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1 Introdu
tionPre-ele
tion polls are ubiquitous in modern demo
ra
ies. Although many organizations and mediaoutlets 
ondu
t polls, their predi
tions, nevertheless, often turn out to be in
orre
t. In 2002, mostpolls predi
ted that the Demo
rats would retain 
ontrol of the US Senate, but the Republi
anstook 
ontrol handily. In Australia's 1993 general ele
tions, nearly every pre-ele
tion poll predi
teda Liberal party vi
tory, yet the Labour party won. Perhaps most famously, in the 1948 US presi-dential ele
tion, the Chi
ago Tribune erroneously ran the headline \Dewey Defeats Truman" afterthe most in
uential pollsters reported a large majority preferred Dewey1. Su
h ina

ura
ies may,of 
ourse, arise simply due to sampling error, but there may also be a less inno
uous explanation.A 
ommon problem for pollsters is that a signi�
ant number of 
itizens often display a \last minuteshift in 
andidate preferen
e"2. Could these poll respondents be a
ting strategi
ally?Sin
e voting is 
ostly in time and e�ort, many 
itizens may 
hoose to abstain if the ele
tion isin little doubt. If it is highly likely that the 
andidate a 
itizen supports will win, then he has anin
entive to avoid in
urring the 
ost of voting by free-riding o� the e�orts of like-minded voters.If members of the ele
torate believe that polls a

urately re
e
t politi
al preferen
es, then pollparti
ipants often possess in
entives to report strategi
ally. If, for example, an individual reportshis preferen
e for 
andidate B when he a
tually prefers 
andidate A and his report is regarded asgenuine, then the other 
itizens will believe that A is less likely to win the ele
tion. This bothredu
es the in
entive for A's supporters and in
reases the in
entives for B's supporters to free ride,i.e. to abstain from voting.In this paper we examine whether or not an equilibrium exists in whi
h 
itizens truthfully reporttheir preferen
es to a pollster. We �nd that the result depends 
riti
ally on the 
ost of voting andthe size of the ele
torate. When the 
ost of voting is negligible, there is little bene�t to free-ridingand truthful reporting 
an be supported in a perfe
t Bayesian equilibrium. However, when the 
ostof voting is signi�
ant or the population is large, no truthful equilibrium exists. In these settings,free-riding is attra
tive and poll respondents have an in
entive to lie in order to try and in
uen
ethe probability with whi
h other 
itizens vote. This result is important sin
e it indi
ates that e�orts1http://www.�nan
ialexpress.
om/
olumnists/full 
olumn.php?
ontent id=58541.2\Possible Consequen
es of Non-Response for Pre-Ele
tion Surveys", The Pew Resear
h Center.2



to as
ertain the underlying preferen
es of the ele
torate may often be in vain.Our theory is built upon a model 
onsisting of a round of 
heap talk followed by an ele
tion withprivate valuations, 
ostly voting and two alternatives. In the �rst stage, agents simultaneously makea report to a pollster. The pollster then reveals the pro�le of reports and agents simultaneouslyde
ide whether or not to vote. Within this setting we analyze a small population (3 
itizens) thena population of arbitrary size (n 
itizens). We demonstrate that truthful reporting 
an o

ur inequilibrium if and only if the 
ost of voting is small and the population is not too large. We �ndthat when a truthful equilibrium exists, a poll 
an raise expe
ted welfare by dis
ouraging turnoutamong the minority.Our resear
h builds upon the seminal work of Palfrey and Rosenthal (1983). These authors ex-plore equilibrium expe
ted turnout using a 
ostly voting model with perfe
t information. If 
itizensin our model all report their true preferen
es in the polling stage, then the resulting 
ontinuationgame 
oin
ides exa
tly with the setting studied by Palfrey and Rosenthal.In addition to this study, there are several other re
ent papers 
ombining 
ommuni
ation andstrategi
 voting. Gerardi and Yariv (2003) examines the e�e
t of 
ommuni
ation on di�erent votingrules in a private information setting. They �nd that 
ommuni
ation leaves a wide range of votingrules equivalent with respe
t to the sequential equilibrium out
omes that obtain. Coughlan (2000)allows agents to reveal their private information (a noisy signal about the state of the world) priorto making a �nal vote in a two alternative setting. He �nds that agents will truthfully reveal theirsignal if and only if their preferen
es are suÆ
iently similar. Both of these papers di�er from oursby introdu
ing a 
ommon value 
omponent in agents' payo�s (e.g., a jury wants to 
onvi
t if andonly if the defendant is guilty). Additionally, both papers assume voting is 
ostless. Austen-Smithand Feddersen (2002) analyzes a three voter, two alternative model with 
ostless voting. In thisframework agents' preferen
es are private in two dimensions. Ea
h agent knows his bias and re-
eives a noisy signal about the state of the world. When players simultaneously send messagesprior to the voting stage, they �nd that a majority rule indu
es more information transmission andfewer de
ision-making errors than a unanimity rule. Austen-Smith and Feddersen (2006) examines3



a similar setup and shows that in a 
ommittee of arbitrary size, un
ertainty of preferen
es gener-ally permits full information revelation only under nonunanimous voting rules. Meirowitz (2005a)analyzes a two alternative, majority rule, 
ostless voting model in whi
h agents privately observeboth their bias and a noisy signal. He �nds that all agents will truthfully report their signals if andonly if they are suÆ
iently optimisti
 that a majority of the population shares their bias and thattruth telling 
an be more easily supported in small populations. Fey (1997) �nds that pre-ele
tionpolls 
an provide information about the viability of 
andidates and allow voters to 
oordinate on aDuvergarian out
ome in a three 
andidate setting. In his model, however, voters do not 
onsiderhow their poll responses will a�e
t other agents' behavior.Meirowitz (2005b) provides an alternative reason to suspe
t the vera
ity of polls in a two-
andidate, majority-rule ele
tion when 
andidates use polling data to inform their poli
y sele
tions.In his three-stage model: voters �rst report their ideal points to a polling servi
e; 
andidates thenuse poll responses to sele
t poli
y platforms; and voters �nally 
ast a ballot for one of the 
andi-dates. Within this setting, Meirowitz �nds that truthful reporting is generally not an equilibriumbe
ause agents have an in
entive to misrepresent their ideal points in order to in
uen
e the 
andi-dates' platform sele
tions. In our model, voters are not able to a�e
t the poli
y alternatives, yetstill they possess in
entives to misreport their preferen
es.Finally, Goeree and Grosser (2006) and Taylor and Yildirim (2005) also study the impa
t ofinformation on equilibrium ele
toral out
omes. In both of these papers, however, the informationalregimes are taken as exogenous. The fo
us of our investigation is to model expli
itly the informa-tional 
ontent of polls. Interestingly, Goeree and Grosser (2006) and Taylor and Yildirim (2005)�nd that more information redu
es expe
ted welfare in the respe
tive settings they study. This
ontrasts with our �nding that polls 
an raise expe
ted welfare when a truthful equilibrium exists.The reason for this di�eren
e is that in the earlier studies, 
itizens are modelled as being more or lessinformed about a parameter governing the distribution of voter preferen
es. In this paper, however,
itizens learn about the a
tual realization of voter preferen
es. Hen
e, whether welfare in
reases orde
reases in response to more information appears to be sensitive to the type of information thatis revealed. 4



In the following se
tion we dis
uss the primitives of our model. Se
tions 3 and 4 
ontain theanalysis of the three voter and n voter ele
torates respe
tively. A welfare analysis is presented inSe
tion 5. Se
tion 6 
ontains a dis
ussion of our results when poll respondents are permitted toreport that they are unde
ided. We 
on
lude with some brief remarks in Se
tion 7. Proofs notappearing in the text have been relegated to the Appendix.2 The ModelConsider a population 
omprised of n � 3 risk-neutral 
itizens who 
an 
ast a vote in an ele
tionbetween two alternatives, 0 and 1. An agent may be one of two types, �0 or �1. A type �i 
itizenprefers alternative i. Ea
h 
itizen privately knows his own type, but believes that the other agents'preferen
es are determined by realizations of i.i.d. random variables, where the probability a 
itizenis type �0 is p 2 (0; 1). After observing his type, ea
h 
itizen in the population makes a report,r 2 f�0, �1g, to a pollster.3 The pollster, who is not strategi
, then aggregates the informationand publi
ly reveals it to the 
itizens. Ea
h 
itizen observes the out
ome of the poll and thende
ides either to abstain, or vote for his preferred alternative.4 Agents de
ide whether or not tovote simultaneously. If a 
itizen's preferred alternative wins the ele
tion, then he re
eives grosspayo� normalized to 1, otherwise he re
eives 0. Casting a vote 
osts 
 2 �0; 12� for ea
h agent, theele
tion is determined by majority rule and ties are broken by the toss of a fair 
oin.The equilibrium 
on
ept is a re�nement of perfe
t Bayesian equilibrium outlined fully below. Itshould be noted here, however, that it is not ne
essary to expli
itly spe
ify a belief system be
ausewe investigate the existen
e of truthful equilibria in whi
h beliefs are perfor
e degenerate (i.e., thereported pro�le of preferen
es is believed to be 
orre
t with probability one). Moreover, sin
e every
onstellation of preferen
es o

urs with positive probability, no pro�le of reports is o� the path ofplay.3To preserve symmetry and tra
tability, it is assumed that every 
itizen in the ele
torate parti
ipates in the poll.It seems quite likely, however, that our results would 
ontinue to hold qualitatively if only a subset of 
itizens werea
tually surveyed. Su
h a model would, however, be very te
hni
al and unwieldy.4Abstaining stri
tly dominates voting for one's less preferred alternative.
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3 The Three Citizen PopulationSuppose n = 3. To determine the 
onditions under whi
h an equilibrium exists in whi
h all 
itizenstruthfully report their preferen
es to the pollster, we �rst derive voting probabilities and expe
tedpayo�s assuming truth telling and then derive the 
onditions under whi
h an agent would preferto deviate from honest dis
losure. With three 
itizens there are two possible situations to 
on-sider, either all three 
itizens are the same type or there are two of one type and one of the other.Hen
e, assume initially that agents report truthfully in the polling stage, and let �x, x 2 f2, 1,0g, be the probability a 
itizen votes in the ele
tion stage when there are x other 
itizens of his type.3.1 The Three-Citizen MajorityWhen all three 
itizens have the same preferen
es, there exists a unique symmetri
 Nash equilibriumof the 
omplete information voting game where �2 is given by the indi�eren
e 
ondition12(1� �2)2 = 
:The left side of this expression is 1=2 times the probability that a given 
itizen's vote is pivotaland the right side is his 
ost of voting. In general, a 
itizen's vote is pivotal if it either breaks or
reates a tie. The fa
tor 1=2 derives from the fa
t that a tie-breaking vote raises the probabilitythat the 
itizen's preferred alternative is implemented from 1=2 to 1, and a tie-
reating vote raisesthe probability from 0 to 1=2. When all 
itizens are the same type, the only possible tie o

urs ifno-one votes. Hen
e, the probability that a given 
itizen's vote is pivotal in this situation is theprobability that the other two agents abstain. Solving the above expression yields�2 = 1�p2
:Ea
h 
itizen re
eives an expe
ted equilibrium payo� of�2 � 1� 
in this situation. To see this, note that ea
h individual is indi�erent between voting and abstaining.6



Moreover, a 
itizen who votes in this s
enario re
eives 1 � 
 with 
ertainty be
ause no one evervotes for the other alternative.3.2 The Two-Citizen MajorityWhen there are two 
itizens of one type and one of the other, then there is again a unique symmetri
equilibrium of the voting game. The probability a member of the majority votes, �1, on
e moreequates 1=2 times the probability of being pivotal to the 
ost of voting:12((1� �1)(1� �0) + �1�0 + (1� �1)�0) = 
:A member of the majority breaks a tie if either both or neither of the other two agents vote,and he 
reates a tie if the minority agent votes and the other member of the majority abstains.If he votes, the minority 
itizen breaks or 
reates a tie in every event ex
ept when both of themajority 
itizens vote. Thus, the minority 
itizen is indi�erent between voting and abstaining if12(1� �21) = 
;or �1 = p1� 2
:Substituting into the equation above and redu
ing we get�0 = 1�p1� 2
:Using these probabilities and some simple algebra reveals that a majority 
itizen re
eives ex-pe
ted equilibrium payo� �1 � p1� 2
;and the minority 
itizen re
eives �0 � 1�p1� 2
� 
:7



3.3 In
entives to MisreportIn order to derive the 
onditions under whi
h a truth-telling equilibrium exists, we must ensurethat no single agent 
an gain from manipulating the beliefs of the other agents by misreporting hispreferen
es. In parti
ular, sin
e the probability a 
itizen votes depends upon the per
eived realiza-tion of types, an agent who is believed to be honest 
ould potentially bene�t by misreporting hispreferen
es in the polling stage. Hen
e, we now derive the expe
ted payo� in the ele
tion stage toan agent who lies but is per
eived to be honest by the other 
itizens.Suppose all agents turn out to be the same type. If one of the agents has lied to the pollsterin this 
ase, then the other two 
itizens vote with probability �1. From abstaining the lying agentre
eives expe
ted payo� 1� 12(1� �1)2 = p1� 2
+ 
:and from voting he obtains 1� 
. Sin
ep1� 2
+ 
 > 1� 
;the liar abstains and re
eives �̂2 � p1� 2
+ 
in this 
ase.Next, suppose there are two 
itizens in the majority and one in the minority. If an agent in themajority has lied, then the other two 
itizens will have in
orre
t beliefs about whi
h alternativehas majority support. Hen
e, the agent who is really in the minority will vote as if he were in themajority and vi
e versa. Thus, if the liar abstains he re
eives expe
ted payo��0((1� �1) + 12�1) + 12(1� �0)(1� �1) = 1�p1� 2
:
8



On the other hand, if the liar votes he re
eives�0 + (1� �0)((1� �1) + 12�1)� 
 = 12 :Thus if 12 > 1�p1� 2
 )
 < 38 ;then the liar votes and re
eives �̂1 � 12 :(Throughout this se
tion we suppose 
 < 38 . Proposition 2 in the next se
tion reveals that if 
 � 38 ,then deviating from truthful reporting yields a higher expe
ted payo� to an agent for every possiblerealized pro�le of voter preferen
es; i.e., no truth-telling equilibrium exists.)Finally, if the 
itizen in the minority has lied, then the two members of the majority believeeveryone is of the same type. Hen
e, they vote with probability �2. If the liar abstains he expe
ts12(1� �2)2 = 
;and if he votes he expe
ts (1� �2)2 + 122�2(1� �2)� 
 = p2
� 
:Sin
e p2
� 
 > 
;if the agent in the minority has lied, then he votes and expe
ts�̂0 � p2
� 
:9



3.4 Truth TellingWe are now in a position to examine the 
onditions under whi
h truthful reporting 
an be supportedin a perfe
t Bayesian equilibrium. Consider an arbitrary agent. The probability that the other two
itizens are type �0 is p2; the probability that one of them is type �0 and the other is type �1 is2p(1� p); and the probability they are both type �1 is (1� p)2.Assuming all other agents report truthfully, we 
an use the expe
ted payo�s obtained aboveto derive the 
ondition for a type �0 
itizen to report truthfully. Spe
i�
ally, the di�eren
e in theexpe
ted utilities from truth telling and lying must be non-negative,p2(�2 � �̂2) + 2p(1� p)(�1 � �̂1) + (1� p)2(�0 � �̂0) � 0:The 
ondition for truth telling by a type �1 
itizen is analogous, with p repla
ed by 1�p. Notingthis, suppose that a type �0 
itizen prefers to report truthfully. Then a suÆ
ient 
ondition for atype �1 
itizen also to prefer truthful reporting is,(1� p)2(�2 � �̂2) + 2p(1� p)(�1 � �̂1) + p2(�0 � �̂0)� p2(�2 � �̂2) + 2p(1� p)(�1 � �̂1) + (1� p)2(�0 � �̂0)whi
h (after tedious algebra) redu
es to p � 12 .Thus when p < 12 , only the truth-telling 
ondition for type �0 is relevant, and analogously, whenp > 12 , only the truth-telling 
ondition for type �1 is relevant.Proposition 1. A truthful equilibrium is most easily supported when p = 12 . Even in this 
ase,however, a truthful equilibrium exists if and only if 
 � 3�p54 .Proof. Without loss of generality, suppose that p � 12 so that only the truth-telling 
ondition fortype �0 is relevant. Expanding this 
ondition yieldsp2(3� 2
�p2
� 4p1� 2
)� p(3� 2p2
� 4p1� 2
) + 1�p2
�p1� 2
 � 0:10



Di�erentiating with respe
t to p leaves:2p(3� 2
�p2
� 4p1� 2
)� (3� 2p2
� 4p1� 2
)When 
 < 38 , the se
ond term in this expression is negative. Additionally, the �rst term di�ersfrom the se
ond term only in that it has a �2
 instead of a �p2
. Therefore, for p < 12 theexpression is positive; i.e., the truth-telling 
ondition is monotone in
reasing with respe
t to p.(The truth-telling 
ondition for type �1 is monotone de
reasing for p > 12 :) Hen
e, as p approa
hes12 , honest reporting be
omes more attra
tive. Setting p = 12 in the truth-telling 
ondition for type�0 and performing simple algebra yields the 
ondition
 � 3�p54 :Noti
e that if all 
itizens are the same type, an agent does stri
tly better if he has misreported.By representing himself as a member of the opposition in this situation, an agent redu
es free-ridingwithin his own party. By the same token, if an agent is a
tually in the minority, misreporting histype in
reases free-riding among the opposition. The only situation in whi
h a 
itizen prefers tohave reported truthfully o

urs when he winds up in a 2-versus-1 majority. In this 
ase, the alter-native preferred by the majority is implemented with higher probability in equilibrium. Hen
e, amember of the majority does not want to lie (and swit
h the per
eived majority) in this 
ase.This reveals the intuition for why reporting the truth is most attra
tive for p = 12 . Under highlyasymmetri
 distributions, it is likely that all three agents are of the same type; so that lying is rel-atively attra
tive. When p = 12 , however, the most likely s
enario is a 2-versus-1 majority, makingtruth-telling relatively attra
tive.The main lessons to be derived from the three-
itizen version of the model are that truthfulreporting in the polling stage 
an be supported in equilibrium only if the distribution of types isfairly symmetri
 and the 
ost of voting is relatively low. In the following se
tion we demonstratethat the for
es underlying Proposition 1 
ontinue to hold in larger ele
torates as well.11



4 The n Citizen PopulationIn this se
tion we analyze the general 
ase when there are an arbitrary number of 
itizens in thepopulation.54.1 Equilibrium Sele
tionWhen there are more than three 
itizens in the population who all report truthfully, Palfrey andRosenthal (1983) showed that there exist multiple equilibria of the ensuing voting game. In theirterminology, both \Mixed-Pure" and \Totally Quasi-Symmetri
" equilibria exist. In a \Mixed-Pure" equilibrium all members of one side vote randomly with the same probability, while membersof the other side a
t asymmetri
ally, some voting with probability one and the rest abstaining. Weregard su
h equilibria as implausible sin
e they impli
itly require a great degree of 
oordinationamong the agents who behave asymmetri
ally { pre
isely whi
h agents are to vote and whi
h areto abstain? We, therefore, restri
t attention to a \Totally Quasi-Symmetri
" equilibrium, in whi
hall agents of the same type vote with the same probability; i.e., what is now 
ommonly 
alled a\type-symmetri
" equilibrium. It is standard in symmetri
 Bayesian games (e.g. au
tions) to fo
uson su
h equilibria. Note also that the unique equilibrium in the three-voter 
ase is type-symmetri
.Let �i be the probability that a type �i agent votes. If there are n2 agents of ea
h type, thenwe suppose the agents play the type-symmetri
 equilibrium in whi
h �0 = �1 = 1.6 Otherwise, theequilibrium voting probabilities are given in the following lemma.Lemma 1. Without loss of generality, suppose there are n�k type �0 
itizens and k type �1 
itizens,where k � n�12 (i.e., alternative 0 has stri
t majority support). Then there exists an equilibrium ofthe voting game in whi
h �1 = 1� �0 and12P (�0; k; n) = 
; (1)5In large ele
torates it may at �rst seem that there is little reason for polling. While it is true the sample average
onverges to p, the varian
e of the binomial distribution does not 
onverge to zero. Sin
e we are interested in theexa
t population distribution, polls 
an potentially 
onvey valuable information even in arbitrarily large populations.6In this 
ase, this is the only equilibrium satisfying �0 = �1.12



where P (�0; k; n) � �n� 1k ��k0(1� �0)n�k�1 +�n� 1k � 1��k�10 (1� �0)n�k:Proof. The probability a type �0 is pivotal iskXj=0�n� k � 1j ��kj��j0(1� �0)n�k�1�j�j1(1� �1)k�j+ k�1Xj=0�n� k � 1j �� kj + 1��j0(1� �0)n�k�1�j�j+11 (1� �1)k�j�1;where the �rst term is the probability his vote breaks a tie and the se
ond term is the probabilityhis vote 
reates a tie. When the above sum equals 2
 a type �0 is indi�erent between voting andnot voting. Similarly, in order for type �1 to mix we must havek�1Xj=0�n� kj ��k � 1j ��j0(1� �0)n�k�j�j1(1� �1)k�1�j+ k�1Xj=0�n� kj + 1��k � 1j ��j+10 (1� �0)n�k�j�1�j1(1� �1)k�1�j = 2
:Substituting for 2
 and setting �0 = 1� �1 leads to�k0(1� �0)n�k�1 kXj=0�n� k � 1j ��kj�+ �k�10 (1� �0)n�k k�1Xj=0�n� k � 1j �� kj + 1�= �k�10 (1� �0)n�k k�1Xj=0�n� kj ��k � 1j �+ �k0(1� �0)n�k�1 k�1Xj=0�n� kj + 1��k � 1j �:Using the 
ombinatori
 identitykXj=0�mj �� nk � j� = �m+ nk �;we see that k�1Xj=0�n� k � 1j �� kj + 1� = k�1Xj=0�n� k � 1j �� kk � j � 1� = �n� 1k � 1�;13



kXj=0�n� k � 1j ��kj� = kXj=0�n� k � 1j �� kk � j� = �n� 1k �;k�1Xj=0�n� kj ��k � 1j � = k�1Xj=0�n� kj �� k � 1k � 1� j� = �n� 1k � 1�;k�1Xj=0�n� kj + 1��k � 1j � = k�1Xj=0� n� kn� k � j � 1��k � 1j � = � n� 1n� k � 1� = �n� 1k �:Thus, the two sums are equal.The fun
tion P (�0; k; n) is the probability that a member of the majority is pivotal when allother majority 
itizens vote with probability �0 and all minority 
itizens vote with probability1��0. In general there are two solutions to (1), giving rise to two type-symmetri
 equilibria of thevoting game. To see this, note that�P��0 = �n� 1k � 1��1k��k�20 (1� �0)n�k�2[k(k � 1)(1� �0)2 � (n� k � 1)(n� k)�20℄:It is straightforward to verify that this expression is positive when �0 < ��0, zero when �0 = ��0,and negative when �0 > ��0, where��0 � pk(k � 1)p(n� k � 1)(n� k) +pk(k � 1) :Hen
e P (�0; k; n) is single-peaked and (as Palfrey and Rosenthal (1983) showed) there exist twosolutions to (1) for all 
 < 
(k; n), where
(k; n) � 12P (��0; k; n) = (n� 1)!(pk(n� k � 1) +p(n� k)(k � 1))k!(n� k)!p(k � 1)(n� k � 1) [(n� k)(n� k � 1)℄n�k2 [k(k � 1)℄ k22[p(n� k)(n� k � 1) +pk(k � 1)℄n�1Remark 1. As the population grows large, 
(k; n) approa
hes zero. In order to ensure existen
e ofa type-symmetri
 equilibrium, it is, therefore, ne
essary to assume n is �nite and 
 � 
(k; n).
14



0 1

(k; n)

��0 �0Below we study the type-symmetri
 equilibrium in whi
h the probability that a member of themajority votes is given by the larger of the two values for �0. There is a straightforward justi�
ationfor this restri
tion. Spe
i�
ally, it 
an be shown that in the equilibrium asso
iated with the smallervalue for �0, no truth-telling equilibrium ever exists; i.e. some 
itizens always lie to the pollster inequilibrium.4.2 Existen
e of a Truthful EquilibriumIn the three-
itizen setting, it was possible to express expli
itly the di�eren
e in expe
ted utilitiesfrom truth-telling and lying. This allowed us to 
hara
terize fully the 
onditions for the existen
e ofa truthful equilibrium. With more than three 
itizens, however, expli
it 
al
ulation of payo�s is notpossible. Rather than 
hara
terizing the 
onditions under whi
h a truthful equilibrium exists, wederive a strong suÆ
ient 
ondition implying that an agent does better when deviating from truthtelling under every possible realized pro�le of voter preferen
es.De�nition 1. Suppose that there are k 
itizens in the minority. The pro�le of voter preferen
es is
riti
al if k = n�12 when n is odd or k = n2 when n is even.A 
riti
al pro�le of voter preferen
es 
orresponds to the thinnest possible majority when n isodd and a tie when n is even. The following lemma reveals that a single agent who deviates fromtruthful reporting in the polling stage re
eives a higher expe
ted payo� under every non-
riti
alpro�le of voter preferen
es. 15



Lemma 2. Consider an arbitrary agent, i. If all 
itizens other than i report truthfully and theyall believe i's report, then i's expe
ted payo� is higher under every non-
riti
al realization of voterpreferen
es if he lies in the polling stage.Proof. An individual in the majority does better from lying in the polling stage if it in
reases theprobability the rest of the majority votes (Sin
e �0 = 1��1 it also de
reases the probability that amember of the minority votes). If all 
itizens tell the truth, then the probability a member of themajority votes is determined by 12P (�0; k; n) = 
:Now, if one member of the majority lies, then the rest of the population mistakenly believesthere is an extra person in the minority. Therefore, everyone else votes with a probability impli
itlydetermined by 12P (�0; k + 1; n) = 
:(Note that we need k < n � k � 1 for this equation to be valid. This implies that the 
itizen inquestion 
annot swit
h the per
eived majority regardless of his report.)We know P (�0; k; n) and P (�0; k + 1; n) are both single-peaked and attain their respe
tivemaxima when ��0(k) = pk(k � 1)p(n� k � 1)(n� k) +pk(k � 1)and ��0(k + 1) = pk(k + 1)p(n� k � 2)(n� k � 1) +pk(k + 1) :Additionally, P (�0; k; n) and P (�0; k + 1; n) interse
t only when�n� 1k � 1��k�10 (1� �0)n�k = �n� 1k + 1��k+10 (1� �0)n�k�2;or (1� �0)2 = �n� 1� kk + 1 ��n� kk ��20;
16



or ~�0 = pk(k + 1)pk(k + 1) +p(n� k � 1)(n� k) :Now, ��0(k) < ~�0 < ��0(k + 1), so the two fun
tions interse
t between their maxima. Sin
e bothfun
tions equal 0 when �0 = 0 or 1, for any given 
, �0(k + 1) > �0(k).

0 1



�0(k) �0(k + 1) �0Thus, if k < n� k� 1, a member of the majority wants to lie if everyone else reports truthfully.Note that sin
e �1 = 1� �0, this also implies that a member of the minority does better if he haslied under the same 
ir
umstan
es.The intuition for this result is similar to that for the three-agent 
ase. The bigger the di�er-en
e between the majority and the minority groups, the lower the probability that a member ofthe majority votes and the higher the probability a member of the minority votes, owing to thefree-rider e�e
t. Thus, when a member of the majority lies he de
reases the per
eived gap betweenthe groups, redu
ing free riding in his own group and in
reasing it in the minority. Similarly, whena member of the minority lies, he in
reases the per
eived gap between the groups, redu
ing freeriding in his own group and in
reasing it in the majority.In fa
t, the only situation in whi
h a 
itizen might bene�t from truth telling is when the realizedpro�le of voter preferen
es is 
riti
al and he is in the (possibly weak) majority. When the pro�le ofvoter preferen
es is 
riti
al and 
 is relatively small, the probability that a majority 
itizen votesis signi�
antly higher than the probability that a minority 
itizen votes. An agent who lies in this17




ase will swit
h the per
eived majority, 
ausing his group to lose the ele
tion with high probability.As 
 in
reases, however, the di�eren
e between �0 and �1 diminishes, and for 
 suÆ
iently high,the probability that a minority agent votes 
an even ex
eed the probability that a majority agentvotes. In parti
ular, de�ne 
 impli
itly by
 � 8><>: 12P ( 12 ; n�12 ; n); if n is odd12P ( 12 ; n�22 ; n); if n is even.If n is odd, 
 = 
, and a 
riti
al distribution of voter preferen
es obtains, then �0 = �1 = 12 whethera majority 
itizen reports truthfully or lies. Hen
e, the bene�t to truth telling in this situation iszero while the bene�t from lying is stri
tly positive for all other realizations of voter preferen
es. Ifn is even, 
 = 
, and there are n2 
itizens of ea
h type, an agent a
tually does stri
tly better if hehas lied about his preferen
es. The following proposition formalizes this dis
ussion.Proposition 2. De�ne ~
 � 8><>: 
(n�12 ; n); if n is odd
(n�22 ; n); if n is even.(i) 
 � ~
.(ii) If 
 2 [
; ~
℄ and all 
itizens report truthfully in the polling stage, then for every realization ofvoter preferen
es there exists a type-symmetri
 equilibrium of the voting game, (�0; �1).(iii) However, if 
 2 [
; ~
℄, then there does not exist an equilibrium in whi
h all 
itizens reporttruthfully in the polling stage and then play a

ording to (�0; �1).Proof. We prove the 
laim for odd n. The proof for even n is similar, though slightly more involved.By Lemma 2 we already know that if k < n � k � 1, an agent does better by deviating fromtruthful reporting. In Lemma 3 in the Appendix, we show that 
(k; n) is minimized when k = n�12 .Thus if 
 � ~
, type-symmetri
 equilibria of the voting game exist for all realizations of voter pref-eren
es.
18



Next, observe that 
 = 0 ) �0 = 1:Moreover, ��0�
 = 1�P��0 < 0:Suppose k = n�12 . By 
onstru
tion 
 = 
 ) �0 = 12 :Hen
e, if 
 = ~
 ) �0 � 12 ;then it follows that 
 � ~
. If 
 = ~
, then a majority 
itizen votes with probability��0 = qn�12 n�32qn�12 n+12 +qn�12 n�32 < 12 :Hen
e, 
 < ~
. Moreover, if 
 2 (
; ~
℄ then �0 < 12 . A majority 
itizen who lies in this 
aseraises the probability that other majority 
itizens vote to 1 � �0 and 
orrespondingly lowers theprobability that minority 
itizens vote to �0. This establishes the 
laim.It should be noted that 
 2 [
; ~
℄ is a strong suÆ
ient 
ondition for the non-existen
e of atruthful equilibrium. Spe
i�
ally, this 
ondition implies that an agent who deviates from truthfulreporting re
eives a higher payo� under every possible realization of voter preferen
es. As notedabove, if 
 < 
, lying turns out to be 
ostly in the event that an agent is a member of the thinnestpossible majority. In all other 
ases, however, the bene�ts from lying are stri
tly positive. Thus,no truth-telling equilibrium typi
ally exists even for voting 
osts signi�
antly lower than 
. In thethree-
itizen setting, for example, 
 = 38 , while Proposition 1 indi
ates that no truthful equilibriumexists if 
 � 15 . The following result shows that even if 
 is arbitrarily small, no truthful equilibriumexists if the population of 
itizens is suÆ
iently large.Proposition 3. For any 
 > 0 there exists n su
h thatn � n ) 
 > 
:19



That is, if n � n, then no truthful equilibrium exists.Proof. We prove the 
laim for odd n. The proof for even n is analogous. De�ne
1(n) � �n� 1n�12 ��12�nand 
2(n) � �n� 1n�32 ��12�n :Then 
1(n) + 
2(n) = 
:To establish the 
laim, we show that 
i(n) is de
reasing and limn!1 
i(n) = 0 for i = 1; 2.First, note that 
1(n+ 2)
1(n) = nn+ 1 :Sin
e 
1(3) = 14 , this reveals 
1(n) = 12 n�12 �1Yj=0 2j + 12j + 2 : (2)Sin
e 2j+12j+2 < 1, 
1(n) is de
reasing. Moreover, 
1(n) � a(n) for the sequen
ea(n) � nYj=0sj + 1j + 2 :Simple algebra reveals a(n) = 1pn+ 2 ;so limn!1 a(n) = 0. Hen
e, limn!1 
1(n) = 0.
20



Next, observe that 
2(n+ 2) < 
2(n), n(n+ 1)�n�12 � �n+32 �!�14� < 1, 3 < n:Hen
e, 
2(n) is de
reasing. Moreover
2(n) < 
1(n) , 1n+12 < 1n�12 :Sin
e limn!1 
1(n) = 0, this implies limn!1 
2(n) = 0 as well.As noted above, the only possible bene�t from truthful reporting o

urs when a 
itizen turns outto be in the thinnest possible majority. This bene�t vanishes, however, as the population in
reasesin size while the bene�t from lying in all other situations remains stri
tly positive.Proposition 1 indi
ated that if the population 
onsists of only three 
itizens, then truthfulreporting in the polling stage 
an be supported in equilibrium if and only if the 
ost of votingis suÆ
iently low. We have seen that for a population of arbitrary size, no truthful equilibriumexists when 
 is high. The next proposition reveals that a truthful equilibrium does exist if 
 is lowenough.Proposition 4. If the voting 
ost, 
, is suÆ
iently small, then an equilibrium in whi
h all 
itizenstruthfully report their preferen
es in the polling stage exists.Proof. From (1) we see lim
!0�0 = 1;and 
orrespondingly lim
!0�1 = 0:This implies that the bene�t from lying under non-
riti
al pro�les of voter preferen
es vanishes inthe limit. If, however, the pro�le of voter preferen
es turns out to be 
riti
al, then the 
ost of lying21



is very high when 
 is small. Spe
i�
ally, suppose n is odd and k = n�12 . If all 
itizens reporttruthfully, then the majority group wins with probability one in the limit. If, on the other hand,a majority 
itizen lies, then the minority group wins with probability one. Similarly, suppose nis even and k = n2 . If all 
itizens report truthfully, then the ele
tion is de
ided by a 
oin toss inthe limit. If, on the other hand, one 
itizen lies, then his group loses with 
ertainty. Sin
e �0 is
ontinuous in 
 and P (�0; k; n) is 
ontinuous in �0, A truthful equilibrium exists for suÆ
ientlysmall 
 > 0 as well.As 
 approa
hes zero, the probability that a majority 
itizen votes 
onverges to one and theprobability that a minority 
itizen votes 
onverges to zero. This has two important impli
ations.First, the free-rider e�e
t { and hen
e the in
entive to lie { vanishes. Se
ond, the 
ost of lyingunder a 
riti
al realization of voter preferen
es be
omes very large. Spe
i�
ally, a single lie altersthe per
eived majority and 
hanges the out
ome of the ele
tion with probability one if n is odd andprobability 1=2 if n is even. Hen
e, an equilibrium in whi
h 
itizens report their true preferen
esexists provided 
 is suÆ
iently small and the ele
torate is not too large.5 WelfareIn the previous se
tion it was shown that polls 
an 
onvey information about voter preferen
es onlyif the 
ost of voting is small and the population is not too large. An important question is whetheror not polls enhan
e expe
ted voter welfare when they do 
onvey information.To answer this question, �rst 
onsider a setting without a pre-ele
tion poll. If p 2 (0; 1), thenthe probability that a given 
itizen's vote is pivotal is stri
tly positive regardless of how the restof the population votes. Hen
e, for 
 suÆ
iently small, all 
itizens vote and the majority wins theele
tion with probability one in equilibrium. With a truthful pre-ele
tion poll, on the other hand,we have seen that 
itizens vote probabilisti
ally. This has two important impli
ations relative tothe setting with no poll. First, there is a positive probability that the alternative favored by themajority will lose the ele
tion. Se
ond, the probability that all 
itizens vote is less than one. Hen
e,with a truthful poll, both the expe
ted bene�ts and the expe
ted 
osts of an ele
tion are lower.The question is whi
h e�e
t is larger. This is answered for the 
ase of small 
 as follows.22



Proposition 5. When 
 is small, expe
ted welfare is higher with a pre-ele
tion poll than withoutone.Proof. First, 
onsider the setting with a poll and suppose a truthful equilibrium obtains. Theexpe
ted utility to an agent derived from the population with k people in the minority is given by�n� kn �24�00�1� kXj=2�kj��j1(1� �1)k�j j�2Xr=0�n� k � 1r ��r0(1� �0)n�k�r�1�12 kXj=1�kj��j1(1� �1)k�j�n� k � 1j � 1 ��j�10 (1� �0)n�k�j � 
1A+(1� �0)0�1� kXj=1�kj��j1(1� �1)k�j j�1Xr=0�n� k � 1r ��r0(1� �0)n�k�r�1�12 kXj=0�kj��j1(1� �1)k�j�n� k � 1j ��j0(1� �0)n�j�k�11A35+�kn�24�10�1� n�kXj=2 �n� kj ��j0(1� �0)n�k�j j�2Xr=0�k � 1r ��r1(1� �1)k�r�1�12 n�kXj=1 �n� kj ��j0(1� �0)n�k�j�k � 1j � 1��j�11 (1� �1)k�j � 
1A+(1� �1)0�1� n�kXj=1 �n� kj ��j0(1� �0)n�k�j j�1Xr=0�k � 1r ��r1(1� �1)k�r�1
�12 n�kXj=0 �n� kj ��j0(1� �0)n�k�j�k � 1j ��j1(1� �1)k�j�11A35 :The �rst term above is the probability a 
itizen is in the majority given k people in the minority.This is multiplied by the majority's expe
ted utility. If he votes, whi
h o

urs with probability �0,the majority wins unless the minority out votes the remaining majority by at least two. If there is atie, the majority wins with probability 12 . The next two terms represent the probability a member23



of the majority abstains multiplied by the 
orresponding expe
ted utility. The remaining termsrepresent the expe
ted utility of a member of the minority.Suppose 
 = 0. If there is no poll, then all 
itizens vote with probability one. If there is a poll,then all members of the majority vote and all members of the minority abstain with probabilityone. In either 
ase, the majority wins with 
ertainty. Sin
e voting is 
ostless, welfare is identi
al inthe two settings. When the 
ost of voting is in
reased in�nitesimally, all 
itizens 
ontinue to votewith probability one if there is no poll. If there is a poll, however, a slight in
rease in 
ost altersvoting behavior. To determine how this a�e
ts welfare, we di�erentiate the expe
ted utility abovewith respe
t to 
 and evaluate at 
 = 0. This yields:n� kn ���0�
 � �0 � ��0�
 �+ kn ���1�
 � �1 � ��1�
 � = �n� kn :When 
 = 0, �0 = 1 and �1 = 0. Hen
e, all terms 
ontaining �1 or (1 � �0) drop out. Noti
ethat for all values of j, every term in ea
h summation above 
ontains either �1 or (1 � �0) raisedto a power greater than or equal to two. This eliminates all these expressions.When the population distribution has k members in the minority, the in
rease in 
ost de
reasesexpe
ted utility by a fa
tor of n�kn . Therefore, total expe
ted welfare is de
reased by a fa
tor ofw = 8><>: Pn�12j=0 ��nj�pj(1� p)n�j + � nn�j�pn�j(1� p)j� �n�jn � ; if n is oddPn�22j=0 ��nj�pj(1� p)n�j + � nn�j�pn�j(1� p)j� �n�jn �+ �nn2 �pn2 (1� p)n2 ; if n is evenWithout polls, all 
itizens in
ur the 
ost of voting and total expe
ted welfare is de
reased bya fa
tor of one. With polls, expe
ted welfare de
reases by a fa
tor stri
tly less than one. Theminority abstains with high probability when the population is polled, and the majority votes withprobability 
lose to one. Some welfare is lost sin
e the minority wins with positive probability,however this is dominated by the savings in 
ost from lower turnout.When the 
ost of voting is small and there is no pre-ele
tion poll, all 
itizens vote and themajority wins with probability one. When agents are allowed to make reports, however, polls a
tas a 
oordination devi
e. The majority votes with probability 
lose to one, while the minority votes24



with probability 
lose to zero. In both situations the majority wins with very high probability, butwith a poll, expe
ted turnout{ and hen
e aggregate expe
ted voting 
ost { is signi�
antly lower. Thesavings in expe
ted aggregate voting 
osts outweigh the loss in expe
ted bene�ts, and a pre-ele
tionpoll, therefore, results in higher expe
ted welfare over all.6 Unde
ided VotersMany polls give respondents the option to report that they are \unde
ided." It is straightforward toextend the analysis above to allow for this possibility. Spe
i�
ally, suppose that there is a third typeof agent, �U , who is indi�erent between the two alternatives. Note that su
h a 
itizen never votesin equilibrium and has no reason to misreport his type to the pollster. What about the in
entivesfa
ing the other types of agents?Consider the possibility of an equilibrium in whi
h all agents report their true preferen
es. Asbefore, an agent who is not unde
ided fairs better by misreporting his type whenever the realizedpro�le of voter preferen
es is non-
riti
al. Moreover, the opportunity for a 
itizen to misreport histype as �U may undermine the existen
e of a truthful equilibrium. To see this, suppose that thenumber of voters who are not unde
ided is odd and 
onsider an agent who is in the thinnest possiblemajority. When the only possible reports to the pollster are �0 or �1, it was shown above that su
han agent would prefer to report truthfully if 
 was suÆ
iently low. The reason for this is that lying
hanges the per
eived majority and agents in the majority vote with mu
h higher probability thanthose in the minority when 
 is small. If, however, a member of the thinnest possible majorityreports his preferen
es as �U , then he 
hanges the per
eived pro�le of preferen
es to a tie. It 
anbe shown that misreporting his type as unde
ided and voting results in a higher expe
ted payo�than truthful revelation in this setting for all values of 
 > 0. Hen
e, enri
hing the model to allowfor unde
ided voters may make it even harder to support truthful dis
losure in equilibrium.7 Con
lusionGiven the prevalen
e of pre-ele
tion polls and the 
onsiderable attention they re
eive, it is impor-tant to understand their impa
t on voting behavior and ele
toral out
omes. In this paper we have25



attempted a �rst pass at these issues in the 
ontext of a strategi
 voting model where 
itizens haveintrinsi
 tastes over two politi
al alternatives and voting is 
ostly. Our results suggest that polls aremost apt to 
onvey real information about voter preferen
es only when the 
ost of voting is quitesmall and the ele
torate is not too large.The in
entive for an agent to misreport his true preferen
es to a pollster derives from a desireto in
uen
e the voting behavior of other 
itizens. In parti
ular, the equilibrium probability thatan individual votes is de
reasing in the number of other 
itizens who share his preferen
es. Hen
e,by lying, an agent 
an in
rease turnout among 
itizens who prefer the same alternative as him andde
rease turnout among 
itizens who prefer the opposing alternative. The only situation in whi
han agent prefers truthful reporting is when he is in the thinnest possible majority. Even in this
ase, however, the return to truthful reporting vanishes when the 
ost of voting is suÆ
iently high.When a truthful equilibrium does exist, polls have two e�e
ts. They raise the probability thatthe alternative favored by the minority wins the ele
tion, and they redu
e expe
ted turnout. Hen
e,polls redu
e both the expe
ted bene�ts and the expe
ted 
osts of an ele
tion. The savings in ag-gregate expe
ted voting 
osts, however, outweigh the loss in expe
ted bene�ts, resulting in higherwelfare over all.Our analysis raises several related issues. First, if no truthful equilibrium exists, then it wouldbe edifying to know whether or not any partially revealing equilibria 
an be supported. Some
ursory analysis of this question suggests that if there does not exist an equilibrium in whi
h all
itizens report truthfully, then there does not exist an equilibrium in whi
h a poll 
onveys any use-ful information at all. Se
ond, to preserve symmetry and tra
tability, we have assumed that every
itizen in the ele
torate parti
ipates in the pre-ele
tion poll. It seems very likely, however, that ourresults would 
ontinue to hold qualitatively if only a subset of 
itizens were a
tually surveyed. Thedriving for
e behind our �ndings is a free-rider e�e
t under whi
h the probability an agent votes isde
reasing in the number of other 
itizens who share his preferen
es. There is no reason to supposethat this e�e
t would not be present in settings where only a subset of 
itizens parti
ipated in apoll. Moreover, to the extent that the free-rider e�e
t is present in su
h a setting, poll respondents26



will 
ontinue to possess in
entives to misreport their true preferen
es.The main message of this paper is that there are often reasons to suspe
t the vera
ity of pre-ele
tion polls. By de�nition, if a poll 
onveys useful information, then it in
uen
es voting behavior.This implies that poll parti
ipants often possess in
entives to respond strategi
ally. Even in asetting where responses are likely to be genuine, the in
entive of the individual or organization
ondu
ting the poll to fully and honestly dis
lose survey results may be in question. Unbiased pollsin whi
h parti
ipants respond sin
erely and pollsters fully dis
lose survey data 
an enhan
e overallwelfare - - our �ndings suggest, however, that su
h polls may be quite rare.
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AppendixLemma 3. 
(k; n) attains its minimum when k = n�12 .Proof. If we show that 
(k + 1; n) < 
(k; n) for any k < n�12 , we will have the desired result.2
(k; n) = �n� 1k �(��0(k))k(1� ��0(k))n�1�k +�n� 1k � 1�(��0(k))k�1(1� ��0(k))n�kSubstituting in for ��0(k) yields
(k; n) = (n� 1)!(pk(n� k � 1) +p(n� k)(k � 1))k!(n� k)!p(k � 1)(n� k � 1) [(n� k)(n� k � 1)℄n�k2 [k(k � 1)℄ k22[p(n� k)(n� k � 1) +pk(k � 1)℄n�1 :Now, 
(k + 1; n) < 
(k; n) if(k + 1)(pk(n� k � 1) +p(n� k)(k � 1))p(k � 1)(n� k � 1) [(n� k)(n� k � 1)℄n�k2 [k(k � 1)℄ k2[p(n� k)(n� k � 1) +pk(k � 1)℄n�1
> (n� k)(p(k + 1)(n� k � 2) +pk(n� k � 1))pk(n� k � 2) [(n� k � 1)(n� k � 2)℄n�k�12 [k(k + 1)℄ k+12[p(n� k � 1)(n� k � 2) +pk(k + 1)℄n�1We will take the proof in three parts. First,p(n� k � 1)(n� k � 2) +pk(k + 1) >p(n� k)(n� k � 1) +pk(k � 1):Noti
e that the left-hand side is the same as the right-hand side with k + 1 repla
ing k. Nextwe show that p(n� k)(n� k � 1) +pk(k � 1) is in
reasing in k.d�(p(n� k)(n� k � 1) +pk(k � 1))�dk= 12[k(k � 1)℄� 12 (2k � 1) + 12[(n� k)(n� k � 1)℄� 12 (2k � 2n+ 1):28



This is positive if[(n� k)(n� k � 1)℄ 12 (2k � 1) > (2n� 2k � 1)[k(k � 1)℄ 12 :Whi
h, after some algebra, redu
es to k < n2 :Se
ondly,pk(n� k � 1) +p(n� k)(k � 1)p(k � 1)(n� k � 1) > p(k + 1)(n� k � 2) +pk(n� k � 1)pk(n� k � 2) :Rewriting and dividing by pk(n� k � 1) yieldspk(n� k � 2) 1 +s (n� k)(k � 1)k(n� k � 1) ! >p(k � 1)(n� k � 1) 1 +s (k + 1)(n� k � 2)k(n� k � 1) ! :Rearranging leads topn� k � 2(k �p(k + 1)(k � 1))pk > pk � 1(n� k � 1�p(n� k)(n� k � 2))pn� k � 1 :Noti
e pn� k � 2 > pk � 1 and pn� k � 1 > pk when k < n�12 . Additionally,k �pk2 � 1 > n� k � 1�p(n� k � 1)2 � 1;sin
e, a�pa2 � 1 is de
reasing in a.Lastly,(k + 1)[(n� k)(n� k � 1)℄n�k2 [k(k � 1)℄ k2 � (n� k)[(n� k � 1)(n� k � 2)℄n�k�12 [k(k + 1)℄ k+12 :Collapsing,
29



� n� kn� k � 2�n�k�2�n� k � 1n� k � 2� � � kk � 1��k + 1k � 1�k�1 :Let a = n� k and b = k + 1. This yields� aa� 2�a�2�a� 1a� 2� > � bb� 2�b�2�b� 1b� 2� :(Note b � 3 sin
e we need k � 2 for the expression for 
(k; n) to be valid.) When a = 4 andb = 3, the above inequality binds. We show that� aa� 2�a�2�a� 1a� 2�is in
reasing in a for a � 4. Di�erentiating the above expression yields(a� 2)aa�3(a� 2)1�a(a� 1) + (ln a)aa�2(a� 2)1�a(a� 1)� (a� 1)(a� 2)�aaa�2(a� 1)� ln(a� 2)(a� 2)1�aaa�2(a� 1) + aa�2(a� 2)1�a;whi
h redu
es toaa�3(a� 2)�a[(a� 2)2(a� 1) + a(a� 2)� a(a� 1)2 + (a� 2)(a� 1)a(ln a� ln(a� 2))℄:We need to show(a� 2)2(a� 1) + a(a� 2)� a(a� 1)2 + (a� 2)(a� 1)a(ln a� ln(a� 2)) � 0;or equivalently, (a� 2)(a� 1)a[ln a� ln(a� 2)℄ � 2a2 � 5a+ 4:30



Note that ln a� ln(a� 2) > 2a� 1 :Thus, (a� 2)(a� 1)a[ln a� ln(a� 2)℄ > 2a(a� 2) � 2a2 � 5a+ 4if a � 4.
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