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Chapter 1

Introduction

1.1 Situating the Project

Voting theory is the formal analysis of voting systems and elections. Voting theorists analyze
voters' actions, judgments, and preferences to determine the in�uence voters have over an
electoral outcome, and devise voting schemes that live up to desiderata such as fairness or
equality. When applied to real world political systems, this work can be used to propose
changes to existing political systems that would help those systems live up to such ideals.
The voting theory literature generally assumes that voting and voting systems deserve study
because they are a part of the democratic societies in which we live. But before formal
analysis can be started, voting theorists must �rst settle a prior and more fundamental
question: what principles ought we be concerned with when we evaluate and propose changes
to voting systems? For example, voting theorists might agree that voting should be fair in
that every individual's vote has equal weight, and that fairness is a relevant principle that any
acceptable voting system ought to exhibit. The principles that we �nd relevant to voting
and their justi�cation lead to a more fundamental question about the practice of voting:
what are voting and democracy good for?

While voting theorists do not generally take up this �nal question, democratic theorists
do. They attempt to explain why democratic political processes, more than any other kind
of decision making system, are justi�ed. In explaining why democracy is a good, political
philosophers make implicit assumptions about what voting is for. In particular, if democracy
is good because it upholds desirable principles or leads to desirable outcomes, voting is
frequently thought to be an instrument by which we promote those principles or achieve
those outcomes. However, many political theorists do not use the tools of voting theory
to explore the implications of their theories for voting systems. They do not, for example,
suggest how public decision procedures ought to be structured so as to achieve the results
they desire or uphold the principles that their political theories espouse.

This thesis is one component of the much larger project of bringing together democratic
theory with the formal analysis of voting theory. While both of these �elds appear to be
talking about the same thing, namely, democracy and democratic decision making, they are
rarely put into contact. I am interested in the question of what kinds of voting structures are
consistent with the most prominent and contemporary democratic theories. Implicit in this
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CHAPTER 1. INTRODUCTION 6

more general project is the idea that one function of an institution such as a democracy is
to provide a forum or method for its citizens to make public decisions. A theory's ability to
justify realistic or implementable public decision making procedures is one reason to prefer
that theory over those that are unable to provide such a justi�cation.

In this project I focus on one particular democratic theory: epistemic democracy. The
epistemic democratic theorists to which I am responding argue that democratic institutions
are justi�ed or desirable at least in part because they are epistemically valuable. A procedure
is epistemically valuable if it tends to choose the best results. Because epistemic democracy
is explicitly focused on the decision making function of democratic institutions, it was a
natural candidate for the type of voting theoretic analysis in which I am interested. There
are a variety of theories that fall under the heading of epistemic democracy. In the next
section, I provide a general description of epistemic democracy, and introduce the Condorcet
Jury Theorem, a mathematical result that many epistemic democrats use to demonstrate
that democratic voting is a reliable procedure for selecting good political outcomes. I then
outline several epistemic democratic theories, and explain which of them will be the focus
of this thesis. The remainder of this introductory chapter serves to lay out the necessary
philosophical and historical groundwork for the chapters that follow.

1.2 Epistemic Democracy and the Condorcet Jury The-

orem

Epistemic democratic theories argue for democratic procedures on the grounds that those
procedures are able to track the truth and generate good political outcomes. According to
Christian List and Robert Goodin,

For epistemic democrats, the aim of democracy is to �track the truth.� For them,
democracy is more desirable than alternative forms of decision-making because,
and insofar as, it does that. One democratic decision rule is more desirable
than another according to that same standard, so far as epistemic democrats are
concerned.1

In this thesis, I am concerned with epistemic democratic theories that use a particular formal
result, the Condorcet Jury Theorem, to explain or justify the epistemic virtues of democratic
procedures. The ability of a procedure to generate good results its called �reliability.�

The Condorcet Jury Theorem and epistemic democracy are intimately connected because
each is focused on the notions of reliability and truth-tracking under majority voting. The
epistemic democratic theorists on which I will be focusing argue that that democracy (in
particular, majority voting) is the most reliable procedure for selecting the best or correct
outcomes. This might be interpreted as a rather weak statement. Perhaps most public
decision procedures are empirically very bad at selecting the best outcomes according to
a chosen criterion, but democracy fairs slightly better than the rest, making it the most
reliable, and therefore most desirable, procedure available under ideal conditions. This is

1Christian List and Robert Goodin, �Epistemic Democracy: Generalizing the Condorcet Jury Theorem,�
The Journal of Political Philosophy 9.3 (2001): 277.
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not the case. The Condorcet Jury Theorem states that under ideal conditions, as the number
of voters increases, the probability that a voting population will choose the correct outcome
under majority rule will tend toward one. The intuition behind the theorem is as follows:
Suppose every individual voter is more likely to choose the better option in a vote according
to some predetermined standard. Then the majority of the voting population is also more
likely to choose the better outcome, and the probability that they will do so increases rapidly
as the size of the voting population grows.2

The Condorcet Jury Theorem as it is traditionally represented in political philosophy
proceeds as follows. Assume the following:

1. Binary Vote: Voters face two options.

2. Voter Independence: The probability that a voter selects the correct outcome is
independent of the probability that each other voter selects the correct outcome.

3. Honest Judgment: Voters vote their judgment of what the correct or better alter-
native is.

4. Voter Reliability: The probability that any voter will choose the correct option is
greater than 1

2
and is the same for all voters.3

If these assumptions are met, and majority voting is implemented, Condorcet proves that as
the number of voters goes to in�nity, the probability that the group will select the correct
option quickly tends towards one.4 In addition, if all voters are equally reliable, the majority's
decision will be at least as likely to be right as any individual's decision.

The Condorcet Jury Theorem (CJT) proves that majority voting procedures become
more reliable as the number of voters grows. In addition, the CJT states that the majority
decision will always be at least as likely to select the correct outcome as any one individual.
This is an implicit argument for democracy over selective governments such as dictatorships.
If voters are equally reliable, the decision procedure will be at least as good, if not better, if
more individuals are added to the voting pool: democracy is at least as good, if not better
than, dictatorship or rule of the few.

It is evident that the Condorcet Jury Theorem describes a very particular account of
voting. Under the Condorcet Jury Theorem, individuals are assumed to vote for the outcome
that they judge to be correct according to some shared and independent standard. In other
words, votes are statements about what voters believe to be the answer to a particular
question: �Which of these alternatives is better, given the selected standard?� Note that
this is very di�erent from other popular accounts of voting, in which a vote is a statement of
one's personal preference over the available outcomes. For example, while I might prefer that

2List and Goodin, 283.
3Elizabeth Anderson, �The Epistemology of Democracy,� Episteme 3.1-2 (2006): 10-1.
4This is due to the law of large numbers. If every voter is more than 50% reliable, we can think of voters

as biased coins with a �correct� side and an �incorrect� side, where the coin is more than 50% likely to come
up �correct�. Then, every vote is an independent and identically distributed (iid) �ip of the biased coin.
According to the law of large numbers, as the number of biased coins being �ipped increases toward in�nity,
the probability that the majority will come up �correct� tends toward 1. For a discussion of this topic, see
Dietrich and Spiekermann p. 5.
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the community adopt policy x because that policy will be good for me, I might judge that
policy y is in fact better for the overall community. If �bene�t to the overall community� is the
independent standard voters are meant to use in their evaluations of policy, the Condorcet
Jury Theorem assumes that I will vote for policy y because that alternative is what I judge
to be better according to the standard. How could it ever be rational for an individual
to vote for an alternative that she personally disprefers? In order to make sense of voting
as a judgment, theorists typically assume that there is no divide between one's preference
and one's commitment to selecting the better outcome according to the selected standard.
Voters are considered to be partners in the joint enterprise of trying to select the better of two
outcomes. Within this interpretation of voting, disagreement among voters is still possible.
When voters disagree, it is because they have con�icting beliefs about which alternative is
best. Under formal representations of the Condorcet Jury Theorem, there is no distinction
between personal preference and the group's decision: voters prefer to select the outcome
that best coheres with an independent standard. Individuals bene�t if the group selects the
correct outcome, and su�er if the group selects the incorrect outcome. In chapter two, I
explain how I will formally represent this kind of preference in the chapters that follow.

In order to employ this theorem as a argument for democracy's reliability, epistemic
democrats must use the same interpretation of voting as a judgment in reference to an inde-
pendent standard rather than a statement of mere personal preference. This interpretation
of voting may seem controversial or even unnatural. While there is a debate as to whether
we ought to understand votes as judgments or preferences, I do not outline the sides of that
argument here. Instead, I will grant the epistemic democrat who uses the Condorcet Jury
Theorem the assumption that votes are statements of judgments. In the next section, I
outline several theorists who have used the theorem to argue for democracy's reliability, and
describe how these theorists have argued for the judgment interpretation of voting.

1.3 Epistemic Democracy in Political Theory

The Condorcet Jury Theorem is a statement about the reliability of ideal democratic voting
procedures under majority rule. Some political theorists have used this theorem to support
their arguments for democratic rule. In general, arguments in favor of democracy can be
organized by the extent to which they argue for the (1) instrumental or (2) procedural value
of democracy. Instrumental theories argue that democratic procedures are good or justi�ed
because democratic processes reliably produce desirable results. Procedural accounts argue
that democracy is desirable or justi�ed because there are characteristics of the democratic
process that are, in themselves, intrinsically good. It is because democracy upholds these
characteristics, and not because it produces good results, that it is good or legitimate on
the procedural view. I use the phrase �desirable or justi�ed� because importantly, not all
epistemic democratic theorists are committed to giving full theories of political justi�cation
or legitimacy. Some theorists only aim to show that reliability is one good reason why we
ought to prefer democracy to other political systems, but that other reasons may weigh in on
our decision. I discuss this point further below. As David Estlund observes, there are many
di�erent kinds of theories that can fall under the heading of �epistemic democracy�5, and each

5David Estlund, �Introduction: Epistemic Approaches to Democracy,� Episteme 5.1 (2008): 1-4.
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takes a distinct stance as to the procedural or instrumental merits of democratic institutions.
In this thesis I will be focusing on only one kind of epistemic democratic theory. What I
call �epistemic democratic theories� are theories that argue that democratic procedures are
desirable or justi�ed because they tend to produce the best or correct outcome according to
some independent standard of correctness.6

Traditional epistemic democrats �nd value in democracy's ability to arrive at good polit-
ical outcomes. Epistemic democrats claim that democracy is able to track the true or best
outcomes according to some pre-determined standard that is independent of the voting pro-
cedure itself, such as justice or fairness. They then go on to argue that democratic procedures
are preferable to other kinds of institutions because they tend to select that best outcome
according to that standard under majority voting.7 Whether a political system is able to
arrive at good results is an instrumental consideration. Therefore, the epistemic democrats
on which I focus are committed to the idea that the results of the political processes, and
not simply the processes themselves, should have some say in determining whether those
processes are desirable or justi�ed. The quote by Goodin and List cited in section two
above references a purely instrumental form of epistemic democracy, what one might call
�pure� epistemic democracy. Under pure epistemic democracy, reliability in generating good
outcomes is the only factor used to justify or legitimate political procedures.

For many theorists, however, reliability is not the only reason why democratic procedures
and democratic decisions are legitimate. In addition to concerns about generating good out-
comes, most epistemic democrats discuss a range of procedural considerations. For example,
one might argue that democracy is a superior or legitimate form of rule because it produces
good political results and because it has certain procedural virtues, such as treating citizens
equally and fairly. While some epistemic democrats frequently discuss additional reasons
why democracy is desirable (because it treats participants fairly, for example), the main fo-
cus of their theories, and the reason why we are able to group these theories together under
the heading �epistemic,� is that they believe that the ability to produce good results is a
necessary feature of a desirable political entity. It is important to note, however, that there
is a wide range of procedural considerations within epistemic democratic theory. Theories
that mix procedural and instrumental considerations have a general structure. They argue
that we have reason to prefer democracy on procedural grounds, such as fairness or equality,
but also because democracy is good at selecting correct outcomes. For example, one might
argue that democratic majority voting is a justi�able or desirable public decision procedure
because it produces good results. To this argument, one might add that majority voting is a
legitimate procedure because it treats participants fairly; majority voting gives every citizen
equal voting weight, and therefore an equal opportunity to in�uence the electoral outcome.

The theories I will be focusing on make a further claim: that the Condorcet Jury Theorem
proves that democratic procedures tend to produce good results. This leads to several
questions: (1) What is a �good� or �better� political outcome? (2) Why is democracy,
more than any other type of political structure, the most reliable procedure? In the next
section I provide examples of how several epistemic democratic theories have answered these
questions. In addition, I will provide a brief discussion about how legitimacy plays into

6List and Goodin, 277.
7Ibid., 280.
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theories of democracy that focus on reliability. The authors listed below provide arguments
about the reliability of democratic decision procedures. But how does democracy's truth-
tracking power compare to that of other kinds of political procedures? Is reliability su�cient
to establish democracy's legitimacy? If so, is it the case the democracy is the only legitimate
form of governance because of its epistemic power, or is it simply that democracy is more
legitimate than all other political systems?

There are three possible ways that an epistemic democratic theorist might respond. It
might be the case that under a theory of legitimacy, a political structure such as a democracy
or monarchy is either legitimate or not. If such matters of fact exist, an epistemic demo-
cratic theory might explain democracy's legitimacy in two ways. It might be the case that
democracy is the only legitimate decision-making structure because it is the most reliable as
compared to all other structures, and because it upholds certain procedural virtues. In other
words, a procedure is legitimate if it meets procedural criteria and is the most reliable, and
democratic majority voting is the most reliable procedure that meets procedural require-
ments such as fairness and justice. Or, it might be the case that democracy's legitimacy is
determined by a �reliability threshold.� A set of political structures is legitimate if each is
su�ciently reliable according to some pre-determined threshold and meet some set of proce-
dural virtues. If this is the case, then democracy may not be the legitimate procedure, but
merely one of potentially many that surpass an accepted reliability threshold. As I argue in
chapter �ve, the threshold view could legitimate a variety of procedures, including procedures
such as aristocracy and dictatorship, that are un-democratic, which would be problematic
for epistemic democrats who wish to legitimate only democratic procedures. We would then
need some additional reasons to prefer democracy to other reliable procedures. The third
interpretation of democratic legitimacy does not claim that political institutions are either
legitimate or not legitimate. Instead, every procedure is legitimate to some degree. There
exists a legitimacy ordering of political structures according to their reliability: less reliable
procedures will be less legitimate than those that tend to choose correct outcomes. I will
consider the question of legitimacy under each of the contemporary epistemic democratic
theories below.

Jean-Jacques Rousseau

An instrumental account of democracy argues that democracy is justi�able, desirable, or
legitimate because it produces certain good outcomes, such as the truth, and not because
of any features that are intrinsic to democratic decision procedures. Some have argued
that Rousseau's theory �ts the framework of a traditional instrumental epistemic theory of
democracy because Rousseau argues that democracy is good because it brings about the
best results according to a predetermined standard: the general will. In the early 1980s,
political theorists Bernard Grofman and Owen Feld identi�ed what they believe to be dis-
tinctly epistemic characteristics of Rousseau's social contract.8 While this is a controversial
interpretation of Rousseau's theory, I present Grofman and Feld's view here because they
are considered to be some of the �rst political theorists to relate a political philosophical

8Bernard Grofman and Owen Feld, �Rousseau's General Will: A Condorcetian Perspective,� The Amer-

ican Political Science Review 82.2 (1988): 567-576.
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view to the Condorcet Jury Theorem.
According to Rousseau, a social contract is meant to serve and protect a community's

general will. The essence of the contract, says Rousseau, is reducible to what it requires:
�Each of us puts his person and all his power in common under the supreme direction of the
general will, and, in our corporate capacity, we receive each member as an indivisible part
of the whole.�9 Rousseau argues that whatever results are derived from political procedures
under the social contract are legitimate because the contract is founded on the consent of
those it governs.

The general will, as opposed to the particular wills of individual citizens, is directed
towards promoting the common good, or what is best for the community at large. In order
to achieve the common good, it is necessary to discover the general will, which is the standard
against which all political decisions ought to be evaluated. This answers question (1) above:
for Rousseau, the good or �best� political outcome is one that most coheres with the general
will. How ought we determine what the general will dictates? Rousseau suggests that voting
can be used to learn about the general will. Voting is a procedure that counts the opinions
and preferences of the individual voters. The output of the vote is the majority's opinion
as to what the general will is. Importantly, the general will and the outcome of a particular
vote are not identical. It is possible for voters to be incorrect about what the general will is,
or what the general will would say about a particular issue. While Rousseau did not prove
that majority voting would be successful in correctly determining the general will, Marquis
de Condorcet proved the reliability of majority voting in the late 1790s in what is now known
as the Condorcet Jury Theorem.

Joshua Cohen

Bernard Grofman and Owen Feld were the �rst to connect the political writings of Rousseau
with the Condorcet Jury Theorem. But Rousseau is not the only philosopher to defend
democracy because of its reliability. Prior to the publication of the Grofman and Feld
article, Joshua Cohen o�ered a brief account of an epistemic dimension of democracy in
which voting is a way of tracking what is truly best for the community. In this article, Cohen
uses the Condorcet Jury Theorem to argue that majority voting is one way to learn about
the general will, and that this might give us good reason to use democratic majority voting
procedures.1011 Cohen suggests that voting is a signi�cant component of any normative
political philosophy. He appeals to previous work in epistemic democratic theory to develop
an epistemic account of voting. According to Cohen, an epistemic interpretation of voting
as three parts:12

1. There is a procedure-independent conception of what counts as a good decision.

9Jean Jacques Rousseau, The Social Contract & Discourses, ed. Ernest Rhys (New York, NY: E.P.
Dutton & Co.), 15.

10Joshua Cohen, �An Epistemic Conception of Democracy� Ethics 97.1 (1986): 35.,
11It should be noted that while Cohen defends epistemic democracy and majority voting in this work, his

more contemporary work focuses almost exclusively on deliberative democracy.
12In his discussion of epistemic voting, Cohen references previous accounts of epistemic democracy. For

example, see Jules Coleman and John Ferejohn, �Democracy and Social Choice� Ethics 97.1 (1986): 6-25.
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2. To vote is to express a belief about what the correct policies are according to the
standard of fairness

3. Voters adjust their beliefs in light of evidence, and decision making is a �process of the
adjustment of beliefs�13

Cohen then argues that the Condorcet Jury Theorem is a way of supporting the notion that
democratic voting is reliable, but �subject to two obvious constraints,�14 namely the assump-
tion that individual voters are good judges and that they vote according to their judgments
about the common good, rather than according to their personal preferences. With respect
to voter reliability, Cohen argues that we ought to be wary of formal assumptions about
human competence and our epistemic access to some independent standard of goodness. He
is careful to note that while the jury theorem does support the idea that majority voting
provides evidence about the general will, we must question whether real people do, in fact,
meet the criterion that the theorem assumes. But Cohen's argument is not that the Con-
dorcet Jury Theorem is a bad defense of democracy. Cohen believes that the Condorcet Jury
Theorem is a good defense of democratic voting in its idealized form, but that fallible and
imperfect humans may not be able to realize the kind of voting that the theorem describes.
In this sense, Cohen anticipates many of the issues surrounding the assumptions of the Con-
dorcet Jury Theorem that were raised in the statistical and social choice literature in the
late 1980s and early 1990s, some of which I outline below. In general, Cohen's account of
epistemic democracy is an �if only� account of the reliability of democratic procedures: if
only people could meet the assumptions of the jury theorem, democracy would be justi�ed
as a reliable, truth-tracking procedure. This is because if all voters meet the jury theorem's
assumptions and employ majority voting, then according to the theorem, the group will be
reliable at selecting the true or best outcomes.

It should be noted that Cohen is not attempting to provide a full account of democratic le-
gitimacy or justi�cation. Instead, he is describing an epistemic democratic theory by adding
on to Coleman and Ferejohn's (1986) argument for democratic justi�cation. Coleman and
Ferejohn argue that under their epistemic democratic theory of �epistemic populism�, demo-
cratic procedures are justi�ed if they are in fact more likely to yield correct outcomes than
other procedures.15 To this, Cohen adds that for a democratic procedure to be legitimate,
it must be clear to the people participating in that procedure that it is reliable.16

Rousseau, Grofman and Feld, and Cohen are frequently cited as the political philosophers
who de�ned the epistemic democratic approach in political philosophy. But more recently,
philosophers and political scientists have returned to epistemic democratic theory. Below
I outline several contemporary epistemic democratic theories that appeal to the Condorcet
Jury Theorem as an argument for democracy's reliability.

13Cohen, 34.
14Ibid., 35.
15Ibid., 37.
16Ibid., 37.
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David Coady

Epistemic democratic theorists take two general approaches. Under the �rst approach, the-
orists such as Hélène Landemore claim that the assumptions of the Condorcet Jury Theo-
rem are true for real people, so the theorem holds. Because the theorem holds, real world
democratic voting systems are (or at least approximate) reliable truth-trackers. I discuss
Landemore's view in detail below. Under the second approach, theorists do not claim out-
right that the assumptions of the theorem hold for real people. Instead, they argue that if
voters met the assumptions of the jury theorem, then democratic voting procedures would
be reliable, and therefore justi�ed on the epistemic view. This sort of sentiment I attributed
to Cohen's paper �An Epistemic Conception of Democracy� above.

But Cohen is not alone. In What to Believe Now: Applying Epistemology to Contempo-
rary Issues, David Coady presents an informal discussion of the relevance of the Condorcet
Jury Theorem and epistemic democracy to real world voting systems. He argues that votes
are in part statements of voters' beliefs about which alternative if better or correct. This
interpretation is consistent with Condorcet's theorem and with epistemic democracy. In par-
ticular, Coady argues that votes should be interpreted as statements about which option is in
the common good for the political community. Coady focuses much of his discussion on the
Condorcet Jury Theorem's requirement than voters be reliable, or what he calls �competent.�
According to the traditional Condorcet Jury Theorem, it must be the case that voters are
su�ciently competent, in that each voter has a greater than one half probability of voting
for the correct outcome, in order for the theorem's conclusions to hold. Coady sees an initial
problem with this assumption as it applies to the real world. He argues that what counts as
�competent� will change from country to country and vote to vote. But he goes on to say
that it is plausible that people will be su�ciently able to judge between two alternatives no
matter what country or vote they are participating in.17 Coady believes that it is reasonable
to assume that voters meet the independence and honest judgment assumption of the jury
theorem. The only remaining controversial assumption of the theorem, Coady believes, is
the �voter reliability� assumption. If voters are competent, then they would meet the voter
reliability assumption of the jury theorem. Then, all of the theorem's assumptions would be
met, and majority voting would be a reliable procedure. In other words, if the assumptions
of the theorem are met, democracy can be defended on the grounds that it is better than
less inclusive decision procedures in its ability to track the truth.18

David Coady takes up the topic of democracy legitimacy only brie�y. He claims that
epistemic democrats need only show that democracy is more likely to be reliable than any
other �realistic alternative� to show that it is the legitimate form of rule, but does not
fully explain why that is the case. We can discover realistic alternatives, Coady explains,
by looking to history to see which forms of government have challenged democratic rule.19

While Coady and Landemore (who I discuss next) do not provide full theories of democratic
legitimacy, I will raise the topic of legitimacy again at the end of chapter four. At that point,
I discuss the implications of my work for theories of legitimacy within epistemic democracy.

17Ibid., 77.
18Ibid., 60.
19Coady, 74.
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Hélène Landemore

Hélène Landemore describes the epistemic democratic position as the view that �democratic
decision-making processes are valued at least in part for their knowledge-producing potential
and defended in relation to this.�20 Her theory �ts within the general realm of epistemic
democratic theories under this description. According Landemore, procedural virtues such
as justice or fairness are not enough to justify democracy and democratic procedures. Debate
is an essential part of democratic systems, and Landemore claims that we debate because
we believe that there are truly better political outcomes and better points of view. Lande-
more argues that it is therefore evident that we �nd value in decision procedures that have
�substantial merit,� �intelligence,�21 or what I have been calling �reliability.� Throughout her
book Democratic Reason, Landemore provides an epistemic argument for democracy. The
point she wishes to establish is that certain formulations of democracy are reliable decision
procedures because they allow for the inclusion of multiple viewpoints via deliberation, what
she calls �cognitive diversity.� When democracy incorporates diverse viewpoints in deliber-
ation and voting, democracy can, under certain conditions, be signi�cantly more reliable in
selecting good outcomes than less-inclusive procedures. Democracy, what she de�nes as �the
rule of the many,�22 can in fact be more reliable than dictatorship and the rule of the few,
even if the �few� are experts on the issue being decided.

While the deliberative and voting aspects of democracy are distinct and signi�cant for
Landemore for di�erent reasons, they complement one another. Deliberation allows indi-
viduals to share their perspectives on a particular issue. Landemore argues that a diversity
of ideas in public discussion makes individual participants better at identifying good or de-
sirable alternatives. This is because in deliberation individuals share their approaches to
problems by explaining the heuristics they use to develop solutions to those problems. This
allows voters to share and compare di�erent methods for solving problems, ultimately im-
proving individuals' ability to determine which solutions exist, and select the best solution.
In addition, deliberation is signi�cant because it is the process by which voting populations
select the alternatives over which they will vote.

When deliberation fails to select a unique and unanimous solution, deliberation is fol-
lowed by voting. Landemore explains that majority voting has epistemic properties that are
distinct from deliberation. In particular, majority voting is a procedure that �maximizes the
chances of predicting the right answer among the proposed options.�23 Landemore then at-
tempts to prove this claim using theoretical tools, such as mathematical proofs and models,
including the Condorcet Jury Theorem. She uses the Condorcet Jury Theorem as one of
several arguments for the reliability of democratic systems that uphold cognitive diversity.
For Landemore, deliberation is a necessary precursor to voting because deliberation helps
improve individuals' abilities to select good outcomes. Therefore, deliberation is necessary
for establishing within real democracies the voter reliability assumption of the Condorcet
Jury Theorem. Landemore spends a chapter of her book defending the plausibility of the

20Hélène Landemore, Democratic Reason: Politics, Intelligence, and the Rule of the Many (Princeton, NJ:
Princeton University Press, 2013), 44.

21Ibid., xviii.
22Ibid., 10.
23Ibid., 25.
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jury theorem's assumptions within a community that respects the cognitive diversity com-
ponent of her theory. Because voting populations approximate the assumptions of the jury
theorem, Landemore conjectures that those populations will be reliable when majority voting
is implemented.

Landemore states that she is arguing for the �maximal version�24 of the epistemic argu-
ment for democracy, which she explains as follows:

In my view, all things being equal otherwise, the rule of the many is at least
as good as, and occasionally better than, the rule of the few at identifying the
common good and providing solutions to collective problems.25

Above, I noted that Joshua Cohen questioned the applicability of the Condorcet Jury The-
orem to existing democracies on the grounds that its assumptions were implausible, or too
idealized to apply to real voters. Landemore explains that while the assumptions of the theo-
rem are idealized, one of her goals is to show that the assumptions �plausibly translate to the
real world.�26 For example, Landemore argues that when voting populations are cognitively
diverse, deliberation improves the informedness of voters, enough so that they are able to
meet Condorcet's requirement that voters be su�ciently competent at choosing the correct
or best alternative.27 According to Landemore, real people participating in the democratic
procedures she imagines would approximate the Jury Theorem's assumptions, and this gives
us good reason to think that those procedures are more reliable than any other decision rule.

While Landemore claims that she is not setting out to provide a full-�edged democratic
theory, she argues that proving the reliability of rule of the many would go a long way in
establishing a normative justi�cation for democracy. She explains that at a minimum,28 her
argument for democracy's reliability, if true, will show that cognitively diverse deliberation
followed by majority voting is a desirable procedure on the grounds that it is a �smart�
or reliable procedure. While this may not be su�cient to establish the full justi�cation of
democracy procedures (because procedural considerations are also important), reliability is
necessary for justi�cation.29 In other words, Landemore is arguing that reliability is essen-
tial to justifying democracies, and that she can provide theoretical arguments to establish
that democratic procedures are, in fact, reliable. In her words, an epistemic argument for
democracy can �only help� if our goal is to justify democracy on (at least some) instrumental
grounds.30

What would Landemore say about the legitimacy of democratic decisions and regimes?
She could endorse the �rst version of legitimacy stated above: while many di�erent kinds
of procedures may pass a reliability threshold, the term �legitimate� only applies to the
most reliable procedure. Or, she could accept that legitimacy is a matter of passing a
reliability threshold, and because democracy is the most reliable procedure, it is also the
most legitimate. It is unclear which of these two interpretations of legitimacy Landemore

24Ibid., 8.
25Ibid., 3.
26Ibid., 9.
27Ibid., 185-207.
28Ibid., 8.
29Ibid., 8.
30Ibid., 6.
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would accept. While Landemore does discuss legitimacy and its relation to reliability to
some extent, she also says that in general she wants to avoid the question of legitimacy:
�Whether epistemic properties add to the legitimacy of democratic decisions in general. . . is
a question I will thus leave unaddressed.�31

At the very least, Landemore is committed to the idea that procedures that are more
reliable are more desirable that those that do worse at selecting good outcomes, and that
reliability is relevant to the justi�cation of democratic systems. It is unclear from her book
what else might be relevant to this kind of justi�cation, as Landemore claims she is not
providing a full democratic theory.

David Estlund

On Landemore's view outlined above, we have good reason to think that democratic systems
will be reliable, and this is one reason to favor those procedures over others. Her work largely
avoids the discussion of authority, legitimacy, or procedural value that she believes would
be required for a full democratic theory. In his book Democratic Authority: A Philosophical
Framework David Estlund provides such a theory which he calls �epistemic proceduralism.�
On this view, democratic decision procedures, in particular majority voting, are desirable
because of their reliability, or what Estlund calls �epistemic value.� Like Landemore, Estlund
argues that epistemic value is a necessary feature of any normative argument for democracy.
His goal is to establish the authority and legitimacy of outcomes chosen through demo-
cratic processes. According to epistemic proceduralism, �democratically produced laws are
legitimate and authoritative because they are produced by a procedure with a tendency to
make correct decisions.�32 A democratic outcome is legitimate not because it is correct, but
because it was produced by a procedure that tends to generate good or true outcomes.

Estlund believes that democratic procedures are legitimate if they are reliable. However,
for Estlund, reliability is not enough to establish the authority of a democratic system.
Democracy is authoritative because it is �modestly� reliable, and because it meets procedural
notions of �normative consent� and �general acceptability�: �democracy is better than random
and is epistemically the best among those that are generally acceptable in the way that
political legitimacy requires.�33 I will not explain normative consent and general acceptability
in detail. Instead, I will explain why Estlund's work does not �t within the realm of epistemic
theories I am critiquing in this thesis.

The theories on which I am focusing use the Condorcet Jury Theorem to justify democ-
racy's epistemic power. Estlund argues that democracy is �modestly� reliable, in that it is
better than random, and argues that this is a su�cient level of epistemic power to establish
democracy's legitimacy. Unlike Landemore, Estlund is not arguing that democracy is the
most epistemically valuable decision procedure. Instead, he uses a two step approach to
prove that democracy is modestly reliable, and then uses procedural considerations to argue
for democracy's authority. In particular, Estlund argues that democracy is modestly reliable
because (1) democratic procedures appear to avoid �primary bads,� or circumstances that

31Ibid., 47.
32David Estlund, Democratic Authority: A Philosophical Framework (Princeton, NJ: Princeton University

Press, 2008), 8.
33Ibid., 8.
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are generally acknowledged to be bad, such as widespread poverty and famine, and (2) real
democratic procedures are capable of tracking the outcomes that would be produced by ideal
political deliberators, no matter what substantive, independent standards they take to be
relevant to their political decisions.34 Note that this is a very di�erent approach than one
that uses the Condorcet Jury Theorem to establish democracy's reliability.35 For this reason,
I will not go into deeper explanations of Estlund's epistemic proceduralism, as his work is
not the focus of this thesis.

1.4 Epistemic Democracy and Reliability

This thesis focuses on epistemic democratic theories, such as those put forward by Coady
and Landemore, that are committed to the notion that democratic decision procedures are
justi�able or preferable to other forms of rule because of their epistemic value. The theorists
with whom I wish to engage use the Condorcet Jury Theorem to argue for democracy's
reliability. The theorem, these theorists argue, gives us good reason to think that democratic
procedures, either idealized (Cohen) or real (Coady and Landemore), are likely to be reliable,
which is one reason to prefer democracy to less inclusive institutions.

In the past, political scientists, philosophers, and statisticians have warned against using
the Condorcet Jury Theorem as a defense or justi�cation of real world political systems. For
example, many have noted that the assumptions of the Condorcet Jury Theorem are unlikely
to be met by any contemporary political community. Much work has been done to weaken
the assumptions of the jury theorem so that they more close capture characteristics of real
people and real world political systems. I outline several examples of this work in the next
section.

While this project is related to the work of those who have tested and analyzed the
assumptions of the Condorcet Jury Theorem, it is di�erent in two important ways. First, I
am interested in the Condorcet Jury Theorem not as an isolated mathematical theorem, but
for its role in the epistemic democrat's argument for democratic reliability. While I think that
the theorem and its extensions are interesting in their own right, in this work I am concerned
with the implications of the theorem for political philosophy. Second, my approach to formal
work surrounding Condorcet Jury Theorem is quite di�erent than what has been done in the
past. Much of the literature on the Condorcet Jury Theorem is motivated by the concern
that the theorem's assumptions are unrealistic, and that the theorem's assumptions ought
to be weakened if we want the theorem to have any connection to the real world. Unlike
much of the literature on the CJT, I will not be arguing that the theorem's assumptions are
problematic because they are unrealistic. I want to make a further critique of the theory, one
that is related to but distinct from those that have come before. In general, the epistemic
democratic theories I have described argue that the Condorcet Jury Theorem gives us a

34Elizabeth Anderson, �An Epistemic Defense of Democracy: David Estlund's Democratic Authority,�
Episteme 5.1 (2008): 132.

35As Landemore notes, Estlund's views of the Condorcet Jury Theorem are a bit ambiguous (Landemore
148). He seems to think that the theorem is a good justi�cation for majoritarian decisions, and has done
extensive work testing and weakening the theorem's assumptions, while ultimately arguing against the the-
orem as a legitimate grounds for epistemic democracy in his book Democratic Authority. I take Estlund's
approach in his book as authoritative.
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reason to think that democratic procedures are reliable. I argue that the theorem only
gives us reason to think that a very small set of what are traditionally called �democratic
procedures� meet the assumptions and reliability conclusions of the Condorcet Jury Theorem.
Therefore, the theorem only gives us reason to think that a small class of political institutions
are reliable, which signi�cantly limits the scope of the epistemic democratic views on which
I am focusing.

In the chapters that follow, I present a series of proofs that show that sequential voting
procedures are less reliable than simultaneous votes. By sequential voting procedures, I
refer to voting procedures in which voters cast their votes publicly in sequence, and are able
to learn about one another's beliefs as the vote is happening. Under simultaneous voting,
voters cast their votes privately, and are therefore unable to reason about one another's
judgments until after voting has completed. I use general models of roll call voting and
primary election systems to demonstrate this point. Some might question why this analysis
is needed. Sequential voting systems violate the independence assumption of the Condorcet
Jury Theorem, and therefore can't be justi�ed by a theory that relies on the theorem. But
this reasoning isn't quite right. While sequential voting methods do violate the independence
assumption of the jury theorem, it is not obvious that these methods are less reliable than
simultaneous voting, and reliability is the main focus of the epistemic democrat's theory.
I will develop sequential voting systems that closely match the Condorcet Jury Theorem's
assumptions, except that the procedures themselves cause voters to violate independence.
The proofs I provide in chapters three and four demonstrate that sequential voting methods
violate the independence assumption and the reliability conclusion of the Condorcet Jury
Theorem. Therefore, if epistemic democrats wish to use the jury theorem to argue that
democratic procedures are more reliable than less inclusive procedures, the jury theorem
limits their argument to the class of simultaneous voting procedures that the theorem proves
are the most reliable.

1.5 Criticisms and Extensions of the Condorcet Jury The-

orem

The Condorcet Jury Theorem will be the main focus of the formal work throughout this
thesis. In the 1980s and early 1990s, the Condorcet Jury Theorem had a resurgence in
the academic literature. As noted above, philosophers use the theorem to support certain
conceptions of democratic rule, thereby strengthening the notion that democracy has truth-
tracking capabilities. But the Condorcet Jury Theorem was also taken up by statisticians,
social choice theorists, and political scientists who questioned the defensibility of the the-
orem's premises. Many articles exist that question, strengthen, or broaden the theorem's
assumptions. A large portion of this work has been completed by philosophers and voting
theorists working in a political philosophical context. Below, I describe some of the critiques
and extensions of the Condorcet Jury Theorem. Theorists below are divided according to
the particular aspect of the Condorcet Jury Theorem on which their work focuses.
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Binary Vote and Majority rule

The Condorcet Jury Theorem assumes that voters are deciding between two (and only two)
alternatives. This is because the Jury Theorem, as the name suggests, was originally used to
model the decisions of jurors deciding whether a person was �innocent� or �guilty.� Thus the
theorem in its traditional form only applies to binary elections, or elections in which there
are only two items for which voters can vote. This is considered to be a limitation of the
theorem.

In �Epistemic Democracy: Generalizing the Condorcet Jury Theorem,� Christian List
and Robert Goodin extend the Jury Theorem to three or more alternatives. While the
traditional Condorcet Jury Theorem states that majority voting is the most reliable method
for deciding between two options, List and Goodin's proof shows that the main results of
the Condorcet Jury Theorem still hold when more than two options are available.36 They
show that plurality voting is the most reliable method for deciding between three or more
options.37 This, the authors argue, should provide some comfort to epistemic democrats, as
it shows that the reliability of democratic voting under plurality voting extends beyond the
binary case.

Voter Independence

Of the four assumptions of the Condorcet Jury Theorem outlined in section two, the voter
independence assumption has received the most attention and criticism. The voter indepen-
dence assumption states that votes cast in an election are independent of one another. David
Estlund explains the independence assumption as follows. According to independence, the
probability that two voters A and B both vote for the correct alternative is equal to the
probability that A's vote is correct times the probability that B's vote is correct. In �The
Epistemology of Democracy� Elizabeth Anderson questions whether that assumption could
ever be met by a contemporary democratic community.38 The existence of common informa-
tion sources such as prominent political parties, news media outlets, and widespread political
debate can cause voters to become dependent, thereby violating the assumption.

In response to these concerns about independence, many statisticians, social choice the-
orists, and political philosophers have studied whether the independence assumption can be
weakened. In �The Condorcet Jury Theorem, Free Speech, and Correlated Votes�, Krishna
Ladha studies the in�uence of correlated votes on the reliability of majority voting. This
analysis is applied to the case in which free speech between voters is allowed.39. Sven Berg
provides a similar analysis using a distinct notion of independence.40 The results of this kind
of analysis can generally be summarized as follows: the extent to which majority voting is

36List and Goodin, 277-306.
37A plurality voting rules states that the alternative that receives the most votes is the winner of the

vote. Therefore, majority voting just is plurality voting when there are only two alternatives available and
abstention is not allowed.

38Anderson, 10-1.
39Krishna Ladha, �The Condorcet Jury Theorem, Free Speech, and Correlated Votes� American Journal

of Political Science 36.3 (1992): 617-34.
40Sven Berg, �Condorcet's Jury Theorem, Dependency Among Voters,� Social Choice and Welfare 10.1

(1993): 87-95.
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reliable depends on the extent to which voters are dependent.
Theorists have also studied cases in which violating independence might in fact improve

a group's probability of choosing the correct outcome. In �Opinion leaders, independence,
and Condorcet's Jury Theorem,� David Estlund questions the in�uence of experts (very
reliable voters) on majority decisions.41 He shows that the existence of experts who share
their knowledge with other voters does not necessarily lead to a violation of the independence
assumption, and may in fact lead to more reliable voting. Independence is preserved because
experts do not participate in the voting process, but are able to in�uence other voters prior
to the vote, making them more reliable.

Honest Judgment

The Condorcet Jury Theorem as it is traditional presented in discussions of epistemic democ-
racy assumes that individuals vote honestly. By �honesty,� I mean that voters vote for the
alternative that they believe is best. �Information Aggregation, Rationality, and the Con-
dorcet Jury Theorem� by David Austen-Smith and Je�rey Banks provides a voting model
much like the one I provide in chapter two, and show that in some scenarios, voting sin-
cerely is not rational. This is considered to be a problem, because it shows that one of the
assumptions of the theorem does not conform with ideally rational behavior.

There are a few reasons why I take issue with Austen-Smith and Banks' analysis. First,
their work uses the word �sincerity� in a way that does not seem to capture what we usually
mean by the term. Under their model, �sincere voting� refers to the situation in which a
voter votes for the alternative that is expected to yield the highest reward, conditional on
the information that voter receives. �Informative voting� refers to the situation in which a
voter casts a vote for the alternative she (independently of others) believes is the correct
alternative, what I and the Condorcet Jury Theorem call �honest� voting. Austen-Smith
and Banks interpret the Condorcet Jury Theorem as assuming both sincere voting and
informative voting. They summarize their �ndings as follows:

�...the Condorcet Jury Theorem obtains when and only when majority voting
is the optimal way to aggregate individuals' private information. Moreover, if
majority voting is not the optimal way to aggregate information, then sincere
voting under majority rule cannot be rational. In particular, we provide an
example in which the explicit assumptions of the Jury Theorem hold yet sincere
voting is not rational. Indeed, when all other individuals are voting sincerely,
any one individual has an incentive to vote against the advice of her private
information.�42

Therefore, according to Austen-Banks and Smith, the notion of �sincere voting� poses prob-
lems for those who wish to employ the Condorcet Jury Theorem. But it seems to me that
this notion of sincerity is a strange one. On Austen-Smith and Banks' interpretation, a voter

41David Estlund, �Opinion leaders, Independence, and Condorcet's Jury Theorem,� Theory and Decision

36.2 (1994): 131-162
42David Austen-Smith and Je�rey Banks, �Information Aggregation, Rationality, and the Condorcet Jury

Theorem,� The American Political Science Review 90.1 (1996): 43.
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is sincere when she acts in such a way to maximize her expected reward. I think Hélène Lan-
demore provides a more intuitive interpretation of the Jury Theorem's honesty assumption
as follows: �voters vote their true mind about what they deem to be the right answer about
the question at stake.�43

It is possible that this di�erence in interpretation is due to the fact that Condorcet's
description of honesty is underspeci�ed in the original work. At the very least, the terms
that Austen-Banks and Smith use seem to confuse what we are talking about when we
mean that someone votes �honestly.� For this reason, I think a new analysis is needed. In
chapter two, I show that under weak rationality assumptions (rationality in the sense of
Austen-Smith and Banks' �sincere voting�) about the probability and utility values at play
in a particular voting scenario, it is rational for an arbitrary voter to vote according to her
information. In Landemore's terms, I provide the necessary parameters under which it is
rational for individual voters to vote honestly.

New Approaches

In light of criticisms of the theorem's ideal premises, Franz Dietrich and Kai Spiekermann
propose a new version of the theorem with relaxed and more realistic assumptions.44 I
consider my thesis to be in line with Dietrich and Spiekermann's general approach. We
agree that in its traditional form, the Condorcet Jury Theorem cannot provide a strong
argument in favor of majority voting and the epistemic democratic view. While Dietrich
and Spiekermann are proposing changes that can be made to the theorem to make it more
applicable to the real world, I am o�ering new arguments as to why an approach like Dietrich
and Spiekermann's is necessary to justify democratic procedures as truth-tracking methods.

1.6 Moving Forward

This chapter has served as an introduction to the two most signi�cant theoretical components
of this thesis: epistemic democratic theory and the Condorcet Jury Theory. In chapter two,
I proceed with an original voting theoretic analysis of epistemic democracy. I show that
the honesty assumption cited by epistemic democratic philosophers who use the Condorcet
Jury Theorem can be derived from weak rationality assumptions rather than assumed. The
theorem I prove will be referenced throughout the rest of the thesis.

As stated above, by �epistemic democracy,� I will be referring to democratic theories
that appeal to the Condorcet Jury Theorem in arguing that democratic institutions are
justi�able and desirable because they tend to produce the best results. Following chapter
two, I argue that the epistemic democrat's commitment to the Condorcet Jury Theorem
poses several problems. While I will assume that voters meet the Condorcet Jury Theorem's
assumptions prior to voting, I will focus on voting procedures that, because of their structure,
cause voters to violate the independence assumption. Ultimately, I will show that these
procedures are less reliable than the simultaneous, independent voting assumed under the

43Landemore, 73.
44Franz Dietrich and Kai Spiekermann, �Epistemic Democracy with Defensible Premises� Economics and

Philosophy 29.1 (2013): 87-120.
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Condorcet Jury Theorem. I then argue that the theorem's assumptions coupled with the
epistemic democrat's commitment to reliability cannot justify a broad range of what would
traditionally be deemed democratic procedures.

Much of this analysis will rely on a formal model of voting that is meant to represent
the epistemic democrat's understanding of the voting process. In this model, I represent
voters' judgments and preferences by using a utility function, or a mathematical function
that describes the payo�s voters expect to receive in light of their actions and the particular
state of the world. In chapter two, I explain why the particular utility function I use is the
best candidate for this project. My analysis of the Condorcet Jury Theorem's independence
assumption begins in chapter three. Then, I show that sequential voting methods such as roll
call voting (chapter three) and primary elections (chapter four) fail to meet the independence
assumption and are less reliable than simultaneous voting methods. This is a problem for
theorists who argue that democracy broadly speaking is justi�able or desirable because it is
the most reliable public decision procedure, as it implies that sequential voting procedures
are less justi�ed or even unjusti�ed on the epistemic democratic view. I conclude this thesis
in chapter �ve and provide a brief summary of what has been show. I then note several
potential paths for future research related to the work done here.



Chapter 2

Honest Voting in Epistemic Democracies

2.1 Introduction

Epistemic approaches to democracy argue that democratic political systems are preferable or
justi�ed in part because those systems tend to choose the best political outcomes. Many pro-
ponents of this approach claim that the Condorcet Jury Theorem proves this truth-tracking
characteristic of democratic decision making processes. In this chapter, I argue that the
honest voting assumption of the Condorcet Jury Theorem can in fact be derived from ba-
sic assumptions about rational decision-making. In chapters three and four, I use this fact
to provide examples of commonly used and presumed democratic procedures that cannot
meet the independence assumption of the Condorcet Jury Theorem, or the epistemic demo-
crat's reliability requirement. These procedures include roll call votes and primary elections,
which are both examples of sequential voting. My results imply that sequential voting fails
the Condorcet Jury Theorem's assumptions, as well as its conclusion that majority voting
is reliable. I argue that these examples pose problems for the epistemic democrat on several
fronts. First, on a practical level, many people agree that sequential voting is democratic,
despite the fact that it is not justi�ed under the epistemic democratic view. On a more philo-
sophical level, the independence and honesty assumptions are problematic because they seem
to cast some voters participating in sequential votes as dishonest, even if they are stating
what they truly believe to be the correct result.

My argument will go as follows. In section two, I recapitulate the Condorcet Jury The-
orem and its proof. In section three, I provide a short summary of some of the extensions
and criticisms of the theorem, followed by a discussion of the theorem's main assumptions in
section four. In section �ve, I explain how I will represent voters' preferences mathematically,
and I provide a formal restatement of the theorem using that representation in section six.
The formal framework outlined in sections �ve and six will be a basis for work throughout
the rest of this thesis. Following this background information, I provide a proof that shows
that the honesty assumption of the CJT can be derived from the remaining assumptions
rather than assumed. To conclude, I will summarize what's been done so far, and provide
the motivation for the work in chapter three.

As I discussed in chapter one, voting plays a signi�cant role in the epistemic democrat's
argument for the justi�cation or desirability of democratic decision procedures. In order to

23



CHAPTER 2. HONEST VOTING IN EPISTEMIC DEMOCRACIES 24

successfully argue for the points listed above, some terminology is needed. In a plurality
vote, voters are asked to state their top-choice preference, and only their top-choice. A
binary vote is an election or other voting process in which the electorate is asked to choose
between two outcomes. I refer to these outcomes as options or alternatives. Every voter
is assumed to have a full, strict preference ranking of these alternatives. If a voter prefers
alternative x to y, I represent this preference as x > y. I assume that all preferences are strict
so as to avoid instances in which a voter is indi�erent between two alternatives, and cannot
determine how she ought to cast her vote in a plurality vote. Finally, in all of the examples
that follow, majority rule or majority voting is used to aggregate individuals' preferences.
Under majority voting, the alternative that receives a majority of the vote is the winner: for
any electorate of size n, the winner is the alternative that receives at least

⌈
n+1
2

⌉
votes. This

�ceiling function� notation indicates that if
⌈
n+1
2

⌉
is a fraction (when n is even), one should

round that number up to the next whole integer value. This is the number of votes required
for an alternative to win a majority.

2.2 Condorcet Jury Theorem and its Proof

Here, I present an short proof of the Condorcet Jury Theorem as an introduction to the
more formal work that follows. The proof in this section closely follows the very accessible
proof of the jury theorem that David Estlund provides in �Opinion Leaders, Independence,
and Condorcet's Jury Theorem.�1

Assume the following:

1. Binary Vote: Voters face two options, one of which is �correct� while the other is
�incorrect�.

2. Voter Independence: Voters vote independently of one another: The probability
that voters i and j vote for an alternative is equal to the probability of i voting for
that alternative times the probability of j voting for that alternative.

3. Honest Judgment: Voters vote their judgment of what the correct alternative is.

4. Voter Reliability: The probability p that any voter will judge the correct option to
be correct is greater than 1

2
and is the same for all voters.2

Note that voter reliability here refers to the reliability of a voter's beliefs, rather than her
actions. This is di�erent from how the Voter Reliability assumption was presented in chapter
one. This is because to assume that voters reliably vote for the correct option would render
assumption three redundant. This is a common mistake in philosophical discussions of the
jury theorem. In light of this issue, there are two ways one could alter the assumptions of
the theorem to make them minimal and consistent. First, as I show here, one can change
reliability such that it refers to one's beliefs, rather than one's actions. Or, one can eliminate
the honesty assumption and leave the reliability assumption alone. Here, I take the �rst

1Estlund, �Opinion Leaders� 132-7.
2Elizabeth Anderson, �The Epistemology of Democracy,� Episteme 3.1-2 (2006): 10-1.
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route, and change reliability to refer to one's beliefs. Even with this change, I will show
below that under this new interpretation, the honesty assumption need not be assumed for
the theorem to hold.

What is the probability that the majority selects the correct alternative? Suppose that
there are n voters, where n is odd. Then a majority m can be composed of any number
of voters between n+1

2
and n. For every value of m, we want to know the probability that

the majority will select the correct outcome. According to the voter reliability assumption,
the probability that any individual voter judges the correct outcome to be correct is p. In
addition, under the Honest Judgment assumption, voters vote according to their judgment.
Because voters are independent, the probability that two voters select the correct outcome
is p·p = p2, the probability that three voters select the correct outcome is p·p·p = p3, and
so on. The probability that h voters (i.e. some set of h voters where h ≤ n) vote for the
correct outcome is ph.Whenever h voters select the correct outcome, that implies that n−h
voters select the incorrect outcome. The probability that an individual voter selects the
incorrect outcome is 1− p, so the probability that n− h voters select the incorrect outcome
is (1− p)n−h. Therefore, the probability that h voters select the correct outcome and n− h
voters select the incorrect outcome is ph(1− p)n−h. The voting group will select the correct
outcome whenever a majority of voters select the correct outcome, in other words, for any
value of h such that h is at least n+1

2
and at most n.

One additional piece is needed to complete our calculation. When h is less than n,
there are many di�erent ways that voters could vote such that h votes are for the correct
alternative. For example, if there are three voters called v1, v2, and v3, there are three possible
ways that two of the three voters could be correct and one voter incorrect (h = 2):

v1 and v2 correct, v3 incorrect

v2 and v3 correct, v1 incorrect

v1 and v3 correct, v2 incorrect

For any value of n, there are
(
n
h

)
ways to select h voters from the set of n total voters.

Therefore, for every value of h, we must multiply the probability that h voters select the
correct outcome, times the number of ways that h voters could be selected from n. Putting
the two mathematical components together, the probability that a majority will be correct

is
n∑

h=n+1
2

(
n

h

)
ph(1− p)n−h.

As n grows, so do the number of values of h. This is why as the number of voters
grows, the probability that a majority will select the correct outcome also grows. Further
calculations can be done to show a second conclusion: the probability that the majority
is correct greater than or equal to the probability that any one individual is correct. For
brevity, I will not go into those calculations here.

2.3 Existing Criticisms and a New Approach

As was noted in chapter one, several arguments have been made against the CJT as an
argument for the reliability of majority voting. These arguments were made in large part
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by statisticians and social choice theorists in the late 1980s and early 1990s. The critiques
challenged the applicability of the theorem's assumptions to real world voters and voting
systems. The independence assumption in particular has gained signi�cant attention. Theo-
rists argue that in an established society in which individuals communicate with one another
and receive information from common sources such as newspapers and cable news stations,
independence is almost necessarily violated.

Most of the existing critiques of the CJT question the plausibility of the theorem's ideal-
ized assumptions in an unideal world. In this thesis I take a di�erent approach. Rather than
questioning whether the assumptions are re�ected in existing voting populations, I consider
the kinds of voting systems that are justi�ed under the CJT. In other words, I am willing
to assume that voters, prior to voting, are reliable and independent agents. The question,
then, is whether these idealized assumptions are enough to justify democratic procedures
broadly construed. I argue that even if these idealized assumptions are met prior to voting,
the voting procedure that is used may cause some of the CJT's assumptions and conclusions
to be violated. Therefore, arguments founded on the CJT are only able to justify a small
set of voting procedures.

2.4 Assumptions of the CJT

In this section I discuss the main focus of this thesis, the Voter Independence and Honest
Judgment assumptions of the CJT. I then discuss how I will interpret and represent these
assumptions in the proofs that follow.

Voter Independence

The independence assumption of the CJT, what I have termed Voter Independence, can be
explained as follows: for any two voters i and j, the probability that i votes correctly is
independent of the probability that j votes correctly. How can this sort of independence be
achieved within large populations of voters? First, for Voter Independence to hold, it must
be the case that voters may not discuss the content of the vote with one another prior to
voting. In addition, their votes must only be in�uenced by independent information. In
particular, the information voters receive prior to voting must be in the form of independent
information from their environment.

How can this kind of independence be formalized in a model? In what follows, I assume
that voters are independent with respect to the information (hereafter called �signals�) they
receive from their surroundings (what I call �Nature�) prior to the vote. Call this kind of
independence �Signal Independence.� I assume that, for each voter, Nature sends a signal
that is independent, conditional on the state of the world, to that voter about what the best
alternative is. The voter will use the information in determining how she will vote. Because
signals are independent, the content of one voter's signal does not in�uence that of another
voter's signal. In sections �ve and six, I assume that a signal from Nature is the only signal
a voter receives before voting. Call this �Signal Singularity.�

Some might object that Signal Singularity is an oversimpli�cation. Individuals receive
many signals from their environment about what they ought to do, and it is wrong to
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assume that there is only one signal informing voters about how they should vote. To this
I would argue that the content of the signal might be complicated, and contain multiple
bits of information. The signal could take many forms. For example, the signal might be a
smoke signal, a letter in the mail telling you to �vote for Proposition 11,� or a list of detailed
information about candidates in a political election. For the simplicity of the model, I assume
that all of this information is contained in one signal, and that the agent is able to process
this information by updating her probabilities of voting for a particular alternative in light
of the signal she receives.

Signal Independence and Signal Singularity amount to the traditional Voter Independence
assumption of the CJT when voters are honest: Prior to voting, we assume that voters are
independent of one another. Because voters only receive one piece of information from
nature, and because that information is signaled to the voter in a way that is independent
of the signals sent to other voters (Signal Independence), voters remain independent. In
chapters four and give, I provide examples of democratic institutions in which voters violate
Voter Independence by providing signals to one another.

Honest Judgment

The Honest Judgment assumption of the CJT states that voters will vote for the option
that they believe to be the correct alternative. Such behavior is referred to as �honest� or
�sincere�34, which is why I have chosen to call this the �Honest Judgment� assumption. This
assumption has two key components. First, it states that voters will vote according to their
judgments about which alternative is �best� according to an independent standard. Note
that this is importantly di�erent from the common assumption that voters vote according
to their personal preferences. For example, I might judge that a particular tax policy is
better according to some independent standard of equality or justice, but disprefer that
policy because I personally would do worse if that policy were adopted. In this case, the
Condorcet Jury Theorem would assume that I vote according to my judgment, rather than
my preference. In order to make sense of this requirement within a rational framework, we
must model voters as incentivized to vote according to their judgments rather than their
private preferences. I discuss this kind of modeling in section �ve below.

Second, the honest voting assumption states that individuals will honestly state their
judgments in the form of a vote. Here, honest voting is contrasted with strategic voting,
in which voters do not vote for the alternative they believe to be best because voting for
some other alternative is expected to bring the voter more bene�t. For example, suppose a
voter believes that x > y > z, but knows that x will not win because she knows that most
voters believe x is not the best alternative. Then the voter may vote for her second choice
alternative y because she believes that y is more likely to win, and that y is more likely to be
correct than z. This kind of behavior is traditionally referred to as �strategic voting� because
the voter has crafted a strategy to achieve an outcome that does not involve voting for her
top-choice. In this example, the voter states on her ballot that her top choice is y when she
truly believes that x is best. The traditional CJT avoids this problem by assuming that (1)

3Dietrich and Spiekermann, 87-120.,
4Austen-Smith and Banks, 34-45.
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voters face only two options, which eliminates the possibility for strategy and (2) voters are
honest about their judgments.

But there is a sense in which calling this kind of independent voting �honest� is bad
terminology. The portion of the honesty assumption that refers to non-strategic voting
states that voters are assumed to vote according to their private beliefs about the alternatives
after updating their beliefs on Nature's signal. This implies that, if voters were to provide
information to one another prior to voting, then voters who take that information into
account might be considered to be voting dishonestly because they no longer vote solely
in accordance with their private beliefs. In other words, voters who consider information
they receive from other voters in deciding how to cast their vote might be considered to
be dishonest because they are no longer voting according to their private information only.
This is simply one way that one might interpret violations of honesty and independence,
but demonstrates why this terminology is ambiguous. In chapters three and four, I provide
simple voting examples in which voters receive information from others during the process
of sequential voting. These kind of examples involve violations of independence, and allows
voters to provide information to one another, ultimately causing some voters to select an
option that is inconsistent with their initial private beliefs. This constitutes a violation of
the honesty assumption.

The honesty assumption also ought to be eliminated because, under weaker assumptions
than those provided in the CJT, its assumption of non-strategy can be derived rather than
assumed. Note that here I am discussing the elimination of the strategic portion of the hon-
esty assumption, and not the assumption that voters are voting according to their judgments
rather than their preferences. I will assume that voters vote according tot heir judgments
throughout this thesis, and that fact will never be eliminated.

I formalize the strategic portion of the honest judgment assumption as follows: it is
rational for each voter to vote for the outcome she believes is best after updating her beliefs
on information she receives from Nature. There are several ways that an individual might
account for information prior to voting. For example, suppose a voter receives a signal that
says she should vote for candidate x.5 The voter will only follow that signal, and vote for
candidate x, if she thinks the signal is likely to tell her the truth. In section six below, I
prove that, under several weaker assumptions than those provided in the CJT, voters have a
rational interest to vote for the candidate they truly believe is best. Therefore, it is possible
to establish honesty under weaker rationality assumptions.

In the next section, I introduce the way that I will model voters' preferences throughout
this thesis. I then provide a formal restatement of the CJT, and show that the honest
judgment condition can be proven, rather than assumed, under weak rationality assumptions.

5While some signals from nature might be as explicit as the one suggested here, signals can take a variety of
forms. The only relevant restriction is that signals sent to distinct voters must be generated independently,
and that voters consider this information (update their probabilities of voting for each candidate) before
voting.
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2.5 Modeling Voting with the Condorcet Jury Theorem

In this thesis, voting behavior will be represented with a formal model. This model will
assume that voters are rational agents who are faced with a decision between two �alter-
natives� or �options� in the form of a vote. I discuss several di�erent voting scenarios in
chapters three and four. What distinguishes these scenarios is (1) the structure of the voting
scheme, and subsequently (2) the information voters have when they cast their ballots. In
this chapter, I discuss the relevant terms I will use throughout the analysis in chapters two
through �ve. I also explain the way that voters' preferences will be represented; namely, in
the form of a utility function.

2.5.1 What is a utility function?

The goal of crafting a formal model is to provide a picture of what voting is like under the
idealized assumptions of the epistemic democratic view and the Condorcet Jury Theorem.
Recall that a de�ning feature of epistemic democracy is the notion that democratic voting is a
judgment aggregation method. Voting is a way for voters to express their beliefs about which
alternative best coheres with some independent standard. In order to represent this view in
a formal model, I assume that prior to voting, Nature selects one of the available options as
�better� according to the chosen standard.6 Voters receive information (what I refer to as a
�signal�) from Nature, and update their beliefs about which alternative they believe is best.
Then, as I prove later in this chapter, it is rational for voters cast their ballots by stating
the alternative they believe to be best7 and the votes are counted using majority voting.
It is ultimately revealed to them which alternative was �correct� according to Nature, and
payo�s are distributed according to the voters' pre-determined utility function. The model is
constructed such that voters, who desire more utility to less, will achieve more utility when
they select the correct outcome, and less when they do not. In that sense, the model merges
preferences with judgments about the good: voters are modeled as preferring to select the
alternative that is best according to some independent standard. Generally speaking, voters
prefer to choose the correct outcome, as that outcome will yield the greatest payo�. This is a
very particular notion of preference, and one that may be inconsistent with a voter's personal
preferences that are not based on some independent standard of correctness. However, this
is the kind of preference used in models of voting under the Condorcet Jury Theorem, and
is therefore the interpretation of preference that I will use throughout the thesis.

We can represent voters' preferences using a mathematical function called a utility func-
tion. A utility function is a mathematical function that denotes the payo�s an agent will
receive if she performs a particular action under particular environmental conditions. In
this chapter, I assume that in every voting scenario, a voter faces a choice between two
alternatives: x and y. For example, x and y might refer to candidates or policy options.
Because the voter faces two alternatives, the voter has two available actions: to vote for x
and to vote for y, where no abstention is allowed. In the model, each voter has some level of

6Nature is always assumed to select one alternative as �best�.
7Recall that Joshua Cohen assumes that votes are statements of beliefs, as outlined in chapter 1. While

this fact is usually stated as an assumption of the CJT, in chapter three I show that it is rational for an
agent under the chosen utility function to vote for the alternative she believes is best.
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uncertainty as to which option she should vote for, and uses evidence or information from
her surroundings (what I refer to as �Nature�) to decide how to vote. In all of the utility
functions cited throughout this thesis, however, it is assumed that a voter would like to
receive the highest payo� possible.

In the next two sections I explain two ways that one might represent a voter's utility
function under these assumptions. I then make the case that what I call the �community-
interested utility function� is most consistent with the epistemic democratic view of voting.

2.5.2 Option 1: Personal preference

One way to represent voters' utility functions is by focusing on how they as individuals cast
their ballots. First, Nature selects either x or y as the correct alternative and signals infor-
mation to voters, who then update their beliefs about the likelihood that either alternative
is the better option. Then, voters cast their ballots. Votes are understood as statements
of voters' beliefs as to which alternative is best. Votes are tallied, and the winner is an-
nounced. Then, Nature reveals the true, best alternative to the voters. Under a �personal�
utility function, a voter receives a payo� of 1 if she voted for the correct alternative, and
0 otherwise, regardless of what the majority chooses. Therefore, if Nature reveals that the
true best alternative is x and voter i voted for x, she gets a payo� of 1, and similarly for y,
even if voter i was in the minority. This utility function casts voters as individuals who wish
to choose the correct outcome, regardless of what their fellow voters do.

The problem with this sort of utility function is that it is too narrowly focused on the
actions of individuals. Under this utility function, agents are rewarded for their choosing the
correct outcome, even if that outcome loses the overall vote. But under epistemic democracy,
voting is a method for community members to state their beliefs as to which option is best in
the hopes that the majority will select the correct option. If the community does not adopt
the correct policy or choose the best candidate, then no self-interested voter will bene�t
from having voted for those alternatives. Therefore, it is important that the utility function
we choose depend on the majority's actions, and not only the actions of the individual.
The personal preference function outlined here does not capture this focus on the majority's
choice, which is an essential component of the epistemic democratic view. For this reason,
the personal preference utility function will not be used.

2.5.3 Option 2: Complex and community-interested preference

A stark alternative to �self-interested� preferences is a utility function that focuses solely
on the actions of the community, rather than on the actions of the individual. Under the
community-interested utility function, all voters receive a payo� of 1 if the majority of the
community selects Nature's chosen alternative, and 0 otherwise. In other words, a voter i
will receive a payo� of 1 if the majority selects the correct outcome, even if she did not vote
for that outcome herself. Similarly, voter i will receive a payo� of 0 if the majority selects
the incorrect outcome, even if she voted for the correct one.

At �rst this type of utility function may seem unintuitive because utilities are usually
tied more directly to an individual agent's actions, rather than the actions of the community
or group. But I argue that this kind of utility function is preferable because of its simplicity,
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and because it coheres with the epistemic democrat's view of voting. Under the community-
interested utility function, a voter prefer that the majority as a whole select the correct
outcome, regardless of what she herself votes. What matters to the voter is whether the true
best outcome was ultimately chosen by the group, rather than by any particular individual.
The community-oriented utility function is consistent with the epistemic democrat's view
that majority voting is a means to discover the true best alternative. In addition, this utility
function �ts the epistemic democrat's view of voting as serving a particular role within a
political community: voters are participants in the joint enterprise of discovering the truth.
What matters is whether the group ultimately chooses the better outcome, and not whether
any particular individual chose that outcome. Despite the model's focus on the majority's
actions, the individual is still motivated to vote for the alternative she believes is best under
the community-oriented utility function even though her action alone is not enough secure
a payo� for her. I prove this fact later in this chapter.

It might be argued that a more realistic utility function is not the self-interested or
community-interested option, but instead a combination of the two. For example, suppose
that each voter prefers that the majority chooses the correct outcome, and that she herself
votes for the correct outcome as well. We might say that a voter receives a payo� of 1 if the
majority chooses the correct outcome and a payo� of 0 if the majority selects the incorrect
outcome. In addition, the individual voter receives some e payo� where 0 < e < 1 if the
voter selects the correct outcome. In addition, the voter receives a negative payo� of -e
when she selects the incorrect outcome. Call this combination of community and individual
preferences the �complex utility function�. Below is a chart detailing the di�erence in payo�s
a voter i can expect to receive under the complex and community-interested utility functions:

Complex Function Community Function

Majority Correct, Voter i Correct 1+e 1

Majority Correct, Voter i Incorrect 1-e 1

Majority Incorrect, Voter i Correct e 0

Majority Incorrect, Voter i Incorrect -e 0

This is but one example of many possible utility functions that combine the individual
and community preference orderings. While the �complex� type of utility function is still
consistent with the epistemic view, it builds in additional assumptions about an agent's
preferences about her own behavior. In particular, it assumes that an agent has a small
preference about her actions over and above the actions of the majority. As I have argued, the
epistemic view of voting focuses on the community level, and casts voters as a participants in
a group project of selecting the better outcome, and makes no assumptions about individuals'
preferences over their own behavior independent of that e�ort. Therefore, the additional
�e� component of the complex model would be an additional assumption not present in the
epistemic democratic view of voting. Because I wish to include as few additional assumptions
as possible into the model, I will use the community-oriented utility function, rather than
the complex function.

It should be noted that the community-oriented utility function is also preferable because
it is commonly used in the literature on the Condorcet Jury Theorem. Many political
scientists who study the theorem and its extensions use this community-oriented utility
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function to represent voters' preferences.8 Therefore, this utility function is consistent with
models of both the Condorcet Jury Theorem and epistemic democracy. For these reasons, I
will use the community-oriented preference ordering in the work that follows. In chapter four,
I expand the utility function to apply to situations in which voters face three alternatives.
However, the motivation behind using a community-focused utility function does not change.

2.6 Formal Restatement of the CJT

Assume that a majority vote is to take place among n voters. Assume that there are two
options for which the voters may vote: {x, y}. The outcome of the vote is determined by
majority rule.

For simplicity, assume that every individual participates in the vote, i.e. abstention is
not allowed. Prior to voting, one of the options x, y is selected by Nature as the �true� or
�correct� alternative. For notational purposes, suppose that if Nature selects x as the �true�
alternative, the world is in State X, written as Sx. Conversely, if Nature selects y as the
correct alternative, the world is in State Y , written Sy. The world can be in either of these
possible states, and only these states, but the current state of the world is unknown to all
n voters. Prior to voting, Nature sends an independent and potentially incorrect signal ei
to every voter i. Voter i will then use this information to update her beliefs about which
option is best. Let Mix stand for the case in which i thinks that x is the better alternative
(pi(Sx) >

1
2
), whileMiy stands for the case in which i believes that y is the better alternative

(pi(Sy) >
1
2
). For simplicity, assume voter i �ips a fair coin to determine whether to vote for

x or y when she is indi�erent between x and y.
For every voter i, assume i has a greater than 1

2
probability of believing that the correct

outcome is correct, and that this probability is equal for all voters. Formally, p(Mix Sx) > 1/2.
The same holds for alternative y: p(Miy Sy) > 1/2. Assume that this probability is equal for
all voters. In addition, assume that votes are independent conditional on the chosen state,
in that the probability that one voter chooses the correct outcome is independent of all
other voters' choices when we condition on the particular state that Nature has selected as
correct. Formally, for any two voters i and j, let p(vix Sx)i be voter i

′s probability of voting
for the (correct) outcome x in state Sx and likewise for p(vjx Sx). Then for all i and j, the
probability that both i andj choose the correct outcome is equal to p(vix Sx) ∗ p(vjx Sx) by
independence. Finally, assume that voters honestly state what they think to be the correct
outcome.

The above assumptions can be summarized as follows. Without loss of generality, suppose
that Nature has chosen x as the better alternative Then:9

1. Binary Majority Vote: n voters participate in a majority vote between options x, y.

2. Voter Reliability: For every voter i, p(Mix Sx) > 1/2 and p(Miy Sy) > 1/2, and
reliability is equal for all voters.

8See Austen-Smith & Banks (1996) and Feddersen & Pesendorfer (2008).
9For a proof of this formal restatement of the proof, see Nicholas R. Miller, �Information, Electorates, and

Democracy: Some Extensions and Interpretations of the Condorcet Jury Theorem,� in Bernard Grofman
and Guillermo Owen, eds., Information Pooling and Group Decision Making, p. 173-192.
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3. Voter Independence: For all voters i and j, the probability that both i and j choose
the correct outcome x is equal to p(vix Sx) ∗ p(vjx Sx) .

4. Honest Judgment: For every voter i, i will vote for x when she believes x is the
better outcome (call this situationMix) and vote for y when she believes y is the better
outcome (called Miy) .

Under these assumptions, Condorcet proves the following:

1. The majority is at least as good as any given individual at selecting the correct outcome.
In other words, if pm is the probability that the majority selects the correct outcome,
pm ≥ p(vix Sx) for all voters i.

2. As n → ∞, the probability that the majority selects the correct outcome approaches
1 (pm → 1).

Political philosophers who use the CJT frequently assume the honest judgment condition. In
the next section, I show that the honesty assumption can be derived, rather than assumed,
from more general assumptions about voters' rationality.

2.7 Rational Honesty in Voting

The statement of the CJT above is a typical summary of the theorem. This statement
includes the assumption that voters will vote their �honest judgment� of what the right
alternative is to a given problem. This fact will play a signi�cant role in the examples of
democratic voting that follow. However, I will demonstrate that the �no strategy� portion of
Honest Judgment need not be an assumption of the CJT, but in fact follows directly from
the other three assumptions of the theorem. My aim is to demonstrate that it is rational for
voters to vote honestly under weaker assumptions than those described by the CJT. In the
context of the model I have proposed, a voter i votes honestly if she votes for the alternative
that she independently believes is best. Therefore, it must be shown that it is rational for i
to vote for x when Mix holds and vote for y when Miy holds.

The Election Model: Suppose that n voters (n odd) are to participate in a majority
vote. Before voting begins, Nature �ips a coin to determine whetherx or y is the correct
or �better� alternative. In state Sx, x is the correct alternative. In state Sy, y is correct.
For all voters i, Nature sends an independent and potentially incorrect signal ei to voter i.
After updating on this information, voter i will believe either Mix ( a subjective probability
calculation indicating that x is better, or the condition in which (pi(Sx)>

1
2
) or Miy (a

subjective probability calculation that y is better). If after receiving her signal from Nature
pi(Sx)= pi(Sy), i will �ip a fair coin to determine which belief she will adopt. Then, voters
participate in a simultaneous, private plurality vote in which they choose either x or y.
Assume that voters do not adopt weakly dominant voting strategies, the de�nition of which
is given below. Voters are tallied using majority voting. Once voting is over, the alternative
that receives a majority of the votes wins the election. Then, Nature reveals the correct
outcome. Payo�s are distributed according to the voters' utility functions.
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I will assume that all voters have the same utility function in this model. Recall that under
the assumptions of epistemic democracy, either x is better than y or vice versa. Epistemic
democrats believe that the purpose of voting is to determine what the majority believes
is the correct or better choice, and that voters desire that the majority choose the correct
outcome. In order to represent this fact formally, I assume that if the winner of the election
is the �correct� outcome, all voters receive a payo� of 1. If the outcome of the election is not
the �correct� outcome, all voters receive a payo� of 0.

Consider the following conditions:

No Weak Dominance: No players adopt weakly dominated strategies. In a game
between players i and j, a strategy ai for player i is weakly dominated by strategy a′i if there
exists at least one action aj that j could make such that a′i would sometimes produce a better
expected outcome and never produce a worse expected outcome for i than a′i.

10 Recall that
for any voter i, if voter i votes with a majority and votes vix in Sx and viy in Sy, i (and
all other voters) receives a payo� of 1. If the majority's vote does not match the state, she
receives a payo� of 0. Player i always prefers to adopt strategies that will give her a payo�
of 1, and is indi�erent between strategies that give a payo� of 0.

Signal Independence and Singularity: For any two voters i and i, the signals ei and
ej are produced by Nature independently, conditional on Nature's chosen state, and every
voter receives only ones signal from Nature. No communication between voters is allowed.

Game Probabilities: Assume that when Mix holds for voter i, it is the case that
pi(Sx|ei) > 1

2
. Similarly, when Miy holds for voter i, pi(Sy|ei) > 1

2
.

Honest Judgment: For any voter i, i will vote as follows:
i will vote for x under belief Mix.
i will vote for y under belief Miy.

Voter Independence: Let vix represent voter i's voting for x, and vjx represent voter
j's voting for x. For all voters i and j, the probability that both i and j choose the correct
outcome x is equal to p(vix Sx) ∗ p(vjx Sx) .

Voter Reliability: For every voter i, p(Mix Sx) > 1/2 and p(Miy Sy) > 1/2, and relia-
bility is equal for all overs. Formally, for any two voters i and j, p(Mix Sx) = p(Mjx Sx)and
p(Miy Sy) = p(Mjy Sy).

Theorem (Honesty Theorem): Under assumptions of NoWeak Dominance,Game
Probabilities, and Signal Independence and Singularity, n voters (n odd) who face
two options in a simultaneous vote have a rational, weakly dominant strategy of voting for the
alternative they believe is best (Honest Judgment) and preserve Voter Independence.

Proof: Consider the perspective of arbitrary voter i in this election. Either (1) voter i
is decisive, in which her vote will determine the outcome of the election (if all other votes

10Intuitively, adopting strategies that weakly dominate other alternative strategies is a �safe� selection:
one who adopts weakly dominant strategies will sometimes do better and never do worse than if they were
to adopt another strategy in the game being played. It might be questioned whether the weakly dominant
strategies that are eliminated by this assumption deserve more focus. Are there better strategies being
ignored here? In the proof below, however, the voter cannot do better than adopting the weakly dominant
strategy discussed.
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are equally divided amongst the available alternatives), or (2) she is not decisive, in which
case her vote will not determine the outcome:

Case 1: Voter i is decisive.

If voter i is decisive, then n−1
2

voters will vote x and n−1
2

voters will vote y. Voter i
desires to pick the correct outcome because she will receive a payo� of 1 if she does so and
0 otherwise. Voter i is only privy to the content of her signal, and therefore has no other
information to act on. It must be shown that it is rational for i to vote according to the
content of her signal.

Assume that i knows the general structure of the signaling game with Nature, who sends
voter i signal ei prior to voting. It has the form of the game tree in �gure 2.1.

Without loss of generality, suppose that Mix holds. It is rational for voter i to vote
honestly when what she believes is best is probabilistically correlated with the state of the
world (Sx and Sy respectively). Therefore, voter i must consider the likelihood that the
world is in state Sx, given the message she has received from Nature (ei):

Case 1a: If pi(Sx ei) >
1
2
, then pi(Sy ei) <

1
2
. In this case, i believes that the world is

more likely to be in Sx than Sy. She will vote x, which is expected to yield an outcome of 1.

Case 1b: If pi(Sx ei) =
1
2
then pi(Sy ei) =

1
2
. Then voter i is indi�erent amongst her

options. In this case, voter i has no dominant strategy in choosing how to vote.

Similar calculations can be done to �nd the conditional probabilities of Sx and Sy given
i's message from Nature ei. The results are summarized as follows:

Case 1c: If pi(Sy ei) >
1
2
, then pi(Sx ei) <

1
2
. In this case, i believes that the world is

more likely to be in Sy than Sx, and will vote y because that is expected to yield a payo� of
1.

Case 1d: If pi(Sx ei) =
1
2
or pi(Sy ei) =

1
2
, and therefore pi(Sx ei) =

1
2
as well. Then

voter i is indi�erent amongst her options. In this case, voter i has no dominant strategy in
choosing how to vote.

Case 2: Voter i is not decisive.

Under the given utility function, i's payo�s are already determined: she will receive a
payo� of 1 if the majority has selected the correct outcome and 0 otherwise, regardless of
how she votes. Therefore, voter i is indi�erent between voting for x and y, and will �ip a
fair coin to decide.
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Figure 2.1: Voting Signaling Model (i decisive)
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Conclusion

Under the conditions speci�ed on probabilities in Case 1a and Case 1c, voter i has a dom-
inant strategy to vote according to the content of her signal. In Case 1b and Case 1d, i has a
weakly dominant strategy to vote according to the content of her signal. Therefore, overall,
i has a weakly dominant strategy to vote honestly. This holds when Mix and pi(Sx|ei) > 1

2
,

and also whenMiy and pi(Sy|ei) > 1
2
. These probability determinations distinguish the cases

in which it is rational for voter i to �vote honestly�, as stated in the assumptions of the CJT.

2.8 Taking Stock

In section seven, it was shown that voter i will vote according to her beliefs about which
option is best when weak rationality assumptions are made. That is, if Mix holds, i believes
that x is correct, and she will vote for x. Similarly, if Miy holds, she will vote for y. That
is because probability calculations reveal to the voter the likelihood of being in eitherSx or
Sy, conditional on the information she receives from Nature. These rationality assumptions
are weaker than the Honest Judgment assumption of the CJT. Therefore, we can summarize
the CJT and results of the above proofs as follows:

Theorem (Condorcet Jury Theorem): In a binary vote with n voters, if Voter
Reliability, Voter Independence, and Honest Judgment hold, then the following
conditions hold:

1. The majority is at least as good as any given individual at selecting the correct outcome.
In other words, if pm is the probability that the majority selects the correct outcome,
pm > p(vix Sx).

2. As n → ∞, the probability that the majority selects the correct outcome quickly ap-
proaches 1 (pm → 1).

Theorem (Honesty Theorem): In a binary vote with n voters (n odd), if Signal In-
dependence and Singularity, No Weak Dominance, and Game Probabilities hold,
then the following conditions hold:

1. Honest Judgment and therefore:

2. Voter Independence

The Honesty Theorem can be used to derive the results of CJT. Let the Signal Condorcet
Jury Theorem be the theorem that relates the Honesty Theorem and traditional Condorcet
Jury Theorem:

Theorem (Signal CJT): In a binary vote with n voters (n odd), if Voter Relia-
bility, Signal Independence and Singularity, No Weak Dominance, and Game
Probabilities, then the following conditions hold:
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1. Honest Judgment

2. Voter Independence and therefore:

3. The majority is at least as good as any given individual at selecting the correct outcome.
In other words, if pm is the probability that the majority selects the correct outcome,
pm≥1/2

4. As n → ∞, the probability that the majority selects the correct outcome quickly ap-
proaches 1 (pm → 1).

One possible concern with the work presented here is that I have only described one equilib-
rium of the voting game above. In this equilibrium, it is rational for voters to vote for the
alternative they believe is best. I have not described other equilibria of the game. However,
this is not necessary for the argument I have been making. All I have shown (and purported
to show) is that by weakening the assumptions of the CJT, we are able to show that it
is rational for voters to behave in a particular way (honestly), and that fact need not be
assumed in the general theorem.

There are several bene�ts to weakening the CJT's assumptions. By adjusting the condi-
tions of the CJT to include rationality assumptions rather than assumptions about honesty,
we have generated a theorem that is more general than the CJT. In particular, the ratio-
nality assumptions of the Signal CJT can be extended to decision-making scenarios outside
of voting. The Signal CJT assumes only that the probabilities of states, signals, and beliefs
be structured in a particular way, and explains that under those conditions, an equilibrium
emerges in which it is rational for a voter to vote honestly according to the content of her
beliefs. In that sense, there is nothing special about political voting: the conditions of the
Signal CJT can be met by many di�erent kinds of decision environments. In addition, this
result is signi�cant because it shows that honest voting need not be assumed, but is in-
stead a direct consequence of the rationality conditions and voting structure assumed in the
traditional CJT.



Chapter 3

Independence and Sequential Roll Call

Voting

3.1 Establishing Democracy's Reliability

The CJT plays a signi�cant role in traditional epistemic democratic arguments that democ-
racy is the most justi�ed or desirable political procedure. On this view, democracy is a good
political procedure because it is reliable. The CJT establishes this reliability, completing the
epistemic democrat's argument for the justi�cation of democratic group decision-making.
But this conclusion is too quick. While some epistemic democrats claim that the CJT es-
tablishes democracy's reliability, in fact, the theorem's assumptions severely limit the scope
of democratic procedures that the theorem justi�es.

In particular, the independence assumption of the CJT poses problems for the epistemic
democratic approach. The independence assumption states that for the CJT to hold, indi-
viduals must cast their votes independently of one another. What does it mean for votes
to be independent? There are several realistic interpretations. For example, votes are inde-
pendent if voters do not read the same newspaper, or discuss matters with other voters. In
game theoretic terminology, this means that no two voters may receive the same signal from
Nature or another voter. For votes to be independent of one another, it must also be the
case that the voters themselves are independent. In other words, these voters may not speak
to one another, signal to one another, or publicly reveal any of their preferences over the
available outcomes prior to voting. We can already see that many common practices that
are presumed to be democratic are ruled out by the independence assumption because they
provide additional information upon which voters can form their beliefs. Discussion among
voters prior to a vote and the dissemination of information from common sources are two
obvious ways in which votes may become dependent.

Statisticians and voting theorists have tested whether relaxing the independence assump-
tion of the CJT alters the truth-seeking ability of majority voting. This literature has mixed
results. For example, the success of the majority depends on the correlation among individ-
ual participants.1 That is, as votes become more correlated, voters become less independent,
thereby weakening the majority's ability to select the correct outcome. The literature on

1Ladha, 617-34 and Berg, 87-95.
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the independence assumption has focused mainly on the kinds of dependencies that voters
can have prior to participating in a vote. For example, a related question might ask: what
kinds of deliberation are permissible prior to voting without violating the independence as-
sumption? As I will argue, the independence criterion not only limits the kind of actions
individuals can take prior to voting, but also limits the kinds of voting procedures justi�ed
on the epistemic view.

In this chapter, I provide two examples of a democratic decision-making procedure. The
�rst example describes a voting procedure that meets the assumptions of the CJT. In this
example, independent voters participate in a simultaneous vote to decide between two op-
tions, x and y. In the second example, voters participate in a sequential roll call vote in which
voters publicly announce their votes one by one. While usually assumed to be democratic,
roll call voting cannot meet the CJT's independence requirement because the voting scheme
causes voters to become dependent. While it is clear that this example violates the CJT's
independence assumption, it is less clear whether sequential voting is less reliable than si-
multaneous voting. I prove that generalized roll call voting is less reliable than simultaneous
voting. In the next chapter, I continue this discussion of reliability for the case of primary
elections, which is also an example of sequential voting.

Roll call voting is used in several real world political systems. For example, the United
States Congress uses roll call voting to vote to pass or reject pieces of legislation. Some
might question whether roll call voting �makes sense� within the interpretation of voting
under the CJT and epistemic democracy. Under the CJT and epistemic democracy, voters
are modeled as voting so as to try to answer the same question: which of the available
alternatives best coheres with the pre-determined standard? But in legislative settings,
frequently representatives are voting for the alternative that they think is best for their
constituents, or what their constituents think is the best alternative. In these cases, the
votes of the representatives may have no value to one another because they are voting
for di�erent constituencies, or as I have phrased it, voting to answer di�erent questions.
Therefore, the interpretation of roll call voting below will apply to voters that are voting for
the bene�t of the same constituencies and are trying to choose alternatives according to the
same standard. This kind of roll call voting might more plausibly represent bodies such as
school boards or town councils that are composed of representatives who represent a district
at large, or situations in which legislators are considered to be choosing based on what would
be better for the entire country, rather than for their constituencies.

3.2 Example 1: Independent Voters

Suppose that a set of three independent voters A, B, and C is selected to participate in a
binary election over outcomesx, y. The voters do not speak before the vote, and their votes
are private and simultaneous. Under the assumptions of the Signal CJT, we can assume that
the voters vote honestly and have a greater than one half probability of choosing the correct
outcome. If this is the case, the Signal CJT and traditional CJT tell us that as the number
of independent voters grows, the probability that the group selects the correct outcome
approaches one. In chapter two, I proposed a model of voting that respects the assumptions of
both epistemic democracy and the Condorcet Jury Theorem. I recapitulate that model here
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as an example of how voters can preserve the CJT's voter independence assumption. This
will serve as a basis against which we can compare di�erent voting procedures throughout
the rest of this chapter and the next.

The model is as follows. Suppose that prior to the vote, individual voters are essentially
indi�erent between the two options, in that the prior probabilities of those two options are
very close. For example, it might be the case that the prior probability of options x and y
being the true best outcome are 1

2
each. Voters are reliable, in that they are more likely to

vote for the correct option than the incorrect option. Prior to the vote, Nature selects either
x or y as the correct alternative. If x is correct, we say that the world is in state Sx. If y
is correct, we say that the world is in state Sy. Then, voters receive potentially incorrect
independent signals indicating to either �vote x� or �vote y,� called ex and ey respectively.
Voters use the signaled information to update their beliefs about which alternative is best.
Let Mix stand for the fact that voter i believes that x is best, and Miy stand for the fact
that voter i believes that y is best. After updating their beliefs based on the signals they
receive, voters cast private, simultaneous votes. When we assume that votes are honest,
simultaneous, and independent, and therefore the conditions of the CJT hold, the group will
do better at selecting the better outcome as more similarly independent and reliable voters
are added to the voting pool.

3.3 Example 2: Roll Call Votes

Banerjee's Information Cascades

Example two relies on a type of model called an �information cascade�.2 In an information
cascade, individuals faced with a decision between two alternatives A and B make their
selections sequentially and publicly. In a group of n voters, each voter has a particular
position. For example, the �1� voter votes �rst, the �2� voter votes second, and so on. The
kthvoter has two kinds of information: (1) any private information she has gained prior to
the vote taking place, and (2) the votes of the k − 1 voters who vote before her. Because
votes are announced publicly, voters who have yet to vote may change their beliefs and
their behavior based on the votes that come before them. This can cause information (in
particular, voters' beliefs), to be lost over the course of the vote. While information cascades
can be used to model many di�erent kinds of sequential decision environments, I use them
to represent sequential voting methods.

Example 2

Suppose that three members A, B, and C faces a binary vote over outcomes x, y. Suppose
that the voters are independent of one another prior to the vote in the same respects as in
example 1.3 Voters are more likely than not to believe that the correct outcome is in fact

2The most prominent work on information cascades is attributed to Abhijit Banerjee, who described the
model and its equilibria points in �A Simply Model of Herd Behavior�.

3Of course, this is an unrealistic assumption given the informational dependencies of members of real
legislative bodies. However, my aim is to show that even in this idealized conception of democratic voting,
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correct prior to voting, and agree to vote their honest opinion about what they believe to be
the best outcome, given whatever information they have at the time of voting. Prior to the
vote, voters receive independent signals about which option is best. Then, an alphabetical
roll call vote is held in which voters announce their choices sequentially.

The vote proceeds as follows.4 Prior to receiving any signals from Nature, voters begin
believing that x is slightly more likely to be the correct alternative: the prior probability
that x is correct is 51%, while the prior probability that y is correct is 49%. In other
words, voters have little reason to think that they are in one state or another, apart from
the information they receive from Nature. Then, each voter receives a potentially incorrect
signal from Nature that says that either option x or y is better. These signals are denoted
ex and ey respectively. For example, suppose the voters receive anonymous tips in the mail
about which option is better, and the voters believe that the information they receive is at
least somewhat reliable. Then the voters use this information to determine which option
they honestly believe is best. Suppose that in our example, voters B and C each receive ey
and thereforeMBy andMCy, but voter A receives signal ex soMAx holds.

5 The voting starts,
and voter A is asked to state her preference. She will vote according to the only seemingly
decisive information she has: her signal. Therefore, voter A votes for x.

It is now voter B's turn to vote. B knows from observing A's vote that A received an ex
signal, while B received an ey signal. If we assume that the signals are of equal quality and
strength, they e�ectively cancel each other out. Because option x has a slightly higher prior
probability, B decides to vote x. Voter C observes B's vote, but knows that B may have
received either signal ex or ey despite B's voting for x. Because voter C is in exactly the
same position as voter B (in that her signal con�icts with the decisions of previous voters),
she chooses option x as well despite her ey signal.

What happened here? Because voters do not cast their votes privately or simultaneously,
one person's vote can be used as information for future voters. For example, voter A's vote
was a signal to voter B about what A had received in her signal from Nature. This causes
B to doubt whether her signal was correct. Because the prior probability of x was slightly
higher than the prior probability of y, B chose x when forced to make a decision. Had B not
received information from voter A by voting sequentially, voters B and C would have voted
as they did in example 1, and independence would have been preserved. In this example,
information (in particular, the content of voter B and C's signals) is lost because votes are

the CJT's independence assumption is violated.
4This example is constructed to be very similar to the example given at the beginning of Abhijit Banerjee's

paper �A Simple Model of Herding Behavior,� 798-799.
5In the proof for rational honesty above, I distinguish between the signal an agent receives and what she

believes about the possible outcomes of a vote after updating on that information. In particular, ei stands
for the signal voter i receives from nature that says �vote for x” or �vote for y�, while, for example, Mix

stands for the state in which voter i believes that x is the best alternative after updating on signal ei. In
order to keep examples 2 and 3 as simple as possible, I assume that voters adopt the preferences that nature
signals to them. I assume that prior to voting, voters believe that a signal from nature for candidate x, for
example, is a reason for an individual to vote for x, and that all voters take this trusting attitude towards
their signals. Of course, it is easy to imagine scenarios in which voters do not trust the signals from nature,
and view a signal for x as a reason to vote for y, which is why I distinguish the content of signals from voters'
beliefs about how they should vote in the proof for rational honesty. However, for simplicity, I avoid such
possibilities in this section.
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publicly observed. This kind of procedure in which information (here, the signal content of
voter A) trickles down to later participants is called an information cascade. Information
cascades are the result of non-independent, sequential voting procedures.

Why does this example pose problems for epistemic democrats? In the example of the roll
call vote, individuals are witnesses to one another's votes, generating an information cascade
in which votes are shown to be no longer independent. Recall that in this example, prior to
A's announcement of her choice, the voters and their signals were completely independent of
one another. Independence is broken when the roll call starts. While roll call votes violate
independence in this particular manner, this kind of voting is used extensively in committee
and legislative decision-making that is generally accepted to be democratic, most notably in
the United States House of Representatives and Senate. However, because the independence
assumption is violated, the assumptions of the CJT are violated. In what follows, I aim to
show that in addition to violating the assumptions of the CJT, roll call voting also violates
the reliability conclusion of the CJT. This is a problem for epistemic democrats because
sequential voting is not as reliable as simultaneous voting, and is therefore less justi�able or
desirable.

3.4 Reliability and Roll Call Voting

This section includes a proof about the reliability of sequential roll call voting as compared to
simultaneous voting. While it is clear that sequential voting violates the CJT's independence
assumption, it is less clear whether sequential voting is less reliable than simultaneous voting.
In this proof, I demonstrate that there exists an equilibrium (i.e. a sequence of rational votes)
that violates independence. Then, I show that voters following the equilibrium rule are less
likely to select the correct outcome than simultaneous voting.

What is Honest Voting?

In chapter two I proved that under weak rationality assumptions, it can be rational for voters
in a binary simultaneous vote to state their judgments honestly. The rationality assumption
used in the proof stated that voters will not adopt weakly dominated strategies. The proof
then showed that when weakly dominated strategies are ruled out, honesty need not be an
assumed for the conclusions of the Condorcet Jury Theorem to hold.

In this chapter, I consider a slightly more complex voting environment in which voters
cast their ballots sequentially in a binary vote. In the proof that follows, I assume that voters
honestly vote for the alternative that they believe is best. However, honesty in a sequential
voting context is di�erent form the kind of honesty used in chapter two. In chapter two,
voting honestly meant voting according to the signal the voter received from Nature. In
a sequential voting game, a voter i receives a signal from Nature, followed by (potentially
many) signals from those who announce their votes before i. After receiving a signal from
Nature and prior to observing the votes of other voters, arbitrary voter i believes that one
alternative is best. However, after witnessing the votes of others voters, it may be rational
for voter i to change her belief about which alternative is best. In this case, voting �honestly�
refers to a voter stating her judgment about which alternative is best, all signals considered.
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Some might argue that an honesty assumption is too strong or too idealized to apply to
voting. But this argument would neglect the overall purpose of the proof. I am trying to
demonstrate that even under ideal conditions, sequential voting is less reliable than simulta-
neous voting. Therefore, making an honesty assumption only strengthens my claim. That is,
even when we assume that voters are reliable and honest about their beliefs, roll call voting
procedures do not meet the epistemic democrat's reliability standard.

Furthermore, some epistemic democrats have argued that honest voting is not too strong
an assumption to make about real voters. Several of the epistemic democrats discussed in
chapter one have taken on this assumption. For example, Landemore argues that strategic
voting is not a problem for discussions surrounding epistemic democracy and the Condorcet
Jury Theorem because those discussions are concerned with large voting populations. In
large populations, it is very unlikely that one could change the outcome of the vote by
acting strategically, and therefore strategic voting is not a real concern.6 For these reasons,
the honest voting assumption will be used in the proof that follows.

Assumptions for Roll Call Voting

I will employ a similar voting game to the one found in chapter two, with one exception:
rather than participate in a simultaneous vote, voters will participate in a sequential roll call
vote. The structure of this voting game is as follows. Suppose that Nature selects either
x > y or y > x as the true ordering of the alternatives. After receiving private signals
from Nature, n voters (call them v1, v2, ..., vn) announce votes for x or y sequentially. For
simplicity, I assume that n is odd. Upon updating her belief based on the content of her
signal, each voter believes that either x or y is the correct option. Let Mix (Miy) represent
the fact that voter i believes that x (y) is the better option. In summary, I make the following
assumptions:

Prior Probabilities: Voters place equal prior probabilities over Sx and Sy.
Honest Judgment: Voters vote for the option they consider to be best, all signals

considered.
Reliable Belief: Prior to the vote taking place, the probability that any voter will

believe that the correct option is best is greater than 1
2
and is the same for all voters.

Voter Independence: Prior to the vote taking place, voters are independent.
In all of the proofs in this thesis, I assume that voters receive signals of equal strength.

This is an assumption that simpli�es that kinds of calculations voters must completed in the
proofs I provide. Some might question whether this is a realistic assumption. After all, real
voters receive information with varying degrees of clarity, causing them to hold beliefs with
varying degrees of con�dence. One could try to expand these proofs by allowing for varying
strengths of signals. In that case, voters in sequential voting games would need to reason
about two di�erent pieces of information: the signals that their fellow voters received, and
the strength of those signals. This would make the proofs signi�cantly more complicated. In
these cases, whether or not a voter changes her beliefs would depend both on the number of
signals she receives for each alternative, as well as the relative strength of those signals. I do
not claim to present conclusions that apply to every possible distribution of signal strengths

6Landemore, 156.
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for all voters, as the relative strengths would be an integral part of voters' decisions about
how to act. 7

In addition, in this chapter and the next, I assume that the assumptions listed above are
common knowledge for the voters. That is, every voter knows that other voters are honest,
that they are reliable, and so on. This is a critical assumption. For example, because
voters know that everyone is honest, they are able to reason about one another's beliefs.
They know that if a voter voted for x, it is because that voter believed that x was best.
In addition, because every voter is equally reliable, voters take one another's judgments
with equal weight, which means that they are willing to update their beliefs based on other
voters' beliefs and actions. The common knowledge assumption signi�cantly simpli�es the
calculations in the proofs that follow. Without this common knowledge assumption, voters
would be unaware of how reliable other voters are, and unable to accurately assess whether
other voters are honest or not. If voters were not willing to update their beliefs based on
others' judgments, they would behave as though they were independent, even though their
votes are cast sequentially. That is, without the common knowledge assumption, voters
would not necessarily have reason to accept information from other voters, and would simply
vote in the roll call according to the judgments they form prior to the vote taking place.
Therefore, in order for information cascades to occur (which are a critical component of the
proofs that follow), we must require that at least some voters are willing to update their
beliefs based on information from other voters under the common knowledge assumption.
For simplicity, I assume that this is the case for all voters.

Honesty in Roll Call Voting Systems

During the vote, every voter vk (1 ≤ k ≤ n) has k pieces of evidence: k − 1 signals from
other voters in the form of publicly-announced votes, plus one private signal from Nature.
Call this sequence of evidence for a voter vk Seqk: Seqk= vote of v1, vote of v2, ..., vote of
vk−1, signal of vk. Before she votes, every voter vk must compute the following probability
comparison: Given Seqk do I believe that x or y is more likely to be the correct option? In
the structure of the signaling game from the previous chapter, how does pi(Sx|Seqk) compare
to pi(Sy|Seqk), where Sxis the state of the world in which x is correct, and Sy is the state
of the world in which y is correct? For simplicity, in the proofs below I assume that when a
voter is indi�erent between the alternatives, she votes according to her private signal from
Nature.

Theorem: Under the honesty and reliable belief assumptions and with equal prior
probability over the alternatives, it is rational for voters to believe that the alternative with
a majority of signals in its favor is correct, and vote for that alternative. That is, it rational
to vote according to the following Rule:

7In examples 1 and 2 above, I speci�ed the kinds of signals a voter might receive from Nature. In those
examples, I assumed that receiving a signal that says �x is correct� is good reason for a voter to believe that
x is in fact correct. However, in the proofs throughout the rest of this thesis, I will not assume the content
or variety of the signals that a voter might receive from Nature. A voter might receive a signal she trusts,
or one she does not trust. All that matters is that once a signal is received, the voter updates her beliefs
such that she believes that either x or y is correct. In this case, no matter what the signal actually says, the
signal has the force of telling the voter that either x or y is correct.
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Rule: �Vote with the majority of signals when it exists, and with your private signal
otherwise.�

Each voter's decision can be represented by the tree in �gure 3.1 below. At the top-most
node, Nature (�N�) selects whether x or y is correct, and sends a (potentially incorrect) signal
e to each voter. Without loss of generality, assume x is the true best alternative. Then, voter
i updates her beliefs based on that signal. She believes that x is correct (Mix holds) with
probability α, Miy with probability 1− α. Under the reliable belief assumption, we assume
that voters are more likely to believe that x is correct under Sx and y is correct under Sy.
Therefore, a > .5. For simplicity, assume that voters have an equal prior probability over the
alternatives: p = 0.5 = 1 − p.8 Every voter will vote according to the content of her signal
and the votes that are announced before it is her turn to vote. 9

8This can actually be weakened depending on the case below, but I assume that p = 0.5simply for
simplicity and for calculation purposes.

9Note that I have simpli�ed the probabilities in this tree as compared to the game tree found in chapter
three. Here, I assume that p(Mix|Sx) = p(Miy|Sy).
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Figure 3.1: Voter vk's decision Tree

Proof
Cases of the proof are di�erentiated by the possible sequences Seqk that vk might observe.

vk's probability judgment must be calculated for all cases.
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k+1
2

⌉ ⌊
k−1
2

⌋
2c

⌊
k−3
2

⌋ ⌈
k+1
2

⌉
x

⌊
k−1
2

⌋ ⌈
k+1
2

⌉
2d

⌊
k−3
2

⌋ ⌈
k+1
2

⌉
y

⌊
k−3
2

⌋ ⌈
k+3
2

⌉
3a >

⌈
k+1
2

⌉
(≥
⌈
k+3
2

⌉
) <

⌊
k−3
2

⌋
(≤
⌊
k−5
2

⌋
) x ≥

⌈
k+5
2

⌉
≤
⌊
k−5
2

⌋
3b >

⌈
k+1
2

⌉
(≥
⌈
k+3
2

⌉
) <

⌊
k−3
2

⌋
(≤
⌊
k−5
2

⌋
) y ≥

⌈
k+3
2

⌉
≤
⌊
k−3
2

⌋
3c <

⌊
k−3
2

⌋
(≤
⌊
k−5
2

⌋
) >

⌈
k+1
2

⌉
(≥
⌈
k+3
2

⌉
) x ≤

⌊
k−3
2

⌋
≥
⌈
k+3
2

⌉
3d <

⌊
k−3
2

⌋
(≤
⌊
k−5
2

⌋
) >

⌈
k+1
2

⌉
(≥
⌈
k+3
2

⌉
) y ≤

⌊
k−5
2

⌋
≥
⌈
k+5
2

⌉

Case 1a and 1d

Consider Case 1a. In this case, after vk−1's vote, there are
⌈
k−1
2

⌉
votes for x and

⌊
k−1
2

⌋
votes

for y. Assume that all other n − 1 voters are voting honestly. Suppose voter vk receives a
private signal in favor of x :

Claim 1: For ever voter vm where m ≤ k − 1, vm voted according to the content of her
signal from Nature.

Proof of Claim 1: Consider an arbitrary voter voter vm who, by assumption, votes
honestly. Prior to vm's publicly-stated vote, m − 1 votes were divided between x and y. If
the votes for x outnumbered the votes for y (i.e. x has at least one more vote than y), then
voter vm must have voted for y. Otherwise, votes for x would outnumber votes for y by
at least two, generating a cascade for future voters, which we know has not yet occurred.
Because x has at most one greater vote than y (which occurs when k is even), it must have
been the case that no voter vm where m ≤ k−1 voted with the majority, and therefore must
have voted according to the content of her signal from Nature.

According to claim 1, voter vk believes that all voters vm wherem ≤ k−1 voted according
to the content of their signals. Therefore, she knows that Nature sent the previous k − 1
voters

⌈
k−1
2

⌉
signals for x and

⌊
k−1
2

⌋
signals for y. In addition, vk received a signal in favor

of x. Therefore, Seqk consists of
⌈
k−1
2

⌉
+ 1 or

⌈
k+1
2

⌉
signals for x and

⌊
k−1
2

⌋
signals for y.

Probability Calculation: Comparing pk(Sx|Seqk) to pk(Sy|Seqk):

pk(Sx|Seqk) =
p(ad

k+1
2 e · (1− α)b

k−1
2 c)

p(ad
k+1
2 e · (1− a)b

k−1
2 c) + (1− p)((1− a)d

k+1
2 e · ab

k−1
2 c)
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pk(Sy|Seqk) = 1−pk(Sx|Seqk) = 1−
p(ad

k+1
2 e·(1− a)b

k−1
2 c)

p(ad
k+1
2 e · (1− a)b

k−1
2 c) + (1− p)((1− a)d

k+1
2 e · ab

k−1
2 c)

How ought vk vote? Under the reliable belief assumption, a > .5. In addition, we assumed
p = .5. Then pk(Sx|Seqk) > .5. Therefore, under Case 1a, vk believes that x is more likely
to be correct than y. Under the honesty assumption, vk will vote for x. This is consistent
with the rule. The same reasoning applies to Case 1d, for which pk(Sy|Seqk) > .5.

Case 1b and 1c

When k is odd, cases 1a and 1c and cases 1b and 1d are equivalent. When k is even, these
cases are distinct. Consider case 1b. In cases 1b, votes for x and y prior to k's vote di�er
by 1 vote. The same reasoning as above indicates that all voters prior to k cast their votes
according to their signal from Nature. Therefore, voter vk believes that all voters vm where
m ≤ k − 1 voted according to the content of their signals. She knows that Nature sent the
previous k−1 voters ⌈k−1

2

⌉
signals for x and

⌊
k−1
2

⌋
signals for y. In addition, vk received a signal

in favor of y. Therefore, Seqk consists of
⌊
k−1
2

⌋
+ 1 or

⌊
k+1
2

⌋
signals for y and

⌈
k−1
2

⌉
signals

for x. A probability calculation yields the following comparison:

Probability Calculation: Comparing pk(Sx|Seqk) to pk(Sy|Seqk):

pk(Sx|Seqk) =
p(ad

k−1
2 e·(1− α)b

k+1
2 c)

p(ad
k−1
2 e · (1− a)b

k+1
2 c) + (1− p)((1− a)d

k−1
2 e · ab

k+1
2 c)

pk(Sy|Seqk) = 1−pk(Sx|Seqk) = 1−
p(ad

k−1
2 e · (1− a)b

k+1
2 c)

p(ad
k−1
2 e · (1− a)b

k+1
2 c) + (1− p)((1− a)d

k−1
2 e · αb

k+1
2 c)

How ought vk vote? When k is even,
⌈
k−1
2

⌉
=
⌊
k+1
2

⌋
. Under the reliable belief assumption,

a > .5. In addition, we assumed p = .5. Then pk(Sx|Seqk) = .5 when k is even, and vk is
indi�erent between voting for x and y. When k is odd,

⌈
k−1
2

⌉
<
⌊
k+1
2

⌋
. In this case,

pk(Sy|Seqk) > .5. Then vk believes that y is more likely to be correct than x. Therefore,
under Case 1a, vk believes that y is equally or more likely to be correct than x. Then
according to the honest voting assumption vk will vote for y because she believes that y is
at least as likely as x to be correct. This is consistent with the rule. The same reasoning
applies to Case 1c, for which pk(Sx|Seqk) ≥ .5.

Cases 2a and 2d

Consider Case 2a. After vk−1's vote, there are
⌈
k+1
2

⌉
votes for x and

⌊
k−3
2

⌋
votes for y.

Assume that all other n− 1 voters vote honestly. Suppose voter vk receives a private signal
in favor of x.
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Claim 4: Voter vk−1 voted for x.
Proof of Claim 4: Following vk−1's vote, there are

⌈
k+1
2

⌉
votes for x and

⌊
k−3
2

⌋
votes for

y. There are two possible ways that k − 2 votes might have been distributed prior to vk−1's
vote: (1)

⌈
k+1
2

⌉
− 1 =

⌈
k−1
2

⌉
votes for x and

⌊
k−3
2

⌋
votes for y or (2)

⌈
k+1
2

⌉
votes for x and⌊

k−3
2

⌋
− 1 =

⌊
k−5
2

⌋
votes for y. Consider option (2). In this case, x has

⌊
k−3
2

⌋
−
⌊
k−5
2

⌋
= 3

more votes than y. There is a majority in favor of x when it is vk−1's turn to vote, no matter
the content of her signal. By our assumption, vk−1 votes for the alternative she believes is
more likely to be correct, and therefore will not vote in favor of y because by assumption all
other voters have voted honestly. It would not be possible to arrive at a division of

⌈
k+1
2

⌉
votes for x and

⌊
k−5
2

⌋
votes for y under option (2). Therefore, it must be the case that option

(1) holds. If case (1) holds, prior to vk−1's vote there are
⌈
k+1
2

⌉
− 1 =

⌈
k−1
2

⌉
votes for x and⌊

k−3
2

⌋
votes for y.

Claim 5: Voter vk−2 voted for x, and x was the content of voter vk−2's private signal.
Proof of Claim 5: Following vk−1's vote, there are

⌈
k+1
2

⌉
votes for x and

⌊
k−3
2

⌋
votes

for y. By claim 4, vk−1 voted for x. Following vk−2's vote, there are
⌈
k+1
2

⌉
− 1 =

⌈
k−1
2

⌉
votes

for x and
⌊
k−3
2

⌋
votes for y. There are two possible ways that k − 3 votes might have been

distributed prior to vk−2's vote: (1)
⌈
k−1
2

⌉
− 1 =

⌈
k−3
2

⌉
votes for x and

⌊
k−3
2

⌋
votes for y or

(2)
⌈
k−1
2

⌉
votes for x and

⌊
k−3
2

⌋
− 1 =

⌊
k−5
2

⌋
votes for y. Consider option (2). In this case, x

has
⌈
k−1
2

⌉
−
⌈
k−5
2

⌉
= 2 more votes than y. There is a majority in favor of x when it is vk−2's

turn to vote, no matter the content of her signal. By our assumption, vk−2 votes for the
alternative she believes is more likely to be correct, given that all other voters have voted
honestly, and will not vote in favor of y. It would not be possible to arrive at a division of⌈
k−1
2

⌉
votes for x and

⌊
k−5
2

⌋
votes for y under option (2). Therefore, it must be the case that

option (1) holds. If option (1) holds, prior to vk−2's vote there are
⌈
k−1
2

⌉
− 1 =

⌈
k−3
2

⌉
votes

for x and
⌊
k−3
2

⌋
votes for y, which implies that voter vk−2 must have voted for x, resulting in

a division of
⌈
k−1
2

⌉
votes for x and

⌊
k−3
2

⌋
votes for y. Because votes were split evenly between

x and y prior to vk−2's vote, and because by assumption vk−2 votes for the alternative she
believes to be best, x must have been the content of vk−2 's signal (leading to a 1 signal
majority for x), prompting vk−2 to vote for x.

Claim 6: For all voters vm where m ≤ k − 3, vm voted according to the content of her
signal.

Proof of Claim 6: Consider an arbitrary voter voter vm who, by assumption, votes
honestly. Prior to vm's publicly-stated vote, m − 1 votes were divided between x and y. If
the votes for x outnumbered the votes for y (i.e. x has at least one more vote than y), then
voter vm must have voted for y. Otherwise, votes for x would outnumber votes for y by at
least two, generating an information cascade for future voters, which we know has not yet
occurred. It must have been the case that no voter vm where m ≤ k − 3 voted with the
majority, and therefore all voters must have voted according to the contents of their signals
from Nature in voting honestly.
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Claim 7: Voter vk−1 received a private signal in favor of x.
Proof of Claim 7: According to claims 4, 5 and 6, voter vk−1 knows that all previous

k − 2 voters voted according to the content of their signals. Voter vk−1 knows that Nature
issued

⌈
k−1
2

⌉
signals in favor of x and

⌊
k−3
2

⌋
signals in favor of y to the k − 2 voters who

voted before her. Suppose vk−1 received a signal in favor of y. Then including her own
signal vk−1 would have equal evidence in favor of x and y:

⌈
k−1
2

⌉
signals in favor of x and⌊

k−3
2

⌋
+ 1 =

⌊
k−1
2

⌋
signals in favor of y. Because vk−1 votes honestly, vk−1 would vote

according to her signal and vote for y. However, by claim 4 we know that vk−1 voted for x.
Therefore, it must be the case that vk−1's signal was in favor of x.

According to claims 4, 5, 6, and 7, voter vk has three pieces of information: all voters
v1, ..., vk−3 voted according to the content of their signals from Nature, divided evenly be-
tween x and y. Voters vk−2 and vk−1 also voted according to the content of their signals
from Nature for x. Therefore, vk knows that Nature sent

⌈
k−3
2

⌉
+ 2 =

⌈
k+1
2

⌉
signals in favor

of x and
⌊
k−3
2

⌋
signals in favor of y to the previous k − 1 voters, plus an additional private

signal to vk in favor of x. Therefore, Seqk consists of
⌈
k+1
2

⌉
+ 1 =

⌈
k+3
2

⌉
signals in favor of x

and
⌊
k−3
2

⌋
signals in favor of y. A calculation of p(Sx|Seqk) yields the following results.

Probability Calculation: Comparing pk(Sx|Seqk) to pk(Sy|Seqk):

pk(Sx|Seqk) =
p(ad

k+3
2 e · (1− α)b

k−3
2 c)

p(ad
k+3
2 e · (1− a)b

k−3
2 c) + (1− p)((1− a)d

k+3
2 e · αb

k−3
2 c)

When p = .5 and a > .5, pk(Sx|Seqk) > .5. Therefore, under Case 2a, vk believes that
x is more likely to be correct than y. Under the honest voting assumption, vk will vote
with her signal from Nature (and the majority) and vote for x. This is consistent with the
honest voting assumption and the rule. The same reasoning applies to Case 2d, for which
pk(Sy|Seqk) > .5.

Cases 2b and 2c

Consider Case 2b. After vk−1's vote, there are
⌈
k+1
2

⌉
votes for x and

⌊
k−3
2

⌋
votes for y.

Assume that all other n− 1 voters are voting honestly. Suppose voter vk receives a private
signal from Nature in favor of y.

Because k−1 votes are divided as they are in case 2a, the same reasoning holds. According
to claims 5, 6, and 7, voter vk knows that all of the previous k − 1 voters voted according
to the content of their signals from Nature. In addition, it is assumed that vk receives
a private signal in favor of y. Therefore, Seqk consists of

⌈
k+1
2

⌉
signals in favor of x and⌊

k−3
2

⌋
+ 1 =

⌊
k−1
2

⌋
signals in favor of y. A calculation of pk(Sx|Seqk) yields the following

results.



CHAPTER 3. INDEPENDENCE AND SEQUENTIAL ROLL CALL VOTING 52

Probability Calculation: Comparing pk(Sx|Seqk) to pk(Sy|Seqk):

pk(Sx|Seqk) =
p(ad

k+1
2 e · (1− α)b

k−1
2 c)

p(ad
k+1
2 e · (1− a)b

k−1
2 c) + (1− p)((1− a)d

k+1
2 e · αb

k−1
2 c)

When p = .5 and a > .5, p(Sx|Seqk) > .5. Therefore, under Case 2b, vk believes that x
is more likely to be correct than y. Under the honest voting assumption, vk will vote for x.
The same reasoning applies to Case 2c, for which pk(Sy|Seqk) > .5.

Case 3a-d

After vk−1's vote, there are at least
⌈
k+3
2

⌉
votes for x and at most

⌊
k−5
2

⌋
votes for y.

Assume that all other n− 1 voters are honest voters.

Consider case 3a. Intuitively, in this case, vk has signi�cantly more evidence in favor of
x than y, and will believe that x is more likely to be correct than y. Then by the honesty
assumption vk will vote for x. As the distance between x and y votes grows, vk will more
strongly believe that the alternative with the most votes is more likely to be correct. Similar
calculations to those above show that in cases 3a and 3b vk will believe that x is best, while
in cases 3c and 3d, vk will believe that y is best. Under the honest voting assumption, vk
will vote according to these beliefs.

Summary

In each case above, it was shown that when voters are honest, it is rational for them to
vote according to the rule. In particular, this shows that when there is a majority of signals
in favor of x (for example), when it is arbitrary voter vk's turn to vote, it is rational for voter
vk to believe that x is better than y. In this case, under the honest voting assumption, vk
will vote for x, even if her signal from Nature was in favor of y. This shows that information
cascades can rational in roll call voting.

Reliability of Sequential Roll Call and Simultaneous Voting

Now, we must calculate the probability that a majority of voters abiding by the honesty
assumption select the correct outcome. This probability calculation will tell us how �reliable�
such voters are. Then, we must determine whether sequential roll call voting is more or less
reliable than simultaneous voting.
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In this proof, we will be comparing the behavior of voters in simultaneous and sequential
votes. Prior to voting, we assume that the signal one receives from Nature informs her in
how to vote. As in chapter two �voting according to the content of one's signal� means that
one votes according to what she believes is best, given the information she has received from
Nature (and only Nature). As before, for simplicity, I will frequently refer to the ordering of
signals, by which I mean the way that individuals' private beliefs (represented asMx andMy

above) are distributed given that they have updated those beliefs on signals from Nature.
If we imagine that n voters are randomly ordered in a sequence, there are exactly 2n ways
that signals for x or y might be distributed amongst the voters prior to voting.

In a simultaneous vote, the order of the voters is irrelevant because all voters vote pri-
vately at the same time. In a sequential vote, the order of the voters may in�uence the
result of the vote. In order to show that sequential voting is less reliable than simultaneous
voting, we must compare how votes will be tallied for each string of signals under both
voting methods. Under the assumptions of Signal CJT from chapter two, voters in a simul-
taneous roll call vote will vote according to the content of their signals. As we saw in the
proof above, when there is no cascade, every voter is voting according to the content of her
signal. A voter only ignores the content of her signal in an information cascade. Therefore,
sequential and simultaneous voting methods will agree when no information cascade occurs:
under both methods, every voter votes according to the content of her signal from Nature.
However, in sequential voting games, voters also receive additional information (in the form
of others' votes) that may cause them to discard their information from Nature and vote for
the alternate option.

To show that sequential voting is less reliable than simultaneous voting, we must look
at the instances in which these voting methods will disagree. These methods will only
disagree if there is an information cascade (but, importantly, not in every instance in which
an information cascade takes place). Recall that an information cascade is generated when
one alternative receives two more votes than the other. We can organize the 2n strings of
signals according to how those strings would be counted by the respective voting procedures.
Recall that both sequential and simultaneous voting methods can select the incorrect or
correct answer after Nature selects one alternative as correct:

Simultaneous Correct, Sequential Correct *Simultaneous Correct, Sequential Incorrect

*Simultaneous Incorrect, Sequential Correct Simultaneous Incorrect, Sequential Incorrect

Because we are concerned with instances in which the voting methods will disagree, we
are focused on the bottom left and top right quadrants of the table, indicated with a �*�. I
will �rst focus on the top right box, or the subset of the 2n strings of signals which, when
placed into a voting scenario, would generate the correct outcome under simultaneous voting
and the incorrect outcome under sequential voting.

Simultaneous Voting is Correct, Sequential Voting is Incorrect

Theorem (Sequential and Simultaneous Vote Counting): Assume n is odd and n ≥ 5.

Then there are (2n−2− (2
n−2

2
+
(
n−2
n−3
2

)
)) +

n−4∑
k=1,3,5...

2
k−1
2 ·
(
n−k−3
n−k−6

2

)
+

n−3∑
k=2,4,6...

2
k−2
2 ·
(
n−k−3
n−k−5

2

)
strings
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of signals for which sequential voting would select the incorrect answer and simultaneous
voting would select the correct answer.

Proof:
The proof is best broken into two cases, distinguished by the ordering of the �rst two

signals of the sequence:10

Case 1: The �rst two votes in the voting sequence are both for x or both for y.

Without loss of generality, assume that Nature has selected x as the true best outcome.
Claim 1: If the �rst two votes of the sequence are both for x or both for y, then all of

the votes in that sequence will be unanimously for x or y respectively.
Proof of Claim 1: If the �rst two votes are in favor of y, then y has two more votes

than x. No matter what the content of her signal, the third voter will vote for y, initiating
a cascade. The same reasoning holds if the �rst two votes are in favor of x.

Claim 2: Suppose that the �rst two votes are for y. Then both of those voters voted
according to their signals.

Proof of Claim 2: The �rst voter has no information other than the content of his
signal. Therefore, under the honesty assumption, his signal must have given him a majority
in favor of y, causing him to vote for y. If the second voter's signal had been in favor of x,
according to the rule that voter would have voted for x. However, as we know that the voter
voted for y, it must be the case that his signal was for y. The same reasoning holds if the
�rst two votes are for x.

Claim 3: A simultaneous vote will select the correct outcome and sequential voting the
incorrect outcome in 2n−2 − (2

n−2

2
+
(
n−2
n−3
2

)
) of the possible strings under Case 1.

Proof of Claim 3: According to Claim 2, both voters vote according to the content of
their signals from Nature. Therefore, in a simultaneous vote under the assumptions of the
Signal CJT, these two voters would have voted according to the content of their signals in
favor of y. Following those �rst two votes, there are n − 2 votes for y. Because every voter
could have received a signal in favor of x or y, there are 2n−2 possible distributions of signals
amongst the n − 2 voters following the �rst two signals for y. Like votes, we can consider
the string of signals voters receive from Nature prior to voting. This string has the form
y, y,... For every string of signals in this set, simultaneous voting will either generate the
correct or incorrect outcome. Consider the cases in which simultaneous voting would select
the incorrect alternative. Because n− 2 is odd, then each string of n− 2 signals has either a
majority in favor of x or y. In this case, 2n−2

2
of the strings will favor x while 2n−2

2
strings will

favor y. If the string of signals following the �rst two y signals has a majority of y signals,
then in a simultaneous vote where voters vote according to the content of their signals, y
will win the vote. Therefore there are at least 2n−2

2
strings of signals in which simultaneous

voting would select the incorrect alternative y. If the string of signals following the �rst two
y signals has a majority of x signals, then a simultaneous vote will select x if the number of
x signals in that string outnumber y signals by at least three. This is because there are two

10
Note: If y has one more vote than x prior to y∗, then an information cascade in favor of y begins after

y∗. Therefore is is not a candidate scenario in which a cascade for x could begin.
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�xed signals in favor of y (the �rst two voters' signals), which must be outweighed by the
number of x signals in the �nal sequence of n− 2 signals in order for x to win the vote.

To summarize, because n−2 is odd, y will win a simultaneous vote whenever the majority
of the �nal n− 2 voters has a majority of signals in favor of y. There are 2n−2

2
such strings.

y will also win if x has only one more signal in its favor over y in the �nal n − 2 voters.
There are

(
n−2
n−3
2

)
such strings. Therefore, simultaneous voting will select y as the outcome in

2n−2

2
+
(
n−2
n−3
2

)
of the possible strings of signals distributed to voters. For all of these strings, the

incorrect alternative y wins both simultaneous and sequential votes. Therefore, simultaneous
voting will select the correct answer and sequential voting the incorrect alternative in 2n−2−
(2

n−2

2
+
(
n−2
n−3
2

)
) of the strings of signals which begin either with x, x, ... or y, y, ...

Case 2: The �rst two votes are divided between x and y.

Without loss of generality, assume that Nature has selected x as the true best outcome.
If the �rst two votes are divided between x and y, then whether a cascade is initiated

depends on the distribution of votes between x and y in the sequence. Suppose that the �rst
two votes are divided between x and y. When will a cascade of votes for y begin? If the �rst
two votes are divided between x and y, then there exists some �nal x vote in the sequence
before a cascade in favor of y begins. Call the �nal x vote before the start of an information
cascade x∗. Consider the distribution of votes between x and y prior to x∗. There are two
cases:

Case 2a: In the sequence of votes before x∗, votes are equally divided between x and y.
Then after x∗, x has one vote more than y. In this case, x∗ must be followed by three

y votes in a row in order for y to have two more votes than x. If sequential voting is used,
after three y successive votes, an information cascade begins. Once this occurs, y will always
have more votes than x. Therefore, y wins the vote with a majority under sequential voting.

Example Sequence: y, x, y, x, x∗, y, y, y, ...., y.

Claim 4: A simultaneous vote will select the correct outcome and sequential voting the

incorrect outcome in
n−4∑

k=1,3,5...

2
k−1
2 ·
(
n−k−3
n−k−7

2

)
of the possible strings under Case 2a.

Proof of Claim 4: We know that in a sequential vote described, the end of the sequence
is �xed as x∗, y, y, y, ..., y. We also know that prior to x∗there are an equal number of votes
for x and y. Let x∗be the arbitrary kth vote in the sequence. Then k is odd because an even
number of votes precede x∗. Because no information cascade begins before x∗, it must be
that no alternative has more than a 1 vote majority prior to x∗.

Consider the votes prior to x∗ as a sequence of pairs beginning with either x, y or y, x.
There are k−1

2
such pairs. Because the sequence begins with x, y or y, x, this implies that the

sequence must alternate between the pairs x, y or y, x prior to x∗. Otherwise, if, for example,
there was a pair x, x or y, y in the sequence, then x or y respectively would have a two vote
majority. Therefore, there are 2

k−1
2 possible ways of arranging signals (and therefore votes)

prior to x∗.
Now, consider the sequence of votes following x∗, y, y, y, ... This �nal sequence consists of

n−k−3 votes. We know that because k is odd,n−k−3 is odd. In the sequence of n−k−3



CHAPTER 3. INDEPENDENCE AND SEQUENTIAL ROLL CALL VOTING 56

signals, there is either a majority in favor of x or y. In fact, in half of the possible 2n−k−3

sequences, x has a majority, and similarly for y. If there are a majority of signals in favor
of y, then y wins a simultaneous election. In order for x to win, it must be the case that x
receives at least three more signals than y in the �nal sequence. This occurs in

(
n−k−3
n−k−6

2

)
of

the strings of signals. Because k can be any odd value between 1 and n− 4, in total, there

are
n−4∑

k=1,3,5...

2
k−1
2 ·
(
n−k−3
n−k−6

2

)
strings in which sequential voting would select the incorrect answer

and simultaneous voting would select the correct answer.

Case 2b: In the sequence of votes before x∗, y has one more vote than x.
Then including x∗, x and y have an equal number of votes. Therefore, following x∗, y

must receive two votes in a row in order to initiate a cascade under sequential voting.
Example Sequence: y, x, y, x, y, x∗, y, y, ..., y.

Claim 5: A simultaneous vote will select the correct outcome and sequential voting the

incorrect outcome in
n−3∑

k=2,4,6...

2
k−2
2 ·
(
n−k−3
n−k−5

2

)
of the possible strings under Case 2b.

Proof of Claim 5: In the sequence described, the end of the sequence is �xed as
x∗, y, y, ..., y. Prior to x∗, there is one more vote for y than for x. As in case 2a, because
the sequence of votes begins with x, y or y, x, the votes must alternate in these pairs to
avoid generating an information cascade. Therefore, if there is to be 1 more vote for y prior
to x∗, then this vote must immediately precede x∗. Call this vote y∗, and let x∗ be the
arbitrary kth vote in the sequence where k is even (because x∗is preceded by an odd number
of signals). Then the sequence has the form ..., y∗, x∗, y, y, .... Then prior to y∗and x∗ there
are 2

k−2
2 possible ways of arranging the pairs x, y and y, x prior to y∗and x ∗ .

Now, consider the sequence of vote following y∗and x∗, which consists of n− k− 2 votes.
Because k is even, n − k − 2 is odd. In order for a simultaneous vote to select the correct
outcome, it must be the case that x receives at least three more votes than y in the �nal
sequence of n−k−2 votes. This occurs in

(
n−k−2
n−k−5

2

)
of the strings of signals. Because k is even

and can be any value between 2 and n − 3, in total there are
n−3∑

k=2,4,6...

2
k−2
2 ·

(
n−k−3
n−k−5

2

)
strings

of signals for which sequential voting would select the incorrect outcome and simultaneous
voting would select the correct outcome.

Therefore, according to Cases 1 and 2, for any odd value of n, there are, in total (2n−2−

(2
n−2

2
+
(
n−2
n−3
2

)
)) +

n−4∑
k=1,3,5...

2
k−1
2 ·

(
n−k−3
n−k−6

2

)
+

n−3∑
k=2,4,6...

2
k−2
2 ·

(
n−k−3
n−k−5

2

)
instances in which sequential

voting would select the incorrect alternative and simultaneous voting would select the correct
alternative in a binary majority vote.

Now, we must move on to the other quadrant in question. We must determine the
number of strings of signals for which sequential voting would produce the correct answer,
while simultaneous voting would produce the incorrect answer.
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Simultaneous Voting is Incorrect, Sequential Voting is Correct

In the proof above, we discovered the number of strings of signals for which simultaneous
voting would select the correct outcome while sequential voting would select the incorrect
outcome. These strings had two characteristics. First, they contained a majority of signals,
indicating that x was the correct alternative. This lead to a simultaneous vote majority for
x. Second, these strings had the characteristics necessary to initiate an information cascade,
which di�ered according to the structure of the string. Now, we want to determine the
answer to the opposite question: given that x is Nature's chosen correct alternative, how
many strings will lead to sequential voting selecting the correct answer, and simultaneous
voting selecting the incorrect alternative? For this question, we seek strings that contain a
majority of signals in favor of y (such that y will win a majority vote) and the necessary
characteristics to generate an information cascade in favor of x (such that x wins a sequential
vote). Interestingly enough, the answer to this question is the same. For any string that
satis�ed the conditions in the proof above, we can simply change every x to y and y to x to
generate a string that satis�es the necessary conditions for this second question. Therefore,

there are, in total (2n−2 − (2
n−2

2
+
(
n−2
n−3
2

)
)) +

n−4∑
k=1,3,5...

2
k−1
2 ·

(
n−k−3
n−k−6

2

)
+

n−3∑
k=2,4,6...

2
k−2
2 ·

(
n−k−3
n−k−5

2

)
instances in which simultaneous voting would select the incorrect alternative and sequential
voting would select the correct alternative in a binary majority vote. Importantly, this
equation is only de�ned for n ≥ 5. For n = 1 and n = 3, simultaneous and sequential voting
schemes are equally likely to select the correct alternative because for n = 1 and n = 3,
the two voting procedures will always agree on the outcome. In other words, for n = 1
and n = 3, the bottom left and top right boxes of the table above are empty. However, for
every n ≥ 5, there exist some sequences of signals from Nature such that the sequential and
simultaneous majority voting procedures will select di�erent alternatives. Because exactly
the same analysis can be conducted if y were selected as the correct outcome, this proof
holds for both states Sx and Sy.

Probability and Reliability

From the proofs above, we see that in both states Sx and Sy, the number of instances in
which simultaneous voting will select the correct outcome and sequential voting the incorrect
outcome is equal to number of instances in which the opposite is true. For example, if x
is the true correct alternative, voters with signals �x, y, y, y, x, x, x� prior to voting would
select the correct outcome x under simultaneous voting and the incorrect outcome y under
sequential voting (under sequential voting, they would vote as follows: �x, y, y, y, y, y, y�).
However, if we change every x to a y and every y to an x, we get the string �y, x, x, x, y, y, y�.
Under simultaneous voting, voters would vote for the incorrect outcome y. Under sequential
voting, voters would select the correct outcome x (under sequential voting, they would vote
�y, x, x, x, x, x, x�). So why ought we think that simultaneous voting is more reliable than
sequential voting?

Theorem (Sequential and Simultaneous Reliability): Under the Sequential and
Simultaneous Vote Counting theorem and the Reliable Belief assumption, simultaneous vot-
ing is as reliable as sequential voting for n = 1 and n = 3. Simultaneous voting is more
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reliable than sequential voting for n ≥ 5.
Proof: For n = 1 and n = 3, both sequential and simultaneous voting are equally likely

to select the correct alternative because those procedures will always produce the same
outcome. That is, when simultaneous voting selects x, sequential voting will also select x,
and similarly for y.

Now, consider the case in which n ≥ 5. Without loss of generality, assume that state
Sx holds. We can divide all strings of symbols in which sequential and simultaneous voting
methods will di�er under state Sx into two groups with the following characteristics, as
explained above:

Signal String Characteristics when x is Correct Outcome (state Sx)

Column 1 Column 2
Simultaneous Correct, Sequential Incorrect Simultaneous Incorrect, Sequential Correct

Majority of voters with signals supporting x Majority of voters with signals supporting y
Necessary conditions to initiate cascade for y Necessary conditions to initiate cascade for x

Consider Column 1. Let p(Mx|Sx) be the probability that any voter believes that x is the
correct alternative under Sx, and p(My|Sx) be the probability that a voter believes y is the
correct outcome under the same state. Recall that under any particular state, p(Mx|Sx) +
p(My|Sx) = 1. Therefore, let p(Mx|Sx) = α and p(My|Sx) = 1 − α. Let m be the number
of voters who believe x is correct. By de�nition, under Column 1, m ≥ n+1

2
. Then for any

string in Column 1 (call this arbitrary string string1) the probability of that string occurring
is p(string1) = p(Mx|Sx)

mp(My|Sx)
n−m = αm(1 − α)n−m. As mentioned above, for every

string1in Column 1, there is a string2in Column 2 such that string2 is string1 with every bit
�ipped (x's turn to y's, y′s turn to x's). Therefore, p(string2) = p(Mx|Sx)

n−mp(My|Sx)
m =

αn−m(1−α)m where m ≥ n+1
2
. Every string1 has higher probability that its oppositestring2

when αm(1 − α)n−m > αn−m(1 − α)m. Because m > n −m, this inequality can be reduced
to α > 1− α. Is it the case that α > 1− α (p(Mx|Sx) > p(My|Sx)) in the strings of signals
used in both sequential and simultaneous voting games in this chapter? If we continue to
assume that voters are reliable believers (under the Reliable Belief assumption), then it is
the case that p(Mx|Sx) > p(My|Sx), and every string in Column 1 has a greater probability
than its counterpart in Column 2. Therefore, under the Reliable Belief assumption, strings
of signals that lead to correct outcomes under simultaneous voting and incorrect outcomes
under sequential roll call voting are more likely to occur than those that lead to incorrect
outcomes under simultaneous voting and correct outcomes under sequential votes. This
shows that sequential voting has a higher probability of selecting the incorrect outcome than
simultaneous voting. Therefore, we can conclude that under the model and equilibrium role
proposed, sequential voting is less reliable than simultaneous voting.

Summary

In this chapter, I have shown that under idealized assumptions of the Signal CJT and
traditional CJT, sequential roll call voting violates voter independence, is equally reliable as
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simultaneous voting when n = 1 and n = 3, and is less reliable than simultaneous voting
for n ≥ 5. First, I provided two examples. In example one, all of the conditions of the
traditional CJT were met, and voters voted simultaneously and independently. In example
two, voters were able to learn about one another's beliefs through their votes, which violated
the CJT's independence assumption. I then generalized this example in a two-part proof.
First, I demonstrated that under the model of voting I have been using throughout the
thesis, it can be rational for voters in sequential roll call votes to generate information
cascades. Then, I showed that voters are more likely to select the incorrect outcome under
sequential voting than they are under simultaneous voting when n ≥ 5. This was done by
�rst determining the number of instances in which voters would select the correct outcome
under simultaneous voting and the incorrect outcome under sequential voting and vice versa.
It was shown that these two sets have the same size. Then, I showed that the instances in
which sequential voting selects the incorrect outcome are more likely to occur than instances
in which sequential voting selects the correct outcome. This shows that under the model
used in this chapter, rational, honest voters are less reliable when they are participating in
sequential roll call votes than when they use a simultaneous voting scheme.

Interestingly, David Coady anticipates some of the concerns regarding the Condorcet
Jury Theorem I raise in this chapter. Coady considers information cascades to be a way
of representing sequential voting. He argues that the fact that voters are not independent
in sequential voting procedures does not necessarily undermine the fact that democratic
majority voting is the most reliable method. In order to preserve reliability, Coady claims
that voters must be committed to voting for the alternative they privately believe to be
best, and not for the alternative they believe will will the election. In other words, in order
for the Condorcet Jury Theorem to hold, voters must ignore the information they receive
from others in an information cascade, and vote according to the content of their private
judgments about which alternative is better. While this is an optimistic way of preserving
reliability for sequential voting methods, the proofs above show that the kind of behavior
Coady is proposing is irrational.

In the next chapter, I continue this analysis by considering a di�erent kind of sequential
voting system: a primary election system. My goal, however, remains the same. I will
demonstrate that this new kind of sequential voting system is less reliable than simultaneous
voting. I then explain the normative implications of the formal work found in this chapter
and the next.



Chapter 4

Primary Elections

4.1 Introduction

Primary elections are methods for learning about voters' beliefs or preferences prior to taking
a formal vote. Primary elections are frequently used to limit the �eld of candidates over which
voters will decide in a �nal election. For example, voters might participate in a primary
election to determine which candidate ought to be put on a ballot against an incumbent
in the �nal vote. In the context of the voting games we have discussed thus far, we might
describe the structure of a primary election vote as follows. Suppose that a group of voters
must participate in a primary before participating in an election. The primary stage involves
a decision between options x, y. Assume all voters are independent of one another prior to any
vote taking place, and, as in all of the examples we have seen thus far, every voter receives a
private and independent signal for Nature about how to vote. Assume that individual voters
are reliable, in that they have more than a 1

2
probability of selecting the correct outcome

and, by the theorem proven above. Then, voters cast private ballots simultaneously in a
primary. This primary stage respects the assumptions of the CJT. Then, the votes are
tallied by a non-voting, honest individual, and the results are announced. If voters are
honest, the election results act as a signal as to what individuals in the primary took to be
the best available outcome according to their private signals.1 Now, voters are no longer
independent. While no voter knows how other participants voted in the primary election,
she knows which alternative the majority selected to move on to the �nal vote.

Suppose that the majority of voters selected option x in the primary, eliminating alter-
native y. Then, voters who voted y in the primary may change their beliefs about which
alternative because they believe their initial signal from Nature was defective. Thus, the �y
primary voters� may believe that, in fact, x or the incumbent z (x's opponent in the �nal
election) is the best available outcome because other voters believed x > y. This gener-
ates an information cascade between the primary and �nal election. In this example of an
information cascade, some individuals do not state the content of their private signal from
Nature in the �nal election because they have information about the content of other voters'
signals once the results of the primary are announced. This additional information causes
some voters to change their beliefs, ultimately favoring the outcome that was signaled to a

1Assuming that individuals vote honestly in the primary, which I prove below is rational.

60
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majority of voters prior to the primary vote. However, even in information cascade examples,
individuals can be interpreted as voting honestly. If I am a voter who chose y in the primary,
I may honestly believe that, because the majority voted for x, I ought to change my vote
because I believe that x is in fact the best outcome according to our accepted pre-procedural
standard on the epistemic view.

Why ought we care that primary elections, even in this modest, abstract form, generate
information cascades? My point in describing this example is to show that even independent,
simultaneous primary election voting poses problems for epistemic democrats who rely on
the notion of independent voters and the CJT. Because primary election results can convey
the contents of voters' signals, two-stage election cycles violate the independence assumption
of the CJT. In this chapter, I describe several examples of primary elections that show how
an information cascade can form between primary and election stages. In the �rst example,
I demonstrate how the public announcement of primary election results can cause voters to
abandon their private beliefs. In example two, I show how the fact that voters change their
beliefs in response to primary results can lead those voters to select the incorrect alternative
under a primary and �nal election system, despite the fact that they would have selected
the correct alternative in a one-o� majority vote. In both examples I attempt to provide an
intuitive description of how information cascades can occur under primary election systems.
I then prove that in general, two-stage voting systems are less reliable than simultaneous
sequential voting systems.

Honesty in Primary Election Systems

In chapter two, I showed that it is rational for voters to vote according to their judgment
about which option is best. This result is restricted to simultaneous binary votes in which
voters do not adopt weakly dominated strategies. In chapter three, I employed the honest
judgment assumption, and will continue to do so in this chapter.

Why is the honest judgment assumption important in primary election procedures? Con-
sider what happens when the �no weakly dominated strategies� assumption is maintained,
but voters have more than two alternatives from which to choose as they do in the primary
elections I described in the section above. Importantly, the honesty result from chapter two
does not hold when there are three or more options. When there are more than two options,
it can be rational for individuals to vote for an alternative that is not their top-ranked choice.
This phenomenon is referred to as �strategic voting.� In fact, under reasonable assumptions,
no democratic voting system is immune to strategic voting when there are three or more
alternatives.2

In this chapter, I do not take up the problem of strategic voting. Instead, I assume
(like I did in chapter three) that voters vote for the alternative they believe is best, which
epistemic democrats refer to as �honest� voting. Because strategic voting can be rational, this
might seem like a strong assumption. But as I noted in the previous chapter, several of the
epistemic democrats discussed in chapter one have taken on this assumption. Therefore, in
the proofs that follow, I will remain as close to the assumptions of the traditional Condorcet

2The original proof can be found in Alan Gibbard's �Manipulation of Voting Schemes: a General Result�
in Econometrica, volume 41 (1973).
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Jury Theorem as possible under sequential voting methods, and assume that voters vote for
the alternative that they believe is best. I will then argue that even under this assumption,
voting in primary election systems does not meet the epistemic democrat's standard of
reliability set by the Condorcet Jury Theorem. In other words, even if we were to assume
that voters are honest in the way I have described, there are informational e�ects in primary
election voting schemes that make those schemes less reliable than simultaneous voting.

4.2 Primary Election Example 1: Successful Majority

Voting

Suppose that n voters participate in a two-stage election. In the �rst or primary stage,
voters use majority voting to choose between options x and y. In the second stage, voters
use majority voting to choose between the winner of the x, y primary and z. The winner of
the second stage vote is the winner of the election. In both votes, voters are asked to state
their top choice preference among the two alternatives. For simplicity, assume that every
voter i has a full ordering of the options prior to voting that is determined by one signal
from nature. There are six possible signals, corresponding to the six distinct orderings of
the options x, y, z. The six possible orderings of the alternatives are as follows:

Possible Rankings of Alternatives

x > y > z
x > z > y
y > x > z
y > z > x
z > x > y
z > y > x

Prior to voting, Nature chooses a correct ordering of the alternatives. Then, Nature
provides each voter with a potentially incorrect signal er where 1 ≤ r ≤ 6, referring to the
six possible orderings Nature could adopt. Signals are independent of one another. There
are six possible signals of the form er. Upon updating her beliefs, the voter believes that
one of the available orderings is the correct ordering, as follows:

Possible Signals from Nature and Resulting Beliefs

Receive e1 : �x > y > z is correct�
Receive e2 : �x > z > y is correct�
Receive e3 : �y > x > z is correct�
Receive e4 : �y > z > x is correct�
Receive e5 : �z > x > y is correct�
Receive e6 : �z > y > x is correct�

It is important to note that the content of each signal is not limited to information speci�c
to the alternative orderings. The signals can be any kind of communication from Nature so
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long as it respects independence. Because the speci�c content of a signal can be anything,
the signals listed above are di�erentiated by the beliefs that voters adopt upon updating on
the signals.

Before voting, Nature's signal is the only information available to the voter. I assume that
the voter believes Nature's signals are somewhat trustworthy, and will only be motivated
to change her belief if she receives information that con�icts with the original signal. Call
individual i′s belief that a particular ranking r is correct qir. As under the assumptions of
the CJT, assume that every individual has a greater than 1

6
probability of believing that the

correct ordering is in fact correct. Of course, voters can be misinformed by Nature.
I also assume that if Nature selects a particular ordering as correct, say x > y > z,

then voters are more likely to believe that x > y > z is correct than any other available
ordering. Importantly, as in the previous chapters, this assumption refer to the reliability of
voters' beliefs, rather than the reliability of voters' votes. Once voters updates their beliefs
based on Nature's signal, I assume that voters believe that the remaining �ve orderings
are equally unlikely to be correct.3This assumption implies that Nature's signals give the
voters information about which ordering is correct, but does not transmit any additional
information. Some might argue that this assumption is too minimal. If Nature sends you
a signal that x > y > z is the correct ordering, then you will believe that that ordering is
best. In addition, you might believe that x > z > y is more likely to be correct than the
remaining four orderings because one already believes that x is the correct ordering. But
this kind of reasoning process would only be justi�ed if one knew that Nature �rst chose the
alternative �x� as the correct ordering, then selected one of the two orderings in which x is
the top ranked alternative. In other words, this kind of reasoning would be justi�ed if one
knew that Nature was more likely to select x > z > y as the correct alternative when Nature
selects x > y > z. But Nature does not select an alternative �rst, and an ordering second.
As stated above, Nature selects one of the available orderings, which determines which of
the three alternatives x, y, or z is correct, and each of these orderings has an equal prior
probability of being chosen.

Following this process of updating beliefs, voters participate in a primary election in
which they vote for the alternative they believe is best. Then, votes are tallied and the
winner is announced. Voters update their beliefs, and participate in a �nal election. After
both votes are held, Nature reveals its choice. Assume that prior to voting, every ranking
has an equal prior probability of being the correct ranking. Voters receive a payo� of 1 if
Nature's top-ranked alternative is chosen.

Suppose that Nature has selected y > x > z as the correct or true ordering, and that voter
i has the belief that x > z > y is more likely to be correct than the other available orderings
prior to the x, y primary: pi(x > y > z) > pi(x > z > y) = pi(y > x > z) = pi(y > z > x)...
This assumption states after receiving her signal, a voter believes that one alternative is more
likely to be correct than the rest. This is the minimal amount of information Nature could
transmit to the voter in order for her to believe that one ranking is best. This implies that
she received signal e2. If we assume that voters are honest, in a simultaneous vote among
independent voters, i will vote for x. If x wins the primary, and we maintain our assumption

3In the proof below, I also make an additional assumption about the structure of voters' beliefs with
respect to the other available orderings. See the Reliable Belief* assumption.
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that voters are honest in the primary, i will know that a majority of other voters also received
a signal in which x > y. Once it is known that x won the primary, i′s belief will be informed
by this result. She will have increased con�dence that x > y, which increases the probability
of both x > z > y and x > y > z being correct. Under both of these orderings, x > z.
Therefore, i will vote for x in the x, z election. However, suppose that prior to the primary,
voters were divided as follows:

Proportion of Votes per Signal

Signal Proportion of Voters

e1 : �x > y > z is correct� 40%
e3 : �y > x > z is correct� 45%
e6 : �z > y > x is correct� 15%

Then y wins the primary with 60% of the vote. In this case, i will know that a majority of
voters received signals in which y > x, and will be prompted to alter her preference ordering
in light of this new information. Thus, i must change her belief such that y > x. There are
three possible orderings i might adopt: (i) y > x > z, (ii) z > y > x, or (iii) y > z > x. In
this case, i is changing her preference to re�ect the fact that she believes y > x. In the �nal
election between y and z, it is standard to eliminate x and represent i's preferences as only
between y and z. Therefore, the three preferences are reduced to (i) y > z, (ii) z > y, or
(iii)y > z for the �nal election.

Above we assumed that i believes that all rankings besides x > z > y are equally unlikely
to be correct. Therefore, i believes that the orderings (i) and (iii) together have a higher
probability of being correct than (ii). For this reason she will vote for y in the �nal y, z
election. This is true for all voters who previously selected x in the primary. Thus in the
�nal election, votes will be distributed as follows:

Ordering Proportion of Voters

y > z 85%
z > y 15%

In this case, voters select the correct alternative y in the �nal election. Note, however,
that if either preferences (ii) or (iii) are adopted, individual i will be voting according to a
ranking in which x > z, despite the fact that the primary election's outcome gives her no
information about the relationship between x and z. In other words, the primary election's
results regarding the relationship between x and y may prompt individual i to change her
ranking with respect to x and z. In two of the three possible ranking changes, i will vote for
z over x in the �nal election.

This result is signi�cant because it re�ects a change in an individual's beliefs that are
not supported by primary election results. An information cascade is the culprit for this
change. Under the information cascade, the public announcement of primary election results
can cause voters to disregard their private beliefs. The information cascade generated by
the primary election causes i to adopt new belief ordering (i), (ii), or (iii), and in two of
these orderings, z > x. However, had a simultaneous vote been taken among independent
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voters instead of a two-stage election, i would have voted according to her initial belief in
which x > z. Therefore, the primary election system may cause a voter participating in
two sequential votes to change her belief because she takes the outcome of a primary to be
informative about the true state of the world. This shows that the structure of a primary
election system can cause voters' votes to become dependent, and e�ectively lose information
about the voters' signals from the world through simple information cascades.

This example is not particularly alarming because, in the end, the voters select the correct
alternative y in both the primary and �nal election. This occurs when a majority of voters
have a preference of y > x. However, it is possible to construct simple primary election
examples in which information cascades can cause voters to choose the wrong outcome.

4.3 Primary Election Example 2: Unsuccessful Majority

In the previous example, voters participated in a two-stage election involving an information
cascade, yet still arrived at Nature's chosen �correct� result. This example will involve the
same base assumptions as the last example, but will describe a primary election cycle in
which voters fail to select the correct alternative.

Suppose, as before, that n voters (n odd) are to choose between x and y in a primary
election, and between the winner of x, y and z in a �nal election. Prior to the primary
election, voters receive independent signals from Nature which contain a particular ordering
of the three alternatives, and update their beliefs about which alternative is correct. Nature's
signals can therefore have the following content:

Possible Signals from Nature

e1 : �x > y > z is correct�
e2 : �x > z > y is correct�
e3 : �y > x > z is correct�
e4 : �y > z > x is correct�
e5 : �z > x > y is correct�
e6 : �z > y > x is correct�

In addition, Nature selects one of the six available orderings as the �truth� or �correct�
ordering. We will assume that every voter has a greater than 1

6
probability of believing

that the correct outcome is in fact correct, and that voters are equally likely to select the
remaining �ve outcomes. The payo� structure is exactly the same as in the previous example:
non-zero payo�s are allotted to all voters only if the majority selects the correct outcome.

The primary election involves a decision between x and y. We may divide the six possible
rankings into two categories: the category of rankings in which x > y, and the category of
rankings in which y > x. These categories are as follows:

Division of Rankings for Primary

x > y y > x

x > y > z y > x > z
x > z > y y > z > x
z > x > y z > y > x
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Suppose that Nature selects z > y > x as the true ordering. In addition, suppose prior
to voting, 45% of voters receive signal e5, 10% receive signal e3, and 45% receive signal e6:

Proportion of Votes per Signal

Signal Proportion of Voters

e3 : �y > x > z is correct� 10%
e5 : �z > x > y is correct� 45%
e6 : �z > y > x is correct� 45%

Under the honesty assumption, voters in the primary election will vote according to the
content of their signal. Then 45% of voters will vote x, and 55% of voters will vote y.
Therefore, x is eliminated, and all x voters must update their beliefs about the state of the
world. The outcome of the primary refutes their belief that x > y, and con�rms the belief
that y > x. Therefore, x > y voters shift away from the left side of the �Divisions of Rankings
for Primary� table above, and place equal probabilities over the three y > x rankings. For
voter i who previously believed that x > y, pi(y > x > z) = pi(y > z > x) = pi(z > y > x).
Therefore, for voter i, pi(y > z) > pi(z > y). It is therefore rational for i to vote according
to y > z. This is true for all voters who voted for x > y in the primary voters (who comprise
45% of the electorate). The 10% of voters who believe y > x > z and 45% of voters who
believe z > y > x will maintain these beliefs through the �nal election. Therefore, for the
�nal election, 55% of voters will vote y (over z), and 45% of voters will choose z (over y).
Therefore, the outcome of the election is y.

Recall that the correct ordering of the alternatives is z > y > x. In this example, the
primary election causes an information cascade in which voters alter their preferences in
light of the majority choosing y over x. This causes y to win the �nal election. Note that,
had a one-shot simultaneous election among the three alternatives taken place instead, z
would have won the election with 90% of the vote. However, the primary system proves to
be less reliable than one-shot elections. While the example in the previous section showed
that primary elections can generate information cascades and lose the informational content
of voters' signals, the example demonstrates that primary elections can produce information
cascades that cause voters to choose the wrong outcome.

4.4 Signaling Structure

In the examples above and in the proofs that follow, I assume that when voters reject their
private beliefs based on the outcome of a primary election, they place equal probability over
the remaining available orderings that are consistent with the primary result. Initially, this
kind of reasoning on the part of the voter might seem unnatural. Suppose I am a voter
who believes z > y > x before voting begins. An x, y primary occurs, and I learn that the
majority believes that x > y, which con�icts with my personal belief. In this case, x wins
and moves on to face z in the �nal election. The assumption states that in this case, the
voter will update her beliefs and place equal probability over the orderings in which x > y,
which are z > x > y, x > y > z, and x > z > y. Under the reasoning above, the voter
will then vote for x over z in the �nal election because in two of the three equally-probably
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orderings, x > z. But if the vote originally believed that z was the best alternative, and the
primary election did nothing to contradict that fact, why shouldn't the voter simply adopt
the belief that z > x > y?

The answer to this question lies in the structure of Nature's signals. In the voting
structures I am considering, I assume that voters receive one signal from Nature that gives
them an indication that a particular ordering is correct. Importantly, this information does
not come in a piecewise fashion to the voter. For example, it is not the case that the voter
receives one bit of information that tells her that z > x, and another bit of information
that x > y. If this were the case, then learning that y > x might do nothing to change
the voter's beliefs about the relationship between x and z. Therefore, I assume that voters'
signals involve information about a complete ordering, and no information about partial
components of that ordering. Below, I list three examples of scenarios in which voters follow
this assumption to demonstrate that the assumption is plausible for some voting scenarios.
In addition, it should be noted that while the signaling structure just described is violated,
the possibility of information cascades persist. If we suppose that voters are more likely to
select some orderings of the alternatives than others when their personal beliefs are refuted,
it is still possible for voters to cause information cascades, though cascades will occur less
frequently.

Example 1: Instrumental Evaluations of Policies

Suppose that voters are trying to decide which which of three policies is best according
to the outcomes associated with each policy. There are three policies, Policies A, B, and
C, and three outcomes D,E, and F . Suppose a voter reads an editorial that claims that
voters ought to prefer outcome D to outcome E to outcome F because outcome D would
be best for the community at large, while outcome F would be truly terrible. In addition,
the editorial makes the further claim that policy A will lead to outcome D, policy B will
lead to outcome E, and policyC will lead to outcome F . The voter uses this information
to make her judgment about the available policies because it is the only information she
receives prior to voting. Because of the editorial, the voter now believes that A > B > C.

Suppose that a primary vote is held between policies A and C. Under our honesty
assumption, our voter will vote for A. Because she believes that policy C will lead to a bad
outcome for the political community, the voter expects that the majority will vote for A.
But to her surprise, the majority selects policy C. Now, the voter must question both her
evaluation of the relative merits of each outcome, as well as her beliefs about which policy
will lead to each outcome. Because she has no additional information to check either of these
beliefs, the voter has no reason to prefer any particular ordering except that the majority
favored policy C to policy A. In this case, it would be rational for the voter to regard each
of the three orderings in which C > A with equal probability.

Example 2: An Incorrect Standard

Suppose that I am a voter in a political community that is trying to select a wealth redis-
tribution policy. I believe that the standard against which I am meant to be judging the
available policies A, B, and C is fairness. In particular, I believe that I am meant to judge
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the policies according to the standard of egalitarianism. That is, I ought to judge policy A
as better than policy B, for example, if policy A a�ords every voter a more equal share of the
wealth than policy B. I am certain that if egalitarianism is the correct standard, then policy
A is the best policy because it a�ords everyone an equal share, while policy B a�ord some
voters more wealth and some voters less. Policy C is an entirely inegalitarian policy that
a�ords a small percentage of the voting population all of the wealth. Therefore, I believe
that A > B > C. Because A is the only truly egalitarian policy, all other voters ought to
choose A if the chosen standard is egalitarianism.

Now, suppose that voters participate in a primary vote in which we select between policies
A and C. I vote for A because I believe that policy A is the most egalitarian policy. However,
the results of the primary indicate that the majority of voters selected policy C. Because
voters are assumed to be honest, this indicates that a majority of voters believed that policy
C was better than policy A. Therefore, I ought to change my belief such that C > A. But
we know that C is an inegalitarian policy. In this case, I might doubt that I was voting
according to the correct standard. Because I do not know what the correct standard is, I
have no reason to prefer one of the three remaining orderings over another, and will consider
each with equal weight in deciding how to vote in the �nal election.

Example 3: Unjusti�ed Judgments

Suppose that prior to the upcoming primary election, a voter receives a signal from Nature
that consists of a letter from an interest group the voter does not recognize. The letter
states that the voter ought to judge candidate A to be better than candidate B who is in
turn better than candidate C. The letter fails to explain why the candidates ought to be
ordered in this fashion, but simply states that this is the correct ordering. Suppose that the
voter accepts this ordering, as this is the only information she has to judge the alternatives.

Now, suppose a primary election between candidates A and B is held. Our voter votes
for A, while the majority selects B. The voter must now update her beliefs to re�ect the fact
that B > A. Because the voter has no justi�cation for the letter's contents, the voter may
doubt that the letter is at all reliable: the primary election has just shown that the (reliable)
majority disagrees with the letter's assessment of the candidates. Therefore, the voter may
come to believe that the letter is mistaken, and will have no additional information that
would lead her to prefer one of the remaining orderings of candidates in which B > A. In
this case, it is rational for the voter to place equal probabilities over the three remaining
orderings before the �nal election.

4.5 Reliability and Primary Elections

In chapter three, it was shown that roll call voting is, in general, less reliable than simulta-
neous voting. Now, a similar calculation must be shown for primary elections. In this proof,
I show that a simple primary election system is less reliable than a simultaneous vote. This
proof involves two parts. First, I demonstrate that in some cases, it is rational for voters to
change their votes following a primary election. Second, I show that majority voting in this
kind of system are less reliable than in a simultaneous, one-o� plurality voting system.
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Primary Election Model M

Suppose that n voters (n odd) participate in two votes: a primary vote between x and y,
y and z, or x and z, followed by a �nal vote between the winner of the primary and z, x,
or y respectively. In both stages, abstention is not allowed. Prior to voting, every voter
has an equal prior probability over the available rankings of the three alternatives. Nature
chooses one ranking as the correct ranking of the three alternatives. Each voter receives
an independent and private signal from Nature. Upon updating their beliefs based on the
content of these signals, each voter believes that one of the six available orderings of the
alternatives is more likely to be correct, and believes that the remaining �ve orderings are
equally unlikely. There are six possible orderings, as follows:4

Possible Rankings of Alternatives

o1 : x > y > z
o2 : x > z > y
o3 : y > x > z
o4 : y > z > x
o5 : z > x > y
o6 : z > y > x

Following this updating process, voters believe one of the following rankings is more likely
to be correct than the other �ve. Here, the notation �Mir” refers to the fact that voter i
believes that ordering r is the correct ordering:

Possible Beliefs for Voter i

Mi1 : pi(x > y > z) > pi(od) where d 6= 1
Mi2 : pi(x > z > y) > pi(od) where d 6= 2
Mi3 : pi(y > x > z) > pi(od) where d 6= 3
Mi4 : pi(y > z > x) > pi(od) where d 6= 4
Mi5 : pi(z > x > y) > pi(od) where d 6= 5
Mi6 : pi(z > y > x) > pi(od) where d 6= 6

A primary majority vote is held in which voters cast their votes simultaneously and pri-
vately for x or y, x or z, or y or z. No abstention is allowed. Then, the winner is announced.5

Following this announcement, voters once again update their beliefs, and participate in a
simultaneous �nal election in which they decide between the winner of the primary and z.
Call this primary election model M. Under this model, voters have a slightly more complex
utility function than the one used in the previous chapter. Voters receive a payo� of 1 if
they vote for Nature's top-ranked alternative. They receive a small ε if they select Nature's
second-choice alternative. They receive a payo� of 0 if the select Nature's third-ranked
alternative.

4Under this simple model, we assume that the signal from Nature is the only information a voter receives
prior to voting. Therefore, it is reasonable to assume that voters have reason to believe that one ordering is
more likely than the rest, but have no additional information to privilege any of the other orderings.

5Importantly, for simplicity, I assume only the winner is announced, and not the exact division of votes.
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Some might question whether this utility ranking is consistent with the epistemic demo-
cratic picture of voting. I argue that this function is consistent with the political theory.
Under this utility function, voters' preferences are still completely tied to the actions of the
majority, as in the community-oriented utility function I outlined in chapter two. The only
di�erence is that under this utility function, all voters receive a small payo� 0 < ε < 1 if they
all select Nature's middle-ranked alternative, which Nature strictly prefers to its last-ranked
alternative, and strictly disprefers to its top-ranked alternative.

The proofs that follow involve a voting scenario in which voters have beliefs over three
outcomes. In order to complete the reliability proof for primary elections, a stronger version
of the reliable belief assumption from chapter three is required. I call this new assumption
�reliable belief*�:

Reliable belief*: Voters are more likely to believe the correct ordering of the available
alternatives than any other available ordering. Formally, if z > y > x is Nature's chosen
ordering, then for any voter i, p(Mi6) > p(Mid) where 1 ≤ d ≤ 5. In addition, i maintains
equal, non-zero probabilities over the remaining �ve orderings.

Belief change: Prior to receiving any information from Nature, voters have equal prior
probabilities over the available orderings. When a voter's top-ranked alternative is elimi-
nated in the primary election, she maintains equal probability over the remaining orderings
consistent with that electoral outcome.

No Weak Dominance: No voter i undertakes a voting strategy that is weakly domi-
nated by another.

Honest Voting: Voters vote for the alternative they believe has the highest probability
of being the true top ranked alternative.

Finally, as in chapter three, these assumptions are common knowledge to the voters.

Updating Beliefs and Primary Elections

Claim 1: Under primary election model M, it is rational for some voters to abandon their
beliefs following the primary election and adopt a new ordering of the three alternatives.

Proof of Claim 1: Without loss of generality, suppose that x and y are the available
alternatives in the primary stage. Suppose that signals are distributed to all n voters, who
update their beliefs. According to Claim 1, voters participating in a primary election in
model M will vote according to the content of their signals.

Every arbitrary voter vi's choice in the primary election can be represented as in �gure
4.1 below.6

Here, Sx represents the state in which x is better than y (but not necessarily better
than z), and similarly for Sy. Following the primary election, the winner of the primary
is announced to the voters. Because n is odd, it is impossible for x and y to have tied in
the primary election. Suppose y has at least one more vote than x. In this case, Div, or

6Note that here, as in chapter three, I have simpli�ed the probabilities in this tree as compared to the
game tree found in chapter three. Here, I assume that p(Mx|Sx) = p(My|Sy).
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Figure 4.1: Voter i's Decision Tree
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the division of votes between x and y consists of at least n+1
2

votes for y and at most n−1
2

votes for x. As in the case above, according to Claim 1, every vote in the primary election
was representative of the voter's signal from Nature. Therefore, arbitrary voter vk knows
that Nature sent at least n+1

2
independent signals supporting y and at most n−1

2
independent

signals supporting x. vk can use this information to compute p(Sy|Div) as follows:

pi(Sy|Div) =
p(a

n−1
2 �(1− α)n+1

2 )

p(a
n−1
2 �(1− a)

n+1
2 ) + (1− p)((1− a)

n−1
2 �a

n+1
2 )

Above we assumed that voters have equal prior probabilities over x and y being the true
correct outcomes, so p = 1

2
. When p = 1

2
, pi(Sx|Div) = a . We also assumed that voters

are reliable believers, so a > 1
2
. Therefore, if vk believes that x and y have equal prior

probabilities of being correct and a > 1
2
, vk will believe that y > x. A similar calculation

can be completed in the case where x receives more votes than y. To summarize, if x or y
wins the election, arbitrary voter vi will believe that there is a a > 1

2
that x or y is the true

alternative respectively, and will change her belief accordingly.

The Structure of Primary Elections

This section walks through the various ways that a voting community could structure a
two-stage primary system among three candidates. In each case, I explain which alternative
is most likely to win the primary election, and which is most likely to win the �nal election.
The cases described in this section will be the basis for the reliability calculations in the next
section.

Without loss of generality, assume that Nature has selected �z > y > x� as the correct
ranking of the alternatives. There are four di�erent ways that a vote might be structured:
a simultaneous plurality7 vote among all three alternatives, a sequential primary election
between x and y, followed by a vote between the winner and z, and similarly for primaries
between x and z, and y and z. I consider these cases in turn. We can de�ne a voter's
probability of believing z, y or x is the correct alternative as q, r, and s as follows:

Probability a voter i believes z is the correct option: p(Miz) = p(Mi5) + p(Mi6) = q

Probability a voter i believes y is the correct option: p(Miy) = p(Mi3) + p(Mi4) = r

Probability a voter i believes x is the correct option: p(Mix) = p(Mi1) + p(Mi2) = s

Case 1: Simultaneous Vote between x, y, and z

7Until this point, all votes were binary majority votes, which are also plurality votes. A plurality vote
asks that voters state their top-ranked preference. The plurality vote winner is the alternative that receives
the most votes. In the two alternative case, the two are one in the same: the majority winner is also the
plurality winner. However, in the three-alternative case, these things come apart. Under three alternatives,
an alternative can win the most votes without necessarily winning the majority. Here, I choose the less
stringent voting mechanism to avoid using runo�s in the sequential vote to determine a winner.
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Under reliable belief*, voters are more likely to believe the correct ordering of the available
alternatives (z > y > x) than any other available ordering: for every voter i, p(Mi6) > p(Mid)
for all 1 ≤ d ≤ 5. De�ne the probability that a voter believes z is most likely to be correct
as q and the probability that y is most likely to be correct as r, while the probability that
a voter believes that x is most likely correct is s. Reliable belief* also allows us to assume
that because voters are reliable, they are more likely to believe that z is correct than y or x.

Under reliable belief, q > r and q > s, and q+ r+ s = 1. These probabilities correspond
to the various beliefs a voter might have prior to any vote taking place. Recall that the
beliefs a voter might adopt are as follows:

Beliefs and their Content for Voter i

Mi1 : pi(x > y > z) > pi(od) where d 6= 1
Mi2 : pi(x > z > y) > pi(od) where d 6= 2
Mi3 : pi(y > x > z) > pi(od) where d 6= 3
Mi4 : pi(y > z > x) > pi(od) where d 6= 4
Mi5 : pi(z > x > y) > pi(od) where d 6= 5
Mi6 : pi(z > y > x) > pi(od) where d 6= 6

There are 3n possible ways that a set of n voters could vote amongst the three alternatives
in a simultaneous vote. These 3n possible sequences of votes can be divided according to
the alternative that wins the most votes in each sequence. The probability that a particular
alternative receives the most votes in a simultaneous vote is as follows, where m > l and
m > n−m− l:

x wins y wins z wins

Probability smrlqn−m−l rmslqn−m−l qmrlsn−m−l

Because m > l, m > n−m− l, and q > r and q > s under reliable belief* and honesty
assumptions, the probability that z wins the vote is greater than the probability that x or y
wins the vote.

Case 2: Primary Election between x, y, winner faces z

Case 2a: x wins the primary election

The six possible beliefs that voters might have prior to a vote can be divided according
to the choice each voter vi has to make between x > y and y > x during the primary vote:

Belief Ordering (x > y)

Mi1 x > y > z
Mi2 x > z > y
Mi5 z > x > y

Belief Ordering (y > x)

Mi3 y > x > z
Mi4 y > z > x
Mi6 z > y > x

The probability that a voter i believes that x > y is p(Mi1) + p(Mi2) + p(Mi5), which is
equal to s + p(Mi5). The probability that a voter believes that y > x is p(Mi3) + p(Mi4) +
p(Mi6), which is equal to r + p(Mi6).

Assume that prior to the election, voters were distributed as follows:



CHAPTER 4. PRIMARY ELECTIONS 74

Number of Votes Ordering (x > y)

a x > y > z
b x > z > y
c z > x > y

Number of Votes Ordering (y > x)

u y > x > z
v y > z > x
w z > y > x

There are 2n ways that voters could vote in the primary election. Recall that because n is
odd, either a majority of votes will be for x or y. We can use this information to determine the
probability that x will win the election. According to Claim 1, x received a+b+c votes in the
primary, while y received u+v+w votes. For every division of votes in which x has a majority,
the probability that x wins a primary vote against y is (s+ p(Mk5))

a+b+c(r + p(Mi6))
u+v+w,

where a + b + c ≥ n+1
2

and i and k refer to arbitrary voters. Similarly, for every division of
votes in which y receives a majority, the probability that y wins the primary vote against x
is (s+ p(Mk5)

a+b+c(r + p(Mi6))
u+v+w, where u+ v + w ≥ n+1

2
.

Suppose that x wins the primary election and moves on to face z in the �nal election.
Then, as demonstrated in the proof above, every voter i who previously believed that y > x
was more likely to be Nature's selected ordering (pi(My) > pi(Mx)) will change their beliefs
such that x > y. This means that the voter will adopt a new belief from the left side of the
table above. Now, all u + v + w voters who voted for y believe that x > y is more likely
than y > x. In two of the three available rankings, x > z. Because voters believe that each
of these orderings has the same probability of being correct according to the belief change
assumption, voters will believe that there is a 2

3
probability that x > z and a 1

3
probability

that z > x because in 2
3
of the available rankings, x > z. Therefore, for every voter i in

this group, pi(x > z) > pi(z > x). Now, a + b + u + v + w or n − c voters vi believe
that pi(x > z) > pi(z > x) while c voters vk believe that pk(z > x) > pk(x > z). The
probability that voters believe that x is more likely to be the correct alternative is p(x >
z) = p(Mi1)+p(Mi2)+p(Mi3)+p(Mi4)+p(Mi6), which is equal to r+s+p(Mi6). Conversely,
the probability that a voter k believes that z is the best alternative is p(z > x) = p(Mk5).
As above, the probability of any division of votes in which that the majority selects x in
the �nal election is r + s + p(Mi6))

n−c(p(Mk5))
c for n − c ≥ n+1

2
. The probability that the

majority selects z is equal to r + s+ p(Mi6))
c(p(Mk5))

n−c for n− c ≥ n+1
2
.

These results can be summarized as follows:

Vote Stage Probability x wins vote Probability z wins vote

Primary (s+ p(Mk5))
a+b+c(r + p(Mi6))

u+v+w (a+ b+ c ≥ n+1
2

) -

Final (r + s+ p(Mi6))
n−c(p(Mk5))

c (n− c ≥ n+1
2

) (r + s+ p(Mi6))
c(p(Mk5))

n−c (n− c ≥ n+1
2

)

Given that x wins the primary election, is x more likely than y to win the �nal election?
Recall that by de�nition, n−c > c. (r+s+p(M6))

n−c(p(M5))
c > (r+s+p(M6))

c(p(M5))
n−c

if r+ s+ p(M6) > p(M5). Because voters are reliable (reliable belief* assumption), for every

voter i, p(Mi6) > p(Mi5). Because
6∑

i=1

Mi = 1, 0 ≤ r, s ≤ 1. Therefore, the inequality holds,

and x is more likely to win the �nal vote than z under Case 1.

Case 2b: y wins the primary election
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This case is very similar to Case 2a above. However, under this case, y wins the primary
election, and every voters i believes that one ordering on the right-hand side of the table
below is more likely to be correct:

Belief State Ordering (x > y)

Mi1 x > y > z
Mi2 x > z > y
Mi5 z > x > y

Belief State Ordering (y > x)

Mi3 y > x > z
Mi4 y > z > x
Mi6 z > y > x

Following the primary election in which y wins, all voters believe that it is more likely
that y > x than x > y. Under the belief change assumption Therefore, a + b + c + u + v
voters will vote for y, while w voters will vote for z. For brevity, I do not rewrite the proof
for case 1b in its entirety, because it follows the same logic as case 1a. I have placed the
resulting calculations below:

Vote Stage Probability y wins vote Probabilityz wins vote

Primary (s+ p(Mk5)
a+b+c(r + p(Mi6))

u+v+w(u+ v + w ≥ n+1
2

) -

Final (r + s+ p(Mi5))
n−w(p(Mk6))

w (n− w ≥ n+1
2

) (r + s+ p(Mi5))
w(p(Mk6))

n−w (n− w ≥ n+1
2

)

In this case, y will be more likely to win the election when r + s+ p(Mi5) > p(Mk6). In
other words, it must be the case that p(Mi1) + p(Mi2) + p(Mi3) + p(Mi4) + p(Mi5) > p(Mk6)
for y to be more likely to win the vote.

Case 3: Primary Election Between x, z

Case 3a: x wins the primary vote

Suppose that x and z participate in a primary, followed by an election in which the
winner of the primary faces y.We must now divide the possible orderings of the alternatives
according to the primary choice between x and z.

Number of Voters Belief State: Ordering (x > z)

a M1 : x > y > z
b M2 : x > z > y
u M3 : y > x > z

Number of Voters Belief State: Ordering (z > x)

c M5 : z > x > y
v M4 : y > z > x
w M6 : z > y > x

In calculations similar to those above, the probability calculations go as follows:

Vote Stage Probability x wins vote

Primary (s+ p(Mi3))
a+b+u(q + p(Mk4))

c+v+w ( a+ b+ u ≥ n+1
2
)
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Vote Stage Probabilityz wins vote

Primary (s+ p(Mi3))
a+b+u(q + p(Mk4))

c+v+w (c+ v + w ≥ n+1
2
)

Vote Stage Probability x wins vote Probabilityz wins vote

Final (q + s+ p(Mi4))
n−u(p(Mk3))

u (n− u ≥ n+1
2
) 0

Because z loses the primary election, the probability that z wins the �nal election is zero.
Because abstention is not allowed, the probability that x or y wins the �nal vote is greater
than the probability that z wins the �nal vote.

Case 3b: z wins the primary

Suppose that z wins a primary vote against x, and moves on to face y. As in case 3a,
the probability that y wins the primary vote is as follows:

Vote Stage Probability x wins vote

Primary (s+ p(Mi3))
a+b+u(q + p(Mk4))

c+v+w (a+ b+ u ≥ n+1
2
)

Vote Stage Probabilityz wins vote

Primary (s+ p(Mi3))
a+b+u(q + p(Mk4))

c+v+w (c+ v + w ≥ n+1
2
)

Following the primary election a+b+u voters who previously believed that x > z is more
likely will believe that z > x is more likely. Therefore, z will receive a+ b+ c+u+w = n−v
votes in the �nal election, while y will receive v votes.

Vote Stage Probability y wins vote Probabilityz wins vote

Final (q + s+ p(Mi3))
v(p(Mk4))

n−v (n− v ≥ n+1
2 ) (q + s+ p(Mi3))

n−v(p(Mk4))
v (n− v ≥ n+1

2 )

If we compare these probabilities, a simpli�cation shows that z is more likely to win the
�nal vote than y if q + r + p(Mi3) > p(Mk4). Under the reliable belief* assumption, q is a
greater probability than p(Mk4). Therefore, the inequality holds, and z is more likely to win
the �nal vote.

Case 4: Primary Election between y, z

Case 4a: y wins the primary

In this case, every voter i begins with six possible orderings, divided according the the
primary election choice as follows:
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Number of Voters Ordering (y > z)

a o1 : x > y > z
v o4 : y > z > x
u o3 : y > x > z

Number of Voters Ordering (z > y)

c o5 : z > x > y
b o2 : x > z > y
w o6 : z > y > x

As in case 3a, if y wins the primary, it is impossible for z to win the overall vote. Here,
as above, i and k represent arbitrary voters.

Vote Stage Probability y wins vote Probabilityx wins vote

Final (q + s+ p(Mi2))
n−a(p(Mk1))

a (n− a ≥ n+1
2 ) (q + s+ p(Mi2))

a(p(Mk1))
n−a (n− a ≥ n+1

2 )

Similar simpli�cation can be done here as was done in Case 3a. For y to have a greater
probability of winning the election that x, it must be the case that q+ s+ p(Mi2) > p(Mk1).

Case 4b: z wins the primary

As in case 3b, we can compute the probability that y or z wins a primary vote against
one another as follows:

Vote Stage Probability y wins vote

Primary (r + p(Mi1))
a+v+u(q + p(Mk2))

b+c+w(a+ v + u ≥ n+1
2
)

Vote Stage Probabilityz wins vote

Primary (r + p(Mi1))
a+v+u(q + p(Mk2))

b+c+w(b+ c+ w ≥ n+1
2
)

If we assume that z wins the primary vote, then we can compute the probability that x
or z wins the �nal vote:

Vote Stage Probability x wins vote Probabilityz wins vote

Final ((q + r + p(Mi1))
bp(Mk2))

n−b(n− b ≥ n+1
2 ) ((q + r + p(Mi1))

n−bp(Mk2))
b(n− b ≥ n+1

2 )

As before, because q > p(Mk2), the probability that z wins the �nal vote is greater than
the probability that x will win the �nal vote.

Summary of Results

Case Primary Alternatives Primary Winner

1 - -

2a x, y x

2b x, y y

3a x, z x

3b x, z z

4a y, z y

4b y, z z
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Case More Likely to Win Final Vote Additional Conditions for z to be More Likely to Win Final Vote

1 z -

2a x -

2b y or z p(Mi1) + p(Mi2) + p(Mi3) + p(Mi4) + p(Mi5) < p(Mk6)

3a x or y Not possible for z to win

3b z -

4a x or y Not possible for z to win

4b z -

Recall that z > y > x is Nature's chosen alternative, so the voters select the correct
alternative if z is the outcome of the �nal election. In the simultaneous vote (case 1),
reliable voters were more likely to select z than either of the other alternatives. In cases
two through four, we explored the variety of ways in which the choice between x, y, and z
could be staggered across a two-step primary system. But now we must determine what the
overall probability of selecting z is for both the simultaneous and sequential voting methods
under each case.

Reliability8

Whether or not an alternative wins a primary or �nal election depends on the relative
proportions of voters distributed amongst the six available beliefs prior to the vote taking
place. Let r1, ..., r6 represent the proportion of the n voters that believe each of the possible
orderings, de�ned as follows:

Number of Votes Proportion Belief State: Ordering

a r1 =
a
n

M1 : x > y > z

b r2 =
b
n

M2 : x > z > y
u r3 =

u
n

M3 : y > x > z

Number of Votes Proportion Belief State: Ordering

v r4 =
v
n

M4 : y > z > x
c r5 =

c
n

M5 : z > x > y
w r6 =

w
n

M6 : z > y > x

As before, z > y > x is the true ordering. The probability that a voter believes z > y > x
is the correct ordering is p, and the probability that a voter believes any of the other available
orderings is 1−p

5
, where p > 1−p

5
. Each case above places limitations on the distribution of

voters. For example, in order for case 2a to hold, it must be that alternative x wins the x, y
primary. For x to win an x, y primary, there must be a majority of voters distributed across
r1, r2, and r5. In other words, r1 + r2 + r5 >

1
2
. In addition, for z to win the �nal election

against x in case 2a, it must be that r5 >
1
2
. These two conditions de�ne the distributions

8Completing the proof that follows was a joint e�ort. Sincere thanks to Michael �Cody� Kestigian, Adam
Brodie, Konstantin Genin, Remco Heesen, and Robert Lewis for their help in completing the probability
calculations that follow.
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of voters for which z will win in case 2a. We can continue this kind of reasoning for all four
cases:

Case 1: z wins when r5 + r6 > r1 + r2 and r5 + r6 > r3 + r4.
Case 2a: z wins when r1+ r2+ r5 >

1
2
and r5 >

1
2
. Since r5 >

1
2
entails r1+ r2+ r5 >

1
2
,

we can simply say that z wins when r5 >
1
2
.

Case 2b: z wins when r3+ r4+ r6 >
1
2
and r6 >

1
2
. Since r6 >

1
2
entails r3+ r4+ r6 >

1
2
,

we can simply say that z wins when r6 >
1
2
.

Together: Case 2: z wins when r5 >
1
2
or r6 >

1
2
.9

Case 3a: z cannot win the �nal election.
Case 3b: z wins when r4 + r5 + r6 >

1
2
and r1 + r2 + r3 + r5 + r6 >

1
2
(in other words

r4 ≤ 1
2
).

Case 4a: z cannot win the �nal election.
Case 4b: z wins when r2 + r5 + r6 >

1
2
and r1 + r3 + r4 + r5 + r6 >

1
2
(in other words

r2 ≤ 1
2
).

It must be shown that the probability that z wins in case 1 is greater than or equal to the
probability that z wins in each of the other cases. Formally, the following three inequalities
must be proven:

1. p(r5 + r6 > r1 + r2 ∧ r5 + r6 > r3 + r4) ≥ p(r5 >
1
2
) + p(r6 >

1
2
)

2. p(r5 + r6 > r1 + r2 ∧ r5 + r6 > r3 + r4) ≥ p(r4 + r5 + r6 >
1
2
∧ r4 ≤ 1

2
)

3. p(r5 + r6 > r1 + r2 ∧ r5 + r6 > r3 + r4) ≥ p(r2 + r5 + r6 >
1
2
∧ r2 ≤ 1

2
)

Proof of Statement 1
If r5 + r6 >

1
2
, this implies that r5 + r6 > r1 + r2 and r5 + r6 > r3 + r4. This means

that the probability that r5 + r6 > r1 + r2 and r5 + r6 > r3 + r4 is greater than or equal to
r5 + r6 >

1
2
. That is:

p(r5 + r6 > r1 + r2 ∧ r5 + r6 > r3 + r4) ≥ p(r5 + r6 >
1
2
).

But the probability that the sum of r5 and r6 is greater than 1
2
is greater than the

probability that r5 is greater than
1
2
and r6 is greater than

1
2
:

p(r5 + r6 >
1
2
) ≥ p(r5 >

1
2
) + p(r6 >

1
2
).

Therefore p(r5 + r6 > r1 + r2 ∧ r5 + r6 > r3 + r4) ≥ p(r5 >
1
2
) + p(r6 >

1
2
).

Statement 2
This statement cannot be proved analytically. Instead, the inequality must be approx-

imated using a multinomial distribution under the probability restrictions listed above. In
order to approximate the probability, we must determine the relative values of p(r5 + r6 >
r1 + r2 ∧ r5 + r6 > r3 + r4) and p(r4 + r5 + r6 >

1
2
∧ r4 ≤ 1

2
) for p > 1−p

5
as n grows. This

distribution is approximated using an algorithm in the program Python, which estimates
the values of the probabilities in question under the speci�cations listed above. This code is
available upon request.

The program shows that as n gets large, the relative values of p(r5+r6 > r1+r2∧r5+r6 >
r3 + r4) and p(r4 + r5 + r6 >

1
2
∧ r4 ≤ 1

2
) are very close (for n = 1, 000, 001, for example)

for p > 1
6
, which is equivalent to p > 1−p

5
. That is, as n gets large, the multinomial

approximation of our probability distribution shows that p(r5 + r6 > r1 + r2 ∧ r5 + r6 >

9Normally, one would have to �subtract o�� the intersection of these two inequalities when adding them
together. However, because r5 > 1

2 and r6 > 1
2 are mutually exclusive, there is no intersection.
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r3 + r4) ≈ p(r4 + r5 + r6 >
1
2
∧ r4 ≤ 1

2
). Within the context of the voting problem, this

shows that as n grows, the sequential and simultaneous voting systems under a x, z primary
system select z as a �nal outcome with equal reliability. This equality is true in the limiting
case, in which n→∞. At the limiting point, r1, ..., r6take on the values of the probabilities
assigned above. That is, at the limiting point, r1 = 1−p

5
, r2 = 1−p

5
, ..., r6 = p. In this case,

the inequalities listed in statement 2 are all true, and the probabilities are equal.
However, for small values of n, whether the inequality is true or false is dependent on

the value of p. If we take the most general case, p > 1
6
, the inequality does not hold for

all n. In fact, p(r5 + r6 > r1 + r2 ∧ r5 + r6 > r3 + r4) < p(r4 + r5 + r6 >
1
2
∧ r4 ≤ 1

2
) for

the n = 10, 50, 100, 500, ...1000000000. This fact is represented in the graph below. So as to
avoid cluttering the graphs, I label the probabilities as follows:

p(A) = p(r5 + r6 > r1 + r2 ∧ r5 + r6 > r3 + r4)
p(B) = p(r4 + r5 + r6 >

1
2
∧ r4 ≤ 1

2
)

When we restrict p such that p > 1
4
, the inequality does not hold for n = 10 and n = 50.

However, at n = 100, the approximation shows that the inequality does hold, and holds for
all values of n between 100 and 1, 000, 000, 000.

Now consider the relative values of the inequality for p > 1
3
as n increases. In this case,

the inequality in question holds for all values of n. This result holds for p > 1
2
as well.
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Because the distance between the relative values of the probabilities in the graph above
are small, the values of the probabilities are summarized in the chart below:

Number of Voters p(A) p(B)

10 0.913577 0.913169
50 0.993828 0.992411
100 0.999291 0.998754

n ≥ 500 1 1

To summarize: The approximation shows that p(r5 + r6 > r1 + r2 ∧ r5 + r6 > r3 + r4) ≥
p(r4 + r5 + r6 >

1
2
∧ r4 ≤ 1

2
) holds for p > 1

3
for 10 ≤ n ≤ 1, 000, 000, 000. Analytically, we

know that the probabilities are equal in the limit as n→∞. Therefore, simultaneous voting
systems are more likely to select the correct alternative z than sequential voting methods
under cases 3a and 3b for all p > 1

3
for 10 ≤ n ≤ 1, 000, 000, 000 and as n→∞.

Statement 3
Statement 3 is identical to statement 2 because the prior probability of voters being in

the r4 portion of voters is the same as the probability of being in r2. Therefore, the same
results hold.

Summary
Under case 2a and 2b, voters are less likely to select z under the sequential voting system

than they are under the simultaneous voting system. This fact was proven directly. Under
cases 3 and 4, voters are more likely to select z under the simultaneous system than the
sequential system when p > 1

3
. The relative reliability of each system quickly converges to

1 in this case. This shows that overall, the simultaneous voting system does equally well
and sometimes better than the sequential voting system at selecting the true best outcome
when p > 1

3
. In this context of the voting problem, this means that when voters have

at least a 1
3
probability of believing that the correct ordering of the alternatives is in fact

correct, simultaneous voting is more reliable than sequential primary system voting over
three alternatives.
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Conclusion

In this chapter, I have argued that traditional epistemic theories of democracy that employ
the Condorcet Jury Theorem to argue that democratic voting procedures are more reliable
than non-democratic procedures cannot justify democracy outright, but only a small class of
idealized simultaneous voting methods. This is a problem for epistemic democrats, as their
theory cannot realistically justify many sequential procedures of democratic decision-making,
as those procedures are less reliable than simultaneous voting.

There are a few reactions one might have to the contents of this chapter and chapter
three. First, one might be content in saying that sequential voting methods such as roll call
voting and primary elections are undemocratic, and the fact that epistemic democracy fails
to justify these kinds of procedures is not a problem for the theory. Or, one might accept
that this is a problem, and look to existing democracies to determine whether simultaneous
voting methods exist or are a practical ideal. If not, these theorists must seek a new way of
justifying a broader range of democratic systems. I explore both of these possible responses
in the next chapter.



Chapter 5

The Epistemic Democratic Response

5.1 Independence and Reliability

The mathematical results in chapters three and four demonstrate that sequential voting
procedures that closely match the Condorcet Jury Theorem's assumptions are less reliable
than simultaneous voting. For epistemic democrats, reliability plays a key role in their
defense of democracy. These theorists argue that democracy is desirable and justi�ed not
only because it upholds certain procedural virtues such as fairness or equality, but because
it is a reliable decision procedure. I indicated that there are two ways that an epistemic
democrat might respond to the mathematical results in chapters three and four. In this
chapter, I explore these possible responses, and explain why the mathematical results place
the epistemic democrat in a di�cult position. I argue that the epistemic democrat may be
unable to fully defend his view in light of these formal results.

For any democratic voting system to satisfy the assumptions of the CJT, that system
must require that votes be cast independently. This can be achieved in many di�erent
ways but is di�cult, especially when voters are members of the same community, or receive
their information from the same source. Ideally, voters turn up to vote as mathematically
independent agents. As I have argued using examples in chapter three, even if voters are
initially independent, the process of sequential voting can cause voters to become dependent.
Both roll call voting and primary elections under the models I have proposed violate the
independence assumption of the CJT.

Independence is not the only problematic feature of the epistemic democrat's argument.
Under the epistemic democratic view, the value of a democratic system depends crucially on
its ability to choose the best available outcome. As the proofs in chapter three demonstrate,
roll call voting and primary elections are never better than simultaneous voting at picking
the correct outcome. This was shown in two steps. First, it was shown that roll call voting
is, overall, less reliable that simultaneous voting. Second, primary elections make majorities
less reliable than they would be under a simultaneous one-o� vote. These proofs demonstrate
that under these two kinds of sequential voting methods, rational agents will on average do
worse at picking the best or true outcome than they would under simultaneous voting.

Some might question the force of these results for epistemic democracy as an account of
democratic legitimacy. How troubling is this fact for epistemic democrats who argue that

83
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democracy is legitimate because it is reliable? The answer will depend on the particular
theory's account of legitimacy. Recall from chapter one that there are three accounts of
democratic legitimacy that an epistemic democrat might adopt. First, it might be that only
the most reliable procedure is legitimate. If this is the case, then only simultaneous voting
is legitimate, because it is the most reliable procedure on this view. Or, legitimacy might
be determined by a reliability threshold: a procedure is legitimate if it is as reliable or more
reliable than some pre-determined threshold. On this view, one would need to compare the
reliability of sequential procedures to the threshold in order to see if sequential voting passes
the test. I raise a number of concerns with this response below. Finally, legitimacy might
be interpreted as a spectrum: less reliable procedures are less legitimate than more reliable
procedures. If this is the case, then the proof above demonstrates that sequential voting is
susceptible to voting behavior that is less reliable than simultaneous voting, and is therefore
sequential voting is less legitimate than simultaneous voting.

My discussion of epistemic democracy in chapter one focused on a weaker claim, that
democracy is justi�able or desirable because it is reliable. In light of the formal results above,
it seems that in order to justify sequential voting in real world political systems, epistemic
democrats who appeal to the Condorcet Jury Theorem must adopt a threshold view of
reliability. They must agree that justi�cation or desirability is a matter of being �reliable
enough,� and that any procedure that meets such a threshold counts as a justi�ed procedure.
On this view, sequential and simultaneous forms of voting may both be su�ciently reliable
to count as justi�ed. However, as I discussed in chapter one, those who appeal to the
CJT want to establish that democracy is the most reliable procedure, and not simply one
of many reliable alternatives. Therefore, if theorists want to hold steadfast to the notion
that democracy is valuable because it is the most reliable procedure, and that the CJT
establishes this fact, then they must accept that only simultaneous voting procedures pass
this test. In this chapter, I explain these possible responses more fully, and explore the
question of whether any real world democracies have voting procedures that approach the
ideal of simultaneous voting.

5.2 Two Responses

In chapter one, I gave a general description of epistemic democratic theories. While all epis-
temic democratic theories are committed to the idea that reliability is a necessary feature
of any desirable or justi�able political procedure, these theories di�er in the extent to which
they incorporate procedural considerations. What I call a �mixed� theory is one that argues
that democracy is desirable or justi�ed on the grounds that democracy both upholds proce-
dural virtues and is reliable, an instrumental consideration. On the procedural side of this
view, democracy is desirable because (for example) it promotes fairness or upholds equality.
In addition, democracy is desirable because it is reliable, either according to some reliabil-
ity threshold, or because democracy is the most reliable procedure. What I have shown in
chapters three and four is that this distinction between democracy and other kinds of proce-
dures can become more �ne-grained: it is not only the case that democracy is more reliable
than other political arrangements, but that under the heading of �democratic� procedures,
simultaneous voting is more reliable that sequential voting. Because the theorists on which I
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have been focusing use the CJT to defend for democracy on the grounds that it is the most
reliable procedure, and not merely one of several procedures that pass a reliability threshold,
I will consider how those theorists might respond to my formal results.

There are two ways that an epistemic democrat might respond. First, if the theorist is
committed to the idea that only the most reliable procedure is desirable or justi�ed, then all
procedural considerations being equal, we ought to prefer simultaneous voting to sequential
voting. In this case, a theorist might be willing to �bite the bullet,� and accept that in light
of the formal results just discussed, simultaneous democratic decision procedures are the
only truly desirable or justi�able procedures according to his theory. The second possible
response from an epistemic democrat would be to accept the formal results in this thesis as
a serious concern, and adjust the theory accordingly. I discuss both of these responses in
turn.

5.3 Response 1: Biting the Bullet

The �rst way that an epistemic democrat might respond to the idea that simultaneous
voting is more reliable than sequential voting is to accept that simultaneous voting is more
desirable or justi�ed than sequential voting. On this view, �democracy� broadly construed
is not the most epistemically valuable institution. Only those democratic institutions that
employ simultaneous voting are desirable or justi�ed.

If epistemic democrats were to �bite the bullet,� they would be accepting that on their
own terms, only a small set of what are traditionally called �democratic� institutions are
desirable or justi�able. On this view, we ought to adopt public decision procedures that
involve simultaneous voting in order to avoid less-reliable information cascades. In the next
section, I explore the policies a political community might implement to prevent sequential
voting, and provide examples of real-world democratic systems that have attempted these
policies. I then explain why these kinds of reforms are unrealistic.

5.4 Simultaneous Voting in the Real World

If an epistemic democratic theorist is committed to the idea that only simultaneous voting is
desirable or justi�able, we must determine the implications of this view for real world political
systems. In this section, I explore several policies necessary to achieving purely simultaneous
decision making. This is by no means an exhaustive list, but merely an exploration into some
of the implications of the epistemic democrat's �rst possible response.

5.4.1 Simultaneous Elections

Chapter three described a model of an election in which voters cast their ballots publicly
and sequentially. When voters can learn about others' beliefs, it was shown that information
cascades can begin, causing the majority to become less reliable. In order to avoid infor-
mation cascades, it is necessary to implement simultaneous elections and votes, rather than
sequential voting. While several theorists have noted that contemporary democratic soci-
eties are unlikely to meet the CJT's independence requirement, I have shown that violating
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independence can have implications for reliability. Here, I explore this issue by focusing on
democratic voting procedures in India and the United States.

Why is simultaneity signi�cant? Recall that in chapters three and four, information
cascades were generated not because voters cast their ballots at di�erent times, but because
they were able to learn about one another's votes and beliefs. Information cascades are a
problem for epistemic democrats because they can cause voting majorities to be less reliable.
In order to avoid generating information cascades, a community would have to require that
voters be unable to learn about others' votes before they cast their ballots.1 This could
be accomplished in two ways. First, a community could allow voters to vote at di�erent
times, but prohibit voters from discussing the vote until after voting is completed. This
would result it a type of �gag order� on voters. Of course, many will �nd this kind of rule
unappealing because it violates voters' freedom of speech, for example. In order to prevent
voters from discussing the vote with one another without prohibiting discussion, a political
community could implement simultaneous voting, in which all voters cast their ballots at
the same time without allowing for discussion beforehand.

Do any countries come close to achieving this ideal? It seems that pure simultaneity
would only be possible for small communities in which there are few enough voters such that
it is possible to coordinate voting at the same time. It is possible that small political bodies
such as school boards or town councils could achieve this ideal. However, research indicates
that no countries are currently working to achieve simultaneity.

There are, however, several countries that are considered to be democratic that hold
long, staggered elections, arguably the opposite of simultaneous voting. For example, in the
spring of 2014, India held a general election to select the members of the parliament's lower
house, the Lok Sabha. In this election, more than 900,000 polling stations were set up across
the 543 parliamentary constituencies in order to facilitate voting for 814,500,000 registered
voters.2 The election was held over the course of �ve weeks, including a total of nine separate
voting days. A map showing the voting date for each constituency is given below:3

1In this discussion I assume that if voters were to talk to one another and receive information about the
available outcomes, they might then use this information to update their beliefs. This is consistent with the
rationality assumptions found in the previous chapters.

2Indian Elections Commission, General Elections- 2014 Schedule of Elections. New Delhi: Web. 15 July
2014.

3Indian Elections Commission, General Elections.
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While voting in the 2014 election was staggered, the Indian Election Commission went
to great lengths to avoid the kind of information-sharing that is problematic for sequential
voting. For example, votes were not counted (and therefore no results were announced) until
after all constituencies had voted. In addition, while exit polls were conducted throughout
the election cycle, the Election Commission required that results be released only after voting
had ended. This might imply that despite its long schedule, the Indian election preserved
voter independence, making them as reliable as they would be under a simultaneous vote.
However, it is di�cult to determine the amount of communication that occurred between
precincts during the election cycle, and is therefore di�cult to approximate the extent to
which voters were independent.

In the case of India, it is di�cult to determine the e�ects of a long election cycle on voter
independence and reliability, despite the Election Commission's attempt to limit informa-
tion transmission across constituencies. There is one country, however, where information
transmission during voting is a signi�cant component of the electoral process. In the United
States, staggered voting in presidential elections across the �fty participating states can
in�uence the behavior of states who vote later than others. For example, polling stations
close in the eastern states well before those in the west, and state exit polling results are
announced as they are counted. This means that the exit poll and election results of eastern
states can (and frequently are) announced before polling stations close in the west. Political
scientists have conjectured and attempted to prove (with varying degrees of success) that
the announcement of exit polls on the east coast in�uences voting behavior on the west
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coast.4 The fact that votes are staggered across the country's time zones, and exit polls
can be announced prior to polling stations closing, however, indicates that there is at least
some chance the information about what eastern voters have selected (and, according to
our model from chapter three, believed) can be transmitted from one area to another. This
makes voting in presidential elections more like the information cascade model of voting than
the simultaneous model of voting from chapter two.

Whether or not information can be passed from one set of voters to another is signi�cant
in determining whether the structure of a vote will violate independence and reliability. In
order to ensure complete simultaneity and preserve independence, it must be the case that in
addition to prohibiting publicized voting results prior to the end of the election, deliberation
among voters is also eliminated from the political process. Deliberation allows voters to
learn what one another believe about a particular issue, generating the kinds of problems
we saw with information cascades in chapter three. The problem, however, is that in many
countries, deliberation is a necessary step in selecting outcomes over which constituents are
to vote. In chapter one I noted that deliberation is necessary to Landemore's account of
democracy because deliberation allows for cognitive diversity and is the process by which
voters select the alternatives that will appear on the ballot. In real voting democracies,
in order for an alternative to even appear on the ballot, many countries require that a
certain number of individuals support that alternative. Support is demonstrated by collecting
signatures, contacting representatives, etc. This kind of activism is only possible because
individuals are able to talk to one another and discuss why a particular alternative should
be considered by the community at large. Eliminating the requirement for signatures and
publicly-demonstrated support would mean that any initiative supported by any citizen
could make its way to a nation-wide vote, an extremely ine�cient voting procedure. Or it
would mean that some individual or selective group would be charged with selecting which
alternatives would appear on the ballot, which would arguably be an a�ront to democratic
decision making. Therefore, it is unclear how a community might coordinate a vote at all if
purely simultaneous voting were to be implemented.

One might also question the ethical implications of simultaneous voting without discus-
sion. Frequently, epistemic democrats argue that deliberation is an important part of the
political process. For example, Hélène Landemore argues that deliberation is necessary be-
cause it allows for inclusion, and because it allows voters to narrow the �eld of alternatives
over which they wish to vote. In addition, deliberation is viewed as a way for citizens to
represent their own beliefs and needs as political equals, and is seen as a necessary procedu-
ral component of any justi�able democratic system. This reveals a tension in the �mixed�
version of the epistemic democratic view introduced in chapter one. If the theory is com-
mitted both to maximum reliability and free and open deliberation, it is unclear how we can
reconcile the mathematical results from chapters three and four, which show how reliability
is decreased when independence is violated, with deliberation prior to voting.

4See Fuchs (1966), Jackson (1983), and Lott (2005), as examples.
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Direct Democracy

Chapter four presented a voting model in which it was rational for voters to change their votes
after learning the outcome of a primary election. In the model I presented, voters participate
in a primary election, and the results of that primary are publicly announced. Then, the same
group of voters participate in a �nal election. While I have not given a proof of information
cascades between distinct groups of voters, we can imagine that similar kinds of reasoning
would apply. For example, if a poll or vote is taken among constituents of a political district,
we can imagine (and indeed, expect) that these results would in�uence the voting behavior
of the district's representatives at higher levels of government or the voting behavior of
other constituencies. When votes are performed in two stages, information between the
�rst and second stages can be lost, leading the majority in the second stage (in this case,
the majority of the legislature) to be less reliable. This concern regards the relationship
between constituents' stated beliefs and the subsequent votes of their representatives, and
not a concern about the transfer of information across constituencies.

In light of the results in previous chapters, one might argue that rather than have a
series of votes at various levels of government to determine a policy issue, we ought to have
one simultaneous vote among the voters to decide the outcome. This type of electoral sys-
tem is called a �direct democracy.� In a direct democracy, constituents determine political
outcomes directly, rather than through a representative government. We might expect that
simultaneous voting under a direct democracy would be more reliable than sequential vot-
ing via representative government, because voters' beliefs are (at least theoretically) stated
independently and directly determine the election's outcome.

Direct democracies are rare. In contemporary politics, there are few examples of nations
that employ direct democracy. In the United States, several states use referenda, or consti-
tutional decisions that constituents make directly via voting. If a policy initiative receives
su�cient support to appear on a ballot, voters are given the opportunity to vote for or
against the initiative. If the initiative passes the popular vote, it is immediately adopted.
In this system, constituents, and not their elected representatives, determine which policies
are to be adopted.

Switzerland also employs a referenda system. While Switzerland does have a representa-
tive government (the �Federal Assembly�), the country also uses referenda to decide a variety
of political issues. For example, Swiss citizens can oppose legislation that the Federal As-
sembly passes by launching an �optional referendum.� If a su�cient number of signatures are
gathered in support of the referendum, the policy will be put to a vote. In this vote, citizens
decide whether to uphold or reject the Assembly's policy, thus constituting an example of
direct democracy.5

While direct democracy may be one approach to avoiding the problems of sequential vot-
ing, implementing this kind of system is costly. Even in Switzerland, political representatives
make most of the country's policy decisions. Referenda exist to challenge those decisions,
and not as a main method of proposing and passing legislation. To transition to a direct
democracy would require that votes be held more frequently. This poses problems for both
the voter and the political body in power, as voting is costly for both parties. For example,
it takes time for individuals to vote, and costs money for state institutions to hold votes.

5For more information, see the Swiss Authorities o�cial webpage: https://www.ch.ch.
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In addition, asking the voters to vote on every policy issue is ine�cient, especially when
a representative government is already in place. Therefore, the use of direct democracy as
a decision making mechanism is likely not a plausible alternative for epistemic democrats
wishing to avoid the problems of sequential voting.

Primary Elections and Public Polling

In chapter four, primary elections were shown to generate information cascades, which lead to
the result that two-stage elections systems are less reliable than simultaneous one-o� voting.
Primary elections are common in countries traditionally deemed �democratic.� But the
model of a formal primary vote can be expanded to encompass a wider range of information-
sharing processes. In particular, we can view public polling, as an informal primary election.
Suppose that a polling agency asks a representative sample of voters for whom they are
likely to vote for president under the conditions assumed in the chapter four model. The
polling agency then releases these results prior to the election. When voters go to the polls,
they may use the polling results as evidence about who the true best candidate is. If we
have reason to believe that those who are polled respond to the poll honestly, the result of
the poll functions just like the result of a primary. The only di�erence is that rather than
polling all voters, a polling agency would limit its focus to a representative sample.

If an epistemic democrat were to attempt to implement purely simultaneous voting, it
would be necessary to ban the announcement of public polling results. This is perhaps the
most plausible policy change one could make to contemporary democratic systems of the
three considered in this chapter. There has been some precedence of countries limiting the
in�uence of public polling on nation-wide elections. For example, in the Indian 2014 election,
the Indian Election Commission allowed public polling, but mandated that polling groups
not release the results of those polls until after voting was completed.6 This kind of policy
would be easiest to implement in countries in which public polling is rarely used.

If an epistemic democrat who appeals to the CJT were to respond to the contents of this
thesis by �biting the bullet,� she would be accepting that her theory only applies to voting
systems that meet the jury theorem's strict assumptions. As I have just argued, there are
many widespread institutional features of democratic voting systems that would be ruled
out by such a theory. These include primary elections, public polling, elections that take
place over time, exit polling, and multi-level representative governments. If the epistemic
democrat is willing to bite the bullet, it seems then that the theory bears no justi�catory or
explanatory relationship to real world democratic systems.

5.5 Response 2: Adjusting the Theory

Purely simultaneous voting thus seems like an unrealistic avenue for any democratic theory.
The existence of primary elections, staggered elections among large electorates, and public
polling threaten information cascades. In order to achieve purely simultaneous voting, a

6�EC bans Exit Poll and Opinion Poll,� The Times of India, http://timeso�ndia.indiatimes.com/news/EC-
bans-exit-poll-and-opinion-poll/articleshow/33296074.cms.
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state would need to eliminate these features of elections, which is both impractical and, in
some cases, unethical.

However, a second possible response exists for the epistemic democratic. Rather than
bite the bullet, epistemic democrats can accept the formal results from previous chapters
and agree that they pose a serious problem for their theory. Epistemic democrats can then
attempt to adjust their theory such that sequential voting is justi�ed on their view. As
opposed to theorists who choose to bite the bullet, theorists who attempt to adjust their
theory would not be committed to only simultaneous voting, and could instead claim that
sequential voting methods are acceptable or justi�able on their view.

What would an epistemic democrat have to change about her political theory in order
to make room for sequential voting? One possibility would be to adopt a threshold view of
reliability. Under this view, both sequential and simultaneous voting would be acceptable
democratic procedures, so long as they both pass some reliability threshold.7

There are two main concerns with this view. First, one might question whether the
adoption of one threshold over another is an arbitrary choice. For example, what justi�es the
threshold of 55% reliability rather than, say, 60% reliability? The fact that a threshold allows
the epistemic democrat to justify a wide variety of sequential and simultaneous procedures is
not a su�cient justi�cation. Such an approach would be equivalent to selecting the variety
of procedures one wishes to justify, then choosing a threshold that is below the reliability
of those procedures. Instead, we require an argument that explains why one particular
threshold is, in principle, the appropriate threshold.

Second, and more importantly, this threshold view is inconsistent with the epistemic
democrat's approach. The theories on which I have been focusing use the CJT to not only
show that democracy is su�ciently reliable, but that it is the most reliable procedure. In
other words, in using the Condorcet Jury Theorem, epistemic democrats are setting a stan-
dard that, they argue, is only surpassed by democratic procedures. They are showing that
democratic procedures are �special� because they are the most reliable. In retreating to the
threshold view, the epistemic democrat may have to accept that some non-democratic insti-
tutions are justi�able in terms of reliability because they pass the threshold. The epistemic
democrat who adopts the threshold view may need to accept that democratic institutions
do not have the special status they were previously believed to have.

In light of these concerns, it seems that if an epistemic democratic theorist is willing to
change her theory to justify sequential voting, it is because otherwise, the theory is unable
to realistically apply to any real world political system. This pragmatic issue would prompt
one to change her theory such that it captures a wider variety of voting systems that are
traditionally considered to be �democratic.� If the threshold approach just discussed is not
appealing, then the theorist must somehow make room for sequential voting by appealing
to pragmatic considerations. For example, her theory might state that while simultaneous
voting is technically the most reliable procedure, sequential voting is justi�ed or acceptable
because it meets the same procedural considerations and because simultaneous voting is not
realistically implementable for real world systems. In this case, pragmatic considerations

7David Estlund adopts such a view, and argues that a procedure need only do better than random to
pass his threshold. As noted in chapter one, Estlund does not employ the CJT to argue for democracy's
reliability, and is therefore not a focus for this thesis.
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can justify less reliable procedures on the epistemic democratic view.
This kind of response leads to a variety of concerns. First, to incorporate pragmatics into

the epistemic democratic view is to drastically change the nature of the theory. Now, rather
than arguing that reliability and procedural considerations are the only relevant components
of the epistemic view, epistemic democrats must argue that pragmatic considerations can
in�uence our choice among competing decision procedures. How ought we weigh pragmatic
considerations against reliability? For example, how unrealistic must a simultaneous system
be for us to prefer its sequential counterpart? What kinds of pragmatic considerations are
allowed to weigh on this decision? In short, to incorporate pragmatic considerations into the
epistemic democratic theory would be to change the structure of that theory dramatically
by allowing pragmatics to outweigh reliability and procedural considerations.

Finally, what would be the justi�cation of implementing pragmatic concerns into the
political theory? The theorists I surveyed in chapter one do not consider pragmatic restric-
tions of their views. If they were to change the theory to account for realistic restrictions
on simultaneous voting, those changes would be motivated by the fact that without those
adjustments, the theory would not justify the kinds of procedures that the theorists wish to
justify, much like the threshold view outlined above. In other words, without these changes,
the theory would not be satisfactory to those who promote it. This, of course, is a poor
justi�cation for adopting additional principles into one's political theory.

5.6 The Epistemic Democratic Response

The mathematical results that I provide in chapters three and four might �rst appear to
be abstract representations that bear little on democratic theory. However, these results
challenge the theoretical notion of reliability that is central to epistemic democratic theories.
In light of these results, epistemic democrats must consider how to defend their focus on
reliability. As I've discussed here, epistemic democrats have two options. They can either
bite the bullet, and accept that their theory applies only to systems that employ simultaneous
voting. It is unlikely that any real world system even approximates this ideal. In this case, the
epistemic democrat would be hard-pressed to show that her theory applies to real societies
that are traditionally considered to be democratic. The epistemic democrat's second option
is to adjust her theory in order to allow for sequential voting. To do so would allow pragmatic
concerns to in�uence the theory's balance of procedural considerations and focus on reliable
procedures. This, as I have argued, also seems like an unappealing alternative, as it would
drastically change the structure of the theory, and open the theory up to further questions
and critique.

These results indicate that epistemic democracy is in a precarious position. The theory
appears unable to balance the notion of a reliable process with the realities of real world
democratic decision-making. Either epistemic democrats must accept that their theory has
little to say about real world democratic systems as they are traditionally discussed, or must
change the theory into something other than a purely epistemic view.

It is not entirely clear how the authors I cite in chapter one would respond. For example,
Hélène Landemore's book Democratic Reason presents a view that under certain conditions
of cognitive diversity, democratic procedures are more likely to choose good outcomes. In
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other works,8 she has extended this analysis to the realm of policy, and suggests reforms to
electoral systems that would help improve cognitive diversity, and consequently reliability.
This seems to imply that Landemore is concerned with more than just ideal political theory.
She appears to want to see her work applied to real world political systems because she
believes her theory can make those systems better in the epistemic dimension. For this
reason, it seems as though Landemore might be unwilling to accept the �biting the bullet�
response.

It is even less clear how David Coady would respond to the arguments I make in the
previous three chapters. His argument for the epistemic value of democracy is an �if only�
account: if only voters were actually reliable, then the Condorcet Jury Theorem would be a
good argument for the epistemic value of real world democratic voting. On his account, the
fact that people fail to meet the theorem's assumptions are not a problem for the theory. In
that sense, Coady seems as though he might be more willing than Landemore to provide a
purely ideal theory. He may not be bothered that arguments based on the jury theorem are
limited in scope in the ways I have described. Therefore, it might be the case that Coady is
willing to �bite the bullet.�

5.7 A Brief Synopsis

In this thesis, I have raised an objection to epistemic democratic theories that use the Con-
dorcet Jury Theorem to argue that democratic procedures are reliable. Through several
formal proofs, I have demonstrated that the independence assumption and reliability con-
clusions of the Condorcet Jury Theorem apply only to simultaneous voting procedures. Even
if voters initially meet the assumptions of the theorem, the structure of the voting proce-
dure itself can cause voters to become dependent, and therefore less reliable. In particular,
sequential voting violates the independence assumption of the theorem, and is less reliable
than simultaneous voting. This demonstrates that if one argues that procedures are justi�ed
or desirable if they are the most reliable, then only simultaneous procedures pass the test.
Therefore, epistemic democrats who employ the Condorcet Jury Theorem to argue for the
reliability of democratic procedures are only able to justify the use of simultaneous voting
procedures. These theorists are not able to justify sequential voting procedures, such as roll
call voting and primary elections, which are widely used and also presumed by many to be
democratic.

In this chapter, I explained how an epistemic democrat who employs the CJT might
respond to the formal results of previous chapters. The theorist might be willing to bite the
bullet, and accept that only simultaneous voting is justi�able on her view. I argued that this
response is a bad one because simultaneity in voting would be extremely di�cult to achieve,
if not impossible. The theorist might take a di�erent route, and accept that the formal
results pose a problem for her theory. In this case, the theorist might attempt to adjust her
theory in light of the practical concerns regarding simultaneous voting. This, as I argued,
would dramatically change the theory, and raise several additional questions that would
need to be answered in order to explain how practical concerns about simultaneity ought to

8Hélène Landemore, �Why the Many Are Smarter than the Few and Why It Matters,� Journal of Public
Deliberation 8.1 (2012): Article 7.
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be balanced against reliability and further procedural considerations. This would produce
a very di�erent political theory, and one that moves beyond procedural and instrumental
values of democratic procedures. Therefore, it is unclear how an epistemic democrat could
successfully defend her theory in response of the concerns I have raised throughout this work.

5.8 Future Research

There are several ways that one might use this thesis as a basis for future research. In this
section, I provide a brief list of some of those projects.

There are several potential projects that relate to the formal work discussed in chapters
two, three, and four. One might consider other kinds of sequential voting procedures, and
whether the results in this piece can be extended to those procedures. For example, in all of
my examples of primary elections, I assume that the same group of voters participates both
in the primary election and �nal vote. Further research is necessary to determine how these
results would change if primary elections were held among several distinct groups of voters
as they are in the United States.

On an empirical level, one might consider doing further research on existing voting struc-
tures than what is provided in chapter �ve. For example, it would be interesting to learn
whether any political entities have achieved purely simultaneous voting, even on a small scale.
A second possible project concerns the nature of voting under epistemic democracy. Under
this view, voting is about selecting the correct or true alternative. It is unclear whether votes
actually have this structure. For example, it might be the case that there is some truth of
the matter as to whether one policy or another would be better at increasing welfare for a
voting population. But not all votes may be over alternatives that are either true or false. In
addition, on a psychological level, it would be interesting to determine whether voters ever
consider themselves to be voting in the way that epistemic democrats describe.

A larger project, and one that I described at the beginning of chapter one, would be to
continue the kind of analysis presented in this work to analyze other democratic theories. If
we believe that voting is a signi�cant, even essential component of any justi�ed or legitimate
democratic system, then a democratic theory ought to be able to give us a clear picture of
what voting would look like under her theory, and explain why voting is important. While
I have argued that epistemic democracy does not give us a satisfactory account of voting,
some other democratic theory might. Therefore, it would be a worthwhile endeavor to explore
interpretations of voting under other democratic theories, and determine whether any is able
to justify voting procedures that could realistically be used in the real world.
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