (Zn £ i, (1 — F (o)) > 0. While in Martinelli (2007) an

9aAUq
W AUy
U,

with information acquisition exists if and only if Z‘;ﬁiU: = 1. The reason is that the pivotal probabilities goes

equilibrium with information acquisition exists for in a neighborhood of 1, in our setup an equilibrium

to zero so fast that the marginal benefit of acquiring information is surpassed by its marginal costs. In order
to prove the result we show that Z, goes to 0 at the same speed of pZ,,.

From Lemma 3and Proposition 3 we have:

Corollary 1 Along every sequence of SBE with information acquisition the probability of taking the right

decision converges to % when the size of the population converges to infinity.

Lemma 3 is then used to prove the last part of Theorem 1.

14



Lemma 4 If ¢,AU, # ¢ AUy a SBE with information acquisition does not exist for n large.

Intuitively, replacing SVC by SVC1 reduces the growth of marginal costs of acquiring information for
the lowest types so they should acquire information of higher quality. Replacing SCR by SVC2 reduces the
growth of marginal costs when the type increases so the cut-off type should be higher.

Nonetheless, the same negative results hold when we replace SVC by either SVC1 or by SVC2. The proof

is similar to the one of Theorem 1

Theorem 2 Assume C satisfies SVC1 or SVC2. For n large an equilibrium with information acquisition

exists if and only if AU, = qyAU,. As n — oo the probability of taking the right decision converges to %

Elections aggregate information only if the marginal costs of acquiring information grow at a slower rate
in both directions: as the quality of information increases and as the type increases, which is when SVC3

holds. In this case the Condorcet Jury Theorem holds.

Theorem 3 Assume C satisfies SVC3. If g, > 0 and if n is large an equilibrium with information acquisition

exists and the probability of taking the right decision converges to 1 as n — oo.

5 The aggregate cost of information and voters’ welfare

The expected aggregate cost of information is

a(pa,pb)

(20 +1) / C (a2 (@ (pasp))) f (0) da

o

Proposition 4 Along a sequence of equilibria with information acquisition the aggregate cost of information

converges to zero as the number of voters goes to infinite.

The expected utility for a voter in a sequence of equilibria with information acquisition is asymptotically

equivalent to

Up=q.(1=@(J))U(A|a)+q.® (J))U(B]|a)+

15



0 (L= 8 () U0 + 0 () U B 19) - [ € (oo panimn))) £ (@) da
0

where

Tn = V0 (T + py (1= F (@)

J’I’ILI = \/ﬁ(jn =y, (1= F(an)))

The expected utility of the best uninformative equilibrium is

Uo = qaU (A]a) +qU(A]D)
When SVC3 holds, the expected utility of a voter converges to

Uso =q.U (Al a)+qU(B|b)

which is the maximum possible value of utility that can be reached then the equilibria are asymptotically
efficient.

In all other cases let ¢, AU, = q, AU, = r, otherwise SBE with information acquisition do not exist. The
expected utility of every voter converges to Uy that coincides with the utility of every uninformed equilibrium.
Assume that 1,2,3. Let &, = ﬁ Let (3, be the median of the conditional distribution F (a | & > &,). Set

z(a) =x (oz7 ﬁ)for every a < &pand set x (o) = 0 otherwise. Let types a < &,voting according to the

signal, types with &, < a < 3, voting for A and types in 3,, < a <1 voting for B. If it is the case
Vni, ~ 06_4(\/ﬁj")2

for some C' > 0, so that lim,_,oo\/nZ, = [, where [ satisfies [ = Ce=40,
Furthermore, (2n + 1) foa(p”’pb) C (o, (a0 (pa,pp))) f () d — 0. So the sequence of equilibria are not asymp-

totically efficient.
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Choosing appropriately &, = n~?, 8 > 0 the same result can be proved also when 1,2’,3 or 1,2,3’ hold.

Proposition 5 If either SVC or SVC1 or SVC2 holds SBE with information acquisition are asymptotically

inefficient. If SVC holds they are asymptotically efficient.

6 Conclusions

When voters can acquire information of different qualities and have different information acquisition results
large election fail to aggregate information, in general. This is consistent with the most pessimistic view of the
rational ignorance hypothesis. Information aggregation is possible only under quite restrictive assumptions.

There are aspects not reflected here could have important implications. First of all, in our model infor-
mation acquisition is independent among voters. It is not clear the impact of communication or correlation
among different sources of information as it would introduce new strategic considerations.®> Furthermore, the
information and its cost are exogenously provided. Competition among information providers might reduce
its costs and improve election efficiency. Also the possibility of abstention might affect our results. If less
informed voters abstain the probability an informed voter is decisive increases and so the incentive to acquire

information (see also Feddersen and Pesendorfer (1999)).

Appendix: Proofs

Proof of Lemma 1. By contradiction, assume there exist a sequence of equilibria with information ac-
quisition such that p.,q.AUs > ppn@pAU, for infinitely many n. With no loss of generality we assume
Panda AUy > ppnqpAU, for every m. So the highest type who acquire information, o = o* (pan, ppn) and

2z = (& (Pan, Pon) s (Dan, Pon)) solve the system of equation.

Cm (Ol, l’) = pan(IaAUa + pbnqAUb

(PantaAUa + pongAUs) @ — C (o, ) = PentaflempateBly

an, aA a—Pbn A
Set ¥ = PanGaAUa + PonqPan@pAUp and set z = Pand = 2pb w20,

3Gerardi and Yariv (2007) study a model of pre-voting communication communication, without information acquisition.
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Consider the system

Co(o,z) =y
yr —C(a,z) =2

For y small enough there exists a unique & satisfying 4
C, (a,0) =y.

The equation

Ce (o) =y (5)

has a solution x if and only if @ < @ . Such solution, x! («) is unique and it is a continuous and strictly
decreasing function of .
The equation

yr —C(a,z) =z (6)

has a solution if and only if if and only if
yz' (0) — C (0,27 (0)) < 2

If this condition is met, for every a the solution is unique. We denote it by 2’/ (a) , which is continuous.
Observe that the graphs of 2/ and z!! never intersect in their interior. Otherwise the derivative of z/! (a)
should explode and change of sign when intersecting the graph of ! ().
If

yz' (0) — C (0,27 (0)) < 2

then 27 (0) > 2! (0). In this case the only possible solution of of system 4 is @ = @ and z = 0. At the
corresponding SBE we have & (pan, Pbn) = & (Pan, Pon ), in contradiction with pa,qa AU, > ppngeAUs.
If

yz' (0) — C (0,27 (0)) = 2

40Observe that y — 0 as n — oo.
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the only possible solution of system 4 is @ = 0 and z = 2! (0). At the corresponding SBE we have
& (Pan,pbn) = 0. If it was the case only a zero measure set of voters would acquire information and with

probability one all types would vote for alternative A, so the probability of being pivotal would be null, a

contradiction.

Proof of Proposition 3. Without loss of generality assume that the sequences themselves converge.
Given equilibrium strategies, let the event of a given voter voting for A in state a corresponds to a Bernoulli

trial with probability of success 3 + &, + p,, (1 — F (o)) . For i =1,...,2n + 1, set

- 14+, 4 p, (1 — F(ay)) if voter i votes forA

2 — [&n + py, (1 = F ()] if voter i votes for B

The V* are ii.d. Furthermore,E (V;*) =0, E ((V;”)z) =1 [En+p,(1- F(ay,))]? and E <|VZ"|3) =
i —=2[Zp +p, (1= F (an))]4~

Let W™ be the normalized sum of the V;".

Yoty

\/(Zn F1E ((Vi”)2>

Let F), be the p.d.f. of W". The alternative A wins if and only if it gets at least n + 1 votes which is if and

W =

only if
2n+1

> Vs g - Cn 1), (1 F ()]
i=1

The probability of reaching the right alternative at state a is 1 — F,, (J,,) where

—L—@n+ 1) [En 4 p, (- F ()]
V-t 0= P @)} 201

In =

gu e 222V i A PO |y o i o (1 P (an)])
\/g — 2{\/5[53” + (1 - F(O‘n))]}Q
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From the Berry-Esseen Theorem (see Chow and Teicher 1997, p 322).

B () =2 ()] =0 (=)

So

Lty oo Pan = 1 — @ (-2\/511) — 3 (2\/511)

whether {7 is finite or infinite.

The proof of the case w = b is similar.

Proof of Lemma 2. It must be the case that p, = p, = p (see Lemma 1). Furthermore with the
notation of Proposition 1, u = 0. Set r = ¢,AU,. Let & (p) satisfying 2rp = C, (a,0) if any such « exists
and & (p) = 1 otherwise. The function & (p) is continuous. Let the function z (o, p) be defined on [0, & (p)]

satisfying 2rp = C,, (o, z) for every a € [0, & (p)]. set

7 = ()

The function T : [0,1] — [0, 1] is well defined and continuous so it has a fixed point. Let p* be a fixed point

&(p) "

1| [ =@

of T'. Define & as follows:

F@)-F@) = [ f(@da= =200,

&(p)
Type & is the median type, conditional on the types who do not acquiring information. Consider the
strategy (z,v), where (z,v) (o) = (z (o, p*), A, B) for a < & (p*), (z,v) (a) = (0,4, A4) for a (p*) <a < &
and (z,v) (o) = (0,4, A) for & < a < 1. It is easily seen that (z,v), = (z,v) for i = 1,..2n + 1 is a SBE.
We next prove that there is information acquisition. By contradiction assume that there is no information

acquisition then « (p*) = 0. It follows that p* = 0, but T(0) = (2") L £ 0, a contradiction.

n 4n
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Proof of Lemma 3. (i) From Proposition 1, at any equilibrium p,q,AU, = ppqpAU,. Let p € [0,1]
and 7 be such that pr = p,q, AU, = ppqpAUp. Let Let & (p) satisfying 2rp = C, (o, 0) if any such « exists
and & (p) = 1 otherwise. The functiond (p) is continuous. Let the function z («, p) be defined on [0, & (p)]

satisfying 2rp = C, (o, z) for very a € [0, & (p)]. Define 7 (p) = f&(p) x

0 (o, p) f (o) dav. From Proposition 1

and 1 for n large enough there exists p € [—7, %] satisfying

1 AU, <2:) {i = [# (pa,pp) + (1 = F (& (pa,pb)))]Q}n = Cy (6 (pa, pb) ,0)

AU () {3 =1 Gam) = 1= F @ o) | = Co @ (0o) 0

Pa = (2n> {i = [Z (Pa,pp) + (1= F(a (pa,pb)))]z}n

n

Set p = p, set z (a,p) =x (oz,p7 Zzﬁg:p) and set « (p) = « ( , %p). Then

QPQaAUa = Ca: (a7 x (aap))

and

2PQ¢1AU¢1 = Cm (O/, (p) 70)

pA = C, (e, 0)

It follows:

a ( ) _ 2pquUa

P G (@ (), 0)
and for p — 0
2q, AU,
a(p) = mp+0(p)
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Similarly

_ Caala,z(a,p)
Tqo (a,p) = Coz (o, z (D))

and
2 (onp) = — 24eB8Va
pl4P) = (a,z (v, p))

Observe that the second partial derivatives of C' are continuous so that C,, , Cy,, are bounded away from
zero in a neighborhood of (0,0) and « (p) = O (p) uniformly in a neighborhood of 0. For p — 0 and a < « (p),

for some v € (o, a (p))

_ _ Coa(00P) () — 244 AUq
Z (Oé,p) = —Zq (771)) (a (p) - Oé) + Tp (’Y,p)p - Cma: (’Y,p) (Oé (p) Oé) + Cza (’Y,p)
Then.
Cflja ) GA a
slap) = T @)~ o)+ F Tt o) +o(a)
uniformly in a < a (p). It follows that (see Olver 1974)
e  Cua (0,0) [ 20,00, [
z(p) = /0 x(p’a)f(a)dQNCxx(O,O /0 (a(p)—a)f(a)da+Cm(o,o)p/o f(a)da

~ Caa (0,0 o? (p) 2q,AU, — Cra (0,0) o? (p) 2q,AU,
~ 00! O g F @) G O+ g O )
~ Ca (07 O) 2¢, AU, 2 2
~ (2c<oo> * 1) (c<oo>) 102
For p — 0.

where C' = {(2%”11((00’?0)) + 1) (#(070))2 f (0)] h
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At the SBE
pon= (M) {3~ 1= P}

n

= ()3 -0 P}

Assume lim,, oo ft,, = M exists and is non negative.® Observe that M = lim,, .7 (p)+p (1 — F (a(p))) > 0

and

and that —M = lim,—ooZ (p) — u (1 — F (a (p))).
Assume first that M = 0. For n — oo

2

o~ H{VAlEn i, (1-F(a,))]}
pan ~ \/ﬁ

and

2

e H{ValEn—p, (1=F(a,))]}
DPon = \/ﬁ

From 7 it follows that, for n — oo:

1

=\ S{VAlEntp, A=F (e N} o
(Vnn) e 7Cy/n

2
=\ S VAlEa -, (1-Fa,))]}? o [ BAUb 1
(Viin) e <quUa “Cv/n

Combining the two equivalence we obtain the claim.
Now let 0 < M < 1. Set § = y/1— M2 and set y,, = [Zn — i, (1 = F (an))]® = M2 = 0(1) and set
Zn = /1 [En — iy, (1 = F (a,,))]* — M2 = 0(1). We have

2n
Pan = (25) e—n%
VTN
25 n _mEn
Pon = ( ) e "

ﬁ

™n

5There is no loss of generality: the argument can be used along every convergent subsequence.
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Furthermore, from Lemma, 1:

SO

Then, 7 imply that

But then, as n — oo

n(Yn — 2n) = —4np, (1 — F (an)) T, — 0

because § < % A contradiction.

The case M = % is similar. In order to conclude and obtain a contradiction one has to observe that now

(25)4n

™

Ty A0 ( ) for every § > 0. So it must be that M = 0.

Proof of Lemma 4. If an equilibrium with information acquisition exists there are p € (f%%) and

(pa,py)such that:

2800, (21) |§ = G o) 4100 = F @) ]| = Co @) 0) 0
2n -1 ~ 2- "
2803 (%) |1 = @ oa) ~ 10 = F (@ Gosp )| = Ca @ o) 0) )

Assume an equilibrium with information exists for infinitely many n. Let {n4}, .y be a subsequence such
that a SBE with information acquisition exists when there are 2nj + 1voters. With the notation of Lemma
3 we have.

- 21" .
Pany, (2:> {i - [fEn - +/'Ln (1 - F (a’n))] } 674[\/5(93"4'/4‘71(17F(0‘n)))]2

limi— oo - = liMp o . N = liMn— oo . - — - =
= () {3 = = i (1= F 0} A )

n

but according to Lemma 1. This is possible only if q,AU, = q,AU,.
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Proof of Corollary 1.The claim follows from Lemma 3 and Proposition 3.

Proof of Proposition 2. Lemmas 1, 2 hold also when SVC is replaced either by SVC1 or by SVC2.
Consider first the case where SVC is replaced by SVC1 The proof of the other results need only minor changes.
Here we sketch them. Let k be the minimal integer such that D = C, k) (0,0) # 0. We have D > 0. Using

a k" order Taylor’s approximation, as n — 0o

=

a(pn) = (D™ 2pangaAU,) * -
Working as in the proof of Lemma 3, we get

~ 1
Tn = C (pan)1+ k

as n — 00, from which the claims of Lemma 3, Lemma 4 and Lemma 1 follow exactly as above.
Now consider the case where SVC is replaced by SVC2. At equilibrium ps,, = ppn = Pn, let a(ps) =

e (pa, qq‘;ﬁg:pa). Let k be the lowest integer such that Cx) (0,0) # 0

For p, — 0 (see the proof of Lemma 3):

a(p ) ~ 2paquUa
“ Cra (0,0)

We have:

4paqa AU, = 20, (o, ) = 2Cpq (0,0) a4+ Coiy (0,0) 21 +0(a) + 0 (x2)

uniformly in o < o (p,), and in = < z (0, p,).
So, for a < a(pa) = min {a (), 2555 |

2 (@, p) = (Co (0,0) T (pagaAU, — 2Cs (0,0) a) =T

uniformly in a.
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Observe that & (pa) — @ (pa) = O (p?). Integrating (see also Segala 1999 and Olver 1974), for p, — 0

&(pa)

- 7. AU, ~ o )
z (pav WA, Pa) ~ (Cpm (0,0)) 0/ (PaqaAU, — 2C1q (0,0) a) f (a) da
and k
# (o) ~ D (4 (p0) AU ™7 ] (0)
Then B
- (k—1) (8q§ (AUQ)Q) Pt 7(0) N
Flpo) (Pa) ™

k (Cua (0,0)) 77 (Cn (0,0) 7

from which the claims of Lemma 3, Lemma 4 and Lemma 1 follow exactly as above.

Proof of Theorem 3. Also in this case Proposition 1 and Lemma 1 hold. First assume C,,. (0,0) # 0
and Cyaa (0,0) # 0.

Atevery SBE pan = L85 pyn. Set puy = pp- Set a (p) = (%p,p), seta (a,p) = @ (a, (;’jﬁg‘;p,p))

and set & (p) = f;’:ﬁg:p,p. Observe that Cyyy (0,0) > 0 and Craa (0,0) > 0.

CV( ) ~ 2quAUa %
PP\ Craa (0,0))

For p — 0 (see:

We have:

pgp AURA = 20, (o, ) = Craa (0,0) & 4 Crpr (0,0) 22 + 2C,04 (0,0) az + 0 (||(a, ac)||2)

1
SO,fOI‘Ozﬁ@(p)min{a(p)’(g%>2}

—Crza (0,0) o+ /[C2,,, (0,0) — Craq (0,0) Crzz (0,0)] a2 + 4pgpy AU,
Cron (0,0 +

o(a)+0(vp)

z(a,p) =

uniformly in o < @ (p) (see also Segala 1999), because z is non negative.
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Observe that @ (p) — a (p) = O (p). Then Integrating, for p — 0

P)

2l

—Crua (0,0) o+ \/[C%ma (0,0) — Craa (0,0) Crzz (0,0)] @ + 4pgp AU,
Ciraz (0,0)

z(p) = f(a)da

o

_mea (07 O) 042 (p) f (0)

o TN R
a=a(pa)
af (0) \/ C210 (0,0) = Cra (0,0) Cag (0,0)] 02 + 42 L OV ee 00 -Corn O OCer- OO Ay,
2,0 (0,0) !
a=0
a=a(pa)

f (O) QPQbAUblOg (2 Cu,va (Oa O)Oé + 2\/[0311704 (07 O) - Oxaa (Oa O) OJ.L.L (07 O)] 042 + 4quAUb>
(Cras (0,0))?

Simplifying and eliminating infinitesimal of higher order:

z (p) = Cplog (p)

for some constant C' < 0.

Observe that if g,AU, = ¢, AU, then Lemma 2 holds.

Asn— o0
~ L —a(vmia)?
Pan =~ \/ﬁe
So
. C —4(V/nin)? 1 - N\2
VN, ~ ﬁe —ilog (mn) — 4 (Vni,)
And

liMp— oo/ Ny = 00

We can conclude with Proposition 3.
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Now assume ¢, AU, < q,AU,. For every o, € [0, 1] define z («r,y) as a solution of

Cy (aa x (aa ’7)) =C, (’77 0)

and define

A SBE exists if and only if there exists (v, ) € [0,1] x [—1, 1] satisfying:

280, (2 ) {1 =B () 4 FOIPY = €00 (10)

n

2800 ()22 {1 -4 0) = FOIP} = €2 0.0 (1)

The SBE has information acquisition if and only if f% <p < % so that v > 0. Let . (1) the solution
of equation 10 and let v! (1) the solution of equation 11. The function 7% (1) has a maximum ~ which

satisfies

2AU,q, 27" (2:) =C, (+,0)

and it is reached for p, = pl where
i T
T (A=F()

The function 1 (1) has a maximum ! which satisfies

28U 2" (2:) =Cy (1],0)

and it is reached for p, = ul, where
= (AT
r_ ()

e = 1= F (1)

Observe that —% <pul <0< pll < 5 and 0 < L < 4T All sequences converge to 0 as n — oo because

9-2n 2n ~ 1
n AT
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Furthermore 2! (,u{l) < 7l so that in order to prove that a SBE with information acquisition exists for n
large enough it suffices to prove that v// > ~f (,uI 4 ) for n large enough . The left hand side of equation 10

is decreasing in v for p > 0. So this is equivalent to check that

{1-aF () +ull (1= F ()]} < igzzz (12)

for n large enough. For n — oco:
{14 +ull (1= F ()} e 2B 0-r )]

Set

Observe that

v = a (pn,pn)

and

Z(vi) =% (pn.pn)

So, for some C' < 0

) c 1
Z (va") = Cpalog (pn) = 09 (\/ﬁ)
SO

limMy — oo/ NE (’yfll) =00

and the left hand side of inequality 12 converges to 0. Then a SBE with information acquisition exists for
n large enough.

We have

v = (M) {3 - ot - Fla?}

n
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and

o= ({5 - - =P}

So
Dan A o= VAlEn (1= P ()]}
™
o A e VAlE = (1= F (a1}

™

Without loss of generality assume j,, < 0 for infinitely many 7.5
From

T (pon) = Cppnlog (pvn)
we have

2

Vi () % € {4 (VA0 o (1= F (@]} = Glog () } 2 Ce 0/ -rien)l)
So
limy—oov/n [Tn + pty, (1 = F ()] = 0.

From Per = 9e&Ua it fo]lows that
Pbn AUy

limy—ooV/1 [T — 11, (1 = F ()] = 0.

We can conclude by Proposition 3.
Now we consider the most general case. Let kibe the lowest k such that C, ) (0,0) # 0 and let kybe the

lowest k such that C,x) (0,0) # 0. Then, for every positive constants Cy, Cy, Cs.

Cy(a,z) =0 (Clm2 + 2Csax + Cga2)

60therwise the same procedure applies to pan.
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for < a(p) and = < 2 (0,p) for p — 0.
Let Cy, Cs, C3 be such that

—Cra+ \/<022 — 0103) a2+ 4quAUb
Cy

is well defined and non negative for all a < a (p).

Then

—C’loz + \/(022 — 0103) Oé2 + 4quAUb
Ch

= O (z(a,p))

for o < a(p) and = < z (0,p) for p — 0.

Integrating like in the first part of the proof one obtains that

Ip (logp)| = O (% (p))

from which follows the claim.

Proof of proposition 5. Assume 1,2,3 hold then ¢,AU, = q,AU, and pa,, = Pon = pn. Furthermore,

D (in) ~ E (p,)* = C (a,)? and for some C, D, E > 0 (see the proofs of Lemma 1 in the appendix). Then

QAn Ay

n+1) [ Cla(ap) fla)da= (2’” 1) [ e 0.0 @ (p) +
0

0

+Cua (0,0) a® + 20,0 (0,0) a(z (o, pn)) f (@) da

which is asymptotically equivalent (see the proof of Lemma 1)

(215 0/0 0.0 (G200 o, a1 2B}

Cuzz (0,0) Cra (0,0
Cyra (0,0) 2q,AU,
2 _ “da7Va
+Cua (0,0) a* +2C;4 (0,0) (CM 0.0) (an — @) + c (070)pn> /(@) da
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Then, developing the integral one obtains

(2n+1) / C (o, z (a,pn)) f (@) da = nFa?
0

for some I’ > 0 so that

Qn

(2n + 1)/C(a,x(a,pn))f(o¢) da — 0
0

as m — 0o.
The cases where 1, 2,3’ or 1, 2°, 3 hold are proved proved similarly.
Now assume that C,, (0,0) = Cy, (0,0) = 0 and that ¢,AU, = ¢sAU,. We have pan, = pon = prn. We have:

~ 2
\/NTy — 00, pp R \/%e_‘l(\/ﬁx”) and , a,, =D,/p, for some D > 0 (see the proofs of Lemma 3).

Qn

(2n + 1)/0 (o, (a,pp)) f (@) de

0

is asymptotically equivalent to

m+1) [
%/am (0,0)302 + Cana (0,0) o+

0
+3Chaz (0,0) 02z (v, pn) + 3Cazz (0,0) a (2 (at, pn))* + 2C4as (0,0) (z (o, pn))* f (@) dox

Let € > 0. For n large enough the aggregate cost is strictly less than

Qn

n/saf(a)da

0
which is equivalent to
1 L \2
sent (0) (@)’ = N —2(vnn)

2mn

which converges to zero. So does the aggregate cost. The proof of the case ¢, AU, > q,AU, is identical.
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