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Manipulated Electorates and Information Aggregation Mehmet Ekmekci, Boston College Stephan Lauermann, Bonn



Voting with an Election Organizer Elections help groups make decision Con‡ict of interests - Preference aggregation Con‡ict of opinions - Information Aggregation Elections e¤ectively aggregate information in many circumstances (Condorcet Jury Theorem, Feddersen-Pesendorfer)



Voter turnout important for information aggregation Feddersen&Pesendorfer (1997)



Voter turnout can be manipulated by organizer General Elections: bussing or mobilization Shareholder Voting: advertising, length Department chairs: sending reminders or timing meetings Exercise A privately informed and biased election organizer determines turnout by recruiting voters at some costs. Turnout is unobservable to voters. Result Turnout manipulation reduces information aggregation. In some equilibria, election organizer can ensure that her favorite policy is implemented in large electorates if the cost of recruiting voters is almost costless.



Setup of the Model A single organizer and a large number N of potential voters States of the world ! 2 fL; Rg Policies fl; r g Organizer prefers policy r independent of the state Voters have common preferences u(R; r )



=



u(L; l) = 1;



u(R; l)



=



u(L; r ) = 0



Organizer knows the state but the voters do not Common prior = Pr (! = R)



Signals Voters privately observe noisy signals s 2 [0; 1] Signals are conditionally i.i.d., with f (sj!) the continuous probability density of s conditional on ! Strict monotone likelihood ratio property (MLRP) f (sjR) f (sjL)



is strictly increasing in s



Signals are boundedly informative < f (sj!) 



1



for some



>0



Voting Game Organizer learns state ! and chooses how many voters 1 + 2n to recruit at cost c per pair, 1 + 2n 2 f1; 3; 5:::; Ng Each voter has equal chance



1+2n N



to be recruited and N



Recruited voters observe private signals s but not n or ! Voters choose to vote for l or r Majority policy is implemented Organizer’s payo¤ depends on n and implemented policy Uo (r ; n)



=



Uo (l; n)



=



1



cn cn



Study symmetric Nash equilibria of the voting game



1 + 2=c



Symmetric Strategies Organizer’s pure strategy (nL ; nR ) Voters’symmetric strategies a (s) 2 fr ; lg In the paper, we allow mixed recruitment strategies (especially for the existence arguments). Will see: Pure voting strategies are without loss of generality.



Vote Shares and Belief of Pivotal Voter Expected vote share of r in state ! Z



1a(s )=r f (sj!) ds



(s; piv ; rec; a; nR ; nL ) :=



Pr (! = Rjs; piv ; rec) Pr (! = Ljs; piv ; rec)



q! := Pr (a (s) = r j!) =



s 2[0;1]



Critical likelihood ratio



which equals, f (sjR) 2nRN+1 1 f (sjL) 2nNL +1 | {z } | {z } | {z }| prior



with #voters = 1 + 2n!



signal



recruited



2n R nR 2n L nL



(qR )nR (1



qR )nR



(qL )nL (1 {z



q L )n L



pivotal



(nL ; nR ) enters at two places: recruitment and pivotality



}



Voter’s Best Response Lemma In every equilibrium, voters use cuto¤ strategies. There is a cuto¤ ^s such that r if s > ^s , a (s) = l if s < ^s . Follows from (s; piv ; rec) > 1 ) a (s) = r (s; piv ; rec) < 1 ) a (s) = l and (s; piv ; rec) strictly increasing in s (MLRP) Rewriting expected vote shares: qL = 1



F (^s jL)



and



qR = 1



Indi¤erence if cuto¤s are interior, (^s ; piv ; rec) = 1



F (^s jR)



Organizer’s Best Response Given cuto¤ strategy ^s ,



n~L (^s ; c) :=



arg max n2f



0;1;:::; 12 (N



n~R (^s ; c) :=



arg max n2f



0;1;:::; 21 (N



2n+1 X



1)g i =n+1



2n + 1 i (qL (^s )) (1 i



qL (^s ))



2n + 1 i (qR (^s )) (1 i



qR (^s ))



2n+1 X



1)g i =n+1



2n+1 i



2n+1 i



Marginal bene…t of an additional voter given ^s in state ! is:



(n



1; !) :=



2n+1 X



i =n+1



2n + 1 i (q! (^s )) (1 i 2n X1 i =n



2n



1 i



2n+1 i



q! (^s ))



i



(q! (^s )) (1



q! (^s ))



2n 1 i



nc



nc



Organizer’s Optimality Condition: Rewritten Rewriting the marginal bene…t expression delivers: (n



If q! (^s )



1 2,



then



If 1 > q! (^s ) >



1 2,



2n n (q! ) (1 n



1; !) =



(n



then



1; !) (n



n



q! ) (2q!



0 and therefore n~! (^s ) = 0.



1; !) > 0 and



is strictly decreasing



There is a unique n such that (n



1; !)



c



(n; !)



Hence, roughly 2n n (q! ) (1 n



1)



n



q! ) (2q!



1) = c



Optimality conditions relate pivotality probability to c



Symmetric Signal Structure Feddersen and Pesendorfer (1997)



Symmetric signals with f (sjL) =



4 3 2 3



if if



= 1=2 s< s



1 2 1 2



and f (sjR) =



2 3 4 3



if s < if s



1 2 1 2



Feddersen and Pesendorfer (1997): n independent of the state Symmetric voting equilibrium for …xed n: ^s = 1=2 Vote Shares



1 1 2 > > = qL 3 2 3 As n ! 1, with probability converging to one, a majority votes for the “correct” policy (information is aggregated) qR =



This is true in general: For all signal structures and all sequences of interior equilibria, as n ! 1 the correct policy is implemented with probability one



Not Equilibrium Cuto¤ with Biased Organizer Organizer’s Best Response



Fix ^s = 1=2, so qR =



2 3



and qL =



1 3



limc !0 n~R (s ; c) = 1



Because qR > 1=2, organizer maximizes probability of policy r by having a small variance



n~L (^s ; c) = 0 (#voters = 1) Because qL < 1=2, organizer maximizes probability of policy r by having a large variance



Not Equilibrium Cuto¤ with Biased Organizer Voters’Best Response to Organizer’s Best Response



Given nL = 0 and nR >> 1 LR of voter with s



1=2 conditional on being pivotal



1 = 1



For m large,



2m m



f (sjR) 2nR + 1 f (sjL) 2nL + 1



2n R nR 2n L nL



(qR )nR (1



qR ) n R



(qL )nL (1



qL ) n L



4=3 2nR + 1 2nR (qR )nR (1 2=3 1 nR



qR )nR



= 4m and



4 n (2nR + 1) 4nR (2=3) R (1 2



2=3)



nR



!0



as



Hence, voting for r is not a best resonse for any voter



nR ! 1



The Fully Manipulated Electorate G (c; F ): voting game with signal structure F , recruitment costs c, and number of potential voters N (c) 1 + 2=c Theorem Let fck gk =1;2:: be a sequence of positive numbers converging to zero and F any signal structure satisfying our assumptions (MLRP and bounded informativness). There is a sequence of interior symmetric equilibria of the induced voting games fG (ck ; F )gk =1;2;::: such that the ratio nR nR 0 < lim inf lim sup 


Proof Idea De…ne sL : qL (sL ) = 1



FL (sL ) = 1=2



From MLRP, qR (s) > qL (s) > 1=2



for all 0 < s < sL



Construct interior equilibrium cuto¤s sk such that lim sk < sL



ck !0



The claim follows since either 0 < limck !0 sk < sL and the optimal number of voters lim n~! (sk ; ck ) = 1 ck !0



or 0 = limck !0 sk and



lim q! (sk ) = 1:



ck !0



Jump



Intuition



voters Observation 1. Given any < 1, if the organizer recruits nRk ; nLk in the two states with nRk ! 1, nLk ! 1, and lim nRk =nLk = < 1, then there exist voting equilibria given nRk ; nLk in which the voters use cuto¤ strategies ^s k for which s k < sL and 1 > lim qR ^s k > lim qL ^s k > 1=2 for all large k.



Intuition Observation 2. If the voters use cuto¤ strategies ^s k for which s k < sL and 1 > lim qR ^s k > lim qL ^s k > 1=2 for all large k and if nRk ; nLk are optimal recruitment strategies for ck ! 1 and ^s k , then it must be that nRk ! 1, nLk ! 1, and lim nRk =nLk = < 1. Fixed point argument shows that this loop of best responses can be closed.



Pr (Majority votes for 0) =



Intuition



Pr (Majority votes for 0) = Plot:



j=(bn+1c)



P(b2n+1c)



j=(bn+1c)



j 2(bnc)+1 j
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Figure: The probability that policy r receives a majority of votes given the number of recruited voters n for qL = 0:6 (straight) and for qR = 0:7 (dashed).



Optimality and Bounds on Pivotal LR How can we have qR > qL > 12 , even in the limit? With n independent of the state, voters update towards state whose vote shares are closer to 1=2. This is a critical argument for information aggregation in Feddersen and Pesendorfer, 1997 If qR > qL > 1=2, being pivotal makes L increasingly likely, so lim



n!1



2n n 2n n



(qR )n (1



qR )n



(qL )n (1



q L )n



=0



Here, n~R (s; ck ) < n~L (s; ck ) and optimality allows that lim



ck !0



2~ nR n~R 2~ nL n~L



(qR )n~R (1



qR )n~R



(qL )n~L (1



qL )n~L



>0



Although vote shares are closer to 1=2 when ! = L, optimality bounds the ratio of the pivotality probabilities by bounding nnRL . Jump



Partial Separation and Characterization of All Equilibria Let sR 2 [0; 1] be such that qR (sR ) = 1=2. Theorem Let fck gk =1;2:: be a sequence of positive numbers with ck ! 0. There is a sequence of symmetric equilibria of the sequence of voting games fG (ck ; F )gk =1;2;::: such that: Cuto¤s converge to sR In state L, policy l is implemented with probability 1



qL (sR ) > 1=2



In state R, policy r is implemented with probability converging to one



All equilibria: When ck ! 0, equilibrium is either (i) fully manipulated or (ii) as described above or (iii) the number of voters stays …nite. In every equilibrium, information fails to fully aggregate.



Election Design: Quorum as a Safeguard G (c; m; F ) : voting game with number of voters 1 + 2m + 2n. Theorem Let fck ; mk gk =1;2:: be a sequence of positive numbers ck converging to zero and integers mk diverging to in…nity. If mk diverges su¢ ciently fast relative to the rate at which ck converges to 0, in all sequences of equilibria of G (ck ; mk ; F ) the probability with which the correct policy is implemented converges to one (i.e., information is aggregated). If mk diverges su¢ ciently slowly relative to the rate at which ck converges to 0, then there is a sequence of equilibria of G (ck ; mk ; F ) in which policy r is implemented with probability converging to one in both states (i.e, information aggregation fails and the outcome is manipulated). Result #1 is immediate from Feddersen-Pesendorfer’s result Result #2 Is immediate from the existence of a manipulated equilibrium with many voters in the base model



Large Elections with State Dependent Electorate Size Theorem Fix > 0. Let f k0 g1 k =1 be a sequence of elections in which the number of (pairs of) voters is (nR ; nL ) = ( k; k). 1



[Myerson (1998)] For all , there exists a sequence of voting equilibria with limit cuto¤ s 2 (sL ; sR ) that aggregates information. Moreover, for = 1 there are no other limit outcomes of interior voting equilibria: information is always aggregated.



2



For all < 1 there are additional voting equilibrium sequences with limit cuto¤ s 2 (0; sR ) and policy r wins almost surely in the limit in both states. Moreover, there are no other limit outcomes of interior voting equilibria: either information is aggregated or r wins almost surely in both states.



3



For all > 1, there are additional sequences of voting equilibria with limit cuto¤ s 2 (sR ; 1) where policy l wins almost surely in the limit in both states. Moreover, there are no other limit outcomes of interior voting equilibria: either information is aggregated or l wins almost surely in both states.



Extensions and Conclusion Endogenously large electorates with a biased election organizer In contrast to exogenously large electorates, information aggregation fails. Biased organizer may even get his preferred outcome with probability close to one Key: Optimality conditions bound the ratio of the pivotality probability Extensions Election Design: Quorum may protect against manipulation Vote Suppression: E¤ort to decrease turnout (down from m)? Observable turnout and signaling? Targeted subsidies/invitations with observable voter characteristics? Competition among (biased) organizers?
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In some equilibria, election organizer can ensure that her favorite policy is implemented in large electorates if the cost of recruiting voters is almost costless. 
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