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Abstract

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
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 heteroge-
neous electorate influences 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 % +x and faces a cost of C (a, )
where « is her type. C is strictly convex and increasing in x. Types with higher types faces increasingly
higher costs.

The model incorporate 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 equilibriua and prove that an equilibrium with information acquisition exists if

and only if the expected gains from reaching the right decision are equal at every state. 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 Cpy(0,0) = Coy (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) so information ag-
gregates, even if incompletely. In Martinelli (2007) a decreasing part of the electorate acquire information
but the quality of information acquired is always the same so information aggregates. 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,, sp}. Before receiving
the signal they can acquire information of quality x € [O, %} When a voter receives a signal of quality x the
likelihood of receiving the signal s,, conditional to w is p (s, | w,x) = % + . Voters have different acquisition
costs. One interpretation is literal: voters bear different costs of access to information. According to a
different one voters 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 a 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] — Ry, with f(0) # 0.

The cost function is of class C? ([0, %} x [0, 1]) and has the following properties:



NFL C (0,a) =0 and C (z,«) > 0 for all > 0 and for all a.

CONV C, (z,a) > 0, Cpy (x,) > 0, for all x € (O, %) ,and for all @ > 0. C, (0,0) = 0 and
Cye (0,0) > 0.

SCR C, (z,a) > 0, Cyo (2, ) > 0 for all x > 0 and for all & > 0. Cyy (0,0) > 0.

Property NFL (no free lunch) states that acquiring a positive amount of information has a strictly positive
cost, while acquiring no information entails no costs. Property CONV (convexity) states that the cost
function is strictly increasing and strictly convex for all types. Type zero has zero marginal costs. Property
SCR (single crossing) states that higher types « face increasingly higher costs.

We study the robustness of our results with respect to these assumption. We will analyze two cases where

condition CONV and/or SCR are replaced by WCONV and WSCR.

WCONV C, (z,a) > 0, Cyy (z,0) > 0, for all € (0,3) ,and for all & > 0. C,(0,0) = 0,

'3

Cyz (0,0) = 0. There exists k € N such that C ) (0,0) # 0.

WSCR C, (z, ) > 0, Cyq (z,a) > 0 for all z > 0 and for all @ > 0. Cyq, (0,0) = 0. There exists
k € N such that C,,u (0,0) # 0.

If WCONYV holds the marginal cost of acquiring information of the lowest type is lower than with respect to
when CONV holds. If WSCR holds the marginal cost of acquiring information of the lower types increases
at a slower rate withe respect to when SCR holds.

At state w = a, b, the utility of a voter of type a, who has invested in a level of signal precision x 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] — [0, %] and

of a voting strategy v : [0,1] X {sq,s5} — {4, B} such that x is measurable and v (-,s) is measurable for

s € {Sq,5p}-



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) = Y Uldw)Pr(d|wu (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,, sp}, the expected utility from voting v is

U|zs (X, V)_)= > U@|wPrw]|(zs)
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

K2

Ulz,v|(X,V)_,) = Z Ut (v, s, (X, V)_,)p(s)
S€{Sqa,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 (X7f/) = (2,0),21,.. ony 1 Satisfies:

1.U (v (% (a),s) | & (a),s, (X7V)_i> >U (v | & (a),s, (X,V)_ > for all « € 0,1], for all v € {A, B}

i

and for all s € {sq, Sp}-

) —C (z,a) for all a € [0,1] for all voting

—1

2. U (x (@), | (XV)

rules v.

)G zu (sl (£7)

—1

An SBE with information acquisition is a S BE 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 x — z if
limmﬁz% =1, f=o0(g) forz — z if limmﬁz% =0and f = O(g) forr — z if there exists C > 0 such
that [f (z)] < Clg (v)| in a neighborhood of 2. Let {a,},cy and {b,}nen two sequences of real numbers. We

write a,, ~ b, if limn_,oo‘g—: =1, a, =o0(b,) if limnﬁm‘;—: =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 (v, vp) is

> Puo[U e | w)p(sa|w) + T (vp | w)p(sp | 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 s.
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) = paq.U (A a) +ppqpU (A | b) +U_; =

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

+paQaU (B | (L) +prbU (A | b) + Ufi

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



U (0,B,B) = paq.U (B | a)+peqpU (B |b) +U_; =

_ D@ AUy + paqa AU, L Py AUy — paq AU,

5 5 +paqaU (B | a) + ppqpU (A | b) + U—;

Observe that U (0, A, A) > U (0, B, B) if and only if p,q, AU, > ppqp AUp.

The benefit from acquiring x units of information and following the signal U (z, A, B) is

1
U (x,A, B) = (paqaAUs + prayAUs) (2 + x) +PaqU (B | a) + ppgpU (A b) = C (o, x) + U—;
Let o = a (pa, pp) such that
(paQaAUa + pquUb) - Cy (O‘7 O) =0 (1)

if any exists and set @ = a/(pq,pp) = 1 otherwise. Type « (pa,pp) is the lowest type for whom is optimal
not to acquire information. The function « (p,,py) is differentiable in the interior of the set where (pq,pp)

satisfies 1, with partial derivatives

a ( ) _ Q(LAU(L
pa \Pa) Po) = Cza (a (paapb) ) 0)

ap, (Pa;py) = w Al
po e 0 Cra (a(ptupb)ao)

and lim,, p,)—o® (Pa, p) = 0.1 So, for p, and p, small, a (pa,ps) € (0,1).

Thus, the optimal information investment for type a, = x (@, pq, pp) solves
(PaqaAUq + ppgpAUs) = Cy (o, ) (2)

for a < a(pa,pp). I @ > @ (pa,ps), then x (a, pa,pp) = 0. For (pa,pp) # 0 and 0 < a < @ (pq,pp) from the

LIf condition STR holds « is differentiable at (0,0), too.



implicit function theorem we have

Cra (o,
T (aupavpb) = _CYEO[;E;
xrxr ?
"L‘pa (O[,paupb) - Oxx (O[’,’,E (Oé,pa;pb))
@w AUy

{L'pb (Oé,paapb) = Crx (a71’ (Oé,pavpb))

and limy, p,)—0Z (@, pa,pp) = 0 for every a.2The function, = (o, pa,pp) is strictly increasing in p,, for
w = a,b and strictly decreasing ina for @ < a (pa,ps), = (@, Pa, Pb)-

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

< P2 AU, — paga AU

(Paqa AU, + ppgAUy) x — C (o, ) 5

for x = x (a0, pa, po)-

Let o (pq,pp), satisfying

_ ‘prbAUb - paQaAUa|
2

(paquUa + pquUb> x—C (Oé, $>

for x = x (a0, pa, pp) if any exists and let & (pa, pp) = 1 otherwise. Finally set

a* (paapb) = min {O/ (paapb) y QX (paapb)}

and observe that o (pa, pp) = & (pa, py) if an only if ppg AUy = paqa AU, otherwise o* (pa, pp) < @ (Pa, Pb)-
Given (pa,pp), every type a < a* (pa, pp) acquires the positive amount of information determined by Equation

2 and every type a > a* (pa,p») does not acquire information. If pygy AU, = paqa AU, the voters who do

21f condition CONV holds zis differentiable for(pq, py) = (0,0), too.



not acquire information are indifferent among the two alternatives. Otherwise, they vote for alternative A if
P AU < paqa AU, and for alternative B if ppgy AUp > paqa AU, .
Let

a* (pa,py)

T (pas o) = / z (o, pa, ) f () dav

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 (pa,ps) = A (pa,pp) — % € [—1, 3],

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

[

F (Oé* (pavpb))

5 + % (Paspb) T A= 5 + & (Pa, o) + 1 (Pas ) (1 — F (0 (pa, p1)))

[\]

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

—_

F (o (pa, b))

9 -z (Pa,pb) + 5\ =-—-z (paypb) + (paapb) (1 —F (a* (paypb)))

2

The probability a voter is pivotal at state a is

Payy (s o) = (2:) {i = [& (Pa:Pv) + 11 (Pas po) (1 = F (" (pa,pb)))P}n

The probability a voter is pivotal at state b is

Pop (pa;po) = (2:) {i = [& (Pas o) = 11 (pas o) (1 = F (@ (pa,pb)))]2}n

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

&(pa;,pv)
(k) + ) - Fl@ o) = [ Fia)da
a* (Pa,pv)

10



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, pp)is the median of the conditional distribution.
2n\ 2"
n)
1

P, (pa,pp) = O (\/ﬁ>

From Stirling Formula:

so that for w = a,b

for some C' > 0.
If C, (0,0) # 0 and for n large enough no voter of any type would acquire information. 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 (P (PasDs) s Pop (PasDb)) = (Pa,pv). Equilibrium strategies are given by

(z,v), where:
1. (z,v) (@) = (x (@, pa, Pv, A, B)) for a < a* (pa, py),
2. (z,v) () = (0, A, A) if a > a* (pa, pp) and ppqyAUp — paga AU, > 0,
3. (z,v)(a) =(0,B,B) if a > " (pa,pp) and ppqpAUp — paqo AU, < 0,
4. (@,0) (@) = (0, A, A) if & (paspp) < @ < & (Paspp) and pygpAUp — paqa AU, = 0,
5. (z,v) (@) = (0, B, B) if & (pa,ps) < a < 1 and pygy AUy — pagaAUs = 0.

Given any sequence of SBE and corresponding pivotal probabilities (Pan,Pon): liMp—ooPwn = 0, for w = a,b.

4 Existence and informational failure(s)

For every n let (z,,v,) be a SBE strategy with 2n + 1 agents. Let p, = (pan,pPon) be the corresponding
pivotal probabilities. Set a,, = a* (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.

11



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, z,, 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 2 Let (2, ,Vn, ) enbe a subsequence of SBE strategies. Let

U = limp—coy/nk (Zn, + fin, (1= F (an,)))

lll = lka_,OO V1 (i‘nk — My, (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 — @ (2v2)

Py — ® (2\/51”)
— ZII

In particular, the elections are asymptotically efficient along the subsequence if and only if If = 00.

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.

12



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 ¢ = 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 Puo (pa,ps) has a fixed point.

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

Lemma 3 For every sequence of equilibria with information acquisition, limy—copt, = 0, limy—coy/NTn = 0

and limy—oo/1 (T £ 11, (1 = F (o)) = 0.

In Martinelli (2006 and 2007) lim,—oov/n (2 £ i, (1 — F () > 0. While in Martinelli (2007) an
9aAUq
AU,

with information acquisition exists if and only if ‘Z{;ﬁgz = 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 &, goes to 0 at the same speed of pZ,.

From Lemma 3and Proposition 2 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.
Lemma 4 If q,AU, # qAUy a SBE with information acquisition does not exist for n large.

Intuitively, replacing CONV by WCONYV reduces the marginal costs of acquiring information for the
lowest types so they should acquire information of higher quality. Replacing SCR by WSCR 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 3. is replaced by 3’ but 2 holds and when 2 is replaced

by 2’ but 3 holds. The proof is similar to the one of Theorem 1

Theorem 2 Assume C satisfies NFL, CONV, WSCR or it satisfies properties NFL, WCONV, SCR. For
n large an equilibrium with information acquisition exists if and only if ¢, AU, = qAU,. As n — oo the

probability of taking the right decision converges to %

13



In order for the election to aggregate information it is needed that both CONV and SCR are replaced by

WCONYV and WSCR respectively. It turns out that, in this case the Condorcet Jury Theorem holds.

Theorem 3 Assume C satisfies NFL, WCONV and WSCR. If q, > 0 and if n is large an equilibrium with

information acquisition exists and the probability of taking the Tight 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;pv)

(20 + 1) / C (o (@ (papn))) f () dor

o

Proposition 3 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=0(1-2(J))U(A|a)+q.@ (J))U(B|a)+

@ (1= (J3")) U (A]b)+aq® (J;)U(B|b) - / C (a, 2 (a (pan: pon))) f (@) dov

where

14



The expected utility of the best uninformative equilibrium is
Uo = qaU (A ]a) + U (A|D)
When hold, the expected utility of a voter converges to
Uso = qaU (A ] @) + U (B | D)

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

In all other cases let ¢,AU, = gy 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' (o | & > &,). Set
z(a) = (a, ﬁ)for every a < apand set z (o) = 0 otherwise. Let types a < &,voting according to the

signal, types with &, < a < g, voting for A and types in 3, < a <1 voting for B. If it is the case
i ~ Cemd(ViEn)’

for some C' > 0, so that lim,—.o\/nZ, = [, where [ satisfies [ = Ce=47,

Furthermore, (2n + 1) foa(p“"pb) C(a,x (a(pa,pp))) f (o) dae — 0. So the sequence of equilibria are not asymp-
totically efficient.

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

Proposition 4 If either NFL, CONV and SCR or NFL, CONV and WSCR or NFL, WCONV and SCR
hold SBE with information acquisition are asymptotically inefficient. If NFL, WCONV and WSCR hold

they are asymptotically efficient.
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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 punq. AU, > ppnqpAU, for infinitely many n. With no loss of generality we assume
Pan@aAUq > ponqpyAUy, for every n. So the highest type who acquire information, @ = o* (pan,ppn) and

x = 2 (@ (Pans Pon) s (Pans Pon)) solve the system of equation.

Cx (Ol, ZL’) = panQaAUa + pbnqAUb

(PandaAUq + pongAUs) & — C (o, ) = PenteBlaspon @Bl

Set ¥y = Panqa AU, —|—plquUb and set z — Panda

AUy —pongp AU
5 .

Consider the system

Cr(a,x) =y "

yr —C(a,z) =2

3Gerardi and Yariv (2007) study a model of pre-voting communication communication, without information acquisition.
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Let & satisfying
C, (@,0) =

Such an @ exists for y small enough. The equation

Cy () =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) =2 (6)

has a solution if and only if if and only if
yz' (0) - C (0,27 (0)) < =

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 2’/ never intersect in their interior, because the derivative of x! ()
explodes and changes of sign when it intersects z! (a).
If

yz' (0) — C (0,27 (0)) < 2

then x/7 (0) > 27 (0). In this case the only possible solution of of system4 is @ = @ and z = 0. At the
corresponding SBE we have & (pan, Don) = & (Pan, Pon ), in contradiction with panga AUs > ppngs AUs.
It

yz' (0) — C (0,27 (0)) = 2

the only possible solution of system 4 is @ = 0 and z = 2! (0). At the corresponding SBE we have
& (Pan,Pon) = 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

17



contradiction.

Proof of Proposition 2. 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 + 1y, (1 = F ()] if voter i votes for B

The V" are i.i.d. Furthermore,E (V") = 0, E ((‘/;")2) =1 [#, 4, (1- F(ap)] and E (|Vi”|3) -

- 4
i_2[xn+/ln(1_F(O‘n))] :
Let W™ be the normalized sum of the V;".

\/(271 Y1 E ((Vi”)Q)

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

2n+1 yrn

only if
2n+1

SOV g = @ 1) [+ (1= F ()]
i=1

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

_% —2n+1)[Zn + p, (1 = F(an))]

\/{}1 — [0+, (1= F ()]} 20+ 1)

In =

o 2 —M{ﬁ[;znwn(l_man))i} 2B [+, (1 — F ()]}
VB =2l + 1, (1 F ()]}

From the Berry-Esseen Theorem (see Chow and Teicher 1997, p 322).

B () =2 (1) =0 (=)
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So

Lty oo P = 1 — ® (—2\/§l1) — 3 (2\/511)

whether £ 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) satistfying 2rp = C, («,0) if any such « exists
and & (p) = 1 otherwise. The function & (p) is continuous. Let the function x (o, p) be defined on [0, & (p)]

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

24N

The function 7" : [0,1] — [0, 1] is well defined and continuous so it has a fixed point. Let p* be a fixed point

of T. Define & as follows:

F(a)-F(a@)) =

&

g\gx
“\'s
2
QL
Q
I

Type & is the median type, conditional on the types who do not acquiring information. Consider the
strategy (z,v), where (z,v) (o) = (z (a,p*), A, B) for a < & (p*), (z,v) (a) = (0,4, A) for a(p*) <a < 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 7'(0) = (**) & # 0, a contradiction.

n ) 4n

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

satisfying 2rp = C; (o, z) for very a € [0,é (p)]. Define Z (p) = fo (a, p) f () da. From Proposition 1
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and 1 for n large enough there exists p € [—%, %] satisfying

00 () {36 am) + 10 = F @ Gum)} = Co (6 a0

AU () ] = B Gui) <1 (1= F@ap) ] = Co @) 0)

n

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

7. AU,
AUy

Po = Pa

Set p = p, set z (a,p) =x (a,p, Z‘;ﬁgz ) and set « (p) = « (p, ‘;‘Zﬁg‘b’p). Then

2pqa AU, = Cy (o, z (v, p))

and
2pquUa = Cﬂc (a (p) 70)
pA = C, (e, 0)
It follows:
a ( )_ 2p(JaAUa
p )= Cra (Oz(p) 70)
and for p — 0
_ 2q,AU,
Similarly
_ Cia(a,2(a,p))
rol0P)= "¢ taw (@)
and
T (a )_ 2QaAUa
PP G (v ()
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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 « < « (p),

for some 7y € (o, a (p))

B ~ Cra (7,p) 2q, AU,
z (o, p) = —xa (7,p) (a(p) —a) +2p (v.p) p = Con(0o0) (a(p) —a) + o rop)”
Then.
2 ap) = G @) — o)+ FETp 4 o) +o(a)
uniformly in o < a (p). It follows that (see Olver 1974)
_ B a(p) _ Cia (0,0) a(p) B 2¢a AU, a(p)
i) = [ eme)f@dos GEE [ @) - fleydas 2T [ (@) da
_ C24(0,0) a?(p)  2q.AU, _ Cza (0,0) a?(p)  2q.AU,
~ 0oa (0.0) f0)— Coa (0, O)F( (p)) = o (0.0) F0)— o (0.0) f(0) pa (p)
_{ Cua (0,0) 2¢,AU, \?
= (2% (0.0) “) (cm (070>) FOF
For p — 0.
p* = CZ (p) (7)

e @ = [( 8% +1) () 7 0]

At the SBE
v = (M) {5 -+ - Flan)P}

and
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Assume lim,, .o, = M exists and is non negative.* Observe that M = lim,, o7 (p)+pu (1 — F (o (p))) >0
and that —M = lim, .2 (p) — p (1 — F (a (p))).
Assume first that M = 0. For n — oo

o~ M VAlEn+p, 0= F ()]}
pan ~ \/ﬁ

and

o~ Vilin—p, (1=Fla, )}’
Pon = \/ﬁ

From 7 it follows that, for n — oo:

1

7Cy/n

(\/ﬁfﬁn) SAVAlEn 1, 1=F (eI} o

W AU, ) 2

= ) S{VAlEn =, (1= F(a, )]} o
(Viin) e <quUa 7Cv/n

Combining the two equivalence we obtain the claim.
Now let 0 < M < 1. Set § = y/1— M2 and set y,, = [Z — g1, (1 — F (an))]> = M2 = 0(1) and set

Zn = /1 [0 — iy, (1= F ()] — M2 = 0(1). We have

Furthermore, from Lemma 1:
. _pY¥n—_zn QbAUb
limp—ooe W57 =
e 3. AU,

SO
Yn — Zn —In quUb
5 9. AU,

liMy—oo — M

4There is no loss of generality: the argument can be used along every convergent subsequence.
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Then, 7 imply that

But then, as n — oo

n(Yn — 2n) = —4np,, (1 — F (o)) Tp — 0

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

Ty R0 (M) for every § > 0. So it must be that M = 0.

™

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

(pa, py)such that:

280, (1) |§ = G o) 4100 = F 0 )| = Co @) 0) ©
on\ 1 21"
280 (%) |1 = @ loam) = 11~ F (@G| = Ca @) 0) 0

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

n
(2n> {% - [i‘n - +/'[/TL (1 - F (an))]z} 6_4[\/ﬁ(jn"l‘un(l_F(an)))]z

Dony, (2n) {% —En—p, (1—F (an))]g}" oA VA(@n—p, (1=F (an)))]” =

n

but according to Lemma 1. This is possible only if g, AU, = q,AU,.

Proof of Corollary 1.The claim follows from Lemma 3 and Proposition 2.

Proof of Proposition 2. Lemmas 1, 2 hold also when CONYV is replaced by WCONYV and when SCR is
replaced by WSCR. Consider first the case where SCR is replaced by WSCR The proof of the other results

need only minor changes. Here we sketch them. Let & be the minimal integer such that D = C,, (0, 0) # 0.
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We have D > 0. Using a k" order Taylor’s approximation, as n — oo

=

a(pn) = (D' 2panqaAUL) * .
Working as in the proof of Lemma 3, we get
)i

%{n =C (pan

as n — 00, from which the claims of Lemma 3, Lemma 4 and Lemma 1 follow exactly as above.

Now consider the case where CONV is replaced by WCONV. At equilibrium pa,, = ppn = pn, let a(p,) =

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

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

o (pa) ~ 2paqa AU,
Pa) =G 0, 0)
We have:
4paqa AU, = 20, (o, ) = 2Cpq (0,0) a4+ Ciy (0,0) 2L +0(a) + 0 (x2)

uniformly in o < a(p,), and in = < z (0, p,).

M}

So, for a < @ (p,) = min {a (p), 09

2 (@, p) = (Cor (0,0))" 7 (paqaAU, — 2Cs (0,0) @) 77

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

T ( p (paQaAUa —2C:q (0, 0) a) f (a> da

ay — A 77 Ma ~ C:E an _ﬁ
o 2000 ) = (Ca (0,0)

QI
o\§
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and
) (k — 1) (40 (pa) aAUL)FT [ (0)

T (pa) = -/
kCoa (0,0) (G (0,0)) 7
Then N
_ (k—1) (8q§ (AUa)2) () L
x(pa) ~ 1 (pa) k=1

k (Cho (0,0)) 57 (C (0,0) 7T

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 Cyaq (0,0) # 0.

At every SBE payn = :ﬁﬁgzpbn Set pnp = pn- Set (p) = (Zsﬁigl;pyp)y set x (oz,p) = (Oz, (gjﬁgl;p,p))

and set T (p) = & 2200 4, 1, - Observe that Clyyy (0,0) > 0 and Cpnq (0,0) > 0.

= ¥.a80. P
1
Ol( )N 2quAUa 2
PI=\ Craa (0,0))

For p — 0 (see:

We have:

Apg AUy A = 20, (, 2) = Caa (0,0) a2 + Cogg (0,0) 22 + 2C500 (0,0) az + o (||(a, ac)||2)

1
So, foraga(p):min{a(p%(m)z}

—Crza (0,0) o+ /[C2,,, (0,0) — Craa (0,0) Cruz (0,0)] a2 + 4pgy AU, o

7 (a,p) = e o) (@) +0(v5)

uniformly in o < @ (p) (see also Segala 1999), because x is non negative.

Observe that @ (p) — a(p) = O (p). Then Integrating, for p — 0

a(p)
~ ~ _O;cxa (Oa 0) -+ \/[C%ux (07 O) — Cﬂcoéa (07 O) Oﬁbll (07 0)} aQ + 4PQbAUb
z(p) = / Cazz (0,0) f @) da
0
~ _~ _Cxa:a (07 0) 042 (p) f (0)
TR (X1
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af(0 C2 0,0)—Craa(0,0)Crrz(0,0)]a2+4 AU
0 (O} 0.0) = o 0.0 Cons 0,0)] 02 4 421000 Core OUC DO 10030,

2C22 (0,0)

a=a(pa)

f (O) 2pqy AUyplog (2 Craa (Oa O)a + 2\/[C%;Ea (07 0) = Craa (Oa O) Crox (07 O)] a? + 4PQbAUb>
(Caua (0,0))

a=0

Simplifying and eliminating infinitesimal of higher order:

 (p) = Cplog (p)

for some constant C' < 0.

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

Asn — o0
Pan = \/]7;7”674(\/5‘%")2
So
VN, ~ %6_4(‘/%”)2 —%log (rn) —4 (\/ﬁjn)Q
And

liMp— oo/ Ny = 00

We can conclude with Proposition 2.

Now assume ¢,AU;, < q,AU,. For every o, € [0, 1] define z («r,y) as a solution of

Cy (aa z (aa ’7)) =C; (77 0)

and define
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A SBE exists if and only if there exists (v, p) € [0,1] x [—3, 1] satisfying:

280, ()2 (1= 4F0) + 0= FOIPY = Ca000) (10)
2800 () 272 (1= 4F () = FOIP} = €2 0.0 (1)

The SBE has information acquisition if and only if —3 < p < 3 so that v > 0. Let v/ (n) the solution
of equation 10 and let ! (1) the solution of equation 11. The function 7% (1) has a maximum ~ which

satisfies

20U, g2 " <2:) =Ca (7,0)

and it is reached for p,, = pl where
o E0h)
Y (=F(7)

The function ./ (1) has a maximum ~/! which satisfies

20U, g2~ %" <2:) =C. (v}1,0)

and it is reached for u,, = pl, where
T A=FO))

Observe that —1 < ! <0 < pll <1 and 0 <L <~ All sequences converge to 0 as n — oo because
2 Mo, M 2 n n

o—2n 2n ~ 1
n Vv
Furthermore v2! (1) < ~% so that in order to prove that a SBE with information acquisition exists for n

large enough it suffices to prove that v/ > ! (4!!) for n large enough . The left hand side of equation 10

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

(i-aE o)+l - F I < 52 (12)
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for n large enough. For n — oc:

(=4[ G + ! (1= P ()]} s e 2B (P G}

Set

Observe that

and

& (7' = % (Pn>pn)

So, for some C < 0

- C 1
Z (fyif) ~ Cpylog (pn) = log <)

™n ™n

ﬁ

SO

limn—coV/nE (741)

o0

and the left hand side of inequality 12 converges to 0. Then a SBFequilibrium with information exists for n

large enough.

We have
m\ (1 . 2"
pan = (2§~ ot (1= F G0}
and
2n\ [1 . "
pm= () {3~ (1= P07}
So
Dan A o=Vl (1= P ()]}
™
o~ e~ VAl (1P}

Jan
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Without loss of generality assume j,, < 0 for infinitely many n.%

>From

T (pvn) = Cpunlog (pon)

we have

Vi (pyn) = C {—4 (V0 [Fn — i (1= F ()]} = %log (m)} %06—4{ﬁ[a“cnwn(l—F(an))J}z
So

~From Pan — 9%8Ua it fo]]ows that also

Pbn AUy
limp— oo V1 [T, — p1, (1 = F ()] = o0

We can conclude by Proposition 2.
Now we consider the most general case. Let kibe the lowest k such that C,,w (0,0) # 0 and let ksbe the

lowest k such that Cx) (0,0) # 0. Then, for every positive constants C1, Cy, Cs.

Cy (a,x) =0 (C’le + 2Csax + C’ga2)

for < a(p) and x < 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

*Cl()é + \/(022 — 0103) Oé2 + 4quAUb
Ch

= O (z(a,p))

50Otherwise the same procedure applies to pan.
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for < a(p) and = < 2 (0,p) for p — 0.

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

Ip (logp)| = O (2 (p))
from which follows the claim.

Proof of proposition 4. Assume 1,2,3 hold then ¢,AU, = ¢ AU, and pgy,, = ppr = ppn. Furthermore,

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

(2n+1) 70 (02 (0, p0)) f (0) da (2”; 1) /c (0.0) (x (e, pa))* +
0 0

+Coq (0,0) a® +2C,0 (0,0) o (z (o, pp)) f (@) dax

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

[e20)

(27”1) O/CM (0,0) <C“(00) (an — ) + zq“AU“)p)2+

2 Cyz (0,0) Cra (0,0

Cza (O’O> 2q,AU,

) (o, — ) + an> f(a)da

2 2 =N s
+Caa (0,0) a® 4+ 2C,4 (0,0) & (Cmm 0.0

Then, developing the integral one obtains

Qn

(2n + 1)/C(a,x(a,pn)) f(a)da ~nFa?
0

for some I > 0 so that

(2n + 1)/C(a,x(a,pn))f(a) da— 0

The cases where 1, 2,3’ or 1, 2°, 3 hold are proved proved similarly.

Now assume that C,, (0,0) = Cy4 (0,0) = 0 and that ¢,AU, = ¢AU,. We have pan, = ppn, = pn. We have:
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V/NE, — 00, pp & \/%6_4(‘/5'"2") and , o, ~D,/p, for some D > 0 (see the proofs of Lemma 3).

Qn

(2n + 1)/0 (o, z (a,pn)) f () da

0

is asymptotically equivalent to

QAn

/C,m (0,0) 302 4 Coaa (0,0) &®+
0

(2n+1)
6

+3Caaz (0,0) 2z (o, pn) + 3Cazz (0,0) a (2 (@, pn))* + 2Csaz (0,0) (z (o, pn))® f (@) dox

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

n [ eaf (a)da
/

which is equivalent to

Lenf (0)(0)? S em2lm)’

2mn

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