Voting and
Information
Aggregation

Voting and Information Aggregation

Joel Sobel

UCSD and UAB

5 December 2006



THE FRAMEWORK

Voting and
Information
Aggregation

bel

Introduction

Finite Set of Agents
Binary Decision
Limited Information not Commonly Available
(Possibly) Different Preferences



THE QUESTION
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Introduction How to arrive at a good decision?
This week | focus on how well voting mechanisms
aggregate information.

Keep in mind:

Mechanism Design Approach Possible Alternative

Welfare Objective Clear with Homogeneous
Preferences
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N Players (usually assumed to be odd)
Two states: X =0, 1.
Two actions a, a = 0, 1.

Preferences:

Agent i has utility uij(X,a)

Typically assume: u;(j,j) = 0, uj(0,1) = —q;,

ui(]-?o) = _(1 - ql) for Qi € (0’ 1)7k 7é J
Information: Agent i receives signal about X.
@ Strategy: Voting rule given information.

The Model



PREFERENCES

otnoland Voter i prefers outcome O if
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(1 —po)di > po(l — i)
or
The Model
Po > Qi-
X = 0 means guilt; X = 1 means innocent.
a = 0: convict; a = 1: free.
gi is the standard of proof needed to convict:
Voter i prefers to convict only when probability of guilty,
X =0is at least g.
Note:

m Ex post heterogeneity ruled out.
m Ex ante heterogeneity permitted.
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Prior probability = € (0, 1) that state is 0.

Bl Signal P(1[1)=P(0|0)=p e (3,1)

Individuals receive conditionally iid signals.

The Model This means we are assuming:

Symmetry across states (not important)

Binary (possibly important)

Symmetry across individuals (sometimes important)

Conditionally iid signals (not explored, but potentially
important)

Note, by law of large numbers, only strategic problems
prevent large groups from learning almost everything by
pooling their signals.
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m Informative: v;(k) = k.
(Vote for Signal)

m Sincere: vi(k) =0ifand only if Pr(¢ =0 | k) > q;.
(Vote for best option given signal.)

m Strategic: Nash Equilibrium (typically in undominated

strategies)
(Vote for best assuming pivotal.)

The Model



CONDORCET JURY THEOREM
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Joel Sobel If all individuals vote informatively, then the probability that a
majority votes for the better outcome is greater than p and

converges to 1 as N goes to infinity.

Condorcet

Jury Theorem Comments:

Informative voting means that everyone votes for better
alternative with probability p.

Better outcome is well defined.

Independent Information.

B No explicit motivation for voting behavior
Two Conclusions:

The majority is better than an individual.
Asymptotically the majority is right.



WHY IS JURY THEOREM TRUE?
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argument.

Assume that the population is odd, say N = 2n + 1.
Condorcet Let P(n; N) be the probability that there are at least n votes
el out of N for the better outcome.

I will show that P(n +1;2n + 1) > P(n;2n — 1).

Since P(1;1) = p, the result will follow by induction.

When you go from 2n — 1 to 2n + 1 you influence the
outcome only when “the last two" votes are the same and
the vote in the 2n — 1 case is close. Further, it is more likely
that the final two votes will reverse the outcome in favor of
the better candidate than the worse one.
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2p(1—p)P(n; 2n—1)+p?P(n—1;2n—1)+(1-p)*P(n+1; 2n—1).

Condoreet This equation follows from dynamic programming logic.
SRR After 2n — 1 votes, the probability that the final two votes
splitis 2p(1 — p), in which case the probability of a correct
majority is the same as it was when there were 2n — 1
voters. With probability p? the last two voters are both for
the better outcome, in which case only n — 1 of the first

2n — 1 voters needed. Finally, if the last two votes are
“wrong" there needs to be one more that a majority from the
first 2n — 1 in order for the larger group to have a majority.
We have
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e P(n—1;2n—1):P(n;2n—1)+(nn 1)p”‘l(l—p)“
and
2n—-1
Condorcet P(n + 1, 2n — 1) = P(n, 2n — 1) - < : >pn(1 - p)_ln
Jury Theorem n
and so

Pn+1,2n+1)—P(m2n—-1) =

p? (2nn__11) L -p)" - (1-p)? (Znn_ 1) pL-p)"t =

(- )pa-piree-v>o

where the first equation uses (1) = (") and the
inequality uses p > .5.
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The second part of the theorem follows from the law of large
Condorcet numbers.

M Since asymptotically the fraction of signals will be either
very close to p or 1 — p, any group decision rule that
requires a fraction of votes between 1 — p and p to convict
will implement the correct decision.
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For convenience, assume common g.
Given a signal of 0, a voter’s posterior that 7 = 0 is:

pm
Austen-Smith p7T + (1 - p)(l - 7-‘-)’

and Banks

so a sincere voter will vote “guilty" after a signal of O if

p 1-—q >1—7T‘
1-p q s
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and Banks

Now imagine that k* is the smallest value of k that satisfies:

2(k*+1)-n ;4 _ 2k*—n ,a
e A (e A
1-p q 7T 1-p a

k* is well defined provided that you rule out boundary cases
(eq, the left hand inequality holds when k = 0 or the right
hand inequality holds when k = n) and ties (equations).

A simple argument shows that sincere voting is informative
if and only if: k* = (n — 1)/2. (This choice of k* reduces the
exponent on the left-hand side to 1.)

Note that if k* votes are needed to convict, then the
inequality determines when a strategic voter will be
informative.

)
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What if different agents have different q?

Austen-Smith
and Banks
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Sincerity is informative only under majority rule.
Informative is rational only under k* rule.

Rational voting will be both sincere and informative only
when majority rule is rational and optimal.

Austen-Smith
and Banks
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getting to efficiency.

See McLennan, but the idea is to use k* and sacrifice
sincerity for information.

PR — When q are identical, then why not share information?

and Banks See Coughlan, but this is obvious. All agents report
their private information, then take best action given
pooled information. Honesty is an equilibrium.

What about q different?
If they are not very different and N is large, then there
are still no problems.
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Does requiring unanimous votes for action 0 (now

interpreted as “convict") avoid convicting the innocent?

Not when voters are strategic.

FP show that if N — 1 guilty signals are enough to convince

the jury to convict, then unanimity may be a bad ideas with

strategic voters. The idea is now familiar. A strategic voter

conditioning on the fact that other jurors want to convict will
ignore his private information. For large N intermediate

rules will converge to optimality while unanimity always

involves convicting some innocents.
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Unanimity is unreasonable for N large.
Why not share information?
No hung juries.

Federsen and
Pesendorfer
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,,,,,,, Symmetric Treatment of Decisions
If you require unanimous vote to convict, you may also
require unanimous vote to acquit.

Any split vote leads to a new trial.

Voter is pivotal if the rest of the jury is unanimous in
either direction.

Properties

Seten Unanimous Rule May Work Well

Information Leakage?

It takes many rounds to reach an agreement.
Probability that N informative voters agree:
pY + (1 —p)N.



QUESTION and ANSWER
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What is the Impact of Aggregation Rule when Players
Communicate?
Non-majority rules are equivalent.

Gerardi-Yariv
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Players first pool information and then all vote for their
favorite action.

With common preferences, this is rational.
Given that everyone else votes for the same thing, as long
as a unanimous vote is unnecessary, all aggregation rules
are equivalent. (Implementation under unanimous rule more
difficult.)

RVIel  \Warning: This result depends on picking a “strange”
equilibrium.
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Result: Symmetric Equilibrium in symmetric static voting
game is also an equilibrium in any sequential voting game.
Reason: Conditioning on being pivotal contains all
information that would be revealed in symmetric sequential
voting.

Dekel-

Piccione
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