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Soraperra, Jan Engelmann, Jingdi Zheng, Joël van der Weele, Johan de Jong, Joep Sonnemans,
Katharina Brütt, Konstantinos Ioannidis, Margarita Leib, Matthijs van Veelen, Nils Köbis, Simin
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Chapter 1
Introduction
All around the world, voters in many elections lack the information they need to properly
assess the candidates on their ballot. Knowing more about the alternatives would arguably
make easier the decisions they face. Of course, voters could search for such information, for
example, by reading party platforms, investigating candidates’ backgrounds, or visiting campaign
gatherings. Such private information acquisition is costly, however, and in large elections it is
unlikely that the expected benefits from the improvement in the choice made would outweigh
these costs (Downs, 1957).1 For this reason, voters often rely on low-cost external information
sources to evaluate candidates. One of the most important sources of such information is the
media coverage of campaigns, candidates, and elections. Media thus play an important role in
shaping voters’ views on candidates and therefore potentially have a salient impact on voters’
behavior and election outcomes.
There are two important dimensions in the information that voters may require to make
their voting decisions. First, many voters will want to know how close the candidates’ views
on political issues are to their own. Second, voters will typically desire information about the
“quality” of the candidate. Quality reflects characteristics such as integrity, valence, or executive
ability. By and large, most voters will appreciate quality characteristics equally (e.g., most
voters agree that high integrity is preferred). Nowadays, information about the first dimension of
information is easily obtained via websites and apps that allow voters to compare their stance on
various issues to those of the candidates.2 For this reason, media now arguably play an larger
role in the second dimension.
The modern media landscape is characterized by two important features. First, many media
1 The expected benefits of being informed are decreasing in the size of the electorate because the influence of a
single vote vanishes. Rational voters therefore do not engage in costly information acquisition in large elections.
This result is known as rational ignorance (Downs, 1957).
2 See, for example, https://www.isidewith.com/ for U.S. presidential elections (accessed on May 30, 2019).
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outlets are politically biased, and these biases can arise from various sources.3 From the supply
side, media bias could come from private motives of journalists (Baron, 2006), editors (Sobbrio,
2014), politicians (Besley and Prat, 2006; McMillan and Zoido, 2004), or interest groups
providing financial supports (Ellman and Germano, 2009). Alternatively, media bias could also
be demand driven. For example, Mullainathan and Shleifer (2005) show that media bias can arise
if profit-maximizing media outlets choose their editorial positions in order to cater to readers
with confirmatory biases. Gentzkow and Shapiro (2006) show that reputation concerns may lead
media outlets to cater to readers’ priors. Importantly, although it is widely believed that media
bias is most severe in weak democracies (Djankov et al., 2003), empirical evidence shows that
media bias is pervasive even in well-developed countries like the U.S. (Groseclose and Milyo,
2005; Gentzkow and Shapiro, 2010; Puglisi and Snyder, 2011, 2015a,b). These observations
give rise to a number of important questions. For instance, to what extent can biased media
distort voting behavior, election outcomes, and voter welfare? And, if such distortions exist, can
media competition mitigate these distortions?
The second feature of the current media landscape is that the proliferation of news sources
has reached unprecedented levels, thanks to the rapid growth of information technology (Parcu,
2019). This can bring both bliss and curses, as nicely illustrated by the following quote from
the entry on “Echo chamber (media)” on Wikipedia: “The Internet has expanded the variety
and amount of accessible political information. On the positive side, this may create a more
pluralistic form of public debate; on the negative side, greater access to information may lead to
selective exposure to ideologically supportive channels”.4 Indeed, due to their restricted attention
span, voters must be selective in media exposure and thus are likely to be unequally informed.
How do voters choose their media consumption under such information overload? Does the
rapid proliferation of news sources improve or deteriorate voter welfare? In spite of the growing
public concern over these issues, they have remained largely unresolved so far.
This thesis aims to shed light on the aforementioned questions. It consists of three substantive
chapters. Chapter 2 and 3 explore the electoral consequences of biased media.5 Specifically,
Chapter 2 develops a general and tractable theoretical framework to analyze the electoral
influences of mass media. It generates testable predictions regarding how biased media affect
voting behavior and election outcomes. These predictions are subsequently tested in a laboratory
experiment reported upon in Chapter 3. Chapter 4 is again theoretical in nature and turns to the
implications of news proliferation for voters’ media consumption choices and welfare.
All three chapters build on the canonical pivotal voter framework (Downs, 1957; Ledyard,
1984; Palfrey and Rosenthal, 1985), in which voting decisions are dictated by cost-benefit
3 See

Prat and Strömberg (2013) and Gentzkow, Shapiro and Stone (2015) for comprehensive reviews.

4 https://en.wikipedia.org/w/index.php?title=Echo_chamber_(media)&oldid=898624319
5 Both

chapters are joint work with Arthur Schram and Randolph Sloof.
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analyses; a voter casts a vote for her preferred candidate only if the expected benefits from doing
so exceed its opportunity costs. The expected benefits from voting depend on both a voter’s
individual stake in the election, as well as the chances of casting a decisive (i.e., pivotal) vote. A
critical insight throughout the entire thesis is that information provided by media informs voters
about not only whom to vote for (i.e., candidate choices), but also when to cast their votes (i.e.,
turnout decisions). To make the candidate choice, a voter merely needs to learn which candidate
is more appealing in her own view. To make the turnout decision, however, a voter needs to
precisely gauge the expected benefits from voting, and casts her vote only if these benefits exceed
her voting costs.
Chapter 2, titled “A Theory on Media Bias and Elections”, delivers new insights into three
important questions. First, to what extent can mass media systematically influence voting
behavior and election outcomes? Second, how do biased media affect election outcomes, voter
turnout and welfare? Third, does media competition necessarily improve voter welfare?
As already alluded to above, a general observation is that news released by mass media
allows voters not only to infer the relative appeal of candidates in terms of their qualities, but also
to gauge the closeness of elections. In large elections, the former information determines party
vote shares and the election outcome, whereas the latter information drives voter turnout through
the “competition effect” (Levine and Palfrey, 2007).6 We start by quantifying the maximal
influence mass media can possibly have on voting behavior and election outcomes. We show
that, when the electorate is sufficiently polarized, mass media can hardly affect the expected
party vote shares from the ex-ante perspective. Nevertheless, media’s inability to systematically
affect party vote shares does not prevent them from manipulating election outcomes and voter
turnout. Perhaps surprisingly, we show that the opposite is true – by strategically releasing public
information, mass media can potentially manipulate both the election outcome and voter turnout
to an arbitrarily large extent.
Next, we derive precise comparative static predictions regarding the impact of biased media
on election outcomes, voter turnout and welfare. We first study a scenario with a single media
outlet and obtain three findings. First, the relationship between media bias and the election
outcome is non-monotonic; ex-ante, a candidate’s winning probability will first increase and then
decrease as the media becomes more biased towards her. Second, from the ex-ante perspective,
voter turnout increases in media bias unambiguously. Third, an increased media bias reduces
voter welfare by both decreasing the probability of electing the quality-superior candidate and
increasing aggregate turnout costs. We also show that introducing an extra media outlet can systematically shift the election outcome and voter turnout in either direction, yet it unambiguously
6 The competition effect predicts voter turnout to higher in closer elections. This is because voting is more likely
to be decisive, and thus voters have stronger incentives to cast their costly votes.
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improves voter welfare. These results provide a rationale for the mixed empirical evidence on
the relationship between media entry and voter turnout (Gentzkow, Shapiro and Sinkinson, 2011;
Drago, Nannicini and Sobbrio, 2014; Falck, Gold and Heblich, 2014; Gavazza, Nardotto and
Valletti, 2015; Cagé, 2017; Ellingsen, Hernæs et al., 2018).
Finally, we turn to the media sector and study whether increased media competition necessarily improves voter welfare. We explore this issue under three different notions of increased
competition: introducing additional media outlets, increasing media polarization, and preventing
media collusion. We show that when media outlets can a priori commit to any specific reporting
strategy, all three ways of increasing media competition weakly improve voter welfare unambiguously. Without such commitment ability, however, the last two ways of increasing media
competition may instead deteriorate voter welfare. We therefore contribute to the literature by
highlighting the crucial role of media’s commitment ability in determining the welfare impact of
media competition.
Chapter 3, titled “Media Bias and Elections — An Experimental Study”, tests the comparative
static predictions regarding the electoral influences of biased media derived in Chapter 2 by
means of a laboratory experiment. To do so, we construct a simple election game with a media
sector that closely resembles the framework developed in Chapter 2. The results show that both
observed election outcomes and vote shares are well predicted. The predicted non-monotonic
effect of media bias on the election outcome, however, finds no support. In addition, voter turnout
is much less responsive to media bias than theory predicts. In particular, for treatment groups
with a single media outlet, our theoretical predictions explain 58.5% to 72.4% of variations
in observed party vote shares and election outcomes, but they explain only 6.5% of variations
in observed voter turnout. Introducing a second media outlet affects election outcomes in the
predicted directions, but it has little impact on voter turnout.
We explore various behavioral explanations for the discrepancies between observed and
predicted voting behavior and election outcomes. Our analyses show that voting behavior can be
explained, to a substantial extent, by a hybrid behavioral equilibrium model that combines three
features. First, voters exhibit higher levels of rationality in candidate choices than in turnout
decisions. This is intuitive, because turnout decisions are cognitively more demanding than
candidate choices; the former require a precise estimate of the expected benefits, while the latter
only require coarse information on whether a candidate is better or worse than her opponent. As
a result, voters are less likely to make mistakes in their candidate choices than in their turnout
decisions. Second, voters update their beliefs too conservatively compared to a Bayesian. This
causes voters to underestimate the actual quality difference between candidates and overestimate
the closeness of the election, leading to higher turnout rates due to the competition effect. Third,
voters suffer from “partial competition neglect” – they underestimate the degree to which the
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closeness of elections are correlated with the information they received from (biased) media
outlets. This partially explains why the observed voter turnout is almost irresponsive to media
bias and to the information released by media outlets.
Chapter 4, titled “Elections under Selective Media Exposure”, theoretically explores the
implications of news proliferation for voters’ media consumption choices and welfare. It
sheds lights upon three important questions. First, how do rational voters choose their media
consumption under limited attention? Second, in what circumstances does selective media
exposure distort voting behavior? Third, how does news proliferation affect voter welfare under
ideological confirmation, whereby all voters are exclusively exposed to ideologically aligned
news sources?
We find that the answers to the first two questions depend critically on whether voting is
costly. If voting is costless, voters consult media merely to inform candidate choices. In this case,
it is a weakly dominant strategy for any voter to consult the ideologically aligned news outlet and
vote for the candidate endorsed by that outlet. For this reason, ideological confirmation holds
in equilibrium and selective media exposure does not distort voting behavior; voters’ decisions
would remain unchanged even if information released all news sources becomes commonly
known. If, instead, voting incurs private and idiosyncratic costs, then voters consult media to
inform both candidate choices and turnout decisions; they not only need to learn which candidate
is more appealing (in their own views), but also need to estimate the expected benefits from
voting to decide whether to cast a costly vote or not. Though consulting ideologically aligned
media outlets perfectly informs candidate choices, it is not necessarily optimal for informing
turnout decisions. For this reason, ideological confirmation no longer holds in equilibrium.
Moreover, voting decisions are distorted by selective media exposure under costly voting. This
is because turnout decisions depend critically on precise information about the quality difference
between candidates. Losses of decision relevant information are inevitable if voters are not
perfectly informed.
Although ideological confirmation does not arise in equilibrium if voters are rational and
voting is costly, it is still relevant to explore its welfare consequences for elections. This is
because ideological confirmation reflects a form of “echo chamber” in news consumption,
whereby voters seek information from like-minded news sources only. The economic and
political consequences of such echo chambers have received increasing public concerns in recent
years (Levy and Razin, 2019).
We therefore explore, through a set of numerical exercises, the welfare implications of news
proliferation under ideological confirmation. On the one hand, news proliferation dramatically
expands the amount of information accessible to voters (information expansion). On the other
hand, under ideological confirmation voters are segregated in news consumption and thus
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unequally informed (selective exposure). In particular, ideologically extreme voters, whose
partisan preferences are independent of candidates’ qualities, essentially stay uninformed under
ideological confirmation. Intuitively, one would expect information expansion to enhance voter
welfare while selective exposure to deteriorate it. The overall welfare impact of news proliferation
is thus a priori uncertain.
Our analyses demonstrate that the welfare impact of information expansion depends on
voters’ information environment prior to news proliferation. The (negative) welfare impact of
selective exposure increases with the degree of polarization of the electorate, as measured by
the fraction of ideologically extreme voters. If, prior to the news proliferation, voters were
exposed to an ideologically unbiased media outlet, then news proliferation may not improve
voter welfare even in the absence of selective exposure. If instead voters were initially exposed
to an ideologically biased media outlet, then news proliferation can improve voter welfare only
if the electorate has a sufficiently low degree of polarization.
To sum up, this thesis improves our understanding of the impacts of media in modern
elections, both theoretically and empirically. From the theoretical perspective, this thesis
develops a solid framework for studying the electoral impact of biased media (Chapter 2) and
the rapid proliferation of news sources (Chapter 4). From the empirical perspective, it provides
experimental evidence on the impact of biased media on voting decisions and election outcomes,
and identifies novel behavioral mechanisms that are relevant for understanding this impact
(Chapter 3).
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Chapter 2
A Theory on Media Bias and Elections1
2.1

Introduction

Mass media are important information sources that voters rely on to make political decisions.
However, as discussed in Chapter 1, media may have their own agendas and be politically
biased in news reporting. Over the past few decades, empirical studies have indeed confirmed
the pervasiveness of media bias and documented significant impacts of media bias on voting
behavior. For example, DellaVigna and Kaplan (2007) find that exposure to Fox News increased
the Republican vote share and voter turnout in the 2000 U.S. presidential election. Enikolopov,
Petrova and Zhuravskaya (2011) find that exposure to NTV, the only national TV channel
independent of the Russian government in the late 1990s, increased the vote share for major
opposition parties and decreased voter turnout in the 1999 parliamentary election. At the same
time, empirical evidence shows that media entry may either increase or decrease voter turnout,
but it does not systematically affect party vote shares.2
Why does media exposure sometimes increase voter turnout while in other cases it does the
opposite? Why are media outlets able to affect party vote shares in a particular election, but
unable to affect it systematically in the long run? Importantly, even if media cannot systematically
affect party vote shares, does this imply that media outlets cannot systematically manipulate
election outcomes either? These are crucial questions for understanding the role of media in
modern democracies. Yet, theories providing unified answers are still absent.
In this chapter we take a step towards filling this gap by developing a tractable theory to
1 This

chapter is based on Sun, Schram and Sloof (2019b).

2 Gentzkow, Shapiro and Sinkinson (2011) and Drago, Nannicini and Sobbrio (2014) find evidence that newspaper

entry increased voter turnout in the U.S. and in Italy, respectively. In contrast, Cagé (2017) find evidence that media
entry had a negative impact on voter turnout in France. Gentzkow, Shapiro and Sinkinson (2011) find that newspaper
entry/exit did not systematically influence party vote shares in the U.S. during 1868–1928.
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explain how biased media affect election outcomes, voter turnout, and voter welfare.3 Methodologically, we model the electorate by a canonical pivotal voter framework with a Poisson
distributed population (Myerson, 2000) and analytically derive voting equilibria in large elections. Subsequently, we model the interaction between media and voters via a sender-receiver
game, and derive communication equilibria under both cheap talk (Crawford and Sobel, 1982)
and Bayesian persuasion (Kamenica and Gentzkow, 2011).
We consider an election (under simple majority rule) between two candidates, A and B, who
differ along a quality dimension. The quality of a candidate can be interpreted as her integrity,
valence, or executive ability, attributes that all voters equally appreciate. Apart from caring
about quality, voters also have private ideological preferences over candidates. In this way, it is
possible for a voter to prefer the (in his view) ideologically less-favored candidate if her quality
is sufficiently superior to that of the other candidate. Voters can vote for either candidate or
abstain, but casting a vote is costly; these costs are private information. We assume that the
election is symmetric in the sense that a priori (i) the qualities of both candidates are identical,
and (ii) voters’ ideological preferences do not favor either candidate over the other. Voters know
precisely their private ideological preferences, but do not observe candidates’ qualities. Media
outlets precisely observe candidates’ qualities and communicate to voters by disseminating
public news.
The first insight from our analyses is that public information about candidates’ qualities
allows voters not only to assess which candidate is more appealing, but also to gauge the
closeness of the election. In large elections, the former determines the expected party vote
shares and the election outcome, whereas the latter drives voter turnout. With a higher perceived
relative quality, a candidate is able to 1) convince marginal voters to support her, and 2) increase
the willingness-to-vote of her own supporters, relative to her opponent’s supporters. These
increase the candidate’s expected vote share and winning chances. On the other hand, with
a large perceived quality difference, the election becomes very unlikely to end up in a close
race since the quality-superior candidate is expected to gain a substantially larger vote share
than her opponent. In this situation, voter turnout is low because the chances of casting a
pivotal vote are low and voters have little incentive to cast costly votes. Therefore, the perceived
quality difference is negatively associated with the closeness of elections. Voter turnout is thus
a decreasing function of the perceived quality difference, in line with the “competition effect”
3 Our analysis primarily concerns traditional, large-scale media like newspapers and TV-channels. Obviously,
social media play an important role in modern elections (Allcott and Gentzkow, 2017; Smith and Anderson, 2018).
Yet, traditional media are still major players. For instance, Kennedy and Prat (2019) examine the media consumption
of people across 36 countries and estimate, for a wide variety of news sources, their attention shares and influential
power on election outcomes. They conclude that “Of the 88 [most powerful] distinct media organizations, 72
specialize in some form of television programming, 12 are primarily print sources, and only 4 are pure Internet
players”.
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(Levine and Palfrey, 2007).4
Our second insight is that media outlets can systematically manipulate election outcomes
and voter turnout by strategically providing public information, even if voters are Bayesian.
Depending on the information received, voters may either update their posterior beliefs towards
candidate A having a superior quality, or the opposite. But their posterior beliefs should – by
Bayes’ rule – always average back to the prior (i.e., no quality differences). From this perspective,
manipulating public information cannot systematically shift rational voters’ posterior beliefs.
However, perhaps surprisingly, this property does not carry over to election outcomes. This is
because the election outcome is generically nonlinear in voters’ posterior beliefs; it is in some
regions much more sensitive to a shift in voters’ beliefs than in others. For this reason, the
ex-post election outcomes need not average back to the outcome under voters’ common prior.
This nonlinearity gives room for media outlets to systematically manipulate election outcomes
even in a rational voter framework; they may strategically disclose information to shift voters’
posterior beliefs in regions with different sensitivities (Kamenica and Gentzkow, 2011). In
the same spirit, we also show that voter turnout is generically nonlinear in voters’ posterior
expectations of candidates’ quality difference, which determines the closeness of elections. By
affecting the distribution of voters’ perceived closeness, media exposure may also systematically
influence voter turnout.
Building on these general insights, we derive precise comparative statics predictions on how
biased media affect election outcomes, voter turnout, and voter welfare. We assume that each
media outlet has a commonly known ideological position. An unbiased media outlet always
prefers the quality-superior candidate. A biased media outlet, however, may prefer a certain
candidate even if her quality is inferior. When media outlets communicate to voters via cheap
talk, we show that in equilibrium their news reporting strategies take a simple cutoff structure:
endorsing a candidate only if her relative quality lies above a certain threshold. This threshold is
decreasing in an outlet’s bias towards that candidate. In this way, media outlets partition the state
(i.e., a candidate’s relative quality) space into adjacent and disjoint intervals.
We first study the impact of media bias on elections with one media outlet. We show that,
ex-ante, the relationship between media bias and the election outcome is non-monotonic. On the
one hand, for instance, an outlet with a stronger bias towards candidate A is a priori more likely
to endorse candidate A; this effect per se increases A’s electoral prospects. On the other hand,
this outlet’s endorsement for candidate A becomes less credible, and its endorsement for the
opposing candidate B becomes more credible, as its bias towards candidate A increases. These
effects per se reduce A’s winning chances. The net effect, therefore, depends on which of these
opposite effects dominate. For a small degree of media bias, the first effect dominates and a
4 The

competition effect predicts voter turnout to be higher in closer elections.
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marginal increase of bias increases candidate A’s winning probability. For a sufficiently large
degree of bias the opposite applies. The probability of electing the quality-superior candidate,
however, monotonically declines in media bias.
The impact of media bias on voter turnout follows from what an endorsement reveals about
the expected closeness of the election. With a strong bias towards candidate A, an outlet’s
endorsement for A is very uninformative about quality differences between candidates. Given
the symmetric priors, voters will expect the election to end up in a close race, which leads to a
high turnout rate. In contrast, this outlet’s endorsement for the opposing candidate B is highly
informative and signals a substantial quality difference in favor of candidate B. As a consequence,
voters will expect the election to result in a landslide victory for B and thus they have little
incentive to vote. Therefore, as media bias towards candidate A increases, voter turnout is higher
(lower) conditional on an endorsement for candidate A (B). We show, however, that ex-ante the
expected voter turnout increases in media bias unambiguously. As a result, an increase in media
bias reduces voter welfare not only by decreasing the probability of electing the quality-superior
candidate, but also by increasing aggregate turnout costs.
We then study the electoral impact of introducing a second media outlet. Under the cutoff
endorsement strategy, having an extra outlet essentially refines the information partition induced
by the existing outlet. Hence, more information must be transmitted to voters. We show that,
and precisely identify conditions under which, introducing a second outlet can systematically
shift the election outcome and voter turnout in either direction. These results may reconcile the
mixed empirical evidence on the relationship between media entry and voter turnout (Gentzkow,
Shapiro and Sinkinson, 2011; Drago, Nannicini and Sobbrio, 2014; Falck, Gold and Heblich,
2014; Cagé, 2017). From a welfare perspective, we show that media entry weakly increases
voter welfare in sufficiently large elections. This confirms, in an environment in which media
outlets communicate to voters via cheap talk, the conventional wisdom that media competition
improves information transmission and voter welfare (Besley and Prat, 2006; Gentzkow and
Shapiro, 2006, 2008; Prat, 2018).
Finally, we turn to the media sector and explore the extent to which this conventional
wisdom can be generalized, by varying both the communication protocol used by media outlets
and the notion of media competition. In all previous analyses we assumed that media outlets
communicate to voters via cheap talk; they cannot commit to any specific news reporting strategy.
This assumption seems plausible in weak democratic regimes where politicians have strong
control (e.g., through censorship or bribing) over the media outlets (McMillan and Zoido, 2004;
Besley and Prat, 2006; Prat and Strömberg, 2013; Enikolopov and Petrova, 2015). However,
under other circumstances media outlets may possess the possibility of commitment because
of substantial costs of switching editorial strategies and reputation concerns in the marketplace
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(Chan and Suen, 2008; Duggan and Martinelli, 2011; Sobbrio, 2014; Guo and Shmaya, 2019).5
We study the situation with media commitment using the Bayesian persuasion framework
(Gentzkow and Kamenica, 2016, 2017) and find that commitment plays a key role in shaping
information transmission in equilibrium. In particular, “conflicting states”, where at least two
media outlets’ partisan preferences disagree, are generically revealed to voters if commitment is
possible while they may not be revealed without commitment.
Analogous to Gentzkow and Kamenica (2016) we consider three different notions of media
competition: (i) introducing additional media outlets, (ii) increasing media polarization, and
(iii) preventing media collusion. In line with their results, all three ways of strengthening
media competition improve information transmission and voter welfare in large elections when
commitment is possible. However, in the absence of media commitment the opposite may
apply under either increased polarization or the prevention of collusion. Our results suggest that
increasing media competition may have perverse impacts on both information transmission and
voter welfare in the absence of media commitment.
The remainder of this chapter is organized as follows. Section 2.2 reviews the related
literature. Section 2.3 introduces the model. Section 2.4 derives voting equilibria in large
elections when candidates’ qualities are common knowledge. It also explores the extent to which
manipulating the public information environment can systematically influence voters’ behavior
and election outcomes. Section 2.5 presents comparative statics results concerning the influence
of biased media on elections. Section 2.6 discusses how media commitment affects information
transmission and voter welfare, as well as its implications for the welfare impacts of increasing
media competition. Section 2.7 concludes and suggests some avenues for future research.

2.2 Related literature
This chapter relates to a large body of empirical literature on the electoral impact of mass
media. One branch of this literature exploits reasonably exogenous cross-sectional variations
in media exposure to identify media’s influence in particular elections (DellaVigna and Kaplan,
2007; Gerber, Karlan and Bergan, 2009; Chiang and Knight, 2011; Enikolopov, Petrova and
Zhuravskaya, 2011; Durante and Knight, 2012; Adena et al., 2015). These studies find that
exposure to a biased media outlet can 1) either increase or decrease voter turnout, and 2) shift the
party vote share and voters’ voting intentions in favor of the endorsed candidate. The strengths
5 Chan and Suen (2008), Duggan and Martinelli (2011) and Sobbrio (2014) argue that media may obtain
commitment power by hiring editors/journalists with publicly known ideological preferences or editorial rules.
These decisions are usually made prior to news reporting and are costly to switch in the short run. Alternatively,
Guo and Shmaya (2019) show that a sender can secure her commitment payoff if the punishment for miscalibration
(i.e., the discrepancy between the report and the truth) is sufficiently high.
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of these effects depend on the magnitude of the bias. A second branch exploits local-level
discrete changes in the number of media outlets over time to identify the systematic influence
of media entry on voter behavior (Gentzkow, 2006; Gentzkow, Shapiro and Sinkinson, 2011;
Drago, Nannicini and Sobbrio, 2014; Falck, Gold and Heblich, 2014; Gavazza, Nardotto and
Valletti, 2015; Cagé, 2017; Ellingsen, Hernæs et al., 2018). These studies find mixed evidence on
how media entry affects voter turnout. Our theory produces comparative statics predictions that
could potentially reconcile such mixed findings in a unified framework. Our paper also relates
to theoretical work on the political impact of media bias (Bernhardt, Krasa and Polborn, 2008;
Duggan and Martinelli, 2011; Piolatto and Schuett, 2015). Unlike these studies, our theory builds
on a pivotal voter framework and identifies novel channels of media influence. A separate strand
of literature studies the impact of media on electoral competition and political accountability
in settings where candidates’ policy choices are endogenous (Besley and Prat, 2006; Chan and
Suen, 2008, 2009; Strömberg, 2004; Snyder and Strömberg, 2010). In contrast, our focus is on
the selection of candidates.
This chapter also contributes to a strand of literature that studies the impact of media
competition on voter welfare. On the one hand, media competition can improve political
accountability by increasing the costs of media capture (Besley and Prat, 2006). Competition
may also urge media to provide information that aligns better with readers’ interests (Gentzkow
and Shapiro, 2006; Chan and Suen, 2008). These insights support the view that media competition
is welfare-improving. On the other hand, the literature also identifies channels through which
media competition can deteriorate voter welfare. For instance, competition can drive profitmaximizing media to invest fewer resources in the provision of political news or topics of
common interests (Cagé, 2017; Perego and Yuksel, 2018; Chen and Suen, 2018).6 Our paper
contributes to this debate by highlighting the role of media’s commitment ability, which has been
consistently overlooked, in determining the welfare impact of media competition.
Our theoretical framework combines the pivotal voter model (Palfrey and Rosenthal, 1985;
Ledyard, 1984) with Poisson games (Myerson, 1998, 2000). We contribute to this literature by
analytically deriving voting equilibria in large elections with a Poisson distributed population. In
particular, we demonstrate that the asymptotic voting equilibria can be (i) tractably computed with
respect to generic distributions of voters’ ideological preferences, and (ii) expressed conveniently
as functions of a few variables with clear economic interpretations.
In addition, our analysis of media outlets’ information transmission behavior without commitment relates to the literature on multi-sender cheap talk games (Gilligan and Krehbiel, 1989;
Krishna and Morgan, 2001a,b; Battaglini, 2002; Chan and Suen, 2009). This literature primarily
focuses on the single-peaked payoff structure studied in Crawford and Sobel (1982) and aims at
6 See

Gentzkow and Shapiro (2008) for a comprehensive review of this debate.
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identifying conditions under which fully revealing equilibria exist. We depart by studying an
alternative setting in which senders’ payoffs are monotonic in the receiver’s action, conditional
on the realized state. We explicitly construct the most informative equilibria with an arbitrary
number of senders.7
Finally, our equilibrium analysis with media having commitment power relates to the recent
literature on Bayesian persuasion (Rayo and Segal, 2010; Kamenica and Gentzkow, 2011;
Gentzkow and Kamenica, 2016, 2017). Our analysis with multiple media outlets is a special case
of Gentzkow and Kamenica (2016). Because we focus on a specific payoff structure, however, we
derive sharper results on how media bias shapes equilibrium information transmission behavior.
Our analysis with a single outlet relates to several papers. Alonso and Câmara (2016) study how
an information designer can strategically design a policy experiment to persuade voters under
super-majority rule and compulsory voting. We instead focus on elections under simple majority
rule and assume voting to be voluntary and costly. Kolotilin et al. (2017) and Ginzburg (2019)
consider persuasion problems in an environment similar to ours. We use their insights in deriving
the media outlet’s equilibrium behavior.

2.3 The model
Candidates. We consider an election with two candidates, A and B. A commonly valued
state k is drawn from a commonly known prior F(·) on [−1, 1].8 One can interpret k as the
relative quality of candidate A. If k = 0, the qualities of both candidates are identical. If instead
k > (<)0, then candidate A has a higher (lower) quality than candidate B. Unless explicitly
stated otherwise, k is assumed to be unobservable to voters.
Electorate. The electorate consists of a set of voters, N. Following Myerson (1998, 2000),
we assume that the electorate size |N| follows a Poisson distribution with mean n > 0.9 Each
voter can choose an action from {A, B, O}, representing voting for candidate A, candidate B,
and abstaining, respectively. Any voter i ∈ N is characterized by a pair (vi , ci ) ∈ [−δ , δ ] × [0,C],
with δ > 1 and C > 0. vi represents voter i’s private ideological preference. ci represents her
private voting costs, which are incurred only if she casts a vote. We normalize voter i’s payoff,
excluding voting costs, to 0 if candidate B is elected and let voter i’s payoff be k + vi if A is
7 Rubanov

(2014) and Lu (2017) study robust informative equilibria in the presence of multiple senders under
Crawford and Sobel type preferences. Ravid and Doron (2018) study a cheap talk game with one sender who has a
“transparent motive”; the sender’s preferences over the receiver’s actions are state-independent. This nests a special
case of our model, where voters only hear from an extremely biased media outlet.
8 Throughout this thesis, all probability distributions are represented by their cumulative distribution functions
(CDF).
9 As argued by Myerson (1998), in large elections it seems reasonable to assume that voters do not know the
exact size of the electorate.
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elected. Therefore, voter i prefers candidate A to B if and only if k + vi ≥ 0, and |k + vi | measures
voter i’s stake at the election. Formally, voter i’s utility function is given by10
u(k, vi , ci , ai , Ω) = (k + vi ) · 1Ω=A − ci · 1ai 6=O

(2.1)

where Ω ∈ {A, B} indicates the winning candidate, ai ∈ {A, B, O} is voter i’s action, and 1E is
an indicator function that equals 1 (0) if event E is true (false). We assume that both vi and ci are
independently and identically distributed across voters. vi follows distribution G(·) on [−δ , δ ],
and ci is uniformly distributed on [0,C]. Both G(·) and C are common knowledge. We impose
the following Assumption 2.1 in the remainder of this chapter to obtain our main results.
Assumption 2.1. [Symmetric election] Both F(·) and G(·) are symmetric distributions and
admit positive density functions f (·) and g(·) on [−1, 1] and [−δ , δ ], respectively.
Assumption 2.1 implies that a priori each candidate is equally likely to have a higher
quality, and that the candidate with a superior quality is efficient in the sense of maximizing the
electorate’s ex-ante Utilitarian welfare.
Media outlets and media bias. There is a finite set of media outlet(s), M. Each outlet m ∈ M
is precisely informed of k and communicates to voters by sending a public message sm ∈ S. S is
a common and generic message space and will be explicitly defined in subsequent sections. Any
media outlet’s utility function has a similar structure as voters’, except that it cannot vote:
V (k, χm , Ω) = (k + χm ) · 1Ω=A

(2.2)

This implies that outlet m strictly prefers candidate A (B) if and only if k > (<) − χm . If χm = 0,
m is said to be unbiased since it always prefers the candidate with a higher quality. If χm > (<)0,
m is said to be A(B)-biased as it may prefer candidate A(B) to be elected even if it has a lower
quality. For this reason, we refer to χm as the media bias. We distinguish between two types of
communication protocols, cheap talk and Bayesian persuasion. In the former case media outlets
cannot commit to any reporting strategy before observing the realized state k, while in the latter
case they can. We primarily focus on the cheap talk in deriving the comparative statics of media
influence on elections, and compare equilibrium information transmission behavior under cheap
talk and Bayesian persuasion in Section 2.6.
Timing and equilibrium concept. The timing of the game is as follows:
10 For our analysis to apply, we only need to assume that voters’ utility function is monotonically increasing in
both k and v, and is additively separable with respect to both arguments. This setup nests the spatial voting model
with commonly valued valence (Enelow and Hinich, 1984), which is widely applied in studies concerning media’s
electoral influences (e.g., Chiang and Knight (2011) and Durante and Knight (2012)).
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1. (Bayesian persuasion only) Each outlet m ∈ M commits to a reporting strategy σm :
[−1, 1] 7→ ∆(S).
2. Nature draws the realizations of k, N and the profile of voter types {(vi , ci )}i∈N .
3. Observing k, outlets m ∈ M simultaneously send public messages sm ∈ S.
4. Observing the message profile {sm }m∈M , voters simultaneously make their voting decisions
(vote for A, for B, or abstain).
5. The winning candidate is determined by simple majority rule, with ties broken by a fair
coin toss. All payoffs then realize.
A media outlet’s reporting strategy maps the realized state to a probability distribution
on the message space, σm : [−1, 1] 7→ ∆(S). A voter’s voting strategy maps the observed
message profile and the realized private type to a probability distribution of possible actions
q : S|M| × [−δ , δ ] × [0,C] 7→ ∆({A, B, O}).11 Because this is a dynamic game of incomplete
information, we derive the Perfect Bayesian Equilibrium (PBE). In a PBE, voters’ strategies
are best responses to their posterior beliefs conditional on the observed message profile. Media
outlets’ strategies are best responses to voters’ strategies. Voters’ posterior beliefs are formed by
Bayes’ rule whenever possible. Without loss of generality, we focus on type-symmetric PBE
where voters of the same type (vi , ci ) adopt the same voting strategy in equilibrium.12
Although our analysis applies under much wider scenarios, we will use Example 2.1 below
to graphically illustrate our main results.
Example 2.1. n = 200, k ∈ U[−1, 1], vi ∼ U[−1.5, 1.5] and ci ∼ U[0, 0.2] for all i ∈ N.

2.4

Preliminaries: Voting equilibria in large elections

In this section we derive voting equilibria in large elections and thereby also illustrate two
general insights from our pivotal voter framework: (i) public information about k not only allows
voters to assess which candidate is more appealing, but also how close the election is likely to
be, and (ii) through strategic provisions of information media may systematically manipulate
election outcomes, even when voters are fully rational. In subsequent sections we build on the
formal results reported here to study the comparative statics of the impact of media bias on
elections. Readers solely interested in the latter comparative statics could just skim through this
section.
11 Under

Bayesian persuasion, the voting strategy is also a function of media outlets’ strategy profile {σm (·)}m∈M .
(1998) (page 391) argues that all equilibria are type-symmetric under population uncertainty.

12 Myerson
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In Section 2.4.1, we derive the equilibrium aggregate voting behavior and election outcomes
in large elections (i.e., n → ∞) assuming that k is common knowledge. This serves as a basis for
section 2.4.2, where we assume k is unobservable to voters and quantify the extent to which these
aggregate outcomes can be systematically influenced by public mass media. Detailed derivations
and proofs are relegated to Appendices 2.A and 2.B, respectively.

2.4.1

Voting equilibria when k is common knowledge

If k is common knowledge, it is clear from voters’ utility function (cf. (2.1)) that any voter i
with vi > (<) − k strictly prefers candidate A (B) to be elected, and will vote for candidate A (B)
if she votes. Hence, the only strategic decision is whether or not to cast a vote at all. To make
this decision a voter compares the expected benefits to the costs of casting a vote. The optimal
turnout strategy must then take a cutoff form; vote if and only if the voting costs ci are below the
expected benefits (Ledyard, 1984; Palfrey and Rosenthal, 1985; Myerson, 2000). The expected
benefits are the product of (i) the individual stake at the election, |k + vi |, and (ii) the probability
of casting a pivotal vote. Hence, voter i votes only if:
ci ≤ |k + vi | · PivA(k, n), if vi > −k
ci ≤ |k + vi | · PivB(k, n), if vi < −k
where PivA(k, n) and PivB(k, n) denote the probabilities that a single vote for candidate A and
B is pivotal, respectively, conditional on k and n. These pivotal probabilities are endogenously
determined in equilibrium. Consistent with common intuition, in equilibrium both pivotal
probabilities converge to zero as n → ∞. For sufficiently large n and any given k and vi , the
expected benefits of voting must then decrease in n and lie below C. The voter’s turnout
probability then equals |k+vi |·PivA(k,n)
for vi > −k and |k+vi |·PivB(k,n)
for vi < −k, since ci ∼
C
C
U[0,C].
Let qA (k, n) and qB (k, n) be the probability that a randomly sampled voter votes for A and
B, respectively. qA (k, n) and qB (k, n) can be obtained by integrating the turnout probabilities of
“A-supporters” (voters with vi > −k) and “B-supporters” (voters with vi < −k), respectively. For
sufficiently large n we have
Z δ
|k + v| · PivA(k, n)

α(k)
· PivA(k, n)
C
C
−k
Z −k
|k + v| · PivB(k, n)
β (k)
qB (k, n) =
dG(v) ≡
· PivB(k, n)
C
C
−δ
qA (k, n) =

where α(k) ≡

Rδ

−k |k + v|dG(v)

= k+

R −k
−δ

dG(v) ≡

G(k)dk and β (k) ≡
16

R −k
−δ

|k + v|dG(v) =

(2.3)
(2.4)
R −k
−δ

G(k)dk.

Both α(k) and β (k) have straightforward economic interpretations. α(k) represents the expected
stake of A-supporters and β (k) represents the expected stake of B-supporters. It is clear from
these expressions that α(k) increases in k whereas β (k) decreases in k. The influence of a rise
in k on α(k) and β (k) can be decomposed into three effects. First, it convinces the marginal
B-supporters to switch to A. Second, it strengthens the expected stakes of the infra-marginal
A-supporters. Third, it weakens the expected stakes of the infra-marginal B-supporters. Under
Assumption 2.1 it holds that α(k)− β (k) = k. Hence, k directly measures the difference of
expected stakes between A- and B-supporters.
Because δ > 1 and G(·) has full support on [−δ , δ ] (cf. Assumption 2.1), it holds that
R −1
β (1) = −δ
G(v)dv > 0. Define ν ≡ β (1), which equals the expected stakes of extreme Bsupporters with vi < −1, in the state most favorable to candidate A (i.e., k = 1). By symmetry of
distribution G(·), it holds that α(−1) = β (1) = ν. Therefore, ν reflects the minimal aggregate
expected stakes of ideologically extreme voters and can be interpreted as a measure for the
degree of polarization.13 As will become clear below, the degree of polarization ν plays an
important role in determining voting equilibria in large elections.
As elaborated in Appendix 2.A, both PivA(k, n) and PivB(k, n) are functions of qA (k, n) and
qB (k, n). Therefore, the system of equations (2.3) and (2.4) form a self-mapping and a voting
equilibrium can be characterized by its fixed point, denoted by (q∗A (k, n), q∗B (k, n)), given k and
n. In Appendix 2.A we show that q∗A (k, n) and q∗B (k, n) in large elections can be analytically
approximated as follows14
q∗A (k, n) ≈

q∗B (k, n) ≈








2

α(0)
1
3
√
·√
3 n,
2 πC

µ(k) 2 ln n
1−µ(k) · n ,

2 1
α(0)
3
√
·√
3 n,
2 πC

2 ln n
1
1−µ(k) · n ,

if k = 0

(2.5)

if k 6= 0
if k = 0

(2.6)

if k 6= 0

q
q∗A (k,n)
where µ(k) ≡ 3 α(k)
β (k) is the cubic root of the expected stakes ratio. Let V S(k, n) ≡ q∗A (k,n)+q∗B (k,n)
and T (k, n) ≡ q∗A (k, n) + q∗B (k, n) be the equilibrium expected vote share of candidate A and the
expected voter turnout, conditional on k and n, respectively. We also use approximations for
(2.5) and (2.6) to compute candidate A’s equilibrium winning probability, denoted by π(k, n),
conditional on k and n. Finally, let W (k, n) be the expected utility of a randomly selected voter
in equilibrium, conditional on k and n. Theorem 2.1 characterizes equilibrium voting behavior,
election outcomes and voter welfare in large elections.
13 Note that ν is not merely the fraction of extreme voters with |v | > 1, it also aggregates the preference intensities
i
of these voters, which affect their likelihood of voting and therefore their potential power in influencing elections.
14 Throughout the thesis, the expression x ≈ y denotes lim xn = 1.
n
n
yn
n→∞
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Theorem 2.1. Suppose Assumption 2.1 holds, for all k ∈ [−1, 1] it holds that:
1. V S(k, n) ≈

µ 2 (k)
.
1+µ 2 (k)




1,


2. lim π(k, n) = 12 ,
n→∞



0,

if k > 0
if k = 0 .
if k < 0


2
2 α(0)
3
√
2 πC
3. T (k, n) ≈
γ(k) ln n ,

1
√
3 n,

n

if k = 0

, where γ(k) ≡

if k 6= 0

1+µ 2 (k)
(1−µ(k))2

for k 6= 0.

4. lim W (k, n) = max{k, 0}.
n→∞

Proof. See Appendix 2.B.1.
Theorem 2.1 is graphically illustrated by Figure 2.1a to 2.1d, under the model parameters
from Example 2.1. Figure 2.1a (black solid line) depicts candidate A’s equilibrium vote share as
a function of k. As discussed above, with a higher k candidate A is able to (i) convince marginal
voters to switch to her, and (ii) increase (reduce) the expected stakes of her own (opponent’s)
supporters. For these reasons, candidate A’s expected vote share increases in k (Theorem 2.1.1).15
Figure 2.1b (black solid line) depicts candidate A’s equilibrium winning probability as a
function of k for Example 2.1. It is evident graphically that A’s equilibrium winning probability
as a function of k has an “S-shape” property; it increases in k convexly for k < 0 and concavely for
k > 0.16 This implies that the election outcome responds more sensitively to marginal variations
in k when the quality difference |k| is closer to 0. Under simple majority rule, candidate A only
requires a vote share exceeding 50% to assure a victory. Therefore, thanks to the law of large
numbers, A’s winning probability converges to a step function as n → ∞: lim π(k, n) = 1(0) if
n→∞
and only if k > (<)0 (Theorem 2.1.2; cf. Figure 2.1c).
Figure 2.1d (black solid line) depicts the expected voter turnout in equilibrium, T (k, n),
as a function of k. T (k, n) is symmetric around k = 0 and decreases in the quality difference
|k| (Theorem 2.1.3). If k = 0, the election is expected to end up in a close race since the two
candidates are expected to get equal vote shares. As a result, the chances of being pivotal are
highest and voters have the strongest incentive to cast costly votes. Voter turnout is therefore
highest. If instead |k| is large, the election is expected to end in a landslide; the quality-superior
candidate is expected to get a substantially larger vote share than her opponent. In this case
15 Theorem 2.1.1 predicts that V S(k, n) increases in k because µ(k) is increasing in k (cf. Lemma 2.8 in
Appendix 2.A.2).
16 Lemma 2.10 in Appendix 2.A.3 provides analytical approximations for the curvature of π(k, n) as n → ∞. In
Section 2.5 we provide a sufficient condition (Assumption 2.2) under which the S-shape property of π(k, n) holds.
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Figure 2.1: Equilibrium voting behavior and election outcomes as functions of k
(a) A’s expected vote share

(b) A’s winning probability
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(c) A’s winning probability as n → ∞

−0.5

0.5

1

(d) The expected voter turnout
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Note: In Panel (a), V S(k, n) denotes the equilibrium vote share of candidate A conditional on k, n. In Panel (b) and
(c), π(k, n) denotes the winning probability of candidate A, conditional on k, n. In Panel (d), T (k, n) denotes the
expected voter turnout conditional on k, n. The red (blue) curves in all panels are the upper-concave (lower-convex)
envelopes of the depicted outcome variable. The difference between the upper-concave and lower-convex envelopes,
evaluated at the prior mean k = 0, is denoted by D. D provides a robust bound of the extent to which an outcome
variable can be systematically influenced by manipulating public information. This is discussed in Section 2.4.2.
Model parameters are taken from Example 2.1.

19

the chances of being pivotal are low and, as a result, voter turnout will be low. The negative
relationship between the closeness of an election and turnout is known as the “competition effect”
(Levine and Palfrey, 2007).17 Since the quality difference |k| is negatively associated with the
closeness of the election, a higher |k| lowers voter turnout.
Lemma 2.11 in Appendix 2.A.3 precisely characterizes the curvature of T (k, n) as n → ∞.
It shows that the asymptotic voter turnout is generically a convex function of |k| if the degree
of polarization ν exceeds a certain bound.18 This convexity indicates that the competition
effect exhibits a diminishing marginal impact; a marginal increase in quality difference has a
larger negative impact on turnout when the quality difference is smaller. As explained below,
this convexity property plays an important role in deriving unambiguous comparative static
predictions on how biased media affect voter turnout.
Finally, Theorem 2.1.4 follows from the fact that with k common knowledge, the election
outcome is asymptotically efficient; the quality-superior candidate is elected with probability
approaching 1 as n → ∞. Recall that k reflects the relative quality of candidate A, i.e., the quality
of candidate B is normalized to zero. Moreover, Theorem 2.1.3 suggests that in large elections
voter turnout vanishes to zero and thus so do the expected voting costs. Together, this explains
the expression for the asymptotic welfare in Theorem 2.1.4.

2.4.2

Robust bounds for media influence

In this section, we assume that k is unobservable to voters and propose two robust bounds
to gauge the extent to which voter behavior and the election outcomes can be systematically
influenced by mass media. We show that, by manipulating public information, mass media
outlets can substantially influence the ex-ante election outcome and voter turnout, even in
cases where systematically affecting party vote shares is nearly impossible. This result has two
implications. First, it provides a possible rationale for the empirical observation that changing
media environments do not systematically affect party vote shares, yet they can either increase or
decrease voter turnout (Gentzkow, Shapiro and Sinkinson, 2011; Drago, Nannicini and Sobbrio,
2014; Cagé, 2017). Second, it emphasizes that the limited ability to manipulate party vote shares
cannot prevent public mass media from manipulating election outcomes.
Following the information design literature (e.g., Kamenica and Gentzkow (2011) and Taneva
17 In fact, our results are more general than the original concept of the competition effect proposed by Palfrey and
Rosenthal (1985) and Levine and Palfrey (2007). In their models the individual stakes are fixed and homogeneous;
each voter receives a fixed reward if her preferred candidate is elected. So the closeness of an election depends
only on the relative number of voters supporting each candidate. In our model the closeness of an election is not
only determined by this extensive margin, but also by the average stakes of voters supporting each candidate (an
intensive margin), similar to Krishna and Morgan (2011, 2015).
18 In Figure 2.1d, voter turnout decreases concavely in |k| for |k| close to 0. This is an artifact of the finite
electorate size (n = 200). As n → ∞, the concave region vanishes.

20

(2019)), we define an information structure as a pair Ξ = (X, σ ), which consists of a signal
realization space X and a signal distribution σ : [−1, 1] 7→ ∆(X).19 In our model, X ≡ S|M| is the
set of all possible message profiles jointly sent by all media outlets, and σ ≡ ∏m∈M σm is a profile
of reporting strategies that maps each state k to a distribution of message profiles. Because voters’
utility function is linear in k (cf. (2.1)), any public message profile x ∈ X affects voters’ behavior
only through its impact on E[k|x, Ξ], the expectation of k conditional on x under information
structure Ξ. Consequently, voters behave as if E[k|x, Ξ] is common knowledge and the voting
equilibria follow immediately from Theorem 2.1 by replacing k with E[k|x, Ξ]. Therefore, it
is convenient to characterize an information structure Ξ by the distribution of posterior means,
denoted by τΞ , it induces. Let ΓF denote the set of all distributions of posterior means that can
be induced by some information structure Ξ, given prior F(·).
Let ξ (k, n) denote the outcome variable of interest, where ξ ∈ {V S, π, T }. Given any prior
F(·), the upper and lower bounds of expectations of ξ (k, n) are given by supτ∈ΓF Eτ [ξ (k, n)]
and infτ∈ΓF Eτ [ξ (k, n)], respectively. Hence, supτ∈ΓF Eτ [ξ (k, n)] − infτ∈ΓF Eτ [ξ (k, n)] precisely
measures the extent to which ξ (k, n) can be systematically influenced by manipulating public
information, under prior F(·). In general, these bounds depend strongly on the specific functional
form of F(·), which is often unknown. This motivates us to derive alternative bounds that do not
rely on the exact specification of F(·) as long as Assumption 2.1 holds.
We construct two robust bounds that gauge the influence of public information. To do so, let
Γ denote the set of all distributions of posterior means that average back to 0, the prior mean.
Under Assumption 2.1, ΓF is a proper subset of Γ, because Γ contains distributions of posterior
expectations that cannot be induced by any information structure given prior F(·). We define:
D(ξ , Γ) ≡ sup Eτ [ξ (k, n)] − inf Eτ [ξ (k, n)]
e , Γ) ≡
D(ξ

(2.7)

τ∈Γ

τ∈Γ

D(ξ , Γ)
maxk∈[−1,1] ξ (k, n) − mink∈[−1,1] ξ (k, n)

(2.8)

In words, sup Eτ [ξ (k, n)] is the precise upper bound of the ex-ante expectation of ξ (k, n) that can
τ∈Γ

be induced by a distribution of posterior means that average back to 0, and inf Eτ [ξ (k, n)] the
τ∈Γ

lower bound. Hence, D(ξ , Γ) provides a robust bound to gauge the extent to which the ex-ante
e , Γ) measures
expectation of ξ (k, n) can be influenced by manipulating voters’ information. D(ξ
the extent to which ξ (k, n) can be systematically influenced, relative to the maximal range it can
e , Γ) rescales D(ξ , Γ) to a score ranging between 0 to 1.
possibly vary. Essentially, D(ξ
We can geometrically derive and illustrate D(ξ , Γ) using convex and concave envelopes
19 In

the information design literature, a signal distribution is a function mapping from the state space to the set of
probability distributions on the message space. In our model, the state space is the domain of k, i.e., [−1, 1].
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of function ξ (k, n), as demonstrated in Figures 2.1a to 2.1d. The red dashed curves in these
figures depict ξ+ (k, n), the upper concave envelope of ξ (k, n), while the blue dashed ones depict
ξ− (k, n), the lower convex envelope of ξ (k, n).20 By construction, D(ξ , Γ) equals the vertical
distance between the blue and the red curve evaluated at the prior mean k = 0; in these figures this
e , Γ) can be obtained through dividing D(ξ , Γ)
distance is denoted by D. The other bound D(ξ
by the range of ξ (k, n), which can also be straightforwardly identified from Figures 2.1a to 2.1d.
e S, Γ)
It is evident from Figure 2.1a that, under Example 2.1, both D(V S, Γ) and D(V
are almost negligible in magnitude: V S+ (0, n) < 0.505 and V S− (0, n) > 0.495, such that
e S, Γ) < 0.0125.21 In other words, no matter how one manipulates
D(V S, Γ) < 0.01 and D(V
voters’ information, a priori the expected vote share for any candidate can be systematically
shifted by no more than 1%-point, which corresponds to 1.25% of the range of V S(k, n). This is
because, under the model parameters from Example 2.1, V S(k, n) is almost linear in k; variations
in the expected vote share are almost proportional to variations in voters’ posterior expectations
of k. The latter, however, cannot be systematically affected because voters are Bayesian. This
analysis implies that the expected party vote shares can hardly be systematically affected by
strategically manipulating public information.
The situation is entirely different for the election outcome and voter turnout, as depicted in
Figure 2.1b and 2.1d, respectively. In Figure 2.1b, π+ (0, n) = 0.7 and π− (0, n) = 0.3, so that
e Γ) = 0.407. Therefore, manipulating public information can systemD(π, Γ) = 0.4 and D(π,
atically influence A’s winning probability by up to 40%-points, which corresponds to around
40.7% of the range of π(k, n). In Figure 2.1d, T+ (0, n) = 0.22 and T− (0, n) = 0.04, so that
e Γ) = 1. Manipulating public information may thus systematically
D(T, Γ) = 0.18 and D(T,
affect the expected turnout rate by up to 18%-points, which corresponds to 100% of the range of
T (k, n). Taken together, the aforementioned observations suggest that, by manipulating public
information, one can substantially influence the ex-ante election outcome and voter turnout, even
when systematically influencing party vote shares is virtually impossible. This is a consequence
of the fact that both π(k, n) and T (k, n) are highly nonlinear functions of k. In particular, both
π(k, n) and T (k, n) are much more sensitive to shifts of k when k is close to 0 than when k is away
from 0. This gives media the possibilities to strategically disclose information and shifting voters’
posterior expectations of k in regions with different sensitivities, and thereby systematically
influence election outcomes and voter turnout.
20 Formally, let co(ξ (·, n)) denote the convex hull of the graph of ξ (k, n): {(k, ξ (k, n))}
k∈[−1,1] . Then
ξ+ (k, n) ≡ sup{z|(k, z) ∈ co(ξ (·, n))} is the upper-concave envelope of function ξ (k, n), and ξ− (k, n) ≡ inf{z|(k, z) ∈
co(ξ (·, n))} is the lower-convex envelope of function ξ (k, n).
21 Note from Figure 2.1a that max
k∈[−1,1] V S(k, n) = 0.9 and mink∈[−1,1] V S(k, n) = 0.1. Hence, the range of
e S, Γ) is approximately equal to D(V S, Γ) divided by 0.8, which is 0.0125. The
V S(k, n) on [−1, 1] is 0.8 and D(V
e Γ) and D(T,
e Γ) below are similar.
calculations for D(π,
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Going beyond Example 2.1, Theorem 2.2 characterizes asymptotic properties of D(ξ , Γ) and
e
D(ξ , Γ) for symmetric elections (i.e., under Assumption 2.1).
Theorem 2.2. Suppose Assumption 2.1 holds, then
e S, Γ) = 0.
1. lim lim D(V S, Γ) = lim lim D(V
ν→∞ n→∞

ν→∞ n→∞

e Γ) = 1.
2. lim D(π, Γ) = lim D(π,
n→∞

n→∞

e Γ) = 1
3. lim D(T, Γ) = 0 and lim D(T,
n→∞

n→∞

Proof. See Appendix 2.B.2.
Theorem 2.2 has three implications for large and symmetric elections. First, the extent
to which the expected party vote shares can be systematically affected depends on the degree
of polarization of the electorate, ν; with a strongly polarized electorate, the expected party
e S, Γ).
vote share can hardly be systematically influenced according to both D(V S, Γ) and D(V
Second, in sharp contrast with party vote shares, the election outcome can be arbitrarily affected
e Γ). Third,
by strategically providing public information, according to both D(π, Γ) and D(π,
though manipulating public information can hardly affect the expected voter turnout in absolute
levels (according to D(T, Γ)) in large elections, its influence relative to the maximal range of
e Γ)).
turnout becomes arbitrarily large (according to D(T,
We conclude this section by demonstrating how a media outlet can arbitrarily manipulate
the election outcome in large and symmetric elections, through strategically providing public
information. As illustrated in Figure 2.1c, when n → ∞, D(π, Γ) converges to one and π(k, n)
converges to a step function with threshold at the prior mean k = 0, where voters are (in aggregate)
indifferent between the two candidates. Therefore, the election outcome is extremely sensitive
(insensitive) to shifts in voters’ beliefs when k = (6=)0, as n → ∞. Exploiting this feature, a
media outlet can guarantee an arbitrarily large winning probability of candidate A by endorsing
A if k ∈ [−1 + ε, 1] and endorsing B if k ∈ [−1, −1 + ε), with ε > 0 arbitrarily close to zero. By
doing so, an endorsement for A provides very weak evidence for the superiority of A and only
slightly increases the vote share of A. Yet it is sufficient to tip the balance and assure victory
of A as n → ∞. Though an endorsement for B provides extraordinarily strong evidence for the
superiority of B and almost assures a certain victory of B, it is sent with vanishing probability as
ε → 0. Therefore, as ε → 0, an endorsement for A is sent almost surely ex-ante, which in turns
guarantees a certain victory of A as n → ∞.
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2.5 The influence of biased media on elections
This section studies the influence of biased media on voting behavior and election outcomes
under a cutoff information environment explained in Section 2.5.1. Section 2.5.2 explores the
electoral impacts of media bias, in an environment with a single media outlet (i.e., |M| = 1).
In Section 2.5.3 we consider an increase in |M| from 1 to 2 to explore the electoral impacts of
introducing a second media outlet.
Before proceeding, we make two additional technical assumptions 2.2 and 2.3 on the distribution of voters’ ideological preference G(·) to simplify our comparative statics analyses.
Assumption 2.2 guarantees, through Lemma 2.10 in Appendix 2.A.3, that in large elections candidate A’s equilibrium winning probability, π(k, n), is an S-shape function of k as demonstrated
by Figure 2.1b. Despite its complexity, Assumption 2.2 holds for a wide range of distribution
functions G(·).22 Assumption 2.3 specifies a strictly positive lower bound (i.e., 0.04) for the
degree of polarization in the electorate. This assumption guarantees, through Lemma 2.11 in
Appendix 2.A.3, that in large elections the expected voter turnout will be a convex function of the
quality difference between candidates, |k|. This assumption also seems plausible, for example,
under the current political landscape in the U.S., where the degree of polarization has increased
sharply in recent decades (Pew Research Center, 2017; Martin and Yurukoglu, 2017; Gentzkow,
Shapiro and Taddy, 2019). As will be made clear below, Assumption 2.2 and 2.3 are crucial to
derive unambiguous comparative static impacts of biased media on election outcomes and voter
turnout, respectively. Throughout Section 2.5 and 2.6, we will maintain Assumptions 2.1 to 2.3.
Importantly, our illustrating Example 2.1 satisfies all Assumptions 2.1 to 2.3.
Assumption 2.2. [S-shape of π(k, n)]

1 µ−1 µ 0
2 µ+1 µ

0

+

0

µ αα − ββ
µ−1



3
1√
α(k)− 3 β (k)

√
3

decreases in k on

(0, 1].23
Assumption 2.3. [Moderate polarization] ν ≥ 0.04.

2.5.1

The cutoff information environment

By construction (cf. (2.2)), the preference of media outlet m ∈ M takes a simple cutoff form:
it prefers candidate A if and only if k > −χm . This makes it natural to conjecture that media
outlets use a simple cutoff endorsement strategy with a binary message space S = {“A”, “B”}:

“A”, if k > −χ
m
σm (k) =
“B”, if k ≤ −χ
m
22 We
23 In

(2.9)

have not been able to find any G(·) that violates Assumption 2.2, when Assumptions 2.1 and 2.3 are met.
this expression α 0 , β 0 and µ 0 denote the first order derivatives of α(k), β (k) and µ(k), respectively.
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That is, each media outlet m ∈ M sends message “A” (“B”) if k > (≤) − χm .24 Message
“A” (“B”) can be interpreted as an endorsement for candidate A (B). Let {χ (m) }m∈M be a
descending permutation of media biases: χ (1) ≥ χ (2) ≥ · · · ≥ χ (|M|) . Under strategy (2.9),
the |M| media outlets jointly induce a “cutoff information environment”, which partitions the
state space into adjacent and disjoint intervals with cutoffs −χ (1) , −χ (2) , ..., −χ (|M|) . Notation
wise, we denote the information partition induced by the |M| outlets by the set of cutoffs
points: PC (χ1 , · · · , χ|M| ) = {−χ1 , · · · , −χ|M| }.25 Figure 2.2 illustrates strategy (2.9) and the
information partition it induces in an example where |M| = 2, χ1 = 0.5 and χ2 = −0.5.
Figure 2.2: The Cutoff Endorsement Strategy and Information Environment
−χ1

Exposed to outlet 1:
-1

k

“B”

1

“A”
−χ2

Exposed to outlet 2:
-1

“B”

k
“A”

1

Exposed to both outlets:

k
-1 (“B”,“B”)

(“A”,“B”)

(“A”,“A”) 1

Note: The figure illustrates the case in which there are two media outlets with biases χ1 = 0.5 and χ2 = −0.5,
respectively. The red (blue) segments denote states where media outlet m ∈ {1, 2} will send message “A” (“B”). The
pair (s1 , s2 ) in the bottom line denotes the message combination the two media outlets send in each realized state.
Since voters read from both outlets, voters’ posterior knowledge is a coarse interval partition of the state space.

We focus on this cutoff information environment for two reasons. First, as shown in Section 2.6 this environment endogenously arises as the most informative coordination-proof
equilibrium outcome if media outlets communicate to the electorate via cheap talk.26 Second,
this environment is widely applied in both theoretical and empirical papers studying the electoral
impacts of mass media (Chan and Suen, 2008; Chiang and Knight, 2011; Durante and Knight,
2012; Puglisi and Snyder, 2015a).

2.5.2

The influence of media bias

Let |M| = 1 and χ be the bias of this single media outlet. Without loss of generality we
assume χ ∈ [0, 1], i.e., the media is either unbiased (χ = 0) or A-biased (χ > 0). We study both
the interim and the ex-ante impacts of increased media bias on the voting equilibrium; the former
24 Under

Assumption 2.1, k = −χm is a zero probability event and thus ties can be broken arbitrarily.
subscript C denotes a cutoff partition made up of adjacent and disjoint intervals, and it distinguishes this
particular category from other partitions discussed in Section 2.6 below.
26 The cutoff information environment can also arise in setups where media outlets can only commit to a binary
reporting strategy (Chan and Suen, 2008; Oliveros and Várdy, 2015).
25 The
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impact is conditional on the realized message, while the latter is unconditional. Denote voters’
rational posterior expectations of k as kA (χ) ≡ EF [k|k > −χ] conditional on message “A”, and
kB (χ) ≡ EF [k|k ≤ −χ] conditional on message “B”. Since voters’ utility function is linear in k,
media bias χ affects voting equilibria only through its impact on kA (χ), kB (χ) and the likelihood
of sending each message. Lemma 2.1 summarizes this impact.
Lemma 2.1. For all χ ∈ [0, 1] it holds that:
1. kB (χ) < 0 ≤ kA (χ).
2. both kA (χ) and kB (χ) decrease in χ.
3. EPC (χ) [k] = (1 − F(−χ)) · kA (χ) + F(−χ) · kB (χ) = 0.
4. EPC (χ) [|k|] = (1 − F(−χ)) · |kA (χ)| + F(−χ) · |kB (χ)| decreases in χ.
Proof. See Appendix 2.C.1.
In words, Lemma 2.1.1 states that, regardless of media bias, message “A” always indicates
that candidate A is superior while “B” indicates that A is inferior. As the media becomes more
A-biased, message “A” becomes weaker in signaling the superiority of candidate A, while “B”
becomes stronger in signaling the inferiority of candidate A (Lemma 2.1.2). Ex-ante, however,
rational voters’ average posterior expectations of A’s relative quality are not affected by media
bias (Lemma 2.1.3). Nevertheless, an increase in media bias does systematically reduce voters’
posterior expectation of candidates’ quality difference, |k| (Lemma 2.1.4). Since candidates’
quality differences are negatively associated with the closeness of the election, an increase in
media bias systematically raises voters’ perceived closeness of elections. Lemma 2.1 highlights
three effects after an increase in media bias, which are crucial for understanding the electoral
impact of media bias.
Effect I A more biased media outlet (larger χ) is a priori more likely to send message “A” (with
probability 1 − F(−χ)) and induce posterior expectation kA (χ).
Effect II Both kA (χ) and |kA (χ)| decrease in χ; message “A” becomes less credible and the
election is more likely to end up in a close race under message “A”, as χ increases.
Effect III kB (χ) decreases while |kB (χ)| increases in χ; message “B” becomes more credible
and the election is less likely to end up in a close race under message “B”, as χ increases.
Proposition 2.1 summarizes the interim and ex-ante impacts of increased media bias on the
expected party vote shares and the election outcome.
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Proposition 2.1. Suppose |M| = 1. The following properties hold:
1. ∀χ 0 > χ ≥ 0, for both s ∈ {A, B} and sufficiently large n it holds that V S(ks (χ 0 ), n) >
V S(ks (χ), n) and π(ks (χ 0 ), n) > π(ks (χ), n).
2. For a sufficiently large n, EPC (χ) [π(k, n)] varies non-monotonically with χ on [0, 1]:27
(a) EPC (χ) [π(k, n)] =

1
2

for χ ∈ {0, 1}, and EPC (χ) [π(k, n)] >

1
2

for χ ∈ (0, 1).

(b) EPC (χ) [π(k, n)] increases (decreases) in χ if χ is sufficiently close to 0 (1).
Proof. See Appendix 2.C.1.
Figure 2.3: The interim and ex-ante impact of media bias on the election outcome
(a) χ ∈ [0, 1]

(b) χ ∈ {0, 0.5, 0.9}

1.00

1.00
xA

π(k, n)
0.80

0.80

0.60

0.60

0.40

0.40
π(kA (χ), n)
π(kB (χ), n)
EPC (χ) [π(k, n)]

0.20
0.00

0

0.2

0.4
0.8
0.6
Media Bias (χ)

yA
y∗
z∗ zA
x∗

0.20
1

zB yB xB
0.00
−1
−0.5

0
k

0.5

1

Note: Panel (a) depicts the interim and the ex-ante impacts of media bias for all χ ∈ [0, 1]. Panel (b) geometrically
demonstrates these impacts for χ ∈ {0, 0.5, 0.9}. The function π(k, n) depicted in Panel (b) is identical to π(k, n) in
Figure 2.1b. In Panel (b), the selected levels of media bias increase from red to blue to green: χ = 0 (unbiased,
nodes x), χ = 0.5 (weakly biased, nodes y), and χ = 0.9 (strongly biased, nodes z). Nodes wA , wB and w∗ ,
where w ∈ {x, y, z}, represent candidate A’s winning probability conditional on message “A”, message “B” and
unconditionally, respectively. The dashed line segments represent the sets of all convex combinations of wA and wB ,
for w ∈ {x, y, z}. Model parameters are taken from Example 2.1.

Figure 2.3a illustrates both the interim and the ex-ante impacts of increasing media bias
on the election outcome, based on the model parameters from Example 2.1. As Effect II and
III indicate, both kA (χ) and kB (χ) decrease in χ. Therefore, both candidate A’s expected vote
share and winning probability decrease in media bias after either message (Proposition 2.1.1),
since V SA (k, n) and π(k, n) are decreasing functions of k. Effect I, however, provides a force
27 Throughout the paper, we use notation E [z(k)] to denote the expectation of any real valued function z(k)
P
under the partition information environment characterized by P.
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in the opposite direction; a more A-biased outlet is a priori more likely to send message “A”
and induce posterior expectation kA (χ) instead of kB (χ). Since kA (χ) > kB (χ), and hence
π(kA (χ), n) > π(kB (χ), n), Effect I per se improves candidate A’s electoral prospects. The
overall net effect depends on which of the opposing forces is strongest. For a sufficiently small
bias (χ close to 0), Effect I dominates so that a marginal increase in media bias increases
candidate A’s winning chances. For a sufficiently large degree of media bias (χ close to 1),
however, the opposite applies. This explains the non-monotonic relationship between media bias
and A’s winning probability (Proposition 2.1.2).
The interim and ex-ante impacts of media bias on election outcomes can also be illustrated
through an elegant geometric approach presented in Figure 2.3b. With k uniformly distributed
−1−χ
on [−1, 1] (cf. Example 2.1), it holds that kA (χ) = 1−χ
2 and kB (χ) =
2 . In Figure 2.3b we
consider three levels of media bias χ ∈ {0, 0.5, 0.9}. First suppose χ = 0, that is, the media outlet
is unbiased. Then kA (0) = 0.5 and kB (0) = −0.5, and hence the electorate selects candidate A
with probability π(0.5, n) (π(−0.5, n)) conditional on message “A” (“B”), represented by the red
node xA (xB ) in Figure 2.3b. Ex-ante, candidate A’s winning probability is a weighted average of
π(0.5, n) and π(−0.5, n), and must lie on the red dashed line segment connecting xA and xB . By
the law of iterated expectations, the posterior means must average back to the prior mean, which
is 0 (Lemma 2.1.3). Therefore, candidate A’s ex-ante winning probability can be geometrically
represented by the red node x∗ , the intersection of line segment xA xB with the vertical line k = 0.
A similar exercise can be done for a moderately biased outlet with χ = 0.5, yielding interim
election probabilities represented by the blue nodes yA and yB and an ex-ante winning probability
given by y∗ . Likewise, for a strongly biased media with χ = 0.9 the election outcomes conditional
on message “A” and “B”, along with the ex-ante impact, are represented by the green nodes
zA , zB and z∗ , respectively. The interim impacts of an increase in media bias can now be
straightforwardly represented by the movement from xs to ys to zs , for s ∈ {A, B}. This reveals
that candidate A’s winning probability decreases as media bias increases conditional on both
message “A” and “B”, as predicted by Proposition 2.1.1. The ex-ante impact of increasing media
bias is given by the movement from x∗ to y∗ to z∗ . With x∗ < z∗ < y∗ , the geometric analysis
clearly illustrates the non-monotonic ex-ante impact of media bias on the election outcome,
derived in Proposition 2.1.2.
We next turn to the interim and ex-ante impacts of media bias on voter turnout.
Proposition 2.2. Suppose |M| = 1. ∀χ 0 > χ ≥ 0 and for sufficiently large n:
1. T (ks (χ 0 ), n) > (<)T (ks (χ), n) for s = A(B).
2. EPC (χ 0 ) [T (k, n)] > EPC (χ) [T (k, n)].
Proof. See Appendix 2.C.1.
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Figure 2.4: The interim and ex-ante impact of media bias on voter turnout
(a) χ ∈ [0, 1]

(b) χ ∈ {0, 0.5, 0.9}
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Note: Panel (a) depicts the interim and the ex-ante impacts of media bias for all χ ∈ [0, 1]. Panel (b) geometrically
demonstrates these impacts for χ ∈ {0, 0.5, 0.9}. The function T (k, n) depicted in Panel (b) is identical to T (k, n) in
Figure 2.1d. In Panel (b), the selected levels of media bias increase from red to blue to green: χ = 0 (unbiased,
nodes x), χ = 0.5 (weakly biased, nodes y), and χ = 0.9 (strongly biased, nodes z). Nodes wA , wB and w∗ , where
w ∈ {x, y, z}, represent the expected voter turnout conditional on message “A”, message “B” and unconditionally,
respectively. The dashed line segments represent the sets of all convex combinations of wA and wB , for w ∈ {x, y, z}.
Model parameters are taken from Example 2.1.

Figure 2.4a illustrates Proposition 2.2. The interim impact of media bias on voter turnout
depends on the message sent by the outlet (Proposition 2.2.1). Given message “A”, the expected
voter turnout is higher as media bias increases. This holds because, by Effect II, |kA (χ)| decreases
in χ and the election is more likely to end up in a close race, driving up voter turnout. Based on
a similar intuition (cf. Effect III), conditional on message “B” the expected voter turnout is lower
as media bias increases. From the ex-ante perspective voter turnout increases with media bias
unambiguously (Proposition 2.2.2) for two reasons. First, with |kA (χ)| decreasing and |kB (χ)|
increasing in χ, the distribution of posterior expectations of |k| becomes more spread out as χ
increases. This would lead to a higher expected voter turnout if the average posterior mean of
|k| remains constant, due to the convexity of T (|k|, n) in large elections. Second, due to Effect
I the average posterior mean of |k| puts more weight on |kA (χ)| as media bias increases, since
message “A” is more likely to be sent ex-ante. As a result, the average posterior mean of |k|
decreases in media bias (Lemma 2.1.4). This further increases voter turnout because T (|k|, n)
decreases in |k|.
Figure 2.4b takes the same geometric approach as in Figure 2.3b. Similar to the previous
analysis of election outcomes, the interim impacts conditional on message “A” and “B”, as well
as the ex-ante impact of media bias on voter turnout, are geometrically represented by nodes wA ,
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wB and w∗ , respectively, for w ∈ {x, y, z} (again corresponding to χ ∈ {0, 0.5, 0.9}). The interim
impact conditional on message “A” (“B”) again follows from the movement from xA to yA to zA
(xB to yB to zB ). Ex-ante voter turnout increases in media bias since x∗ < y∗ < z∗ .
Finally, we study how media bias affects the probability of electing the first-best (i.e., qualitysuperior) candidate and voter welfare, as n → ∞. Unlike previous propositions, which focus on
|M| = 1 and information partition PC (χ), Proposition 2.3 quantifies these outcomes for generic
information partitions P ⊂ [−1, 1].28
Proposition 2.3. For any partition P ⊆ [−1, 1], let x∗ ≡ min{|x||x ∈ P}. It holds that
1. the probability of electing the first-best candidate converges to 12 + F(−x∗ ) as n → ∞.
2. lim EP [W (k, n)] =
n→∞

R1

x∗ kdF(k).

Proof. See Appendix 2.C.1.
With |M| = 1 and χ ≥ 0, PC (χ) = {−χ}. It follows directly from Proposition 2.3 that,
as n → ∞, the probability of electing the first-best candidate and the expected voter welfare
R
EPC [W (k, n)] converge to 12 + F(−χ) and χ1 kdF(k), respectively. Both are decreasing in media
bias, χ. Moreover, by Proposition 2.2, increasing media bias also systematically increases
voter turnout and thus the aggregate voting costs. This effect further reduces voters’ welfare.
Proposition 2.3 suggests that, when the media outlet is unbiased (i.e., χ = 0), the election outcome
is asymptotically efficient in the sense that the asymptotic voter welfare, lim EP [W (k, n)], is
n→∞
maximized. This holds because, with an unbiased media outlet, voters learn precisely ex-post
whether k is above or below 0, and hence elect the quality-superior candidate with probability
approaching 1 as n → ∞. Conversely, if the media outlet is extremely biased (i.e., χ = 1), voters
remain uninformed ex-post because the media outlet always endorses candidate A regardless of
the realized state. In this case, the election outcome is completely independent of the realized
state. Therefore, both the probability of electing the first-best candidate and the asymptotic voter
welfare are lowest when χ = 1.

2.5.3

The influence of introducing a second media outlet

In this section we vary |M| from 1 to 2 to study the electoral influence of introducing an
extra media outlet. Let the biases of outlet 1 and 2 be χ1 and χ2 , respectively. Without loss of
generality, we assume χ1 ∈ [0, 1]. We say outlets 1 and 2 are like-minded (opposite-minded) if
χ1 and χ2 have the same (opposite) sign. Moreover, we say outlet 2 has a stronger (weaker) bias
define a generic information partition P as follows: x ∈ P if and only if voters precisely learn expost whether k ≤ x or k > x. With this definition, P can also contain a continuous interval. For any interval
[a, b] ⊂ [−1, 1] with a < b, if [a, b] ⊂ P then any state k ∈ [a, b] is precisely revealed to voters under partition P.
28 We
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than outlet 1 if |χ2 | > (<)|χ1 |. Recall from Figure 2.2 that outlet 1 partitions the posterior state
space into two intervals [−1, −χ1 ] and (−χ1 , 1]. Introducing outlet 2 affects voters’ information
environment by inducing a finer partition on [−1, −χ1 ] ((−χ1 , 1]), if χ2 > (<)χ1 . Proposition 2.4
characterizes how introducing a second media outlet systematically affects the election outcome.
Proposition 2.4. For all χ1 ∈ [0, 1], χ2 6= χ1 , and for sufficiently large n, EPC (χ1 ,χ2 ) [π(k, n)] >
(<)EPC (χ1 ) [π(k, n)] if and only if χ2 > (<)χ1 .
Proof. See Appendix 2.C.2.
In words, Proposition 2.4 states that in sufficiently large elections, introducing a like-minded
outlet with a stronger bias increases the ex-ante winning probability of the candidate favored by
the incumbent outlet. Conversely, if outlet 2 is opposite-minded, or like-minded with a weaker
bias, then introducing outlet 2 decreases the winning chances of that candidate. Loosely put, in
large elections introducing outlet 2 systematically shifts the election outcome in the direction of
outlet 2’s bias (relative to outlet 1’s).
Proposition 2.4 is primarily driven by the S-shape of π(k, n): it is convex on [−1, 0) and
concave on (0, 1]. Recall that outlet 1 partitions the state space into two intervals [−1, −χ1 ]
and (−χ1 , 1]. Suppose χ1 > 0 (i.e., A-biased), then π(k, n) is convex on [−1, −χ1 ] due to
its S-shape. If outlet 2 is like-minded with a stronger bias (i.e., χ2 > χ1 ), then it refines the
information partition on [−1, −χ1 ] and hence induces a mean-preserving spread of voters’
posterior expectations of k on the same interval, which necessarily increases the expectation
of any convex function. If instead χ2 < χ1 , then outlet 2 refines the information partition
on (−χ1 , 1], where π(k, n) is neither convex nor concave in k. In this case, the argument for
why introducing outlet 2 systematically decreases A’s winning probability is more subtle (see
Appendix 2.C.2 for details).
Our next proposition concerns how introducing a second media outlet systematically affects
voter turnout.
Proposition 2.5. For sufficiently large n, there exists ϑ ∈ (0, 1) and a decreasing function h̄(χ)
satisfying (i) −χ < h̄(χ) < χ for all χ > ϑ and (ii) h̄(η) = 0 for some η ∈ (ϑ , 1), such that:
1. if 0 ≤ χ1 ≤ ϑ and χ2 6= χ1 , then EPC (χ1 ,χ2 ) [T (k, n)] > EPC (χ1 ) [T (k, n)].
2. if χ1 > ϑ , then EPC (χ1 ,χ2 ) [T (k, n)] < EPC (χ1 ) [T (k, n)] if χ2 ∈ (h̄(χ1 ), χ1 ) and the opposite
holds otherwise.
Proof. See Appendix 2.C.2.
Figure 2.5 graphically illustrates Proposition 2.5. Panel (a) corresponds to Proposition 2.5.1
stating that if the bias of outlet 1 is sufficiently low (i.e., χ1 < ϑ ), then introducing a second
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Figure 2.5: A graphical illustration of Proposition 2.5
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Note: The intervals in curly braces with a “+” (“−”) sign denote the sets of χ2 under which introducing a second
media outlet increases (decreases) ex-ante voter turnout, for a given χ1 ≥ 0.

outlet systematically increases voter turnout regardless of χ2 . In contrast, if outlet 1 is at least
moderately biased (i.e., χ1 > ϑ ), then introducing outlet 2 systematically decreases voter turnout
if outlet 2 has a weaker bias sufficiently close to the bias of outlet 1 (see panel (b1)). For a rather
strongly biased outlet 1 (i.e., χ1 > η), this less biased outlet 2 could even be opposite minded
(see panel (b2)). Note that in the latter case introducing an unbiased outlet can systematically
decrease voter turnout.
Proposition 2.5 is driven by the curvature of T (k, n). If outlet 2 is like-minded and has
a stronger bias than outlet 1 (i.e., χ2 > χ1 ≥ 0), then outlet 2 induces a finer information
partition on [−1, −χ1 ] and necessarily increases the expectation of T (k, n), which is convex
on [−1, −χ1 ]. If instead outlet 2 is opposite-minded (i.e., χ2 < 0), or like-minded with a
weaker bias (i.e., 0 < χ2 < χ1 ), then outlet 2 induces a finer partition on [−χ1 , 1], where voter
turnout T (k, n) is neither convex nor concave in k. In this case, introducing outlet 2 can either
systematically increase or decrease voter turnout, depending on the biases of both outlets. In this
way, Proposition 2.5 provides a possible explanation for the mixed empirical evidence on the
relationship between media entry and voter turnout, in a unified framework.
The literature suggests some alternative mechanisms through which media entry may affect
voter turnout. First, media entry may increase voter turnout by simply notifying voters about
an upcoming election (Gentzkow, Shapiro and Sinkinson, 2011). Second, media entry may
decrease voter turnout through a substitution effect; the entry of commercial TV channels and
Internet may shift voters’ interests from politics to entertainment, decreasing their exposure to
political information and thereby voter turnout (Gentzkow, 2006; Falck, Gold and Heblich, 2014;
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Ellingsen, Hernæs et al., 2018). Third, competition in the marketplace may affect media outlets’
provision of political information and, in turn, affect voter turnout (Cagé, 2017). All these
mechanisms rely on the assumption that informed voters are more likely to turnout than their
uninformed counterparts. This assumption finds support from the literature on individual decision
making (Matsusaka, 1995), the swing voter’s curse (Feddersen and Pesendorfer, 1996, 1999;
Battaglini, Morton and Palfrey, 2008, 2010) and government’s responsiveness to the demand of
informed voters (Strömberg, 2004; Gavazza, Nardotto and Valletti, 2015). Nevertheless, none of
these mechanisms can explain, in a unified framework, why media entry can sometimes increase
and in other cases decrease voter turnout. To the best of our knowledge, Piolatto and Schuett
(2015) is the only other theoretical paper able to reconcile the mixed empirical findings. They do
so in an ethical voter framework and the mechanism therein is very different from ours.29
Given that introducing an additional media outlets can systematically drive both the election
outcome and voter turnout in either direction, how does it affect voter welfare? One might expect
that introducing extra outlets necessarily makes voters better off, because it improves information
transmission and thus allows rational voters to make better decisions. Proposition 2.6 confirms
this conventional wisdom for large elections under the cutoff information environment.
Proposition 2.6. For all χ1 ∈ [0, 1], it holds that
1. lim EP(χ1 ,χ2 ) [W (k, n)] ≥ lim EP(χ1 ) [W (k, n)] for all χ2 ∈ [−1, 1].
n→∞

n→∞

2. lim EP(χ1 ,χ2 ) [W (k, n)] > lim EP(χ1 ) [W (k, n)] if and only if |χ1 | > |χ2 | ≥ 0.
n→∞

n→∞

Proposition 2.6 is an immediate corollary of Proposition 2.3; with |M| = 2 and PC (χ1 , χ2 ) =
{−χ1 , −χ2 }, the probability of electing the welfare-superior candidate and voter welfare conR
verges to 12 + F(−x∗ ) and x1∗ kdF(k), respectively, where x∗ = min{|χ1 |, |χ2 |}. Because x∗ ≤
|χ1 |, introducing an extra outlet never deteriorates asymptotic voter welfare (Proposition 2.6.1).
In fact, introducing a second outlet strictly increases asymptotic voter welfare if and only if
|χ2 | < |χ1 |, i.e., the second outlet has a strictly weaker bias than the existing one (Proposition 2.6.2). More generally, in the presence of an arbitrary number of media outlets, asymptotic
voter welfare is determined solely by the least biased outlet, whose χm is closest to 0.
29 In Piolatto and Schuett (2015), media entry affects voter turnout through influencing independent and partisan
voters’ decisions to acquire information. They show that information increases the turnout rate of independent
voters but decreases the turnout rate of partisan voters in expectation. The net effect is thus ambiguous and critically
dependent on the degree of polarization of the electorate. In our model, however, media’s impacts on voter turnout
is essentially driven by their influences on voters’ perceptions about the closeness of elections.
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2.6 Media competition and voter welfare
In Section 2.5 we analyzed media’s influence on voting equilibria under the assumption that
all media outlets use the cutoff endorsement strategy (2.9) and we found that the introduction of
an additional media outlet necessarily improves voter welfare in large elections. In this section
we explore how robust this finding is to different communication protocols and different ways of
increasing media competition.
For this purpose we first endogenize media outlets’ reporting strategies and characterize
equilibrium information transmission under two different communication protocols: cheap talk
(CT) and Bayesian persuasion (BP). In the former setup, media outlets cannot commit to any
reporting strategy before observing the realized state whereas in the latter setup they can. The
comparison between the two communication protocols thus informs us how media commitment
affects information transmission and voter welfare. Indeed, we find that media commitment
plays a key role in determining the amount of information that can be transmitted in equilibrium
(cf. Section 2.6.1). We then turn to the question to what extent the conventional wisdom – media
competition improves information revelation and voter welfare – can be generalized to different
communication protocols. This is explored in Section 2.6.2.

2.6.1

Preliminaries: Information transmission under CT and BP

We use a sender-receiver game framework to study the information transmission between
media outlets and the electorate. Since media outlets send public information, all voters form
a common posterior conditional on the message profile x produced by all media outlets. From
the media outlets’ perspective, the entire electorate is then equivalent to a single receiver who
rationally updates her belief to obtain posterior E[k|x, Ξ] and subsequently selects candidate A
with probability π(E[k|x, Ξ], n). Recall that we denote media m’s reporting strategy by σm (k),
which is a mapping from the state space ([−1, 1]) to the message space S. In this section, we
assume S = [−1, 1] so that a message can be literally interpreted as a report of the state. As
in all cheap talk games, there are multiple equilibria. For tractability we impose the following
monotonicity constraint on the strategies σm (·) for all m ∈ M:
∀k, k0 ∈ [−1, 1], k > k0 =⇒ σm (k) ≥ σm (k0 )

(2.10)

In words, constraint (2.10) requires that each outlet m ∈ M must announce weakly higher
messages in higher states. The monotonicity constraint implies that (i) a strictly higher message
must reveal strictly higher states, and (ii) if a message s is sent in two different states, then the
same s must also be sent in all states in between. Taken together, any reporting strategy σm (·)
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must induce a partition, denoted by P m , of the state space. As in Section 2.5.1, we characterize
P m by the set of cutoff points; x ∈ P m if and only if σm (k) > (≤)σm (x) implies k > (≤)x for
all k, x ∈ [−1, 1]. In other words, x ∈ P m if and only if the electorate is precisely informed of
whether the realized k is strictly above, or weakly below x, by reading from outlet m.30 The
information environment created by all media outlets m ∈ M can be represented by the union of
all partitions P = ∪m∈M P m . Any P partitions the state space [−1, 1] into adjacent and disjoint
separating or pooling intervals. The realized state k is precisely revealed in a separating interval,
while unrevealed in a pooling interval.
We focus on the most informative equilibria, i.e., equilibria that induce the finest partition P,
and do not distinguish between equilibria inducing an identical P.31 When |M| ≥ 2, we also
derive the most informative coordination-proof equilibria, in which no subset of media outlets
can strictly benefit by jointly deviating from their equilibrium strategy profile. Theorem 2.3
precisely characterizes the most informative partition in equilibrium under CT.
Theorem 2.3. Suppose media outlets communicate via cheap talk and χ1 ≥ χ2 ≥ · · · ≥ χ|M| .
1. (Discipline equilibrium) The most informative partition in equilibrium equals



if |M| = 1
{−χ1 },

PD (χ1 , · · · , χ|M| ) = [−1, −χ1 ] ∪ [−χ2 , 1], if |M| = 2



[−1, 1],
if |M| ≥ 3
2. (Cutoff equilibrium) The most informative partition among coordination-proof equilibria
equals PC (χ1 , · · · , χ|M| ) = {−χ1 , −χ2 , · · · , −χ|M| }.
Proof. See Appendix 2.D.1.
To illustrate Theorem 2.3, we start with |M| = 1. In this case, the most informative equilibrium
yields a unique information partition {−χ1 }, which consists of two pooling intervals [−1, −χ1 ]
and (−χ1 , 1]. This is equivalent to the information partition created by the cutoff endorsement
strategy (2.9) introduced in Section 2.5.1 (cf. Figure 2.2). Since the outlet prefers candidate
A(B) to be elected if k > (≤) − χ1 and A’s winning probability increases in voters’ posterior
expectations of k, it is optimal for this outlet to send the highest (lowest) message when k > (≤
) − χ1 . Therefore, whether k lies above or below −χ1 must be precisely communicated, and no
30 To simplify the presentation and proofs, we assume any cutoff point x is downward pooled. Under Assumption 2.1, k = x is a zero-probability event and the allocation of x in the partition is inconsequential.
31 We focus on the most informative equilibria for two reasons. First, this is a standard equilibrium selection
practice in the cheap talk literature. Second, by Proposition 2.3 the asymptotic voter welfare is highest in the most
informative equilibrium. Therefore, by focusing on the most informative equilibria, we provide an upper bound for
asymptotic voter welfare in equilibrium.
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further information (except for the zero-probability event k = −χ1 ) can be credibly revealed.
This yields the aforementioned pooling intervals.
When there are two media outlets with biases χ1 ≥ χ2 , the most informative CT equilibrium, referred to as the Discipline equilibrium (Theorem 2.3.1), yields an information partition
PD (χ1 , χ2 ) = [−1, −χ1 ] ∪ [−χ2 , 1]. This partition consists of two separating intervals [−1, −χ1 ]
and (−χ2 , 1], and a pooling interval (−χ1 , −χ2 ] in between. In line with the literature on
multiple-sender cheap talk games, the receiver (electorate) can discipline senders (media outlets)
to reveal more information by cross-checking their messages and punish senders by a strictly
undesirable action if their messages do not match (Gilligan and Krehbiel, 1989; Krishna and
Morgan, 2001a,b). Specifically, the electorate can discipline media outlets to reveal all “aligned
states” (i.e., k ∈ [−1, −χ1 ) ∪ (−χ2 , 1]), conditional on which both outlets prefer the same candidate to be elected, by the following cross-checking strategy: if s1 = s2 = s all voters believe k = s
for sure, otherwise they form posterior expectation EF [k|k ∈ (χ1 , −χ2 )]. With this cross-checking
strategy, both outlets are worse off in aligned states if their messages do not match, as sending
inconsistent messages would only decrease the winning chances of their preferred candidate. In
“conflicting states”, where the two outlets support different candidates (i.e, k ∈ (−χ1 , −χ2 )), such
a common punishment does not exist and they cannot be disciplined to reveal any information.
With more than two media outlets, full information revelation is generically possible under the
Discipline equilibrium. This is because for all realized states k, there always exist (at least) two
media outlets whose interests are aligned. These interest alignments can be exploited to construct
a fully revealing equilibrium under appropriate cross-checking strategies.
The construction of Discipline equilibria depends critically on the premise that senders cannot
coordinate their messages. To see this, note that when k > −χ2 and coordination is possible,
both outlets would be better off by coordinating on s1 = s2 = 1 (rather than on the equilibrium
strategy s1 = s2 = k) to maximize A’s winning chances, given the aforementioned cross-checking
strategy of the electorate. Therefore, if we require media outlets’ reporting strategy profile to be
coordination-proof, then aligned states can no longer be credibly communicated in equilibrium
(Theorem 2.3.2). In fact, the most informative coordination-proof equilibrium generates the
cutoff information partition described in Section 2.5.1 and is thus referred to as the Cutoff
equilibrium.
Theorem 2.4 characterizes the most informative equilibria in the BP setup, under an additional technical assumption defined in Appendix 2.D.2 (Assumption 2.4 therein). 32

32 Loosely speaking, this additional assumption put regular restrictions on the shape of media’s expected payoff
function, under which the optimal reporting strategy generically takes a “pooling at the tails” structure as described
by Theorem 2.4.
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Theorem 2.4. Suppose media outlets can commit to any reporting strategy profile and χ1 ≥
χ2 ≥ · · · ≥ χ|M| . Under Assumption 2.4 defined in Appendix 2.D.2 it holds that:
1. The most informative partition in equilibrium equals

[a(χ ; n), b(χ ; n)], if |M| = 1
1
1
P(χ1 , · · · , χ|M| ) =
[−1, 1],
if |M| > 1
2. (BP equilibrium) The coordination-proof equilibrium is unique and yields information
partition PBP (χ1 , · · · , χ|M| ) = [a(χ1 ; n), b(χ|M| ; n)].
Functions a(x; n) and b(x; n) are implicitly defined in Appendix 2.D.2 and satisfy ∀x ∈ [−1, 1]:
(i) −1 ≤ a(x; n) < −x < b(x; n) ≤ 1; (ii) both a(x; n) and b(x; n) weakly decrease in x, and (iii)
lim a(x; n) = −x for x < 0 and lim b(x; n) = −x for x > 0.
n→∞

n→∞

Proof. See Appendix 2.D.2.
Under BP, an information partition can be supported in equilibrium if and only if no
senders can profit from unilaterally committing to any finer partition (Gentzkow and Kamenica,
2016). If |M| = 1, the equilibrium partition is unique and equals [a(χ1 ; n), b(χ1 ; n)]; it consists
of two pooling intervals [−1, a(χ1 ; n)] and (b(χ1 ; n), 1], and a non-empty separating interval
(a(χ1 ; n), b(χ1 ; n)] which contains −χ1 . In words, the optimal reporting strategy precisely reveals states with low payoff relevance (i.e., k sufficiently close to −χ1 ), and pools all remaining
high states (k > b(χ1 ; n)) into a single message (say, “A”) and low states (k ≤ a(χ1 ; n)) into
another message (say, “B”).33 In deciding whether to separate the boundary state (say, b(χ1 ; n))
from the pooling message (say, “A”), the outlet balances two opposite forces. On the one hand,
separating b(χ1 ; n) from “A” lowers candidate A’s winning probability when the marginal state
b(χ1 ; n) realizes. On the other hand, this separation strengthens the credibility of message “A”
and thus increases A’s electoral prospects in all states k > b(χ1 ; n). For k sufficiently close to
−χ1 the latter effect always dominates so b(χ1 ; n) > −χ1 generically holds. This is because the
outlet is almost indifferent between candidates for k close to −χ1 and the marginal losses from
the former effect is negligible compared to the marginal gains from the latter. The choice of the
other boundary state a(χ1 ; n) follows the analogous principle.
If |M| ≥ 2, then fully revealing equilibria generically exist under BP without coordinationproofness (Theorem 2.4.1). Nevertheless, these equilibria are implemented in weakly dominated
33 It is possible for an optimal reporting strategy to have a(χ ; n) = −1 or b(χ ; n) = 1. In these cases, the outlet
1
1
precisely reveals all states k ∈ [−1, −χ1 ] or k ∈ (−χ1 , 1], respectively. However, a(χ1 ; n) = −1 and b(χ1 ; n) = 1
never simultaneously hold, that is, full information revelation is impossible under |M| = 1.
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Figure 2.6: Equilibrium information partitions under CT and BP when |M| = 2
Discipline Equilibrium:

k
-1

1

-1

1

Cutoff Equilibrium:

k
a(χ1 ; n)

b(χ2 ; n)

BP Equilibrium:

k
-1

−χ1

−χ2

1

Note: The solid line segments and black nodes include all elements in each equilibrium information partition.
Therefore, the solid (dashed) line segments also represent separating (pooling) intervals.

strategies.34 For this reason, the literature on Bayesian persuasion with multiple senders typically
focuses on the least informative equilibria (Gentzkow and Kamenica, 2016, 2017), which coincide
with the unique coordination-proof equilibrium under BP, referred to above as the BP equilibrium
(Theorem 2.4.2). The critical impact of introducing extra media outlets on the BP equilibrium is
that all “conflicting states” must be fully revealed. Because π(k, n) is generically nonlinear in
k, in any non-trivial pooling interval containing conflicting states, inducing a finer information
partition can always systematically push the election outcome in favor of one candidate. Because
at least two media outlets have opposite partisan preferences in those conflicting states, there
must exist at least one media outlet finding unilaterally committing to a finer information partition
profitable.35
For ease of comparison, we graphically illustrate the information partitions with |M| = 2
under the Discipline, Cutoff and BP equilibria in Figure 2.6. Figure 2.6 highlights two sharp
discrepancies between the equilibrium information partitions under CT and BP setups when
|M| = 2. First, in aligned states where all media outlets’ partisan preferences agree (e.g.,
intervals [−1, −χ1 ] and (−χ2 , 1]), the information partition exhibits “semi-separating” in the BP
equilibrium. In the two classes of cheap talk equilibria we investigate, however, these states are
either fully separated (the Discipline equilibrium) or pooled (the Cutoff equilibrium). Second,
the “conflicting states” (i.e., interval (−χ1 , −χ2 ]) are fully revealed in all BP equilibria. In sharp
contrast, however, these conflicting states can never be revealed in any cheap talk equilibrium
when |M| = 2. In what follows, we use these insights to analyze how information transmission
and voter welfare in large elections are affected as we increase media competition.
34 To see this, suppose outlet 1 unilaterally commits to full revelation. It is then weakly optimal for all other
outlets to do so as well because they cannot unilaterally influence voters’ information.
35 See also Gentzkow and Kamenica (2016, 2017) for similar insights.
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2.6.2

Competition, information transmission and voter welfare

Following Gentzkow and Kamenica (2016), we consider the following three notions of
increasing media competition: (i) introducing extra media outlets, (ii) increasing media polarization, and (iii) preventing media collusion. To compare the informativeness of two partitions
P1 and P2 , we say P1 is more informative than P2 if P1 induces a strictly finer information partition than P2 (i.e., P2 ⊂ P1 ). To compare asymptotic voter welfare, we say P1 is
welfare superior (inferior) to P2 if lim EP1 [W (k, n)] > (<) lim EP2 [W (k, n)]. Recall from
n→∞

n→∞

Proposition 2.3 that lim EP [W (k, n)] = x1∗ kdF(k) with x∗ = min{|x||x ∈ P}. Asymptotic voter
n→∞
welfare is maximized if and only if 0 ∈ P; voters learn precisely whether k lies above or below
0 ex-post. For this reason, we say a partition P is asymptotically efficient if 0 ∈ P.
R

Introducing extra media outlets
We first show that both CT and BP models agree that introducing extra media outlets weakly
improves information transmission and voter welfare. However, these models disagree sharply on
what type of media outlet should be introduced to maximize these benefits in large elections. We
illustrate this insight by increasing |M| from 1 to 2. Let the biases of the incumbent and entrant
outlets be χ1 and χ2 , respectively. We assume χ1 ≥ 0 and say the two outlets are like-minded
(opposite-minded) if χ1 and χ2 have the same (opposite) sign. Define χ+ ≡ max{χ1 , χ2 } and
χ− ≡ min{χ1 , χ2 }.36
In a Discipline equilibrium it holds that PD (χ1 , χ2 ) = [−1, −χ+ ]∪[−χ− , 1] (cf. the top panel
of Figure 2.6). As is evident graphically, PD (χ1 , χ2 ) is asymptotic efficient (i.e., 0 ∈ PD (χ1 , χ2 ))
if and only if the two outlets are like-minded. Moreover, if χ2 = χ1 , then PD (χ1 , χ2 ) = [−1, 1]
and the Discipline equilibrium is fully revealing.
In a Cutoff equilibrium we have PC (χ1 , χ2 ) = {−χ1 , −χ2 } (cf. the central panel of Figure 2.6). Hence, PC (χ1 , χ2 ) is asymptotically efficient if and only if χm = 0 for some m = 1, 2,
i.e., at least one outlet is unbiased.
Finally, in a BP equilibrium we have PBP (χ1 , χ2 ) = [a(χ+ ; n), b(χ− ; n)] ⊃ [−χ+ , −χ− ]
(cf. the bottom panel of Figure 2.6). It is evident graphically that, if the two outlets are
opposite-minded, PBP (χ1 , χ2 ) must be asymptotically efficient since 0 ∈ [−χ+ , −χ− ]. Moreover,
PBP (χ1 , χ2 ) must be fully revealing if χ1 = 1 and χ2 = −1, i.e., the two outlets are oppositeminded with extremely strong biases. Importantly, however, if the two outlets are both biased
and like-minded (i.e., χ1 ≥ χ2 > 0) then PBP (χ1 , χ2 ) is no longer asymptotic efficient. This is
because, by Theorem 2.4, lim b(χm ; n) = −χm < 0 since χm > 0 for both m ∈ {1, 2}. Therefore,
n→∞

36 We

do not consider χ1 = 0 because in this case, by Proposition 2.3, the election will be asymptotically efficient
regardless of the biases of other media outlets.
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b(χ− ; n) < 0 and 0 6∈ PBP (χ1 , χ2 ) for sufficiently large n. We summarize these observations in
Proposition 2.7.
Proposition 2.7. Let |M| = 2 and χ1 > 0, it holds that:
1. PD (χ1 , χ2 ) is asymptotically efficient if and only if χ2 ≥ 0, and it is fully revealing if
χ2 = χ1 .
2. PC (χ1 , χ2 ) is asymptotically efficient if and only if χ2 = 0.
3. PBP (χ1 , χ2 ) is asymptotically efficient if and only if χ2 ≤ 0, and it is fully revealing if
χ1 = 1 and χ2 = −1.
Proposition 2.7 highlights the critical role of media commitment in identifying the type of
entrant that maximizes asymptotic voter welfare and information transmission. Under CT (i.e.,
without media commitment), asymptotic efficiency is achieved only if the entrant is unbiased
(Cutoff equilibrium) or like-minded (Discipline equilibrium). Under BP (i.e., with media
commitment), however, asymptotic efficiency can be achieved with an opposite-minded entrant
only. Regarding information transmission, introducing an outlet that is like-minded with an
identical bias (opposite-minded with an extremely strong bias) maximizes information revelation
in a Discipline (BP) equilibrium.
Increasing media polarization
We focus on |M| = 2 and ask how information transmission and asymptotic voter welfare are
affected by increasing the misalignment of interests between the two media outlets. This informs
us how voters are affected by an increase in the polarization of media environment. We study
the impact of increasing media polarization in a context with two opposite-minded and equally
biased outlets; |M| = 2, χ1 = χ and χ2 = −χ with χ > 0. We say media polarization increases
if χ increases.
By Theorem 2.3, Discipline and Cutoff equilibria yield partitions PD (χ, −χ) = [−1, −χ] ∪
[χ, 1] and PC (χ, −χ) = {−χ, χ}, respectively. By Theorem 2.4, the BP equilibrium produces
partition PBP (χ, −χ) = [a(χ; n), b(−χ; n)] ⊃ [−χ, χ]. It is evident from Figure 2.6 that, as media polarization increases, PD (χ, −χ) becomes less informative whereas PBP (χ, −χ) becomes
more informative. In both the Discipline and Cutoff equilibria, asymptotic voter welfare equals
R1
χ kdF(k), which declines as media polarization increases. In contrast, the BP equilibrium is
always asymptotically efficient, as 0 ∈ PC (χ, −χ) holds for all χ ≥ 0. We summarize these
observations in Proposition 2.8.
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Proposition 2.8. Let |M| = 2 and for all 1 ≥ χ 0 > χ > 0, it holds that:
1. PD (χ 0 , −χ 0 ) is less informative than and welfare inferior to PD (χ, −χ).
2. PC (χ 0 , −χ 0 ) is welfare inferior to PC (χ, −χ).
3. PBP (χ 0 , −χ 0 ) is more informative than PBP (χ, −χ). Moreover, PBP (χ, −χ) is asymptotically efficient for all χ ∈ (0, 1].
Preventing media collusion
Finally, we characterize how media collusion (e.g., media merge) affects information transmission and voter welfare in large elections. Suppose |M| = 2 and χ1 > χ2 . We assume that, if
the two outlets collude, they jointly maximize their average payoff:


V (k, χ1 , Ω) +V (k, χ2 , Ω)
χ1 + χ2
V̄ (k, χ1 , χ2 , Ω) =
= k+
· 1Ω=A
2
2

(2.11)

In this way, media collusion essentially yields a single “colluded outlet” with an average bias
2
χ ≡ χ1 +χ
2 . Under CT, by Theorem 2.3, the information partition produced by this colluded
χ1 +χ2
χ1 +χ2
2
outlet equals PD ( χ1 +χ
2 ) = PC ( 2 ) = { 2 }. Hence, in both the Discipline and Cutoff
R
equilibria, media collusion results in an asymptotic voter welfare equal to |1χ1 +χ2 | kdF(k).
2
Suppose instead that collusion is not possible and the two outlets are like-minded. It follows
from Section 2.6.2 that the Discipline equilibrium is asymptotically efficient and hence welfaresuperior to all other equilibria. In the Cutoff equilibrium asymptotic voter welfare equals
R1
min{|χ1 |,|χ2 |} kdF(k), which is solely determined by the least biased outlet. Because χ1 and
2
χ2 have the same sign, it holds that min{|χ1 |, |χ2 |} < | χ1 +χ
2 | and hence collusion of two likeminded outlets unambiguously reduces asymptotic voter welfare in either Discipline or Cutoff
equilibria. If instead the two outlets are opposite-minded, then (without collusion) asymptotic
R1
voter welfare in both Discipline and Cutoff equilibria equals min{|χ
kdF(k). Therefore,
1 |,|χ2 |}
χ1 +χ2
media collusion improves voter welfare in large elections if and only if | 2 | < min{|χ1 |, |χ2 |},
i.e., the colluded outlet is less biased than either of the original outlets. This is possible with two
opposite-minded outlets with sufficiently close biases; for example, χ1 = −χ2 . Hence, media
collusion may either increase or decrease voter welfare under CT.
Finally, in a BP equilibrium, Theorem 2.4 implies that the colluded outlet generates informa χ1 +χ2

χ1 +χ2
2
tion partition PBP ( χ1 +χ
2 ) = a( 2 ; n), b( 2 ; n) . Without media collusion, PBP (χ1 , χ2 ) =
2
[a(χ1 ; n), b(χ2 ; n)]. Since χ1 ≥ χ1 +χ
≥ χ2 and both a(χ; n) and b(χ; n) are weakly decreasing
2
χ1 +χ2
in χ, it holds that PBP ( 2 ) ⊂ PBP (χ1 , χ2 ). Media collusion thus yields a strictly less informative and weakly welfare-inferior information partition, compared to that without collusion.
We summarize these observations in Proposition 2.9.
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Proposition 2.9. Let |M| = 2 and χ1 > χ2 , it holds that:
1. in both Discipline and Cutoff equilibria, media collusion increases asymptotic voter
2
welfare if and only if | χ1 +χ
2 | < min{|χ1 |, |χ2 |}.
2. the BP equilibrium is less informative, and the asymptotic voter welfare weakly decreases
if media outlets collude.
Consistent with Gentzkow and Kamenica (2016, 2017), we find that media collusion can
never improve information transmission and voter welfare under BP. Under CT, however, media
collusion can be welfare improving if the two media outlets are opposite-minded with similar
magnitudes of biases. The collusion of two like-minded media outlets, however, unambiguously
reduces voter welfare.

2.7 Conclusion
We develop a tractable theory to study the influence of biased media on election outcomes,
voter turnout, and voter welfare. We derive three key insights. First, news released by media
outlets allows voters to infer not only (i) the relative appeal of candidates, but also (ii) the
closeness of elections. In large elections, the former information determines party vote shares
and the election outcome, while the latter drives voter turnout. Second, media outlets can
systematically manipulate election outcomes and voter turnout by strategically providing public
information, even if voters are Bayesian. Based on these two insights, we derive precise
comparative statics predictions regarding the influence of biased media on election outcomes and
voter turnout. These results provide a unified rationale for the mixed empirical evidence on the
relationship between media entry and voter turnout. Third, the conventional wisdom that media
competition improves information transmission and voter welfare, may fail to hold if media
outlets have no commitment power. In a nutshell, we provide a solid and powerful framework to
analyze how changing media environments influence electoral behavior, outcomes, and voter
welfare.
We suggest three avenues for future research. First, instead of reading from all media
outlets, in real life voters might be highly selective in media exposure (Gentzkow and Shapiro,
2010, 2011; Durante and Knight, 2012). Exploring how media consumption correlates with
voters’ characteristics and whether large elections can aggregate dispersed voter information
is undoubtedly a salient issue. Chapter 4 investigates this question in more detail. Second,
voters may also have private information beyond the public news provided by mass media
(Liu, 2019). Our approach does not directly extend to these contexts since voters no longer
have common posterior beliefs, due to idiosyncratic private information. Third, our Poisson
42

game setup precludes communication among voters and turnout mobilization through social
norms (e.g., peer pressure), which are empirically relevant in determining political participation
(Grosser and Schram, 2006; DellaVigna et al., 2016). The interactions between media outlets’
electoral impact with various communication networks and social norms remain insufficiently
understood. These questions might be explored by embedding media outlets in a pivotal voter
framework allowing for correlated equilibria (Pogorelskiy, 2014), or in a group-based framework
allowing for explicitly modeling of social norms (Levine and Mattozzi, 2016).
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Appendix 2.A

Deriving the asymptotic voting equilibria

In this appendix we derive the asymptotic voting equilibria assuming that the state k is
common knowledge. This appendix is divided into three subsections. In subsection 2.A.1 we
derive (2.5) and (2.6) in the main text, which are the analytically approximated equilibrium
probabilities that a randomly selected voter votes for A and B, respectively. In subsection 2.A.2
we subsequently discuss how these translate to approximations for the asymptotic equilibrium
vote share of candidate A (V S(k, n)), winning probability of candidate A (π(k, n)), and voter
turnout (T (k, n)). Finally, in subsection 2.A.3 we discuss the curvatures of functions π(k, n)
and T (k, n) in large elections. Results in this appendix are frequently referred to in subsequent
appendices of this chapter.

2.A.1

Asymptotic voting equilibria

Since voters are ex-ante identical, we use qA and qB to denote the probabilities that any
randomly sampled voter votes for candidate A and B, respectively. The probability of a randomly
sampled voter abstaining is then 1 − qA − qB . Let NA and NB be the realized number of voters
voting for A and B, respectively. In addition, from the perspective of any voter i, let Ñ denote the
number of other eligible voters in the electorate (not counting voter i). Since the electoral size N
e Lemma 2.2, proved in Myerson (1998), summarizes
is a random variable, so are NA , NB and N.
fundamental properties of Poisson games.
Lemma 2.2. (Myerson, 1998) In a Poisson game with mean population size n, it holds that
1. Independent actions. NA and NB are independently distributed.
2. Decomposition property. NA and NB are Poisson distributed with mean nA ≡ nqA and
nB ≡ nqB , respectively.
e is Poisson distributed with mean n.
3. Environmental equivalence. N
2 |N − N = l, l ∈ Z} denote the set of events where candidate A
Let Tl ≡ {(NA , NB ) ∈ Z+
B
A
gets exactly l more votes than B (if l is negative, then A gets |l| fewer votes than B). Under the
Poisson distribution, we have
i
ni+l
A nB
= e−(nA +nB )
(i
+
|l|)!i!
i=0
∞

Pr[Tl |nA , nB ] = e−(nA +nB ) ∑

r

l
√
nA
I (2 nA nB )
nB |l|

i
x2
z
4
where Iz (x) = 2x ∑∞
i=0 (i+z)!i! is the modified Bessel function of the first kind with non-negative
integer parameter z (see Olver (1970), page 377). Conditional on nA and nB , the pivotal probabil44

ities of voting for A and for B are37
Pr[T0 |nA , nB ] + Pr[T−1 |nA , nB ]
2


r
√
√
nB
e−(nA +nB )
=
I0 (2 nA nB ) +
I1 (2 nA nB )
2
nA
Pr[T0 |nA , nB ] + Pr[T1 |nA , nB ]
Pr[PivB|nA , nB ] ≡
2


r
√
√
nA
e−(nA +nB )
I1 (2 nA nB )
I0 (2 nA nB ) +
=
2
nB

Pr[PivA|nA , nB ] ≡

(2.12)

(2.13)

If k is common knowledge, voters with vi > (<) − k always vote for candidate A(B), conditional on turnout. As for their turnout decision, voters vote only if their private voting costs are
sufficiently low, that is, below some threshold. The cost threshold must be equal to the expected
benefit of voting to make the marginal voters indifferent between voting and abstaining. Let
ρ(x) ≡ min{ Cx , 1}, x ≥ 0, be the cumulative distribution function of voting costs. Since voting
costs are independently drawn from distribution ρ(·), a priori a voter with ideology vi > (<) − k
votes for candidate A(B) with probability ρ(|k +v|·Pr[PivA|nA , nB ]) (ρ(|k +v|·Pr[PivB|nA , nB ])).
Hence, given nA and nB and k commonly known, the ex-ante probabilities of a randomly sampled
voter voting for A and B, respectively, are given by
Z δ

qA =
qB =

ρ(|k + v| · Pr[PivA|nA , nB ])dG(v)

−k
Z −k
−δ

ρ(|k + v| · Pr[PivB|nA , nB ])dG(v)

(2.14)
(2.15)

A voting equilibrium is characterized by a solution (q∗A , q∗B ) of the above system of equations.
Recall that nΩ = nqΩ for Ω ∈ {A, B}, both Pr[PivA|nA , nB ] and Pr[PivB|nA , nB ] are continuous
functions of qA and qB . Therefore, the system of equations above forms a continuous selfmapping on the compact and convex set [0, 1]2 , the existence of equilibrium (q∗A , q∗B ) is guaranteed
by Brouwer’s fixed-point theorem.38 Moreover, the voting equilibrium (q∗A , q∗B ) depends on
parameters k and n only. We focus on voting equilibria in large elections (i.e., n → ∞). Formally,
let {qA (k, n), qB (k, n)} be a voting equilibrium for a given k and n, and {qA (k, n), qB (k, n)}n→∞
be a sequence of voting equilibria. Let nΩ (k, n) ≡ nqΩ (k, n) be the expected number of votes
for candidate Ω ∈ {A, B} in equilibrium. Myerson (2000) and Krishna and Morgan (2015) show
that along any sequence of voting equilibria, the expected total number of votes goes to infinity
37 Note that a vote for A is pivotal only if it breaks a tie (in event T ) or creates a tie (in event T ). In both cases,
0
−1
it changes the election outcome in favor of A with probability 0.5. The calculation of the pivotal probability of a
vote for B is similar.
38 The continuity of Pr[PivA|n , n ] and Pr[PivB|n , n ] follows from Theorem 7.12 of Rudin (1976).
A B
A B
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while the pivotal probabilities vanish to zero as n → ∞, as summarized in Lemma 2.3.39
Lemma 2.3. (Myerson, 2000) For all k ∈ [−1, 1] and any {qA (k, n), qB (k, n)}n→∞ ,
1. lim nA (k, n) + nB (k, n) = ∞;
n→∞

2. lim Pr[PivΩ|nA (k, n), nB (k, n)] = 0 for both Ω = A, B.
n→∞

To get the intuition for part 1), note that if the expected total number of votes is bounded in
large elections, then the expected numbers of votes for each candidate are also bounded. As a
result, the pivotal probabilities are strictly positive in the limit. Hence, voters with sufficiently
low but strictly positive voting costs will vote, and this yields a strictly positive fraction of the
electorate since ρ(·) is strictly positive for all x > 0. The expected total number of votes then
goes to infinity as n → ∞, leading to a contradiction. Therefore, at least one candidate must get
an infinite expected number of votes as n → ∞. This implies that both pivotal probabilities vanish
as n → ∞, validating part 2). The following Lemma 2.4 characterizes the asymptotic properties
of pivotal probabilities.
Lemma 2.4. (Myerson, 2000) If lim nA (k, n) + nB (k, n) = ∞, then40
n→∞

Pr[PivA|nA ,nB ]
n→∞ Pr[PivB|nA ,nB ]

1. lim

= lim

n→∞

q

nB
nA ;

nB (k,n)
n→∞ nA (k,n)

2. If in addition 0 < lim

< ∞, then
√

√

2


r 
nB
1+
nA

√

√

2


r 
nA
1+
nB

Pr[PivA|nA , nB ] ≈

e−( nA − nB )
p √
4 π nA nB

Pr[PivB|nA , nB ] ≈

e−( nA − nB )
p √
4 π nA nB

Since pivotal probabilities vanish as n → ∞, |k + v| · Pr[PivΩ|nqA (k, n), nqB (k, n)] < C for
sufficiently large n. Recall that ρ(x) = min{ Cx , 1}, equations (2.14) and (2.15) imply (2.16) and
(2.17), respectively, for sufficiently large n:
qA (k, n) =
qB (k, n) =

Z δ
|k + v| · Pr[PivA|nA , nB ]
−k
Z −k
−δ

α(k)
dG(v) =
Pr[PivA|nA , nB ]
C
C
|k + v| · Pr[PivB|nA , nB ]
β (k)
dG(v) =
Pr[PivB|nA , nB ]
C
C

39 See
40 In

(2.16)
(2.17)

Theorem 4 in Myerson (2000) or Lemma 6 to 9 in Krishna and Morgan (2015) for the formal proof.
these expressions we suppress arguments k and n for clarity.
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δ
−k
where α(k) ≡ −δ
|k + v|dG(v) and β (k) ≡ −δ
|k + v|dG(v). Note that by defining PivΩ(k, n) ≡
Pr[PivΩ|nA (k, n), nB (k, n)] for Ω ∈ {A, B}, expressions (2.16) and (2.17) can be equivalently
rewritten as (2.3) and (2.4) in the main text, respectively. Under the assumption that G(·) is a
symmetric distribution on [−δ , δ ], it holds that41

R

α(k) ≡
β (k) ≡

R

Z δ
−k

|k + v|dG(v) = k + δ −

Z −k

|k + v|dG(v) = −

−δ

Z −k

Z δ

G(v)dv = k +
−k

G(v)dv

(2.18)

−δ

Z −k

Z −k

(k + v)dG(v) =
−δ

G(v)dv

(2.19)

−δ

Equations (2.16) and (2.17), together with Lemma 2.4, imply for all α(k) and β (k) that
qA (k, n) α(k)
≈
qB (k, n) β (k)
qA (k,n)
n→∞ qB (k,n)

Therefore, lim

s

qB (k, n)
qA (k, n)

2

=

α(k)  3
β (k)

= µ 2 (k), where µ(k) ≡

(2.20)

q
3

α(k)
β (k) . Namely, along any sequence
to µ 2 (k). Since we assume δ > 1,

of equilibria the expected vote ratio qqAB (k,n)
(k,n) must converge
both α(k) and β (k) are strictly positive for all k ∈ [−1, 1]. Hence, 0 < µ(k) < ∞ holds for all
k ∈ [−1, 1]. This allows us to apply part 2) of Lemma 2.4 and approximate equations (2.16) and
(2.17) by
√

√

2

s
!
nA (k, n) α(k) e
nB (k, n)
≈
· q p
1+
qA (k, n) =
n
C
nA (k, n)
4 π nA (k, n)nB (k, n)
2
√
√
s
!
nA (k, n)
nB (k, n) β (k) e− nA (k,n)− nB (k,n)
≈
· q p
qB (k, n) =
1+
n
C
nB (k, n)
4 π nA (k, n)nB (k, n)
−

nA (k,n)−

nB (k,n)

(2.21)

(2.22)

Any sequence of equilibria {qA (k, n), qB (k, n)}n→∞ must converge to a sequence of solutions
of the equation system (2.21) and (2.22) for any k ∈ [−1, 1], {qbA (k, n), qbB (k, n)}n→∞ . If 0 <
µ(k) < ∞ and µ(k) 6= 1, the solution is unique and given by:42
41 In

the derivation of α(k), the second step follows from integration by parts, and the third step follows from the
Rδ
Rδ
fact that EG [v] = −δ
vdG(v) = δ − −δ
G(v)dv = 0 (as G(v) is symmetric). The derivation of β (k) is analogous.
42 We derive this in two steps. First, dividing (2.21) by (2.22) yields qc
A (k,n)
= µ 2 (k) (see also equation (6.3)
qc
B (k,n)
β (k)(1+µ(k)) 
√
in Myerson (2000)). Second, let x ≡ qc
and η ≡ n(1 − µ(k))2 . Then
B (k, n) and define ξ ≡ ln
4C

πnµ(k)

3
2
qc
A (k, n) = µ (k)x and (2.21), (2.22) jointly imply 2 ln(x) = ξ − ηx. This equation has a unique solution x =

3
2
3
ω
ξ
−
ln
,
where
ω(·)
is
the
White
Omega
function. This is equivalent to expression (2.24). qc
A (k, n) =
2η
3
2η
µ 2 (k)c
qB (k, n), which yields (2.23).
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2

2
nbA (k, n) 3
µ(k)
ω(z(k, n))
µ(k)
ln n
=
≈
n
2 1 − µ(k)
n
1 − µ(k)
n


2
2
nbB (k, n) 3
1
ω(z(k, n))
1
ln n
qbB (k, n) =
=
≈
n
2 1 − µ(k)
n
1 − µ(k)
n
qbA (k, n) =

(2.23)
(2.24)

where ω(x) is the Wright Omega function that satisfies ω(x) + ln ω(x) = x for all real x > 0 and
p
p
√
z(k, n) ≡ 23 ln n + 23 ln µ(k)+1
+ 2 ln | 3 α(k) − 3 β (k)| + 32 ln 4√1πC − ln 32 . The approximations in
µ(k)

the second steps follow from lim

x→∞

ω(x)
x

= 1, which implies ω(z(k, n)) ≈ 23 ln n since z(k, n) ≈ 23 ln n.

Hence, both qbA (k, n) and qbB (k, n) converge to zero at a rate of
µ(0) = 1, the (unique) solution takes the form:

qbA (0, n) = qbB (0, n) ≈

α(0)
√
2 πC

2
3

ln n
n

as n → ∞. If k = 0 and thus

1
√
3
n

(2.25)

Hence, both qbA (0, n) and qbB (0, n) converge to zero at a rate of √31n . Taken together, equations
(2.23) to (2.25) yield the approximations (2.5) and (2.6) in the main text.

2.A.2

Asymptotic voting behavior and election outcomes

In this subsection we use equations (2.23) to (2.25) derived in the previous subsection to
approximate equilibrium vote share (V S(k, n)), election outcome (π(k, n)), and voter turnout
(T (k, n)) in large elections. Results derived in this subsection is crucial for proving Theorems 2.1
and 2.2 formulated in Section 2.4 of the main text.
Using equations (2.23) to (2.25), we can directly approximate the asymptotic equilibrium
vote share V S(k, n) and T (k, n) according to their definitions:
µ 2 (k)
qbA (k, n)
=
qbA (k, n) + qbB (k, n) 1 + µ 2 (k)

 32
2 α(0)
√
2 πC
T (k, n) ≈ qbA (k, n) + qbB (k, n) ≈

γ(k) lnnn ,

V S(k, n) ≈

(2.26)
1
√
3 n,

if k = 0

(2.27)

if k 6= 0

2

1+µ (k)
where γ(k) ≡ (1−µ(k))
2 . Next, we characterize candidate A’s equilibrium winning probability,
π(k, n), in large elections. Under simple majority rule, π(k, n) is defined by

1
π(k, n) = Pr[NA = NB |nA (k, n), nB (k, n)] + Pr[NA > NB |nA (k, n), nB (k, n)]
2
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(2.28)

Lemma 2.5 shows that π(k, n) converges to a simple step function as n → ∞.
Lemma 2.5. Suppose Assumption 2.1 holds, then



1,


lim π(k, n) = 21 ,
n→∞



0,

if k > 0
if k = 0
if k < 0

Proof. Recall from Lemma 2.2 that NA and NB are independent Poisson random variables with
means nA (k, n) and nB (k, n), respectively. By the law of large numbers,
NA p nA (k, n)
≈ µ 2 (k)
→
NB
nB (k, n)
Under Assumption 2.1 it holds that µ(k) > (<)1 for k > (<)0 (cf. Lemma 2.8 below). If k > 0
2
A
then N
NB converges in probability to µ (k) > 1 as n → ∞. Therefore, Pr[NA > NB |nA , nB ] → 1
and lim π(k, n) = 1. Analogously, for k < 0 it holds that lim π(k, n) = 0. Finally, if k = 0, then
n→∞
n→
nA (k, n) = nB (k, n) so that NA and NB are independent and identical Poisson random variables,
which implies lim π(0, n) = 12 .
n→∞

We next provide a more precise characterization of π(k, n) for finite n based on a useful
result from Keller (1994), who characterize winning probabilities in Poisson races in integral
forms. We do so in a few steps. First, for any given nA and nB , we calculate candidate A and B’s
winning probabilities, denoted by ΠA (nA , nB ) and ΠB (nA , nB ), respectively. To do this we first
introduce a useful Lemma 2.6, proved by Keller (1994).
Lemma 2.6. (Keller, 1994) For any given non-negative nA and nB , there are
∂ Pr[NA > NB |nA , nB ]
= Pr[NA = NB |nA , nB ]
∂ nA
Lemma 2.6 has an intuitive interpretation; a marginal increase in nΩ improves candidate
Ω’s winning chance by allowing Ω to win the previously tied elections. Though one might
expect this intuition to hold generically, Keller (1994) shows that this is a unique property of the
Poisson distribution. Combining Lemma 2.6 and equation (2.28), we obtain Lemma 2.7, which
characterize each candidates’ winning probabilities in integral forms.
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Lemma 2.7. For any given non-negative nA and nB , it holds that
1
ΠA (nA , nB ) = Pr[NA = NB |nA , nB ] + Pr[NA > NB |nA , nB ]
2
Z nA
√
√
e−(nA +nB )
I0 (2 nA nB ) + e−nB ·
e−x · I0 (2 nB · x)dx
=
2
0
1
ΠB (nA , nB ) = Pr[NA = NB |nA , nB ] + Pr[NA < NB |nA , nB ]
2
Z nB
√
√
e−(nA +nB )
I0 (2 nA nB ) + e−nA ·
=
e−x · I0 (2 nA · x)dx
2
0

(2.29)

(2.30)

Proof. Since NΩ follows a Poisson distribution with mean nΩ for Ω ∈ {A, B}, we get Pr[NA =
√
NB |nA , nB ] = Pr[T0 |nA , nB ] = e−(nA +nB ) I0 (2 nA nB ). By Lemma 2.6, we have43
Pr[NA > NB |nA , nB ] =

Z nA
0

Pr[NA = NB |x, nB ]dx =

Z nA
0

√
e−(x+nB ) I0 (2 nB · x)dx

This yields (2.29). The derivation of (2.30) is analogous.
Therefore, candidate A’s equilibrium winning probability π(k, n) can be precisely characterized by ΠA (nA , nB ), with nA and nB replaced by nA (k, n) and nB (k, n), respectively. Recall that
for sufficiently large n the equilibrium quantities nA (k, n) and nB (k, n) are solutions of the system
of equations (2.16) and (2.17), which can be solved numerically given k if n is not large (e.g.,
n = 200 in our Example 2.1).
For very large n, however, computing π(k, n) using (2.28) is technically challenging. To
overcome this issue, we instead use the analytical approximations for nA (k, n) and nB (k, n)
derived previously (cf. equations (2.23) to (2.25)) to compute π(k, n); namely, π(k, n) ≡
ΠA (nbA (k, n), nbB (k, n)).44

2.A.3

Curvatures of π(k, n) and T (k, n) for large n

In this subsection we discuss the curvatures of π(k, n) and T (k, n) for large n. The key
results are summarized in Lemmas 2.10 and 2.11. Lemma 2.10 implies that, for sufficiently
large n, π(k, n) has the S-shape property (i.e., π(k, n) increases in k convexly on [−1, 0) while
concavely on (0, 1]) if Assumption 2.2 formulated in the main text holds. Lemma 2.11 implies
that, for sufficiently large n, T (k, n) is a decreasing and concave function of |k| if the electorate
is moderately polarized (i.e., ν ≥ 0.04; cf. Assumption 2.3). These results play critical roles
43 We

implicitly use the fact that Pr[NA > NB |nA , nB ] = 0 when nA = 0.
technical caveat of this approach is that ΠA (c
nA (k, n), nc
B (k, n)) ≈ ΠA (nA (k, n), nB (k, n)) may not generically
hold for all k. Therefore, (2.28) may not be accurately approximated in the limit by ΠA (c
nA (k, n), nc
B (k, n)).
44 A
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in deriving the comparative statics for the influence of biased media (Section 2.5) and the
information transmission strategy of media outlets under Bayesian persuasion (Section 2.6).
Before proceeding to prove Lemmas 2.10 and 2.11, we introduce two more auxiliary lemmas
2.8 and 2.9. Lemma 2.8 summarizes a few useful properties of µ(k). Recall that ν ≡ β (1) =
R −1
extreme voters who prefer B to A
−δ G(v)dv denotes the expected stake of ideologically
q
q
3 k+ν
3 1+k+2ν
regardless of k. For any fixed ν > 0, we define µ̄(k) ≡
ν and µ(k) ≡
1−k+2ν .
Lemma 2.8. Suppose Assumption 2.1 holds, then
1. µ(k) increases in k and µ(−k) =

1
µ(k)

2. µ(0) = µ̄(0) = 1, and µ(1) = µ̄(1) =

for all k ∈ [−1, 1];
q
3

1+ν
ν

if ν > 0;

3. µ(x) < µ(k) < µ̄(x) for all k ∈ [−1, 1].
Proof. We first show part 1). It follows from the definitions of α(k) and β (k) (see (2.18) and
0
(2.19)) that α 0 (k) = 1 − G(−k)
q > 0 and β (k) = −G(−k) < 0. So α(k) increases in k whereas
3 α(k)
β (k) decreases in k. µ(k) = β (k) thus increases in k. Moreover, note that45
Z −k

Z δ

α(−k) =

(−k + v)dG(v) =
−δ

k

(−k − v)dG(v) = β (k)

q
q
1
3 β (k)
=
So µ(−k) = 3 α(−k)
β (−k)
α(k) = µ(k) . This also implies µ(0) = 1. Part 2) follows directly from
definitions of µ(k) and µ̄(k). To show part 3), note that
s
µ(k) =

3

v
v
u
u
R −k
R −k
u
u k + −1
k
+
G(v)dv
G(v)dv + ν
α(k) t
3
= 3 R −k−δ
=t
R −k
β (k)
G(v)dv
G(v)dv
+ν
−1
−δ

By Assumption 2.1, 0 < G(v) < 12 holds for all v ∈ [−1, 0). This implies 0 <
for all k ∈ (0, 1], and the inequalities in part 3) hold.

R −k
−1

G(v)dv <

1−k
2

Remark. Both µ̄(k) and µ(k) have clear economic interpretations; they represent the (cubic
root of) expected stake ratios in two extreme types of electorates. µ̄(k) is obtained by having
G(v) → 0 for v < 0 and G(v) → 1 for v > 0; in this way, almost the entire probability mass
is located on v = 0. From this perspective, µ̄(k) represent the expected stake ratio in the
“most centralized” electorate, given ν. In contrast, µ(k) is obtained by having G(v) = 12 for all
v ∈ [−1, 1]; no probability weights are given to ideologically moderate voters with v ∈ (−1, 1).
From this perspective, µ(k) represents the expected stake ratio in the “most polarized” election,
45 The

second step follows from Assumption 2.1.
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given ν. Lemma 2.8 shows that µ(k) must be bounded between µ̄(k) and µ(k) on [−1, 1] for all
distributions of voter preference G(·).
We next investigate the curvature of π(k, n). Note that π(k, n) cannot be analytically characterized since the integration in expression of ΠA (nA , nB ) (cf. (2.29)) is not tractable. We instead
derive the first order derivative of π(k, n) to learn about its curvature. Lemma 2.9 provides an
important means towards this end.
Lemma 2.9.

∂ ΠA
∂ nA

= Pr[PivA|nA , nB ] and

∂ ΠA
∂ nB

= −Pr[PivB|nA , nB ].

Proof. By (2.29) and the fact that I00 (x) = I1 (x), we obtain
r
√
√
√
∂ ΠA
e−(nA +nB )
e−(nA +nB ) nB
=−
I0 (2 nA nB ) +
I1 (2 nA nB ) + e−(nA +nB ) I0 (2 nA nB )
∂ nA
2
2
nA
r
√
√
e−(nA +nB ) nB
e−(nA +nB )
=
I0 (2 nA nB ) +
I1 (2 nA nB ) = Pr[PivA|nA , nB ]
2
2
nA
The last step follows from (2.12). Similarly we can also show
second part follows from the fact that ∂∂ΠnBA = − ∂∂ΠnBB .

∂ ΠB
∂ nB

= Pr[PivB|nA , nB ]. The

Remark. Lemma 2.9 has an intuitive interpretation as well; a marginal increase in nΩ
improves candidate Ω0 s winning probability by letting her win the election in previously pivotal
events, for Ω ∈ {A, B}. Again, this is a unique characteristic of Poisson elections.
Using all these aforementioned inputs, we derive the close-form approximation for the
first order derivative of π(k, n) and analyze its asymptotic property. These are summarized in
Lemma 2.10.
Lemma 2.10. Suppose Assumption 2.1 holds, then:
1. For all k 6= 0, it holds that
0

∂π
ln n
≈ Ψ(k) ·C
, where Ψ(k) ≡
∂k
n

0

β
α
1 µ − 1 µ0 µ α − β
+
2 µ +1 µ
µ −1

! 
3
1
p
· p
3
α(k) − 3 β (k)

2. The function Ψ(k) defined above satisfies Ψ(k) > 0 and Ψ(−k) = Ψ(k) for all k 6= 0.
∂π
n→∞ ∂ k

3. lim

equals 0 for k 6= 0 and ∞ for k = 0.
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Proof. We first show part 1). Taking first order derivatives of nbA and nbB with respect to k yields

2
∂ nbA
µ
µ0
3
µ
ω(z(k, n))
∂z
= 3·
·
· ω(z(k, n)) + ·
·
·
∂k
1 − µ (µ − 1)2
2
µ −1
ω(z(k, n)) + 1 ∂ k

2
∂ nbB
1
µ0
3
1
ω(z(k, n))
∂z
= 3·
·
· ω(z(k, n)) + ·
·
·
∂k
1 − µ (µ − 1)2
2
µ −1
ω(z(k, n)) + 1 ∂ k

(2.31)
(2.32)

Using equations (2.23) and (2.24) and Lemma 2.4, we can approximate Pr[PivΩ|nbA , nbB ] for all
c
k 6= 0 and Ω ∈ {A, B} by:(again, nc
Ω (k, n) is suppressed as n
Ω for clarity)
Pr[PivA|nbA , nbB ] ≈
=

Pr[PivB|nbA , nbB ] ≈
=

√ 2 
s 
nc
B
nbB
p √
1+
nbA
4 π nbA nbB
3

1
ω(z(k, n))
3C µ(k) − 1
p
·
· p
·
3
3
2
µ(k)
n
α(k) − β (k)
√ √ 2 
s 
nbA
e− ncA − ncB
p √
1+
nbB
4 π nbA nbB

3

3C
1
ω(z(k, n))
p
· µ(k) − 1 · p
·
3
3
2
n
α(k) − β (k)

e−

√

nc
A−

(2.33)

(2.34)

With all these inputs, we can derive the first order derivative of π(k, n) ≡ ΠA (nbA (k, n), nbB (k, n)),
the probability that candidate A wins given k and n, as follows:
∂π
∂ nbA ∂ ΠA ∂ nbB ∂ ΠA ∂ nbA
∂ nbB
=
Pr[PivA|nbA , nbB ] −
Pr[PivB|nbA , nbB ]
+
=
∂k
∂ k ∂ nA
∂ k ∂ nB
∂k
∂k

3
ω(z(k, n))
∂z
1
3 ω(z(k, n))
3C
p
·
·
· p
·
≈
3
3
2 1 + ω(z(k, n)) ∂ k
2
n
α(k) − β (k)

3
3 ∂z
1
ln n
p
≈ ·
· p
·C
3
2 ∂k
n
α(k) − 3 β (k)
ω(z)
z→∞ 1+ω(z)

The last step follows from lim

(2.35)

= 1 and ω(z(k, n)) ≈ 32 ln n. Routine calculation yields
0

0

0

0

β
β
α
α
3 ∂z
µ0
1 µ0 µ α − β
1 µ − 1 µ0 µ α − β
=
−
+
=
+
2 ∂k µ +1 2 µ
µ −1
2 µ +1 µ
µ −1

Plugging the above expression to (2.35) yields
0

∂π
≈
∂k

0

β
α
1 µ − 1 µ0 µ α − β
+
2 µ +1 µ
µ −1

! 
3
1
ln n
ln n
p
· p
·C
≡ Ψ(k) ·C
3
3
n
n
α(k) − β (k)
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(2.36)

This completes the proof for part 1). To show part 2), notice that
0

0

Ψ(k) =

=

β
α
1 µ − 1 µ0 µ α − β
+
2 µ +1 µ
µ −1

! 
3
1
p
· p
3
α(k) − 3 β (k)
β0 !
α0
µ0 µ α − β
1
1
1
·
+
2
4
2 (µ + 1)(µ − 1) µ
(µ − 1)
β (k)

Because β (k) > 0, α 0 (k) = 1 − G(−k) > 0 and β 0 (k) = −G(−k) < 0 for all k 6= 0, it must also
hold that Ψ(k) > 0. Ψ(k) = Ψ(−k) holds because α(k) = β (−k) and G(−k) = 1 − G(k), which
are consequences of the symmetry of distribution G(·) (cf. Assumption 2.1).
Finally, we show part 3). For k 6= 0, lim ∂∂πk = 0 holds because ∂∂πk vanishes to 0 at a rate of
n→∞

ln n
n ,

by (2.36). To show lim ∂∂πk = ∞ for k = 0, note from Lemma 2.5 that π(k, n) converges to 1
n→∞
for k > 0 and to 0 for k < 0, as n → ∞. It then follows from the definition of first order derivative
1
= lim 2ε
= ∞.
that lim ∂∂πk k=0 = lim lim π(ε,n)−π(ε,n)
2ε
n→∞

n→∞ ε→0

ε→0

Remark. The first two parts of Lemma 2.10 jointly
sufficiently large n, π(k, n)
! imply that, for 
3
α0 β 0
0
µ
−
µ
α
β
1√
is an S-shape function of k if 12 µ−1
· √
decreases in k on (0, 1]
3
3
µ+1 µ + µ−1
α(k)−

β (k)

(i.e., Assumption 2.2 holds).
Finally, we characterize the curvature of T (k, n) for large elections. According to (2.27),
T (k, n) ≈ γ(k) · lnnn for all k 6= 0. Therefore, for sufficiently large n, the curvature of T (k, n) is
determined by the property of γ(k). Lemma 2.11 shows that γ(k) depends only on candidates’
quality difference |k|, and it decreases in |k| convexly if the degree of polarization ν exceeds a
certain threshold.
Lemma 2.11. Under Assumption 2.1, for all k ∈ [−1, 1]:
1. γ(k) = γ(−k), lim γ(k) = ∞ and γ(k) is decreasing in |k|;
k→0

2. if in addition ν ≥ 0.04, then γ(k) is convex on (0, 1].
2

1+x
1
Proof. To show part 1), note that γ(k) = h(µ(k)), where h(x) ≡ (1−x)
2 and satisfies h(x) = h( x )
for all x > 0 and x 6= 1. h(x) is convex, decreases in x for x > 1 and satisfies lim h(x) = ∞. Part
x→1

2) then follows from combining part 1) and the aforementioned properties of h(x).
Next, we prove part 2). According to Lemma 2.8, µ(k) ≥ µ(k) for k ∈ (0, 1]. Let γ̃(k) ≡
h(µ(k)). Since h(x) decreases in x and µ(k) increases in k, γ̃(k) decreases in k. We calculate the
second order derivative of γ̃(k) and show that γ̃(k) is convex on (0, 1] if and only if ν ≥ 0.04.
Now, we show that the convexity of γ̃(k) implies the convexity of γ(k), and thus complete the
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proof. Consider any k1 , k2 , k3 ∈ (0, 1] with k1 < k2 < k3 . Define y(k) ≡ µ −1 (µ(k)), then y(k)
increases in k and
γ(k2 ) − γ(k1 ) γ̃(y(k2 )) − γ̃(y(k1 )) y(k2 ) − y(k1 )
=
k2 − k1
y(k2 ) − y(k1 )
k2 − k1
γ(k3 ) − γ(k2 ) γ̃(y(k3 )) − γ̃(y(k2 )) y(k3 ) − y(k2 )
=
k3 − k2
y(k3 ) − y(k2 )
k3 − k2
2 ))−γ̃(y(k1 ))
3 ))−γ̃(y(k2 ))
The decreasing and convex properties of γ̃(·) on (0, 1] imply γ̃(y(k
< γ̃(y(k
< 0.
y(k )−y(k )
y(k )−y(k )
2

1

3

2

γ(k2 )−γ(k1 )
2)
1)
2)
< γ(kk33)−γ(k
> y(kk33)−y(k
> 0. Note
if y(k) is concave on (0, 1], i.e., y(kk22)−y(k
k2 −k1
−k2
−k1
−k2
µ 3 (k)−1
α(k)−β (k)
k
−1
y(k) = µ (µ(k)) = (2ν + 1) µ 3 (k)+1 = (2ν + 1) α(k)+β (k) = (2ν + 1) R −k
, where
k+2
G(v)dv

Hence,
that

−δ

the last two steps follow from the definitions of α(k), β (k) and µ(k). Concavity of y(k) on (0, 1]
can be confirmed by computing its second order derivative.

Appendix 2.B Proofs for Section 2.4
This appendix provides proofs for Theorem 2.1 and 2.2 formulated in the main text.

2.B.1

Proof of Theorem 2.1

The asymptotic approximations of V S(k, n) and T (k, n) directly follow from expressions
(2.26) and (2.27), respectively. The asymptotic approximation of π(k, n) is provided in Lemma 2.5.
These together prove part 1) to 3) of Theorem 2.1.
Finally, we prove part 4) of Theorem 2.1. Let EA ≡ {{(vi , ci )}i∈N |k, n, A wins} denote the
set of voter type profiles conditional on k, n and the event that candidate A wins, were all voters
behaving according to the equilibrium strategies. Let E[v|EA ] denote the expected ideology
v conditional on EA . Recall from equation (2.1) that any voter i’s utility equals k + vi (0) if
candidate A (B) is elected. So the expected utility of a randomly sampled voter, given k and n,
equals
 C · T (k, n)
W (k, n) = π(k, n) k + E[v|EA ] −
2
The first term is a randomly sampled voter’s expected payoff from the election outcome. The
second term C·T 2(k,n) is the expected voting costs paid by a randomly selected voter, and it
vanishes in large elections as T (k, n) → 0. Since v ∈ [−δ , δ ] and δ < ∞, E[v|EA ] must be
bounded. By Lemma 2.5, π(k, n) ≈ 1(0) for k > (<)0. If k < 0, then π(k, n) ≈ 0 and thus

fA ] → 0, where
W (k, n) ≈ 0. If k > 0, then π(k, n) → 1 and π(k, n)E[v|EA ] = − 1 − π(k, n) E[v|E
Ee is the complement of set E. The second step follows from EG (v) = 0 and the third step holds
fA ] is bounded. Therefore, W (k, n) ≈ k for k > 0. This completes the proof.
because E[v|E
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2.B.2

Proof of Theorem 2.2

We first define a few new notations. Let τ denote the null information structure, under which
voters are uninformed of the realized state; τ is a degenerate distribution at the prior mean 0. Let
PC (x) with x ∈ (0, 1) denote the information structure generated by a binary cutoff partition of
the state space at threshold x; ex-post, voters learn whether the realized k belongs to interval
[−1, x) or [x, 1]. Obviously, τ ∈ ΓF and PC (x) ∈ ΓF . Given x and PC (x), let k̄(x) ≡ EF [k|k ≥ x]
and k(x) ≡ E[k|k < x] be voters’ rational posterior expectations of k. Under Assumption 2.1,
k̄(x) > 0 > k(x) for all x ∈ (−1, 1). For ξ ∈ {V S, π, T }, we define
ξ (k, n) − min ξ (k, n)
k∈[−1,1]

ξe(k, n) ≡

max ξ (k, n) − min ξ (k, n)
k∈[−1,1]

k∈[−1,1]

Since both max ξ (k, n) and min ξ (k, n) are independent of k, ξe(k, n) is an affine transk∈[−1,1]

k∈[−1,1]

e , Γ)
formation that re-scales ξ (k, n) to range [0, 1] for k ∈ [−1, 1]. Then we can rewrite D(ξ
as
e , Γ) = sup Eτ [ξe(k, n)] − inf Eτ [ξe(k, n)]
D(ξ
(2.37)
τ∈Γ

τ∈Γ

e S, Γ) = 0. By Theorem 2.1.1, V S(k, n)
We start by proving lim lim D(V S, Γ) = lim lim D(V
ν→∞ n→∞
ν→∞ n→∞
increases in k so that max V S(k, n) = V S(1, n) and min V S(k, n) = V S(−1, n). Therefore,
k∈[−1,1]

k∈[−1,1]

V S(k, n) −V S(−1, n)
VfS(k, n) =
V S(1, n) −V S(−1, n)
With ν =

R −1
−δ

G(v)dv fixed, we have µ(1) =

Because V S(k, n) ≈

µ 2 (k)
1+µ 2 (k)

q
3

1+ν
ν

q
3

ν
1+ν

(cf. Lemma 2.8).

, it holds that
1+ν
ν

V S(1, n) ≈

1+
1+
Let V S(k) ≡ lim V S(k, n) =

µ 2 (k)
1+µ 2 (k)

 32

1+ν
ν

 23

1

V S(−1, n) ≈

n→∞

and µ(−1) =

1+ν
ν

 23

(2.38)
(2.39)

S(k)−V S(−1)
and VfS(k) ≡ lim VfS(k, n) = VV S(1)−V
S(−1) . It follows from
n→∞

equations (2.38) and (2.39) that lim V S(1) = lim V S(−1) = 12 . Hence, both the infimum and
ν→∞
1
2 as

supremum of V S(k) converges to

ν→∞

ν → ∞. lim lim D(V S, Γ) = 0 then follows immediately.
ν→∞ n→∞
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e S, Γ) = 0, note from (2.37) that we can rewrite lim D(V
e S, Γ) as
To show lim lim D(V
ν→∞ n→∞

n→∞

e S, Γ) = sup Eτ [VfS(k)] − inf Eτ [VfS(k)]
lim D(V

n→∞

(2.40)

τ∈Γ

τ∈Γ

Therefore, it suffices to show that the RHS of (2.40) converges to 0 as ν → ∞. We do so by
f
showing that lim VfS(k) = 1+k
2 , i.e., V S(k) uniformly converges to a linear function of k on [0, 1]
ν→∞
q
as v → ∞.46 To do this, recall from Lemma 2.8 that µ(k) is bounded between µ̄(k) = 3 1+ν
ν and
q
1+k+2ν
µ(k) = 3 1−k+2ν for all k ∈ [−1, 1]. Define
V S(k) ≡

L
µ 2 (k)
V S(k) −V S(−1)
and VfS (k) ≡
1 + µ 2 (k)
V S(1) −V S(−1)

V S(k) ≡

H
µ̄ 2 (k)
V S(k) −V S(−1)
and VfS (k) ≡
1 + µ̄ 2 (k)
V S(1) −V S(−1)

L
H
It follows from Lemma 2.8 that VfS(k) must be bounded between VfS (k) and VfS (k) for all k ∈
L
H
[0, 1] and ν > 0. We complete the proof by showing Lemma 2.12; lim VfS (k) = lim VfS (k) =
ν→∞

1+k
2 .

Hence, by the Squeeze Theorem, lim VfS(k) =
ν→∞

1+k
2

ν→∞

and lim Eτ [VfS(k)] = lim VfS(0) =
ν→∞

ν→∞

1
2

e S, Γ) = 0.
must hold for all τ ∈ Γ. Equation (2.40) then implies lim lim D(V
ν→∞ n→∞

L

H

Lemma 2.12. Both VfS (k) and VfS (k) converge uniformly to
L

Proof. We first show lim VfS (k) =
ν→∞

V S(k) −V S(−1)
VfS =
=
V S(1) −V S(−1)
L

1+k
2 .

on [0, 1] as ν → ∞.

Note from equations (2.38) and (2.39) that47

1
2
1+ν 3
ν

1+k
2

"
·
−1

1+ν
ν

 23

1+k+2ν
1−k+2ν

+1

 23

+1

1 + k + 2ν
1 − k + 2ν

!2

#

3

−1

6kν
3 + ν1
1 3 − 1−k+2ν
2kν
≈ ·
+
·
2k
2k
2 3 + 1−k+2ν 3 + 1−k+2ν 1 − k + 2ν

In the last formula of the expression above, it is easy to see that the first term converges uniformly
to 1−k
2 and the second term converges uniformly to k for all k ∈ [0, 1] as ν → ∞. It then follows
46 Note

for k < 0 that lim VfS(k) = 1 − lim VfS(−k) = 1 − 1−k
2 =
ν→∞

ν→∞

1+k
2 .

It is sufficient to show lim VfS(k) =
ν→∞

1+k
2

on [0, 1] to guarantee the uniform convergence on [−1, 1].
47 In the proof of Lemma 2.12, we slightly abuse the notation and let x ≈ y denote lim x = 1. Let h(x) ≡ (1 + x) 23 .
ν→∞ y
2

2

1
1+k+2ν 3
2k
3
We can rewrite 1+ν
=
h
and
=
h
.
Exploiting
the
Taylor
series expansion of h(x) at
ν
ν
1−k+2ν
1−k+2ν
2
 23
h(x)
1+ν 3
21
2k
x = 0, we obtain lim 2 = 1. Therefore, as ν → ∞, it holds that ν
≈ 1 + 3 ν and 1+k+2ν
≈ 1 + 23 1−k+2ν
.
1−k+2ν
x→0 1+ 3 x

L
H
These validate the approximations in the derivations of VfS (k) and VfS (k).

57

L

H

1+k
that lim VfS (k) = 1−k
lim VfS (k) = 1+k
2 +k = 2 for all k ∈ [0, 1]. ν→∞
2 can be proved analogously
ν→∞
as below.

V S(k) −V S(−1)
=
VfS (k) =
V S(1) −V S(−1)
H

1
2
1+ν 3
ν

"
·
−1

1+ν
ν

 23

+1 k+ν
2

ν
k+ν 3
+1
ν

!2

3

#
−1

1 − k 3ν + 1
3ν
≈
·
+
·k
3ν + k
2
3ν + k
Since both

3ν
3ν+k

and

3ν+1
3ν+k

H
converge uniformly to 1 on [0, 1] as ν → ∞, so does VfS (k).

Next, consider π(k, n). By Lemma 2.10, π(k, n) increases in k so that max π(k, n) = π(1, n)
k∈[−1,1]

and min π(k, n) = π(−1, n). Therefore,
k∈[−1,1]




1, if k > 0
π(k, n) − π(−1, n)  1
≈ 2 , if k = 0
πe(k, n) =
π(1, n) − π(−1, n) 


0, if k < 0

(2.41)

e Γ) = 1 by showing that lim sup Eτ [πe(k, n)] = 1
According to (2.37), we can prove lim D(π,
n→∞

n→∞ τ∈Γ

and lim inf Eτ [πe(k, n)] = 0. To do so, consider any binary cutoff information partition PC (x).
n→∞ τ∈Γ

Since PC (x) ∈ ΓF ⊂ Γ, it holds that
0 ≤ inf Eτ [πe(k, n)] ≤ EPC (x) [πe(k, n)] ≤ sup Eτ [πe(k, n)] ≤ 1
τ∈Γ

(2.42)

τ∈Γ

where EPC (x) [πe(k, n)] = (1 − F(x)) · πe(k̄(x), n) + F(x) · πe(k(x), n). Since k̄(x) > 0 > k(x) for all
x ∈ (−1, 1), equation (2.41) implies EPC (x) [πe(k, n)] ≈ 1 − F(x). Note that 1 − F(x) converges to
1 (0) as x goes to −1 (1). It follows from (2.42) that sup Eτ [πe(k, n)] = 1 and inf Eτ [πe(k, n)] = 0,
τ∈Γ

τ∈Γ

e Γ) = 1 according to (2.37). lim D(π, Γ) = 1 then follows from the fact
which imply lim D(π,
n→∞
n→∞
that π(1, n) − π(−1, n) → 1.
e Γ) = 1. lim D(T, Γ) = 0 follows from
Finally, we show lim D(T, Γ) = 0 and lim D(T,
n→∞
n→∞
n→∞
the fact that T (k, n) uniformly converges to zero for all k as n → ∞. By Lemma 2.11, T (k, n)
decreases in |k| so that max T (k, n) = T (0, n) and min T (k, n) = T (1, n). Hence,
k∈[−1,1]

k∈[−1,1]


1, if k = 0
T (k, n) − T (1, n)
Te(k, n) =
≈
T (0, n) − T (−1, n) 0, if k 6= 0
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(2.43)

In (2.43), the last step follows from the fact that T (k, n) vanishes to 0 at a rate of
while at a rate of

ln n
n

1
√
3n

for k = 0,
e
for k 6= 0 (cf. Lemma 2.11). We proceed by showing lim sup Eτ [T (k, n)] = 1
n→∞ τ∈Γ

and lim inf Eτ [Te(k, n)] = 0. To show the former, consider the null information environment τ.
n→∞ τ∈Γ
Because τ ∈ ΓF ⊂ Γ, we obtain
1 ≥ sup Eτ [Te(k, n)] ≥ Eτ [Te(k, n)] = T (0, n)
τ∈Γ

By (2.43), Te(0, n) ≈ 1 and so does sup Eτ [Te(k, n)]. To show that lim inf Eτ [Te(k, n)] = 0, conn→∞ τ∈Γ

τ∈Γ

sider a binary cutoff information partition PC (x) for any x ∈ (−1, 1). It holds that
0 ≤ inf Eτ [Te(k, n)] ≤ EPC (x) [Te(k, n)] = (1 − F(x)) · Te(k̄(x), n) + F(x) · T̃ (k(x), n)
τ∈Γ

By (2.43) and k̄(x) > 0 > k(x), EPC (x) [Te(k, n)] ≈ 0 and so does inf Eτ [Te(k, n)]. These imply
τ∈Γ

e Γ) = 1 according to (2.37).
lim D(T,

n→∞

Appendix 2.C
2.C.1

Proofs for Section 2.5

Proofs for Section 2.5.2

Proof of Lemma 2.1. Part 1) and 2) follow from Assumption 2.1 and the definitions of kA (χ)
and kB (χ). Part 3) follows from the law of iterated expectations. Here, we show part 4). Since
kB (χ) < 0 ≤ kA (χ), we have EPC (χ) [|k|] = [1 − F(−χ)]kA (χ) − F(−χ)kB (χ). Note that
[1 − F(−χ)]kA (χ) =

Z 1

kdF(k)
−χ

Z −χ

F(−χ)kB (χ) =

kdF(k) = −

−1

Z 1

kdF(k)
χ

The second equality follows from symmetry of F(·). Hence,
Z 1

EPC (χ) [|k|] =

Z 1

kdF(k) +
−χ

Z 1

Z χ

kdF(k) =

kdF(k) + 2
−χ

χ

Z 1

kdF(k) = 2
χ

kdF(k)
χ

where the second equality again follows from the symmetry of F(·). EPC (χ) [|k|] decreases in χ
R
since χ1 kdF(k) decreases in χ for χ ∈ [0, 1].
Proof of Proposition 2.1. Part 1) follows from the fact that both V S(k, n) and π(k, n) are increasing in k and that both kA (χ) and kB (χ) are decreasing in χ (Lemma 2.1).
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To show part 2a), we first show that EPC (χ) [π(k, n)] = 12 for χ ∈ {0, 1}. If χ = 0, by Assumption 2.1 we have F(0) = 12 , kA (0) = −kB (0) and π(kA (0), n) = 1 − π(kB (0), n). Hence,
B (0),n)
EPC (0) [π(k, n)] = π(kA (0),n)+π(k
= 12 . If χ = 1, then F(−1) = 0 and kA (1) = 0. So
2
EPC (1) [π(k, n)] = π(0, n) = 12 . Next, we show EPC (χ) [π(k, n)] > 12 for all χ ∈ (0, 1) if n is
sufficiently large. For any χ ∈ (0, 1), F(−χ) < 12 and kA (χ) ∈ (0, 1). Note that
EPC (χ) [π(k, n)] = [1 − F(−χ)]π(kA (χ), n) + F(−χ)π(kB (χ), n)
The first term [1−F(−χ)]π(kA (χ), n) > 12 must hold for sufficiently large n since 1−F(−χ) > 21
and lim π(kA (χ), n) = 1. As the second term F(−χ)π(kB (χ), n) is positive, EPC (χ) [π(k, n)] > 21
n→∞
must hold for sufficiently large n and this completes the proof of part 2a).
To show part 2b), we take the first order derivative of EPC (χ) [π(k, n)] and obtain48


∂ EPC (χ) [π(k, n)]
= f (−χ) π(kA (χ), n) − π(kB (χ), n)
∂χ
|
{z
}
Effect I, > 0

∂π
− χ + kA (χ)
∂k
|
{z

∂π
∂k
{z

(2.44)



− χ + kB (χ)
k=kA (χ)

} |

Effect II

k=kB (χ)

}

Effect III

Equation (2.44) explicitly reflects the three effects that a marginal increase in media bias has
on candidate A’s ex-ante winning probability, as explained in the main text. The net impact of a marginal increase in media bias on A’s winning probability depends on which is

stronger, Effect I or the sum of Effect II and III. Let λ (χ, n) ≡ π(kA (χ), n) − π(kB (χ), n) −
(χ + kA (χ)) ∂∂πk k=k (χ) − |χ + kB (χ)| ∂∂πk k=k (χ) denote the term in the curly brackets of equaB
A
tion (2.44). We complete the proof of part 2b) by showing that λ (0, n) > 0 and λ (1, n) < 0 and
∂ EPC (χ) [π(k,n)]
∂χ

hence

> (<)0 for χ close to 0 (1).

• If χ = 0, then kA (0) = −kB (0) > 0. By Lemma 2.11, both ∂∂πk k=k (0) and ∂∂πk k=k (0) conB
A
verge to 0 as n → ∞. Hence, Effect II and III vanish as n → ∞. Effect I, however, is positive
in the limit because π(kA (0), n) − π(kB (0), n) converges to 1 as n → ∞. Hence, λ (0, n) > 0
∂ EP

(χ) [π(k,n)]

C
and
> 0 at χ = 0 for sufficiently large n. By continuity,
∂χ
for χ sufficiently close to 0.

∂π
= ∞ (cf.
n→∞ ∂ k k=0

• If χ ↑ 1, then kA (χ) ↓ 0. Because lim


f (−χ)
use the fact that kA0 (χ) = − 1−F(−χ)
χ + kA (χ) and kB0 (χ) =
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>0

Lemma 2.10), Effect II is unbounded

as n → ∞. Since Effect I and III are bounded, λ (χ, n) < 0 and
hold for sufficiently large n and χ close to 1.
48 We

∂ EPC (χ) [π(k,n)]
∂χ

f (−χ)
F(−χ)

∂ EPC (χ) [π(k,n)]
∂χ

< 0 must


χ + kB (χ) in the derivation.

Figure 2.7: A geometric proof for Proposition 2.2
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Note: The y-axis coordinates of X, Y and Z are EPC (χ) [γ(k)], Eτ [γ(k)] and EPC (χ 0 ) [γ(k)], respectively. The red
line segment contains all convex combinations of points (kA (χ), γ(kA (χ))) and (|kB (χ)|, γ(kB (χ))). The blue line
segment contains all convex combinations of points (kA (χ 0 ), γ(kA (χ 0 ))) and (|kB (χ 0 )|, γ(kB (χ 0 ))).

Proof of Proposition 2.2. By Theorem 2.1 and Lemma 2.11, T (k, n) decreases in |k| for large n
and part 1) holds because |kA (χ)| decreases in χ whereas |kB (χ)| increases in χ. To show part
2), note for all χ ∈ [0, 1) that
EPC (χ) [T (k, n)] = [1 − F(−χ)]T (kA (χ), n) + F(−χ)T (kB (χ), n)


ln n
ln n
= EPC (χ) [γ(k)] ·
≈ [1 − F(−χ)]γ(kA (χ)) + F(−χ)γ(|kB (χ)|) ·
n
n
It suffices to show EPC (χ) [γ(k)] increases in χ on [0, 1). Take any χ, χ 0 ∈ [0, 1) with χ 0 > χ.
Lemma 2.1 implies 0 < kA (χ 0 ) < kA (χ) ≤ |kB (χ)| < |kB (χ 0 )| and EPC (χ) [|k|] > EPC (χ 0 ) [|k|].
Hence, there exists a unique λ > F(−χ 0 ) such that (1 − λ ) · kA (χ 0 ) + λ · |kB (χ 0 )| = EPC (χ) [|k|].
Let τ denote a lottery that induces posterior expectation kA (χ) with probability 1 − λ and kB (χ)
with probability λ . Below we show EPC (χ) [γ(k)] < Eτ [γ(k)] < EPC (χ 0 ) [γ(k)].
Geometrically, EPC (χ) [γ(k)], Eτ [γ(k)] and EPC (χ 0 ) [γ(k)] are represented in Figure 2.7 by
points X, Y and Z, respectively. EPC (χ) [γ(k)] < Eτ [γ(k)] holds because the latter yields a
mean-preserving spread of γ(k) on (0, 1] compared to the former and γ(k) is convex on (0, 1]
(compare X and Y in Figure 2.7). To show the second inequality, note that both Eτ [γ(k)] and
EPC (χ 0 ) [γ(k)] are convex combinations of γ(kA (χ 0 )) and γ(|kB (χ 0 )|). Eτ [γ(k)] < EPC (χ 0 ) [γ(k)]
because the latter puts more weight on γ(kA (χ 0 )) and γ(kA (χ 0 )) > γ(|kB (χ 0 )|) (compare Y and Z
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in Figure 2.7). Finally, if χ = 1, then F(−1) = 0 and kA (1) = 0. As a result, EPC (1) [T (k, n)] =
1
ln n
T (0, n), which converges to 0 at a rate of √
3 n , much slower than n . Hence, EPC (1) [T (k, n)] >
EPC (χ) [T (k, n)] for any given χ ∈ [0, 1) if n is sufficiently large.
Proof of Proposition 2.3. Candidate A(B) is quality-superior if k > (<)0. By Theorem 2.1.4, we
obtain for any P that lim EP [W (k, n)] = EP [max{k, 0}]. Let x∗ = min{|x||x ∈ P}. If x∗ = 0
n→∞
then voters know ex-post whether k is above or below 0. Hence, their posterior expectation
must be positive (negative) for k > (<)0. It then follows from Theorem 2.1.2 that candidate
A(B) is elected almost surely if k > (<)0 and the superior candidate is elected with probability
approaching 1 as n → ∞. Because max{k, 0} is convex and piece-wise linear on [−1, 0] and
R
(0, 1], EP [max{k, 0}] is maximized and equal to 01 kdF(k) if x∗ = 0. Now we consider x∗ > 0.
For any x∗ > 0 we must have (−x∗ , x∗ ) ∩ P = 0,
/ that is, partition P must reveal no information
on interval (−x∗ , x∗ ). We show part 1) in two steps.
1. Candidate A is elected almost surely when k > x∗ as n → ∞. This is because for all
k ≥ x∗ voters’ posterior expectation, denoted by κ(k), must be positive.49 Suppose instead
for some k > x∗ it holds that κ(k) ≤ 0, then k must be pooled with some state k0 ≤ −k
and thus [k0 , k] ∩ P = 0.
/ This contradicts with the fact that k > x∗ > 0 and x∗ ∈ P.
Analogously, candidate B must be elected almost surely when k < −x∗ as n → ∞. Taken
together, the quality-superior candidate is elected almost surely in large elections for
k ∈ [−1, −x∗ ) ∪ (x∗ , 1].
2. Since voters cannot distinguish states in (−x∗ , x∗ ), their posterior expectation condition
on k ∈ (−x∗ , x∗ ), denoted by κ, must be constant. By Theorem 2.1, lim π(κ, n) = 1(0)
n→∞

if κ > (<)0, and lim π(κ, n) = 12 if κ = 0. The probability of electing the qualityn→∞
inferior candidate converges to F(0) − F(−x∗ ) (for κ > 0), F(x∗ ) − F(0) (for κ < 0) and
F(x∗ )−F(−x∗ )
(for κ = 0), respectively, as n → ∞. Under Assumption 2.1 they all equal
2
1
∗ ). This in turn implies that the probability of electing the quality-superior
−
F(−x
2
candidate converges to 1 − ( 12 − F(−x∗ )) = 21 + F(−x∗ ) as n → ∞.
To show part 2), note that (−x∗ , x∗ )∩P = 0/ for all x∗ > 0, so EP [max{k, 0}|k ∈ (−x∗ , x∗ )] =
max{EF [k|k ∈ (−x∗ , x∗ )], 0} = 0. The last step holds because EF [k|k ∈ (−x∗ , x∗ )] = 0 (cf.
Assumption 2.1). Since max{k, 0} is piece-wise linear on [−1, 0] and (0, 1], it holds that
EP [max{k, 0}|k ≤ −x∗ ] = 0 and EP [max{k, 0}|k ≥ x∗ ] = EF [k|k ≥ x∗ ]. In aggregate, we have
R
EP [max{k, 0}] = (1 − F(x∗ )) · EF [k|k ≥ x∗ ] = x1∗ kdF(k).
49 Formally speaking, κ(k) equals the expectation of k conditional on the realized state belonging to the partition
containing k under P.
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2.C.2

Proofs for Section 2.5.3

In this appendix we prove Propositions 2.4 and 2.5. Define χ+ ≡ max{χ1 , χ2 } and χ− ≡
min{χ1 , χ2 }. For any pair (χ1 , χ2 ), let kAA ≡ EF [k|k > χ− ], kAB ≡ EF [k|k ∈ (−χ+ , −χ− ]] and
kBB = EF [k|k ≤ −χ+ ] be voters’ posterior expectations of k conditional on message profiles
(“A”,“A”), (“A”,“B”) (or (“B”,“A”)) and (“B”,“B”), respectively. Let kA (kB ) denote kA (χ1 )
(kB (χ1 )), it holds for outcome ξ ∈ {π, T } that
EPC (χ1 ) [ξ (k, n)] =[1 − F(−χ1 )]ξ (kA , n) + F(−χ1 )ξ (kB , n)
EPC (χ1 ,χ2 ) [ξ (k, n)] =[1 − F(−χ− )]ξ (kAA , n) + [F(−χ− ) − F(−χ+ )]ξ (kAB , n)

(2.45)
(2.46)

+ F(−χ+ )ξ (kBB , n)
(y,n)
Define dξ (x, y) ≡ ξ (x,n)−ξ
for all 1 ≥ x > y ≥ −1. Geometrically, dξ (x, y) is the slope of
x−y
the line segment connecting two points x and y on the graph of function ξ (k, n). Lemma 2.13
and 2.14 provide geometrically straightforward conditions to compare EPC (χ1 ,χ2 ) [ξ (k, n)] and
EPC (χ1 ) [ξ (k, n)], and hence determine whether introducing outlet 2 systematically increases or
decreases the ex-ante expectation of ξ (k, n).

Lemma 2.13. If χ2 > χ1 , then the following statements are equivalent
1. EPC (χ1 ,χ2 ) [ξ (k, n)] > (<)EPC (χ1 ) [ξ (k, n)].
2. dξ (kAB , kB ; n) > (<)dξ (kB , kBB ; n).
3. dξ (kAB , kBB ; n) > (<)dξ (kB , kBB ; n).
4. dξ (kAB , kB ; n) > (<)dξ (kAB , kBB ; n).
Proof. For χ2 > χ1 , χ+ = χ2 and χ− = χ1 . It follows from (2.45) and (2.46) that
EPC (χ1 ,χ2 ) [ξ (k, n)] − EPC (χ1 ) [ξ (k, n)]
F(−χ1 )
F(−χ1 ) − F(−χ2 )
F(−χ2 )
=
ξ (kAB , n) +
ξ (kBB , n) − ξ (kB , n)
F(−χ1 )
F(−χ1 )




F(−χ1 ) − F(−χ2 )
F(−χ2 )
=
ξ (kAB , n) − ξ (kB , n) −
ξ (kB , n) − ξ (kBB , n)
F(−χ1 )
F(−χ1 )




F(−χ1 ) − F(−χ2 )
F(−χ2 )
=
kAB − kB dξ (kAB , kB ; n) −
kB − kBB dξ (kB , kBB ; n)
F(−χ1 )
F(−χ1 )



F(−χ1 ) − F(−χ2 )
=
kAB − kB
dξ (kAB , kB ; n) − dξ (kB , kBB ; n)
F(−χ1 )
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1 )−F(−χ2 )
2)
By the law of iterated expectations it holds that F(−χF(−χ
kAB + F(−χ
F(−χ1 ) kBB = kB . This
1)


1 )−F(−χ2 )
2)
equality implies F(−χF(−χ
kAB − kB = F(−χ
F(−χ1 ) kB − kBB , validating the last step of the
1)
derivation. With χ2 > χ1 , F(−χ1 ) > F(−χ2 ) and kAB > kB . Therefore, EPC (χ1 ,χ2 ) [ξ (k, n)] −
EPC (χ1 ) [ξ (k, n)] must be sign equivalent to dξ (kAB , kB ; n) − dξ (kB , kBB ; n), which establishes the
equivalence between statement 1 and 2. The equivalence to other statements can be proved
analogously.

Lemma 2.14. If χ2 < χ1 , then the following statements are equivalent:
1. EPC (χ1 ,χ2 ) [ξ (k, n)] > (<)EPC (χ1 ) [ξ (k, n)].
2. dξ (kAA , kA ; n) > (<)dξ (kA , kAB ; n).
3. dξ (kAA , kAB ; n) > (<)dξ (kA , kAB ; n).
4. dξ (kAA , kA ; n) > (<)dξ (kAA , kAB ; n).
Proof. Analogous to the proof of Lemma 2.13.
In words, Lemma 2.13 says that if χ2 > χ1 , the comparison between EPC (χ1 ,χ2 ) [ξ (k, n)]
and EPC (χ1 ) [ξ (k, n)] is equivalent to the comparison between dξ (kAB , kB ; n) and dξ (kB , kBB ; n).
Similarly, Lemma 2.14 shows that for χ2 < χ1 , the comparison between EPC (χ1 ,χ2 ) [ξ (k, n)] and
EPC (χ1 ) [ξ (k, n)] is equivalent to the comparison between dξ (kAA , kA ; n) and dξ (kA , kAB ; n).
Proof of Proposition 2.4. We discuss three different cases.
Case 1: χ2 > χ1 . In this case, outlet 2 induces a finer partition on interval [−1, −χ1 ] ⊂ [−1, 0]
and we have −1 ≤ kBB < kB < kAB < 0. By Lemma 2.13, we only need to show dπ (kAB , kB ; n) >
dπ (kB , kBB ; n) to establish EPC (χ1 ,χ2 ) [π(k, n)] > EPC (χ1 ) [π(k, n)]. By the mean value theorem,
for any fixed n there exists real numbers ξ1 ∈ (kB , kAB ) and ξ2 ∈ (kBB , kB ) such that
ln n
n
ln n
0
dπ (kB , kBB ; n) = π (ξ2 , n) ≈ Ψ(ξ2 ) ·C
n

dπ (kAB , kB ; n) = π 0 (ξ1 , n) ≈ Ψ(ξ1 ) ·C

where π 0 (k, n) denotes ∂∂πk . The approximations in the last steps follow from Lemma 2.10.
Therefore, for sufficiently large n, dπ (kAB , kB ; n) > dπ (kB , kBB ; n) if and only if Ψ(ξ1 ) > Ψ(ξ2 ),
which holds because ξ1 > kB > ξ2 and Ψ(k) is increasing in k on [−1, 0) (by Assumption 2.2).
Hence, EPC (χ1 ,χ2 ) [π(k, n)] > EPC (χ1 ) [π(k, n)] for χ2 > χ1 and sufficiently large n.
Case 2: χ2 < −χ1 . In this case it holds that 0 < kAB < kA < kAA ≤ 1. By Lemma 2.14, we only
need to show dπ (kAA , kA ; n) < dπ (kA , kAB ; n) to establish EPC (χ1 ,χ2 ) [π(k, n)] < EPC (χ1 ) [π(k, n)].
Again by the mean value theorem and the analogous reasoning in Case 1, for any fixed
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n there exists ξ1 ∈ (kA , kAA ) and ξ2 ∈ (kAB , kA ) such that dπ (kAA , kA ; n) ≈ Ψ(ξ1 ) · C lnnn and
dπ (kA , kAB ; n) ≈ Ψ(ξ2 ) ·C lnnn . Hence, for sufficiently large n, dξ (kAA , kA ; n) < dξ (kA , kAB ; n) if
and only if Ψ(ξ1 ) < Ψ(ξ2 ), which holds again because ξ1 > kA < ξ2 and Ψ(k) is decreasing in
k on (0, 1].
Case 3: χ2 ∈ [−χ1 , χ1 ). Suppose first χ2 ∈ (−χ1 , χ1 ), then kAB < 0 < kA < kAA . As argued
in Case 2, there exists some ξ ∈ (kA , kAA ) such that dπ (kAA , kA ; n) ≈ Ψ(ξ ) ·C lnnn . Since Ψ(ξ ) is
AB )
bounded and lnnn → 0, dπ (kAA , kA ; n) → 0. On the other hand, dπ (kA , kAB ; n) = π(kAk,n)−π(k
→
A −kAB
1
kA −kAB > 0 because π(kA , n) → 1 and π(kAB , n) → 0. Therefore, dπ (kAA , kA ; n) < dπ (kA , kAB ; n)
must hold for sufficiently large n. This then implies EPC (χ1 ,χ2 ) [π(k, n)] < EPC (χ1 ) [π(k, n)].
Finally, if χ2 = −χ1 then kAB = 0 and π(kAB , n) = 12 for all n. It then holds that dπ (kA , kAB ; n) →
1
2kA > 0 and the above argument applies.
Proof of Proposition 2.5. We discuss the same three cases as in the previous proof.
Case 1: χ2 > χ1 . As argued in the proof of Proposition 2.4, it holds that −1 ≤ kBB < kB <
kAB < 0 and that EPC (χ1 ,χ2 ) [T (k, n)] − EPC (χ1 ) [T (k, n)] is sign equivalent to dT (kAB , kB ; n) −
dT (kB , kBB ; n). By Theorem 2.1.3 and Lemma 2.11, T (k, n) ≈ γ(k) lnnn for all k 6= 0 and γ(k) is
convex on [−1, 0). Thus,
γ(kAB ) − γ(kB ) ln n
kAB − kB
n
γ(kB ) − γ(kBB ) ln n
dT (kB , kBB ; n) ≈
kB − kBB
n
dT (kAB , kB ; n) ≈

Then, for sufficiently large n the sign of dT (kAB , kB ; n) − dT (kB , kBB ; n) is determined by the sign
B)
BB )
of γ(kkABAB)−γ(k
− γ(kkBB)−γ(k
−kB
−kBB , which is positive by convexity of γ(k).
Case 2: χ2 < −χ1 . Following the same argument as in the proof of Proposition 2.4 and the
approximation of T (k, n), we obtain that (i) 0 < kAB < kA < kAA ≤ 1, and (ii) dT (kAA , kA ; n) −
A)
AB )
− γ(kkAA)−γ(k
for sufficiently large n. Since γ(k)
dT (kA , kAB ; n) is sign equivalent to γ(kkAAAA)−γ(k
−kA
−kAB
A)
AB )
is convex on (0, 1], γ(kkAAAA)−γ(k
− γ(kkAA)−γ(k
> 0 and so do dT (kAA , kA ; n) − dT (kA , kAB ; n) and
−kA
−kAB
EPC (χ1 ,χ2 ) [T (k, n)] − EPC (χ1 ) [T (k, n)] for large n.
2 1
3 √
√
Case 3: χ2 ∈ [−χ1 , χ1 ). If χ2 = −χ1 , then kAB = 0 and T (k, n) ≈ 2 2α(0)
3 n . By (2.46),
πC

EPC (χ1 ,χ2 ) [T (k, n)] vanishes to zero at a rate of
of

ln n
n .

1
√
3 n,

whereas EPC (χ1 ) [T (k, n)] vanishes at a rate

Then EPC (χ1 ,χ2 ) [T (k, n)] > EPC (χ1 ) [T (k, n)] must hold for sufficiently large n. Next we
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consider χ2 ∈ (−χ1 , χ1 ), where −χ1 < kAB < 0 < kA < kAA . It holds that
dT (kAA , kA ; n) γ(kAA ) − γ(kA )
≈
≡ φ (χ1 , χ2 )
ln n/n
kAA − kA
dT (kA , kAB ; n) γ(kA ) − γ(kAB )
≈
≡ ϕ(χ1 , χ2 )
ln n/n
kA − kAB

(2.47)
(2.48)

Because kA = kA (χ1 ) depends on χ1 , and both kAA , kAB depend on χ1 and χ2 , both (2.47) and
(2.48) are functions of χ1 and χ2 . Define H(χ1 , χ2 ) ≡ φ (χ1 , χ2 ) − ϕ(χ1 , χ2 ). It follows that
EPC (χ1 ,χ2 ) [T (k, n)] − EPC (χ1 ) [T (k, n)] is sign equivalent to H(χ1 , χ2 ) as n → ∞. Lemma 2.15
to 2.17 summarize useful properties for φ (χ1 , χ2 ), ϕ(χ1 , χ2 ) and H(χ1 , χ2 ), respectively. Their
proofs are provided below.
Lemma 2.15. [φ (χ1 , χ2 )] It holds for all χ1 ∈ [0, 1) and χ2 ∈ (−χ1 , χ1 ) that
1. φ (χ1 , χ2 ) < 0 and it is decreasing in both arguments.
2. lim φ (χ1 , χ2 ) = γ 0 (kA ).
χ2 ↑χ1

Lemma 2.16. [ϕ(χ1 , χ2 )] It holds for all χ1 ∈ [0, 1) and χ2 ∈ (−χ1 , χ1 ) that
1. If ϕ(χ1 , χ2 ) ≤ 0, then ϕ(χ1 , χ20 ) > (<)ϕ(χ1 , χ2 ) if χ20 > (<)χ2 .
2. lim ϕ(χ1 , χ2 ) =
χ2 ↑χ1

γ(kA )−γ(−χ1 )
kA +χ1

and lim ϕ(χ1 , χ2 ) = −∞.
χ2 ↓−χ1

Lemma 2.17. [H(χ1 , χ2 )] It holds for all χ1 ∈ [0, 1) and χ2 ∈ (−χ1 , χ1 ) that
1. If H(χ1 , χ2 ) ≥ 0, then H(χ1 , χ20 ) > 0 if χ20 < χ2 < χ1 .
2. If H(χ1 , χ2 ) ≤ 0, then H(χ1 , χ20 ) < 0 if χ2 < χ20 < χ1 .
3. If H(χ1 , χ2 ) ≥ 0, then H(χ10 , χ2 ) > 0 if χ2 < χ10 < χ1 .
4. If H(χ1 , χ2 ) ≤ 0, then H(χ10 , χ2 ) < 0 if χ2 < χ1 < χ10 .
It follows from the limit properties in Lemma 2.15 and 2.16 that for all χ1 ∈ (0, 1) there
1)
are lim H(χ1 , χ2 ) = ∞ and lim H(χ1 , χ2 ) = γ 0 (kA ) − γ(kAk)−γ(−χ
≡ ζ (χ1 ). It can be easily
A +χ1
χ2 ↓−χ1

χ2 ↑χ1

verified that lim ζ (χ1 ) = ∞ and lim ζ (χ1 ) = −∞. By continuity of ζ (χ1 ), there exists a ϑ ∈ (0, 1)
χ1 ↓0

χ1 ↑1

such that ζ (ϑ ) = 0. Moreover, ζ (χ1 ) is single-crossing at ϑ : ζ (χ1 ) > (<)0 if and only if
χ1 > (<)ϑ . Geometrically, at χ1 = ϑ the line segment connecting −ϑ and kA (ϑ ) on the graph
of γ(k) is tangent to γ(k) at k = kA (ϑ ), as illustrated in Figure 2.8a.
By continuity of H(χ1 , χ2 ), H(χ1 , χ2 ) > 0 for χ2 sufficiently close to −χ1 , and therefore
EPC (χ1 ,χ2 ) [T (k, n)] > EPC (χ1 ) [T (k, n)] for large n. For χ2 close to χ1 , the sign of H(χ1 , χ2 )
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Figure 2.8: Geometrical illustrations for the proof of Proposition 2.5
(a) ζ (ϑ ) = 0

(b) H(χ1 , χ2 ) = 0
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depends on the sign of ζ (χ1 ). If ζ (χ1 ) ≥ 0, or equivalently χ1 ∈ [0, ϑ ], then lim H(χ1 , χ2 ) ≥ 0.
χ2 ↑χ1

By Lemma 2.17 it holds that H(χ1 , χ2 ) > 0, and hence EPC (χ1 ,χ2 ) [T (k, n)] > EPC (χ1 ) [T (k, n)]
for sufficiently large n, for all χ2 ∈ (−χ1 , χ1 ). Combined with all previous analyses, we establish
that EPC (χ1 ,χ2 ) [T (k, n)] > EPC (χ1 ) [T (k, n)] holds for any χ2 6= χ1 if n is sufficiently large. This
proves Proposition 2.5.1.
Next we consider χ1 > ϑ so that ζ (χ1 ) < 0. This implies that H(χ1 , χ2 ) < 0 for χ2 sufficiently close to χ1 . By lim H(χ1 , χ2 ) = ∞ and continuity of H(χ1 , χ2 ), for any given
χ2 ↓−χ1

χ1 ∈ (0, 1) there must exist some υ ∈ (−χ1 , χ2 ) such that H(χ1 , υ) = 0. Geometrically, this
condition is illustrated by Figure 2.8b, where the three points on the graph of γ(k), kAB , kA and
kAA , lie on a same straight line. Parts 1) and 2) of Lemma 2.17 guarantee that υ is unique for each
eligible χ1 , and H(χ1 , χ2 ) > (<)0 if and only if χ2 > (<)υ. Therefore, υ is a function of χ1
and we denote it by h̄(χ1 ), which is implicitly solved from H(χ1 , h̄(χ1 )) = 0. It then holds that
EPC (χ1 ,χ2 ) [T (k, n)] < EPC (χ1 ) [T (k, n)] for sufficiently large n if χ2 ∈ (h̄(χ1 ), χ1 ), and the opposite applies otherwise. To show that h̄(χ1 ) is decreasing in χ1 , note that for any χ10 > χ1 it holds
that H(χ10 , h̄(χ1 )) < 0 (cf. Lemma 2.17.4). h̄(χ10 ) < h̄(χ1 ) must hold because H(χ10 , χ2 ) < 0 for
all χ2 ≥ h̄(χ1 ) (cf. Lemma 2.17.2).
Finally, we show that for sufficiently large χ1 it holds that h̄(χ1 ) < 0. Fix χ2 = 0 and consider H(χ1 , 0) for χ1 ∈ (ϑ , 1). The arguments above imply that H(ϑ , 0) > ζ (ϑ ) = 0. On
the other hand, as χ1 → 1 it holds that (i) kA → 0 and γ(kA ) → ∞, (ii) kAB → kB (0) < 0.
Hence, lim φ (χ1 , 0) = −∞ and lim ϕ(χ1 , 0) = ∞. These imply lim H(χ1 , 0) = −∞ and
χ1 →1

χ1 →1

χ1 →1

thus H(χ1 , 0) < 0 for χ1 sufficiently close to 1. By continuity, there exists η ∈ (ϑ , 1) such that
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H(η, 0) = 0, or equivalently, h̄(η) = 0. Since h̄(χ1 ) is decreasing, h̄(χ1 ) < 0 if χ1 > 0. This
completes the proof for Proposition 2.5.2.
Proof of Lemma 2.15. Recall that kA = kA (χ1 ) > 0 and that it is decreasing in χ1 . With χ2 < χ1 ,
it holds that kAA = kA (χ2 ) > kA (χ1 ) and kAA is decreasing in χ2 . Part 1) then follows from the
decreasing and convexity property of γ(k) on (0, 1]. Part 2) follows from lim kAA = kA .
χ2 ↑χ1

Proof of Lemma 2.16. By (2.48), ϕ(χ1 , χ2 ) ≤ 0 implies γ(kA ) ≤ γ(kAB ). Because (i) kAB < 0
increases in χ2 , and (ii) γ(k) is increasing in k on [−1, 0), γ(kA ) − γ(kAB ) decreases in χ2 .
Consider any χ20 > χ2 . If it holds under χ20 that γ(kA ) > γ(kAB ), then ϕ(χ1 , χ20 ) > 0 ≥ ϕ(χ1 , χ2 ).
Otherwise, γ(kA ) − γ(kAB ) is negative and its absolute value decreases with χ2 . Moreover,
kA − kAB increases in χ2 because kAB is a decreasing function of χ2 . These results jointly imply
ϕ(χ1 , χ20 ) > ϕ(χ1 , χ2 ) for χ20 > χ1 . ϕ(χ1 , χ20 ) < ϕ(χ1 , χ2 ) for χ20 < χ1 can be proved analogously.
To show part 2), note that kAB → −χ1 (0) as χ2 ↑ χ1 (χ2 ↓ −χ1 ). Since lim γ(k) = ∞, the limit
k→0
properties in part 2) hold.
Proof of Lemma 2.17. To show part 1), note that H(χ1 , χ2 ) ≥ 0 implies ϕ(χ1 , χ2 ) ≤ φ (χ1 , χ2 ) <
0. Consider any χ20 < χ2 . Lemma 2.15 and 2.16 imply φ (χ1 , χ20 ) > φ (χ1 , χ2 ) and ϕ(χ1 , χ20 ) <
ϕ(χ1 , χ2 ), respectively. Therefore, H(χ1 , χ20 ) = φ (χ1 , χ20 )−ϕ(χ1 , χ20 ) > φ (χ1 , χ2 )−ϕ(χ1 , χ2 ) ≥
0. Part 2) follows from analogous reasoning.
AB )
To show part 3), define κ(χ1 , χ2 ) ≡ γ(kkAAAA)−γ(k
−kAB . Note that κ(χ1 , χ2 ) can be rewritten as
(γ(kAA )−γ(kA ))−(γ(kA )γ(kAB ))
,
(kAA −kA )−(kA −kAB )

it follows from arithmetic necessity that κ(χ1 , χ2 ) must lie between
φ (χ1 , χ2 ) and ϕ(χ1 , χ2 ). Hence, H(χ1 , χ2 ) ≥ 0 implies 0 > φ (χ1 , χ2 ) ≥ κ(χ1 , χ2 ) and thus
γ(kAB ) > γ(kAA ). Using similar arguments in Lemma 2.16, we can show that for κ(χ1 , χ2 ) < 0
it holds that κ(χ10 , χ2 ) > (<)κ(χ1 , χ2 ) if χ10 > (<)χ1 . On the other hand, Lemma 2.15 implies
φ (χ10 , χ2 ) > φ (χ1 , χ2 ) if χ10 < (>)χ1 . Hence, for χ10 < χ1 it holds that φ (χ10 , χ2 ) − κ(χ10 , χ2 ) >
φ (χ1 , χ2 ) − κ(χ1 , χ2 ) ≥ 0. This implies H(χ10 , χ2 ) > 0. Part 4) can be analogously proved.

Appendix 2.D
2.D.1

Proofs for Section 2.6

Proof of Theorem 2.3

Let X ≡ ∏m∈M S be the set of possible message profiles sent by all media outlets m ∈ M.
Let θ (x) : X 7→ [−1, 1] denote the electorate’s posterior expectation of k after observing any
message profile x ∈ X. Under the monotonicity constraint (2.10), for all x, x0 ∈ X, x 6= x0 implies
θ (x) 6= θ (x0 ). Let x ≡ arg minx∈X θ (x) and x̄ ≡ arg maxx∈X θ (x) denote the message profiles that
induce the lowest and highest posterior expectations, respectively. In any informative equilibrium,
θ (x̄) > θ (x).
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We start with |M| = 1 and let χ be the bias of this single media outlet. Note that the media
prefers candidate A(B) to be elected if k > (<) − χ (see (2.2)). Since candidate A’s winning
probability is increasing in the electorate’s posterior expectation, the outlet will send message x̄ to
induce θ (x̄) if k > −χ and send message x to induce θ (x) if k < −χ. θ (x̄) and θ (x) are formed
by Bayes’ rule, given the media outlet’s strategy; θ (x̄) = EF [k|k > −χ] and θ (x) = EF [k|k < −χ].
In the most informative equilibrium, the media outlet strictly prefers to separate state k = −χ,
where she is indifferent between both candidates, from message x̄ and x to make these messages
more convincing.50 In what follows we complete the proof for |M| ≥ 2.
Proof of Theorem 2.3.1
We complete the proof by construction. Suppose |M| = 2 and χ1 ≥ χ2 . We show that the
reporting strategy profile and the posterior expectations below yield a PBE.

k,
σ1 (k) = σ2 (k) =
E[k|k ∈ (−χ , −χ )],
1
2

s ,
1
θ (s1 , s2 ) =
E[k|k ∈ (−χ , −χ )],
1

2

if k ≤ −χ1 or k ≥ −χ2

(2.49)

if k ∈ (−χ1 , −χ2 )
if s1 = s2

(2.50)

if s1 6= s2

Under the reporting strategy profile (2.49) and posterior expectations (2.50), neither media
outlet can profit from any unilateral deviation and the electorate’s posterior beliefs are consistent.
If k ≥ −χ2 , then both media outlets prefer candidate A to be elected and wish to induce
a high θ (s1 , s2 ). If both outlets follow strategy profile (2.49) and report s1 = s2 = k, then
θ (s1 , s2 ) = k ≥ −χ2 . If any media outlet unilaterally deviates such that s1 6= s2 , then θ (s1 , s2 ) =
E[k|k ∈ (−χ1 , −χ2 )] < −χ2 ≤ k. Hence, any unilateral deviation necessarily induces a lower
θ (s1 , s2 ), making both media outlets worse off. The proof for k ≤ −χ1 is analogous. Finally,
when −χ1 < k < −χ2 , then the two media outlets have conflicted interests; media outlet 1
(2) prefers candidate A (B) and thus wishes to induce the highest (lowest) θ (s1 , s2 ). Under
(2.50), outlet 1 can guarantee θ (s1 , s2 ) ≥ E[k|k ∈ (−χ1 , −χ2 )] by sending any s1 ≥ E[k|k ∈
(−χ1 , −χ2 )]. Similarly, media outlet 2 can guarantee θ (s1 , s2 ) ≤ E[k|k ∈ (−χ1 , −χ2 )] by sending
any s2 ≤ E[k|k ∈ (−χ1 , −χ2 )]. As a result, θ (s1 , s2 ) = E[k|k ∈ (−χ1 , −χ2 )] must hold for all
k ∈ (−χ1 , −χ2 ). Under the strategy profile (2.49), media outlets directly report voters’ posterior
expectations. The argument presented in below shows that any finer information partition in
interval (−χ1 , −χ2 ) is impossible. This completes the proof for the case |M| = 2.
50 Under Assumption 2.1 the specification of the reporting strategy at the marginal state k = −χ is inconsequential
since it occurs with zero probability.
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If |M| = 3 and χ1 ≥ χ2 ≥ χ3 , the following reporting strategy profile and posterior expectations yield a fully revealing PBE.51


−1, if k < −χ
2
σ1 (k) =
k,
if k ≥ −χ2
σ2 (k) = k, ∀k ∈ [−1, 1]

k, if k < −χ
2
σ3 (k) =
1, if k > −χ
3

s ,
if s2 = s1 ≥ −χ2 or s2 = s3 < −χ2
2
θ (s1 , s2 , s3 ) =
−χ , otherwise

(2.51)
(2.52)
(2.53)

(2.54)

2

This construction requires outlet 2 to report the true state, and voters infer the true state by
cross-checking the report by outlet 2 with the report by either outlet 1 or 3:
• If media outlet 2 reports a high state (i.e., s2 ≥ −χ2 ), then voters compare s2 with s1 , and
believe k = s2 only if s1 and s2 agree.
• If media outlet 2 reports a low state (i.e., s2 < −χ2 ), then voters compare s2 with s3 , and
believe k = s2 only if s2 and s3 agree.
Otherwise, voters form posterior expectation θ (s1 , s2 , s3 ) = −χ2 . If k ≤ −χ2 , both outlet 2 and 3
prefer candidate B to be elected and wish to induce a low posterior expectation of k. It is optimal
for outlet 2 to send a low message s2 < −χ2 .52 When s2 < −χ2 , the message from outlet 1 is
irrelevant since it does not affect voters’ posterior. If both outlet 2 and 3 obey the reporting
strategy profile constructed above, then the induced posterior expectation is k, lower than −χ2 .
If either deviates such that s2 6= s3 , then voters’ posterior expectation increases to −χ2 , making
both outlets worse off. Hence when k ≤ −χ2 no media outlet can profit from any unilateral
deviations. The argument for k > −χ2 is similar. This fully revealing PBE is constructed by
exploiting the alignment of interests among certain subsets of media outlets in different realized
states. When |M| > 3, a fully revealing equilibrium can always be constructed by having three
media outlets use the above strategy profile and ignoring messages from all other media outlets.
This completes the proof.
51 In

fact, there are many fully revealing PBE and we only construct a simple example here.
doing so she guarantees θ (s1 , s2 , s3 ) ≤ −χ2 . If instead she sends s2 ≥ −χ2 then θ (s1 , s2 , s3 ) ≥ −χ2 for

52 By

sure.
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Proof of Theorem 2.3.2
If |M| ≥ 2, we proceed in two steps. First, we show that partition PC = {−χ1 , · · · , −χ|M| }
can be supported by a coordination-proof PBE. We do this by explicitly constructing a profile of
media outlets’ reporting strategies and the electorate’s posterior expectations that induce partition
PC in a PBE, and this PBE is coordination-proof.

1,
if k > −χm
σm (k) =
, for all m ∈ M
−1, if k ≤ −χ
m



if j = 0
EF [k|k ∈ [−1, −χ1 ]],

θ (x) = EF [k|k ∈ (−χ j , −χ j+1 ]], if j ∈ {1, · · · , |M| − 1} , j ≡ ∑ 1xm =1

m∈M


E [k|k ∈ (−χ , 1]],
if j = |M|
F
|M|

(2.55)

(2.56)

The reporting strategy (2.55) is equivalent to the cutoff endorsement strategy (2.9) in Section 2.5.1, with message “A” (“B”) replaced by 1 (−1). This reporting strategy profile partitions
the state space into |M| + 1 intervals, and the electorate infers which interval contains the realized
state by counting the number of messages 1, or “A”, sent by all media outlets. It is straightforward
to verify that the posterior expectation formed by (2.56) is consistent with strategy profile (2.55).
Conversely, given (2.56) media outlet m’s best response is to send message 1 (or “A”) only if
k > −χm , where she indeed prefers candidate A to be elected. This is consistent with (2.55) and
thus the above reporting strategy profile and posterior expectations yields a PBE, which induces
information partition PC = {−χ1 , · · · , −χ|M| }.
Moreover, this PBE is coordination-proof. To see this, let M 0 ⊂ M denote any subset of
media outlets and consider three cases. First, k > −χm for all m ∈ M 0 (i.e., all outlets in M 0
prefer candidate A to be elected conditional on the realized k). In this case, it is in their joint
interests to maximize voters’ posterior expectation. Given (2.56), they can only do so by jointly
following strategy (2.55) and sending message 1. Analogously, if instead k ≤ −χm for all
m ∈ M 0 , then it is optimal for all outlets m ∈ M 0 to jointly adhere to strategy (2.55) and sending
message −1. Finally, if at least two outlets in subset M 0 have conflicted partisan preferences,
then coordination-proofness has no bite since jointly improving the expected payoffs of these
outlets is impossible.
Next, we show that k 6∈ PC if k 6∈ {−χ1 , · · · , −χ|M| }. In other words, no partition strictly finer
than PC = {−χ1 , · · · , −χ|M| } can be supported in equilibrium when coordination is possible.
Essentially, media outlets with aligned partisan preferences can coordinate their messages to
collectively induce the most desirable outcomes.
1. If k ∈ [−1, −χ1 ), then all media outlets prefer candidate B to be elected and coordinate
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on the message profile x to induce the lowest posterior expectation. Any other x 6= x
will never be sent since θ (x) > θ (x). Similarly, if k ∈ (−χ|M| , 1] then all media outlets
prefer candidate A to be elected and coordinate on message profile x̄ to induce the highest
posterior expectation.
2. If k ∈ (−χm , −χm+1 ) for any m ∈ {1, 2, ..., |M| − 1}, then media outlets j = 1, 2, ..., m
prefer candidate A to be elected while the remaining outlets prefer B. Denote the former
coalition by MA = {1, ..., m} and the latter by MB = {m + 1, ..., |M|}. Media outlets in
coalition MA (MB ) wish to induce the highest (lowest) θ (x). Define XMA ≡ ∏m∈MA S
and XMB ≡ ∏m∈MB S the sets of message profiles possibly sent by coalition MA and MB ,
respectively. Let xA and xB be typical elements of MA and MB , respectively. Suppose
an informative equilibrium exists such that for some k1 , k2 ∈ (−χm , −χm+1 ) and k1 < k2 ,
message profile x1 ≡ (xA1 , xB1 ) ∈ XMA × XMB is sent in state k1 and a different message profile
x2 ≡ (xA2 , xB2 ) ∈ XMA × XMB is sent in state k2 . Under the monotonicity constraint (2.10)
there must be θ (x1 ) < θ (x2 ). Let xe ≡ (xA2 , xB1 ). The incentive compatibility constraints for
coalitions MA and MB require that53
θ (x1 ) ≥ θ (e
x) in state k1
θ (x2 ) ≤ θ (e
x) in state k2
The former constraint ensures that outlets in MA cannot profitably deviate by jointly sending
xA2 in state k1 , conditional on coalition MB sending xB1 . The latter constraint ensures that
outlets in MB cannot profitably deviate by jointly sending xB1 in state k2 , conditional on
coalition MA sending xA2 . These constraints together imply θ (x1 ) ≥ θ (x2 ), contradicting
the premise θ (x1 ) < θ (x2 ). This completes the proof.

2.D.2

Proof of Theorem 2.4

As argued in Section 2.6.1 in the main text, under the monotonicity constraint (2.10) any
media outlet m’s reporting strategy σm (·) must generate an information partition, denoted by
Pm , over the state space [−1, 1]. In addition, by Assumption 2.1 the state distribution F(·)
is atomless. It is therefore without loss of generality to characterize any outlet m’s reporting
strategy by an information partition Pm , which is a compact subset of [−1, 1]. Our proof builds
on Proposition 3 of Gentzkow and Kamenica (2016), which states that an information partition
can be supported in equilibrium if and only if no sender has any incentive to unilaterally induce
finer partitions. For ease of exposition, we use π(k) to denote π(k, n) for any fixed n and define
53 We

only list incentive compatibility constraints that are relevant for our proof.
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the following notations:
• For all x ∈ [−1, 1], k(x) ≡ EF [k|k ≤ x] =

1 Rx
F(x) −1 kdF(k).

• For all x ∈ [−1, 1], k̄(x) ≡ EF [k|k > x] =

R1
1
1−F(x) x kdF(k).

• For all −1 ≤ x < y ≤ 1, k̃(x, y) ≡ EF [k|k ∈ (x, y]] =

Ry
1
F(y)−F(x) x kdF(k).

We start with |M| = 1 and let χ be the bias of this single outlet. Given media’s utility
function (2.2), the media outlet chooses an optimal information partition P that maximizes its
expected payoff:
max EP [V (k, χ)], where V (k, χ) = (k + χ) · π(k)

P∈[−1,1]

(2.57)

Let P(χ) denote the information partition that solves (2.57). Our first step is to show that
−χ ∈ P(χ) must hold; namely, the optimal reporting strategy must precisely communicate
whether the realized k lies above or below threshold −χ.
Lemma 2.18. ∀χ ∈ [−1, 1], −χ ∈ P(χ).
Proof. For any given χ ∈ [−1, 1], let P = P(χ) and suppose instead that −χ 6∈ P. Let a ≡
sup {x ∈ P|x < −χ} and b ≡ inf {x ∈ P|x > −χ}. Because P is compact, there exist a ∈ P,
b ∈ P with a < −χ < b. Hence, there must be (a, b) ∩ P = 0/ and the electorate’s posterior
expectation of k equals k̃ ≡ k̃(a, b) whenever k ∈ (a, b]. Let k̃1 ≡ k̃(a, −χ) and k̃2 ≡ k̃(−χ, b).
Using media’s utility function (2.2), we can derive the media outlet’s expected payoff under
information partition P by
Z b

EP [V (k, χ)] = π(k̃)

(k + χ)dF(k) +Cons = [F(b) − F(a)] · π(k̃) · (k̃ + χ) +Cons

a

where Cons summarizes the media’s expected payoff in event k 6∈ (a, b). Suppose this outlet
deviates from partition P to P 0 = P ∪ {−χ}, then the media’s expected payoff is given by
Z −χ

EP 0 [V (k, χ)] = π(k̃1 )

a

Z b

(k + χ)dF(k) + π(k̃2 )

−χ

(k + χ)dF(k) +Cons

= [F(−χ) − F(a)] · π(k̃1 ) · (k̃1 + χ) + [F(b) − F(−χ)] · π(k̃2 ) · (k̃2 + χ) +Cons
The Cons terms in both equations are identical, since inducing finer partitions in interval
(a, b) does not affect information partitions outside (a, b). Notice that, by the law of iterated
expectations, [F(−χ) − F(a)] · k̃1 + [F(b) − F(−χ)] · k̃2 = [F(b) − F(a)] · k̃. Therefore, the
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difference in expected payoff is given by
EP 0 [V (k, χ)] − EP [V (k, χ)]
= [F(−χ) − F(a)] · (π(k̃1 ) − π(k̃)) · (k̃1 + χ) + [F(b) − F(−χ)] · (π(k̃2 ) − π(k̃)) · (k̃2 + χ)
{z
} |
{z
} | {z } |
{z
} |
{z
} | {z }
|
>0

<0

<0

>0

>0

>0

It is clear from definitions of k̃, k̃1 and k̃2 that k̃1 < k̃ < k̃2 and k̃1 < −χ < k̃2 . Moreover,
since π(k) is an increasing function of k, we have π(k̃1 ) < π(k̃) < π(k̃2 ). These together imply
that EP 0 [Ve (k, χ)] − EP [Ve (k, χ)] > 0; namely, if −χ 6∈ P, then deviating by inducing a finer
partition with threshold −χ is strictly profitable.
Before deriving more precise structures of P(χ), we make the following technical Assumption 2.4 for tractability. Again, our leading Example 2.1 satisfies this assumption. As explained
below, Assumptions 2.1 and 2.4 guarantee that the optimal information partition takes a simple
form: P(χ) = [a, b] with −1 ≤ a < −χ < b ≤ 1. This partition has the feature of “pooling at
the tails”; the intermediate states k ∈ (a, b] are precisely revealed whereas states at two tails,
k ∈ [−1, a] and k ∈ (b, 1], are pooled by different messages.
Assumption 2.4. Let V (k, χ) = (k + χ) · π(k). For all χ ∈ [−1, 1], the follow conditions hold:
1. ∃p ∈ [−1, −χ) such that V (k, χ) is concave in k on [−1, p] and convex in k on [p, −χ].
2. ∃q ∈ (−χ, 1] such that V (k, χ) is convex in k on (−χ, q] and concave in k on (q, 1].
Lemma 2.19. Suppose Assumptions 2.1 and 2.4 hold. For any χ ∈ [−1, 1] the optimal information partition P(χ) is uniquely characterized by [a, b] with a < −χ < b. Parameters a and b
satisfy the following conditions: (p and q are defined in Assumption 2.4)
1. a ∈ [p, −χ] and if a is interior it must satisfy condition (2.58):
∂V
∂k

=
k=k(a)

V (a, χ) −V (k(a), χ)
a − k(a)

(2.58)

2. b ∈ [−χ, q] and if b is interior it must satisfy condition (2.59):
∂V
∂k

=
k=k̄(b)

V (k̄(b), χ) −V (b, χ)
k̄(b) − b

(2.59)

Proof. According to Lemma 2.18, for all χ ∈ [−1, 1], P(χ) must contain −χ. Namely, the
optimal reporting strategy must partition the state space into at least two intervals [−1, −χ] and
(−χ, 1]. Therefore, we can characterize P(χ) by deriving the optimal information partition
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on these two intervals separately. Assumption 2.1 guarantees that the media outlet’s payoff
function V (k, χ) is continuously differentiable for all given χ. Combining this property with
Assumption 2.4, Ginzburg (2019) shows that the optimal information partition on [−1, −χ] must
take a lower-censorship structure: there exists a threshold a ∈ [p, −χ] such that (i) all states
k ≤ a are pooled together, (ii) all states k ∈ [a, −χ] are precisely revealed, and (iii) a must satisfy
(2.58) if a ∈ (p, −χ).54 Similarly, under Assumption 2.4 the optimal information partition on
(−χ, 1] takes an upper-censorship structure: there exists a threshold b ∈ [−χ, q] such that (i) all
states k ∈ [−χ, b] are precisely revealed, (ii) all states k > b are pooled together, and (iii) b must
satisfy (2.59) if b ∈ (−χ, q).55 Taken together, these results imply P(χ) = [a, b].
Lemma 2.19 suggests that, as long as Assumption 2.4 holds, we can characterize, for given
χ and n, P(χ) by two functions a(χ; n) and b(χ; n) with a(χ; n) ≤ −χ ≤ b(χ; n), such that
P(χ) = [a(χ; n), b(χ; n)]. It is routine to verify that the optimal conditions (2.58) and (2.59)
identified in Lemma 2.19 are equivalent to (2.60) and (2.61), respectively:
k(a) + χ
π(a) − π(k(a))
=
a+χ
a − k(a)
k̄(b) + χ
π(k̄(b)) − π(b)
π 0 (k̄(b))
=
b+χ
k̄(b) − b
π 0 (k(a))

(2.60)
(2.61)

Assumption 2.4 guarantees that, whenever a(χ, n) and b(χ, n) are interior, conditions (2.60)
and (2.61) yield unique optimal solutions. Figure 2.9 provides geometric illustrations for (2.60)
and (2.61). The LHS and RHS of (2.60) correspond to the slopes of the blue and red line
segments depicted in Figure 2.9a, respectively. Hence, (2.60) is binding if and only if the blue
and red line segments have identical slopes. Under Assumption 2.4, as a decreases from −χ
to −1 the difference between slopes of the blue and red segments crosses zero at most once,
from above. This single-crossing property guarantees the uniqueness of a(χ; n). Condition
(2.61) can be analogously interpreted based on Figure 2.9b, and Assumption 2.4 induces a
similar single-crossing property that guarantees the uniqueness of b(χ; n). We can derive the
comparative static properties of a(χ; n) and b(χ; n) as χ varies and partially characterize their
asymptotic properties as n → ∞. These are summarized in Lemma 2.20.
Lemma 2.20. Suppose Assumption 2.4 holds and n is sufficiently large, then
1. 1 ≤ a(χ; n) < −χ < b(χ; n) ≤ 1 for all χ ∈ [−1, 1].
54 See

Lemma 1 and 2 in Ginzburg (2019) and the proofs therein for a more detailed argument. Kolotilin et al.
(2017) also derive the same insight in a slightly different setup. In addition, a > p holds whenever p > −1. If
p = −1, then by Assumption 2.4, V (k, χ) is convex on [−1, −χ] and thus the optimal information disclosure strategy
is to reveal all states k ∈ [−1, −χ], that is, setting a = 1.
55 Again, note that b < q holds if q < 1. When q = 1, Assumption 2.4 implies that V (k, χ) is convex on (−χ, 1]
and the optimal information disclosure strategy is to set b = 1 and reveal all states k > −χ.
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Figure 2.9: The geometric illustrations of conditions (2.60) and (2.61)
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Note: Panel (a) illustrates the geometric condition when the first order condition (2.60) is binding. The RHS of
(2.60) is equal to the slope of the red line segment, while the LHS of (2.60) is equal to the slope of the blue line
segment. Condition (2.60) is binding if and only if the slopes of the red and blue line segments are equal. Similarly,
Panel (b) illustrates the geometric feature when condition (2.61) is binding; the slopes of red and blue line segments
are equal.

2. Both a(χ; n) and b(χ; n) decrease in χ.
3. lim a(χ; n) = −χ for χ < 0 and lim b(χ; n) = −χ for χ > 0.
n→∞

n→∞

Proof. To show part 1), let a ↑ −χ and b ↓ −χ, the limits of the LHS of (2.60) and (2.61) are both
∞. Because the RHS of (2.60) and (2.61) are finite and unrelated to χ, these conditions cannot
be binding for a and b sufficiently close to −χ. To show part 2), note that conditions (2.60) and
(2.61) are binding at a = a(χ; n) and b = b(χ; n) for interior solutions (otherwise a(χ; n) = −1
or b(χ; n) = 1 and part 2) holds trivially). Since k(a) < a < −χ and −χ < b < k̄(b), k(a)+χ
a+χ
is increasing in χ while k̄(b)+χ
b+χ is decreasing in χ. Hence, a marginal increase in χ (holding
a = a(χ; n) fixed) implies that (2.60) holds with strict inequality so that the media outlet has
incentive to reveal more information downwards by lowering a. Similarly, a marginal increase in
χ (holding b = b(χ; n) fixed) violates (2.61) so that the media outlet can profitably deviate by
lowering b to pool information at the margin. As a result, both a(χ; n) and b(χ; n) must decrease
in χ.
To show part 3), we only argue that lim b(χ; n) = −χ if χ > 0 (the proof for a(χ; n) is
n→∞
similar). Let b∗ ≡ lim b(χ; n) ≥ −χ, given χ > 0. A key observation is that if b∗ < 0, then
n→∞

b∗ = −χ must hold. With b∗ < 0 and k̄(b∗ ) > 0, Theorem 2.1.2 implies that π(b∗ , n) → 0
1
while π(k̄(b∗ ), n) → 1. So the RHS of (2.61) converges to k̄(b)−b
, which is positive and bounded.
Therefore, for condition (2.61) to hold in the limit, the LHS must also have a positive and bounded
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limit. However, Lemma 2.10 implies that π 0 (k̄(b∗ )) → 0 since k̄(b∗ ) > 0. Hence, b∗ = −χ must
hold, or otherwise the LHS of (2.61) will converge to zero in the limit, leading to a contradiction.
It remains to show that b∗ ≥ 0 is impossible. This is because for any χ > 0, having b∗ ≥ 0
implies 0 ∈ [−χ, b∗ ] ⊂ lim P(χ). Because π(k) → 1(0) for k > (<)0, V (k, χ) = (k + χ) · π(k)
n→∞

converges to 0 if k < 0 and to k + χ if k > 0. This implies lim EP(χ) [V (k, χ)] = b1∗ (k + χ)dF(k).
n→∞
This is dominated by a simple cutoff partition P 0 = {−χ} in large elections; lim EP 0 [V (k, χ)] =
R

n→∞

R1

R1
−χ (k + χ)dF(k) > b∗ (k + χ)dF(k).

Therefore, b∗ ≥ 0 cannot be optimal as n → ∞.

Therefore, when |M| = 1 it holds that P(χ) = [a(χ; n), b(χ; n)]. Moreover, Lemma 2.20
guarantees, for finite n, that the “revealing interval” [a(χ; n), b(χ; n)] never degenerates to a
singleton. When |M| ≥ 2 and χ1 ≥ χ2 ≥ · · · ≥ χ|M| , Lemma 2.20 implies a(χ1 ; n) ≤ a(χm ; n)
and b(χ|M| ; n) ≥ b(χm ; n) for all m ∈ M. Therefore, for all m ∈ M conditions (2.60) and (2.61)
are satisfied for k ∈ [−1, a(χ1 ; n)) and k ∈ (b(χ|M| ; n), 1], respectively, and no media outlet has
any incentive to unilaterally induce finer information partition in these intervals. It remains to
show that states k ∈ [a(−χ1 ; n), b(χ|M| ; n)] must be fully revealed in any equilibrium.
It is already clear from conditions (2.60) and (2.61) that media outlet 1 and |M| strictly prefer
to fully reveal states in intervals [a(χ1 ; n), −χ1 ) and (−χ|M| , a(χ|M| ; n)], respectively. It remains
to show that states k ∈ [−χ1 , −χ|m| ] must be fully revealed in any equilibrium. Suppose this
is not true and there exists a non-degenerate interval (x, y] ⊂ [−χ1 , −χ|M| ] with y > x such that
states k ∈ (x, y] is pooled by all media outlets. Recall that k̃(x, y) ≡ EF [k|k ∈ (x, y]]. The expected
payoff for media outlet 1 to reveal states k ∈ (x, z], ∀z ∈ (x, y], is
Veχ1 (z, x, y) ≡

Z z
x

Z y

(k + χ1 )π(k)dF(k) + π(k̃(z, y))

z

(k + χ1 )dF(k) +Cons

where Cons summarizes the outlet’s expected payoff in event k 6∈ (x, y]. Taking the first order
derivative with respect to z at z = x yields
∂ Veχ1
∂z



k̃(x, y) + χ1 π(k̃(x, y)) − π(x)
= f (x) · (k̃(x, y) − x) · (x + χ1 ) · π 0 (k̃(x, y))
−
| {z } | {z }
x + χ1
k̃(x, y) − x
z=x
>0

>0

So media outlet 1 has incentive to reveal more information upwards, namely

∂ Veχ1
∂z

> 0, if and
z=x

only if
π 0 (k̃(x, y))

k̃(x, y) + χ1 π(k̃(x, y)) − π(x)
>
x + χ1
k̃(x, y) − x
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(2.62)

Similarly, for media outlet |M| the expected utility from revealing information on interval [w, y],
∀w ∈ (x, y], equals
Veχ|M| (w, x, y) ≡ π(k̃(x, w))

Z w
x

Z w

(k + χ|M| )dF(k) +

y

(k + χ|M| )π(k)dF(k) +Cons

Taking the derivative with respect to w at w = y yields
∂ Veχ|M|
∂w



k̃(x, y) + χ|M| π(y) − π(k̃(x, y))
= f (y) · (y − k̃(x, y)) · (y + χ|M| ) · π 0 (k̃(x, y))
−
| {z } | {z }
y + χ|M|
y − k̃(x, y)
w=y
>0

<0

So media outlet |M| has incentive to reveal more information downwards, namely

∂ Veχ|M|
∂w

< 0,
w=y

if and only if
π 0 (k̃(x, y))

k̃(x, y) + χ|M| π(y) − π(k̃(x, y))
>
y + χ|M|
y − k̃(x, y)

(2.63)

We show that for all possible values of k̃(x, y), at least one of conditions (2.62) and (2.63) must
hold so that either outlet 1 or |M| is strictly better off by unilaterally revealing more information
on (x, y]. The argument exploits Assumption 2.2, which guarantees that π(k) is convex on [−1, 0]
and concave on [0, 1] in large elections (cf. Lemma 2.10).
• If k̃(x, y) < 0, by convexity of π(k) on [−1, 0] and k̃(x, y) > x, we have π 0 (k̃(x, y)) >
π(k̃(x,y))−π(x)
1
. Since k̃(x,y)+χ
> 1, (2.62) holds and outlet 1 can profit by unilaterally
x+χ1
k̃(x,y)−x
inducing a finer partition.
• If k̃(x, y) ≥ 0, by concavity of π(k) on [0, 1] and k̃(x, y) < y, π 0 (k̃(x, y)) >
k̃(x,y)+χ

π(y)−π(k̃(x,y))
.
y−k̃(x,y)

Since y+χ |M| > 1, (2.63) holds and outlet |M| can profit by unilaterally inducing a finer
|M|
partition.
This completes the proof.
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Chapter 3
Media Bias and Elections — An
Experimental Study1
3.1 Introduction
What are the electoral consequences of media bias? This issue has always raised wide-spread
public concern; a concern that has increased strongly since the Brexit referendum and the
2016 U.S. presidential elections. While Chapter 2 addresses this question from a theoretical
perspective, this chapter investigates it by way of a laboratory experiment. In doing so, we focus
on three questions. First, in an environment with a single media outlet, how does an increase in
media bias affect parties’ vote shares, the election outcome, and voter turnout? Second, what is
the impact of increasing the number of media outlets on those electoral outcomes? Third, are
voters’ perceptions of candidates systematically distorted by biased media outlet(s)?
Theoretically, Chapter 2 provides unambiguous answers to each of these questions. When
there is only one media outlet, the probability of any candidate being elected varies nonmonotonically with media bias, while voter turnout increases in media bias monotonically.
Introducing a second media outlet systematically pushes the election outcome in favor of the
candidate the second outlet is biased to (relative to the existing one). Introducing an extra outlet
can either systematically increase or decrease voter turnout, depending on the biases of both
outlets. Finally, as a straightforward implication of Bayes’ rule, rational voters’ posterior beliefs
about the qualities of candidates will never be systematically affected by biased media.
To test these theoretical predictions, we implement a laboratory experiment. For this purpose,
we construct a simple experimental election game based on the general framework derived in
Chapter 2. We numerically derive both the Bayesian Nash equilibria (BNE) and the quantal
1 This chapter is based on Sun, Schram and Sloof (2019a). Financial support of the Research Priority Area
Behavioral Economics of the University of Amsterdam is gratefully acknowledged.
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response equilibria (QRE) of this game, and confirm that all major theoretical insights from
Chapter 2 remain valid for this environment. Aside from enabling a direct test of our theory,
laboratory control has important advantages for addressing our research questions.2 First, it
avoids the self-selection into treatments that hinders the casual inference from observational data.
For example, media exposure outside the laboratory may be highly correlated with a voter’s
ideological preference (Gentzkow and Shapiro, 2011; Durante and Knight, 2012; Prat, 2018;
Kennedy and Prat, 2019). Second, it allows us to precisely define and induce crucial elements of
the model such as candidates’ quality levels, voters’ ideological preferences, and the extent of
media bias. Finally, it enables direct elicitation of beliefs, which may play an important role in
voters’ decision making.
Our experimental results show that the behavior of aggregate vote share and candidates’
winning chances are well predicted. Nevertheless, we observe in sessions with one media
outlet that the winning probability of a candidate increases monotonically in the media’s bias
towards her, contradicting to the non-monotonicity hypothesis. Voter turnout is –contrary to
the theoretical prediction– irresponsive to media bias. Concretely, in treatments with only one
media outlet, standard BNE predictions explain 58.5% to 72.4% of the variations we observe
in a candidate’s winning chances and vote share, respectively, but only 6.5% of the variation
in observed voter turnout. Introducing a second media outlet systematically drives the election
outcome in the predicted directions, yet it has little impact on voter turnout. The discrepancy
between the model’s explanatory power for candidate choice (winning probabilities and vote
shares) and voter turnout warrants further investigation. Finally, our analyses for elicited beliefs
show that subjects’ perceptions about candidates are not systematically distorted by biased media.
Nevertheless, subjects update their beliefs more conservatively relative to a Bayesian.
To account for the observed deviations from our theoretical predictions, we discuss three
alternative explanations: (i) quantal response equilibria (QRE) with distinct levels of rationality
for candidate choice and turnout decisions; (ii) non-Bayesian belief updating; (iii) partial
competition neglect (i.e., voters underestimate the degree to which the closeness of elections are
correlated with the information environment). We show that a hybrid behavioral equilibrium
model combining all these three features can, to a substantial extent, rationalize subjects’ behavior
observed in the experiment. Nevertheless, even this very flexible model cannot satisfactorily
explain some discrepancies between observed and predicted treatment effects for election
outcomes and voter turnout. Therefore, we suspect that these discrepancies are likely to be
2 See Falk and Heckman (2009) for a general discussion of these advantages and a comparison to empirical
analyses based on observational field data. One possible disadvantage of testing the model in the laboratory is the
small size of the electorate (25 in this experiment) that this allows for. This disadvantage is mitigated, however,
when laboratory data are used to test a theory (Schram, 2005). Studies comparing various electorates support the
size effects predicted by theory (Levine and Palfrey, 2007). This suggests that the theory itself can be used to
extrapolate from laboratory results.
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driven by factors that are not captured by our model: non-equilibrium behavior, unobserved
heterogeneity across subjects, failure of the common knowledge assumption, etc.
This chapter relates to three strands of literature. The first consists of a growing number of
empirical studies measuring media’s influence on voters behavior (including aggregate party
vote shares and voter turnout) using observational data (see Section 2.2 in Chapter 2 for a
comprehensive review). Because these studies rely on data from only parts of the electorate, they
provide little direct evidence on how biased media affect the election outcome. This chapter,
as far as we know, provides the first direct empirical evidence regarding both the interim and
ex-ante influence of biased reporting strategies on election outcomes.
The second strand of literature empirically measures the persuasion effect of media outlets on
voters’ beliefs.3 The findings are mixed. There is evidence that voters are sophisticated and can
filter out the influence of media bias. For instance, Chiang and Knight (2011) study the influence
of media bias on voting intentions by exploiting the exact timing of newspaper endorsements
in the context of 2004 US presidential election, and find that only highly credible newspaper
endorsements affect voters. Durante and Knight (2012) find that viewers in Italy increased their
propensity to watch left-leaning television channels to offset the movement of public slant to the
right under Berlusconi’s administration. However, Cain, Loewenstein and Moore (2005) show
in a controlled laboratory experiment that decision makers do not sufficiently account for the
interest misalignment between themselves and informed advisors in their belief formation. In
contrast to all these studies, we elicit voters’ beliefs in a controlled laboratory experiment and
identify the persuasion effect of biased media using Bayes’ rule.
The third strand of literature studies voting games using both experiments and field data.
Most relevant for our analysis of the effects of media bias on voter turnout is the “competition
effect”, which predicts higher voter turnout in closer elections. This claim has gained empirical
support from both field (Blais, 2000; Bursztyn et al., 2017; Gerber et al., 2017) and laboratory
experiments (Levine and Palfrey, 2007; Duffy and Tavits, 2008; Großer and Schram, 2010;
Agranov et al., 2017). In addition, this chapter also relates to behavioral theories explaining
voters’ behavior, especially models that capture bounded rationality such as quantal response
equilibrium (McKelvey and Palfrey, 1995, 1998; Goeree and Holt, 2005; Goeree, Holt and
Palfrey, 2016). We contribute to this literature by identifying a novel behavioral trait – “partial
competition neglect”, under which voters partially overlook the correlation between the closeness
of elections and the information released by media.
The remainder of this chapter is organized as follows. Section 3.2 introduces the election
game we will study in the laboratory experiment. Section 3.3 conducts equilibrium analyses for
our election game and formulates testable hypotheses. Section 3.4 presents our experimental
3 See

DellaVigna and Gentzkow (2010) for a comprehensive review.
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design and Section 3.5 discusses the results. In Section 3.6 we explore possible explanations for
observed deviations from the theoretical predictions in subjects’ behavior. Section 3.7 concludes.

3.2 The election game
In this section we present the election game that was implemented in the laboratory. The
game closely adheres to the general theoretical framework described in Chapter 2, with two
exceptions. First, instead of assuming a Poisson distributed electorate size, we fix the electorate
size at N = 25. Second, instead of including media outlets as active players, we computerize
media outlets and let them mechanically follow a cutoff reporting strategy described below. Both
modifications are made to ease practical implementations of the experiment.
Candidates. We consider an election between two candidates A and B, who differ along a
quality dimension. We normalize the quality of candidate B to zero and let k denote the relative
quality of candidate A. We assume that k is drawn from a discrete uniform distribution F(·)
on {−1, −0.9, · · · , −0.1, 0.1, · · · , 0.9, 1}. Unless explicitly stated otherwise, k is assumed to be
unobservable to voters and precisely observable to media outlets.
Electorate. The electorate consists of N = 25 eligible voters. Each voter i can choose
an action ai from {A, B, O}, representing voting for A, B, and abstaining, respectively. Voter
i is characterized by a two-dimensional private type (vi , ci ). vi represents voter i’s ideological
preference, and ci represents her private voting costs, which are incurred if and only if she
casts a vote (i.e., ai 6= O). We assume that both vi and ci are independently and identically
distributed across voters. For each voter i, vi is drawn from a discrete uniform distribution G(·)
on {−1, −0.5, −0.2, 0.2, 0.5, 1} and ci is drawn from a discrete uniform distribution ρ(·) on
{0.01, 0.02, · · · , 0.15}. As in Chapter 2, we normalize voter i’s utility to 0 if candidate B is
elected, and let her payoff be k + vi if A is elected. Hence, voter i prefers candidate A(B) if
k > (<)0. Formally, voter i’s utility function can be expressed by
u(k, vi , ci , ai , Ω) = (k + vi ) · 1Ω=A − ci · 1ai 6=O

(3.1)

where Ω ∈ {A, B} indicates the winning candidate, and 1E is an indicator function that equals
one if event E is true.
Media outlets. There is a set of media outlets M. In this chapter, the number of media
outlets, |M|, is either 1 or 2. Each outlet m ∈ M precisely observes k and can send a binary
public message sm ∈ {A, B}, which can be interpreted as “media endorsement”, to all voters.
Each outlet m ∈ M is characterized by a commonly known bias χm ∈ [−1, 1], and sends a public
endorsement using the following cutoff strategy: sm = A(B) if and only if k > (≤) − χm (cf.
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equation (2.9) and Figure 2.2 in Chapter 2).4 Outlet m is called unbiased if χm = 0, since it
always endorses the candidate with a higher quality. If instead χm > (<)0, then outlet m is called
A(B)-biased as it may endorse candidate A(B) even if her quality is inferior.
Timing. The timeline of the game is as follows. First, nature draws k and voter type profile
{(vi , ci )}25
i=1 . Observing k, each outlet m ∈ M sends public message sm ∈ {A, B} using the
aforementioned cutoff strategy. Observing the message profile {sm }m∈M , voters simultaneously
make their voting decisions. Finally, the winning candidate is determined by simple majority
rule, with ties broken by a fair coin toss. All payoffs then realize. To be consistent with Chapter 2,
we derive the symmetric Bayesian Nash Equilibria (BNE) for our election game and formulate
our hypotheses based on BNE. 5 These are elaborated upon in the next section.

3.3 Equilibrium analyses and hypotheses
In this section we derive testable hypotheses regarding the electoral influences of biased
media. These hypotheses closely adhere to the theoretical insights derived from Chapter 2. In
a nutshell, in the presence of a single media outlet, any candidate’s winning probability varies
non-monotonically with media bias, whereas voter turnout increases in media bias monotonically.
Introducing an extra outlet can systematically shift the election outcome and voter turnout in
either direction, depending on the biases of both the existing outlet and the introduced outlet. We
numerically derive the symmetric BNE of the election game presented in the previous section,
and confirm that all these insights carry over to our election game. As a robustness check, we also
derive the Quantal Response Equilibria (QRE; McKelvey and Palfrey (1995)) for the election
game and confirm that all our hypotheses hold under QRE as well.

3.3.1

Bayesian Nash Equilibria

Note that voters’ utility function is linear in k (cf. (3.1)). Any information, denoted by I,
thus affects voters’ behavior only through its influence on E[k|I], voters’ common posterior
expectation of k conditional on I. Consequently, voters behave as if candidate A’s relative quality
is commonly known and equal to E[k|I]. We can thus conduct the equilibrium analysis by
deriving, for k ∈ [−1, 1], the BNE of the election game with k commonly known to all voters,
4 As explained in Chapter 2, this cutoff reporting strategy endogenously arises in equilibrium in a setup in which
each outlet m has payoff function V (k, χm , Ω) = (k + χm ) · 1Ω=A and communicates to voters via cheap talk.
5 In contrast to the general model in Chapter 2, media only play passive roles in our experimental election
game. Therefore, from voters’ perspective, this is a static game of incomplete information. For this reason, we
derive the symmetric BNE for our election game. We ignore asymmetric equilibria (if any) because they are
implausible without an omniscient mediator coordinating voters’ behavior, especially in an environment with
strategic uncertainty (Palfrey and Rosenthal, 1985; Levine and Palfrey, 2007).
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and then replacing k with E[k|I]. We derive BNE numerically for all k considered in this chapter.
The derivation procedure is explained in Appendix 3.A.
Figure 3.1: Geometric Analyses for the Electoral Impacts of Media Bias (|M| = 1)
(b) Voter Turnout
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Note: Panel (a) depicts candidate A’s winning probability (πA (k); the black solid curve) predicted by BNE, as
functions of k. Panel (b) depicts the expected voter turnout (T (k); the black solid curve) predicted by BNE, as
a function of k. Media bias increases from red (χ = 0) to blue (χ = 0.55) to green (χ = 0.95). wA , wB and w∗ ,
w ∈ {x, y, z}, represent candidate A’s winning chances conditional on message A, message B and unconditionally
(ex-ante), respectively. The dashed line segments represent the sets of all convex combinations of wA and wB , for
w ∈ {x, y, z}.

Figure 3.1a depicts candidate A’s winning probability (πA (k); the black solid curve) predicted
by BNE, as functions of k. We observe that πA (k) increase monotonically in k, and it equals 0.5
when k = 0. The intuition is straightforward; with a higher relative quality k, candidate A is more
appealing and attracts more voters to support her. For this reason, candidate A’s expected vote
share increases in k, and thus so does A’s winning probability.6 In particular, when k = 0 both
candidates have equal qualities and voters are a priori indifferent between them. Therefore, both
candidates are expected to get equal shares of votes and they are equally likely to be elected.
Figure 3.1b depicts the expected voter turnout (T (k); the black solid curve) predicted by
BNE, as a function of k. We observe that T (k) is symmetric around k = 0, and decreases in
candidates’ quality difference, as measured by |k|. In our election game, aggregate turnout is
critically driven by the “competition effect” (Levine and Palfrey, 2007), whereby voter turnout is
higher in elections that are expected to be close. If k = 0, both candidates are expected to get
equal shares of votes. In this case, the election is mostly likely to end in a close race. Voters then
6 In the same spirit of Figure 3.1a, we can also plot A’s expected vote share in equilibrium as a function of k.
This function increases in k almost linearly and equals 0.5 if k = 0 (cf. Figure 2.1a in Chapter 2).
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have the strongest incentives to cast costly votes since voting is most likely to be pivotal, and the
expected turnout is thus highest. If instead the quality difference |k| is large, then the election is
expected to end up in a landslide victory of the quality-superior candidate, who is expected to get
a substantially larger vote share than her opponent. Consequently, the pivotal chances are low
and voters have low incentives to vote. In general, as formally argued in Chapter 2, the quality
difference |k| is negatively associated with the closeness of elections, and therefore negatively
associated with voter turnout due to the competition effect.
In what follows, we study the electoral influence of media bias in the scenario with a single
media outlet (|M| = 1). After that, we increase |M| from 1 to 2 to study the electoral consequences
of introducing a second media outlet.
The influence of media bias
Let |M| = 1 and χ be the bias of this single media outlet. In our experiment we consider three
distinct values χ ∈ {0, 0.55, 0.95}, i.e., the media outlet is either unbiased (χ = 0; labeled UB),
weakly A-biased (χ = 0.55; labeled W BA ), or strongly A-biased (χ = 0.95; labeled SBA ).7 Let
ks (χ) for s ∈ {A, B} denote the posterior expectation of k obtained by Bayes’ rule, conditional
on observing message s from the outlet with bias χ. Recall that the public message s is sent
by the cutoff reporting strategy: s = A(B) if k > (≤) − χ. It follows that kA (χ) = EF [k|k >
−χ] and kB (χ) = EF [k|k ≤ −χ]. Let Pr(s|χ) denote the probability that the outlet with bias
χ sends message s prior to observing k. It also follows from the cutoff reporting strategy
that Pr(A|χ) = 1 − F(−χ) and Pr(B|χ) = F(−χ). Table 3.1 summarizes these endorsement
probabilities Pr(s|χ) and posterior expectations ks (χ) for our election game with |M| = 1.
Table 3.1: Likelihood of Endorsements and the Rational Posterior Expectations
χ = 0 (UB)

χ = 0.55 (W BA )

χ = 0.95 (SBA )

Message

s=A

s=B

s=A

s=B

s=A

s=B

Pr(s|χ)

1
2
11
20

1
2
− 11
20

3
4
4
15

1
4

19
20
1
19

1
20

ks (χ)

− 45

−1

Note: Pr(s|χ) for s ∈ {A, B} denotes the endorsement probability, i.e., the a priori probability that message s is sent
from a media outlet with bias χ. ks (χ) denotes the Bayesian posterior expectation of k conditional on s and χ.

As is evident from Table 3.1, an increase in bias χ has three effects:
Effect I Pr(A|χ) = 1 − F(−χ) increases in χ.
7 These values of χ’s are chosen to maximize the magnitudes of the predicted non-monotonic impact of media
bias on A’s winning probability, as formally stated in Hypothesis 3.1 below.
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Effect II Both kA (χ) and |kA (χ)| decrease in χ.
Effect III kB (χ) decreases whereas |kB (χ)| increases in χ.
In words, Effect I suggests that a priori the likelihood of endorsing candidate A increases in
the media’s bias towards A. Effect II implies that, as the media becomes more A-biased, message
A becomes less credible in signaling the superiority of candidate A and induces a lower posterior
expectation about the quality difference between candidates. Conversely, Effect III suggests
that message B becomes more credible in signaling the superiority of candidate B and induces
a higher posterior expectation about the quality difference between candidates, as the media
becomes more A-biased.
From the ex-ante perspective, however, media bias cannot systematically affect rational
voters’ posterior expectations about k, the relative quality of candidate A. This is because,
by the law of iterated expectations, the posterior means must average to the prior mean:
∑s∈{A,B} Pr(s|χ)ks (χ) = 0 for all χ. Intuitively, even though message A (in favor of candidate A) is a priori more likely to be sent as χ increases (Effect I), both messages A and B become
weaker in persuading voters to support candidate A (Effects II and III). On average, these effects
balance out, leaving rational voters’ posterior beliefs unaffected.
The geometric approach developed in Chapter 2 can be applied to analyze the electoral impacts of media bias. The interim (i.e., conditional on message s) and ex-ante (i.e., unconditional)
impacts of media bias on candidate A’s winning probability are demonstrated geometrically in
11
= 0.55 and
Figure 3.1a. We start with χ = 0 (UB). From Table 3.1 we know that kA (0) = 20
11
kB (0) = − 20 = −0.55. As a result, candidate A’s winning probability conditional on message A
(B) equals πA (0.55) (πA (−0.55)), represented by the red node xA (xB ). Ex-ante, candidate A’s
winning probability is a convex combination of πA (0.55) and πA (−0.55), and therefore must lie
on the red dashed line segment connecting xA and xB . By the law of iterated expectations, the
posterior means must average back to the prior mean, which is 0. Geometrically, this implies
that A’s ex-ante winning probability can be represented by the red node x∗ , the intersection of
segment xA xB and the vertical line k = 0.
A similar exercise can be done for χ = 0.55 (W BA ), yielding interim winning probabilities
conditional on message A and B represented by the blue nodes yA and yB , respectively, and the
ex-ante winning probability represented by the blue node y∗ . Likewise, for χ = 0.95 (SBA ) the
interim winning probabilities conditional on message A, B and the ex-ante winning probability
are represented by the green nodes zA , zB and z∗ , respectively. The interim impacts of an increase
in media bias on candidate A’s winning probability can thus be straightforwardly captured by the
movement from xs to ys to zs , for message s ∈ {A, B}. The ex-ante impacts of increasing media
bias is represented by the movement from x∗ to y∗ to z∗ .
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As is evident from Figure 3.1a, conditional on either message A or B, candidate A’s expected
vote share and winning probability both decrease in media bias χ; xs > ys > zs for both s ∈
{A, B}.8 This is because (i) ks (χ) increases in χ for both s ∈ {A, B} (cf. Effect II and III), and
(ii) both V SA (k) and πA (k) are decreasing functions of k. Intuitively, as the media outlet becomes
more A-biased, both messages A and B signal lower relative quality of candidate A, dissuading
voters from supporting A and therefore deteriorating A’s electoral prospects.
From an ex-ante perspective, however, candidate A’s winning probability varies in bias χ
non-monotonically; with y∗ > z∗ > x∗ , A’s winning probability is highest (> 0.5) when the media
is weakly A-biased (χ = 0.55), and lowest (equals 0.5) when the media is unbiased (χ = 0).
Although A’s winning probability decreases in bias χ conditional on both s ∈ {A, B} (due to
Effect II and III), Effect I provides a force in the opposite direction: with a higher bias χ, the
media outlet is a priori more likely to send message A and induce posterior expectation kA (χ).
Because kA (χ) > kB (χ) (and thus πA (kA (χ)) > πA (kB (χ))) for all χ (cf. Table 3.1), Effect I per
se increases A’s winning probability ex-ante. Therefore, the net effect of media bias depends
on which of these opposing forces is stronger. For our election game, Effect I dominates as χ
increases from 0 (UB) to 0.55 (W BA ), while the reverse is true as χ increases from 0.55 (W BA )
to 0.95 (SBA ). These analyses yield testable Hypothesis 3.1, which concerns the interim and
ex-ante impacts of media bias on the election outcome.
Hypothesis 3.1. Influence of media bias on the election outcome:
(a) Conditional on message A, candidate A’s expected vote share and winning probability are
highest under UB and lowest under SBA .
(b) Conditional on message B, candidate A’s expected vote share and winning probability are
highest under UB and lowest under SBA .
(c) Ex-ante, A’s winning probability is ranked, in ascending order, by UB, SBA and W BA .
The same geometric approach can also be applied in Figure 3.1b to derive the impacts of
media bias on voter turnout. It is evident graphically that conditional on message A, voter
turnout increases in media bias (zA > yA > xA ) while conditional on message B the reverse is
true (xB > yB > zB ). To understand the underlining mechanism, recall that a lower expected
quality difference |k| between candidates is associated with a higher expected closeness of
election, causing higher voter turnout due to the competition effect. By Effect II (III) message
A (B) induces a smaller (larger) posterior expectation about the quality difference |k| between
candidates and thus implies a higher (lower) expected turnout, as bias χ increases.
8 It is implicitly understood that whenever we compare nodes in Figures 3.1a and 3.1b, we are comparing their
values on y-coordinate.
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From an ex-ante perspective, we observe that the expected voter turnout increases unambiguously in media bias (z∗ > y∗ > x∗ ). Moreover, it is also evident that voter turnout attains its
maximum if voters are uninformed (labeled as NoIn f o); in this case, voters make decisions only
base on their common prior mean, which equals 0, and behave as if k = 0 is common knowledge.
The election is then most likely to end in a close race; the probabilities of casting pivotal votes
are highest if k = 0. These analyses yield testable Hypothesis 3.2, which concerns the interim
and ex-ante impacts of media bias on voter turnout.
Hypothesis 3.2. Influence of media bias on voter turnout:
(a) Conditional on message A, voter turnout is highest under SBA and lowest under UB.
(b) Conditional on message B, voter turnout is highest under UB and lowest under SBA .
(c) Ex-ante, voter turnout is ranked, in ascending order, by UB, W BA , SBA and NoIn f o.
The influence of introducing a second media outlet
Now we increase |M| from 1 to 2 and investigate the ex-ante impacts of introducing a second
media outlet on the election outcome and voter turnout. Denote the biases of the existing and
introduced outlets by χ1 and χ2 , respectively. In our experiment, we consider three possible
combinations of biases: (χ1 , χ2 ) ∈ {(0, 0.55), (0.55, −0.55), (0.95, 0)}, labeled as (UB,W BA ),
(W BA ,W BB ) and (SBA ,UB), respectively. Given any pair (χ1 , χ2 ), we study the impacts of
introducing a second outlet with bias χ2 by comparing outcomes from the one-media scenario
with bias χ1 to the two-media scenario with bias combination (χ1 , χ2 ). Figure 3.2 presents these
comparisons for the election outcome (i.e., candidate A’s winning probability) and voter turnout.
Proposition 2.4 in Chapter 2 predicts that introducing a second media outlet can systematically
increase candidate A’s winning probability if and only if the second outlet is more A-biased
than the existing outlet, i.e., χ2 > χ1 . This would predict that A’s winning probability should
increase in the transition from UB to (UB,W BA ), while decrease in transitions from W BA to
(W BA ,W BB ), and from SBA to (SBA ,UB). These predictions are confirmed by our BNE analyses
(cf. Figure 3.2).9 These analyses yield testable Hypothesis 3.3, which concerns the ex-ante
impacts on the election outcome of introducing a second media outlet.
Hypothesis 3.3. Influence of introducing a second media outlet on the election outcome:
(a) Ex-ante, A’s winning probability is higher under (UB,W BA ) than under UB.
9 The predicted treatment effects are quite small quantitatively (especially for the comparison between UB and
(UB,W BA )). This is primarily driven by the small electorate size (N = 25), which is an unavoidable restriction
given the limited capacity of our laboratory.
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Figure 3.2: The Electoral Influences of Introducing a Second Outlet
(a) UB vs (UB,W BA )
0.70
0.60

|M|=1
|M|=2

0.50

(b) W BA vs (W BA ,W BB )
0.70
0.60

|M|=1
|M|=2

0.50

(c) SBA vs (SBA ,UB)
0.70
0.60

0.40

0.40

0.40

0.30

0.30

0.30

0.20

0.20

0.20

0.10

0.10

0.10

0.00

0.00

Pr[A wins]

Turnout

Pr[A wins]

Turnout

|M|=1
|M|=2

0.50

0.00

Pr[A wins]

Turnout

Note: Panels depict the ex-ante influence, predicted by BNE, of introducing a second media outlet on candidate A’s
winning probabilities (Pr[A wins]) and voter turnout. In panel a), the existing outlet 1 is unbiased (χ1 = 0; UB)
and the second outlet is weakly A-biased (χ2 = 0.55; W BA ). In panel b), the existing outlet 1 is weakly A-biased
(χ1 = 0.55; W BA ) and the second outlet is weakly B-biased (χ2 = −0.55; W BB ). In panel c), the existing outlet 1 is
strongly A-biased (χ1 = 0.95; SBA ) and the second outlet is unbiased (χ2 = 0; UB).

(b) Ex-ante, A’s winning probability is lower under (W BA ,W BB ) than under W BA .
(c) Ex-ante, A’s winning probability is lower under (SBA ,UB) than under SBA .
As for voter turnout, Proposition 2.5 in Chapter 2 generates three predictions. First, when
the existing outlet is unbiased, introducing a biased outlet increases voter turnout. This predicts,
ex-ante, voter turnout to be higher under (UB,W BA ) than under UB. Second, when the existing
outlet is weakly biased, introducing a second outlet that is equally biased in magnitude but favors
the opposite candidate will increase voter turnout. This predicts that, ex-ante, voter turnout
should be higher under (W BA ,W BB ) than under W BA . Finally, if the existing outlet is strongly
biased (e.g., χ1 = 0.95 in our game), then introducing an unbiased media outlet decreases voter
turnout. This predicts that, ex-ante, voter turnout should be lower under (SBA ,UB) than under
SBA . Again, as evident in Figure 3.2, all these predictions carry over to our experimental election
game.10 These analyses yield testable Hypothesis 3.4, which concerns the ex-ante impacts of
introducing a second media outlet on voter turnout.
Hypothesis 3.4. Influence of introducing a second media outlet on voter turnout:
(a) Ex-ante, voter turnout is higher under (UB,W BA ) than under UB.
(b) Ex-ante, voter turnout is higher under (W BA ,W BB ) than under W BA .
(c) Ex-ante, voter turnout is lower under (SBA ,UB) than under SBA .
10 Nevertheless, the predicted treatment effects are quite small in magnitude (except for the comparison between
SBA and (SBA ,UB)). This is again driven by the limited electorate size that can be implemented in the laboratory.
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3.3.2

Quantal Response Equilibria

Various studies on voting behavior have shown that Quantal Response Equilibrium (QRE)
better describes voting behavior than BNE does (Goeree and Holt, 2005; Levine and Palfrey,
2007; Großer and Schram, 2010; Tyszler and Schram, 2016). For this reason, we derive the QRE
of our election game and check whether our testable hypotheses derived from BNE are robust
under QRE. Denote any voter i’s expected utility from voting for candidate A, B or abstaining,
conditional on model parameters (k, vi , ci ), by EU A (k, vi , ci ), EU B (k, vi , ci ) and EU O (k, vi , ci ),
respectively. Without loss of generality, we normalize EU O (k, vi , ci ) to zero for all i’s.11 In
contrast to BNE, QRE allows voters to make errors in their voting decisions. This can be modeled
by adding a stochastic error term to the expected utilities, which yields:
εA
λ
εB
B
EU (k, vi , ci ) +
λ
εO εO
O
EU (k, vi , ci ) +
=
λ
λ
EU A (k, vi , ci ) +

(3.2)

In (3.2), εd for d ∈ {A, B, O} denotes i.i.d. noise and λ > 0 is a noise parameter that captures
the relative weight of noise in the perceived expected utility. As λ → 0, noise dominates and as
λ → +∞, noise disappears. This parameterization is general enough to capture different sources
of noise: distractions, perception biases, miscalculations or limited computational capability, etc
(Goeree and Holt, 2005). Note that we assume the same parameter λ applies for all three actions:
voting for A, B and abstaining. We will return to this assumption in Section 3.6.
In a QRE, a voter will still choose the action that yields the highest expected utility,
but this is now a stochastic event. For example, she will vote for A if EU A (k, vi , ci ) + ελA >
EU B (k, vi , ci ) + ελB and EU A (k, vi , ci ) + ελA > ελO hold simultaneously. Or equivalently, εB − εA <

λ EU A (k, vi , ci ) − EU B (k, vi , ci ) and εO − εA < λ EU A (k, v, c). Specification of the distribution
functions of εA , εB , εO then yields the probabilities that the voter will vote for A or B, or will
abstain. In this chapter we derive the logit QRE, where εd is assumed to follow the extreme
value type I distribution for all d ∈ {A, B, O}. In this case, the probabilities of choosing action d,
11 With this normalization, one can interpret EU A (k, v , c ) as the difference between expected utilities from voting
i i
for A and abstaining. The interpretation for EU B (k, vi , ci ) is analogous.
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denoted by pd , are given by:12
A

eλ EU (k,vi ,ci )
B
e
+ eλ EU (k,vi ,ci ) + 1
B
eλ EU (k,vi ,ci )
pB (k, vi , ci |λ ) = λ EU A (k,v ,c )
B
i i + eλ EU (k,vi ,ci ) + 1
e
1
pO (k, vi , ci |λ ) = λ EU A (k,v ,c )
B
i
i
e
+ eλ EU (k,vi ,ci ) + 1
pA (k, vi , ci |λ ) =

λ EU A (k,vi ,ci )

(3.3)

The expected utilities on the right hand side of (3.3) depend on the probabilities of being
pivotal, which in turn depends on the probabilities on the left hand side of the equation. Therefore,
for any λ , the QRE follows from the fixed point of the system of equations (3.3). For more
details, see Appendix 3.B.
To derive the QRE predictions, we need to specify the noise parameter λ . We obtained
out-of-sample maximum-likelihood estimates of λ using data from a previous experiment with
an electorate of size 11 (as opposed to the 25 used here) conducted in the summer of 2016.13
The estimated λ ’s approximately equal 19.45 for |M| = 1 and 17.97 for |M| = 2. Figure 3.3
uses the former estimated λ to compare the BNE and QRE predictions for the ex-ante party vote
shares, election outcome and voter turnout with |M| = 1.
Figure 3.3: Comparing BNE and QRE Predictions under |M| = 1
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Note: Panels show the BNE (red bars) and QRE (blue bars, with noise parameter λ estimated out-of-sample)
predictions for the ex-ante vote share of A (left), winning probability of A (central), and voter turnout (right). On
the horizontal axis, “NoInfo” denotes the scenario where voters are making decisions without any information.

Regarding candidate A’s expected vote share and winning probability, the BNE and QRE
predictions are similar both qualitatively and quantitatively. The non-monotonic relationship
predicted by BNE is also predicted by QRE. The comparative statics predictions regarding the
expected voter turnout are also valid under QRE, though turnout levels predicted by QRE are
12 Note

O

that eλ EU (k,vi ,ci ) = 1 since EU O (k, vi , ci ) = 0 (as a matter of normalization).
details about our previous experiment in 2016 are presented in Appendix 3.B.

13 Further
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substantially higher than the corresponding BNE predictions. In short, all our testable hypotheses
derived under BNE remain valid under QRE.14

3.4 Experimental design
3.4.1

Frame

To test our hypotheses, we designed a laboratory experiment that implements the two
candidate, 25-voter election game presented above. The candidates are represented by vases
labeled A and B. Each voter is independently and equally likely to be assigned to either team A
or team B. If the elected vase matches a voter’s team (e.g, vase A is elected and the voter belongs
to team A), the voter receives a private bonus of either 20, 50 or 100 “tokens”.15 This bonus
is determined randomly with equal probability and independently across voters and elections.
If the elected vase does not match the voter’s team, the voter receives no private bonus. The
“partisan preference” that this induces is thus either centralist (20 tokens), moderate (50 tokens)
or extreme (100 tokens).
To induce candidates’ qualities, we allow voters to receive additional earnings from so
called “diamonds”, depending on which vase is elected. At the beginning of each election,
one of the two vases is randomly chosen (with equal probability) and filled with k “diamonds”,
where k is a random draw from a discrete-uniform distribution on multiples of ten between
10 and 100. ∆k, the difference between the numbers of diamonds in vase A and B is then
discrete-uniformly distributed on multiple of tens between -100 and 100 (except 0) and can be
interpreted as the relative quality of vase A. If the vase filled with diamonds wins the election,
each voter irrespective of their partisan preference earns k tokens, on top of any private bonus
they might have earned. Consistent with our model, voters are not directly informed of diamond
allocations. However, voters may in some cases receive (imperfect) information about diamond
allocations from one or two media outlets, who are framed as “robots”. After observing the
public message(s), voters simultaneously make their voting decisions. The election outcome
is determined by simple majority rule, with ties broken by a coin toss. Finally, for each voter,
casting a vote induces a private cost, independently drawn from a discrete-uniform distribution
on integers between 1 and 15 tokens.
14 We conduct similar exercises to compare BNE and QRE predictions under |M| = 2, and again all hypotheses
derived under BNE are valid under QRE.
15 We convert the fractions in the model to integers by multiplying all numbers by 100. In the experiment each
token is worth 2 eurocents.
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3.4.2

Treatments

We distinguish between seven treatments. In a benchmark (NoIn f o), voters are completely
uninformed about the diamond allocations. In the other six treatments, there are either one
(|M| = 1) or two media outlets (|M| = 2) providing information about diamond allocations to
voters. These outlets (“robots”) are computerized and communicate to voters by sending binary
public messages s ∈ {A, B} to all voters with the following cutoff endorsement strategy. A robot
is characterized by a parameter χ, and it sends message A if and only if ∆k > −χ, and sends
message B otherwise. In line with Section 3.3, in treatments with |M| = 1 we distinguish between
an unbiased robot (χ = 0; UB), a weakly A-biased (χ = 55; W BA ) and a strongly A-biased robot
(χ = 95; SBA ). In the instructions, we label these robots as “ALPHA”, “BETA” and “GAMMA”,
respectively.
In treatments with |M| = 2, we let the combination of biases be (UB,W BA ), (W BA ,W BB ) or
(SBA ,UB), where the subscript denotes the candidate towards which the media is biased. We
label the additional robot (i.e., W BB ) as “DELTA”, with χ = −55. The public messages sent by
these robot(s) give voters partition information about the diamond allocations. Figure 3.4 shows
the table format used to inform subjects about the robots’ strategies.
We implement a 2 × 4 factorial design where we use between-subject comparisons in the
dimension of the number of media outlets (|M| = 1, 2), and within-subject comparisons in
the dimension of media bias (NoIn f o, UB, W BA , SBA , or NoIn f o, (UB,W BA ), (W BA ,W BB ),
(SBA ,UB)). Within each electorate, the 25 subjects played 24 rounds of elections for each of
the four media bias treatment conditions for the |M| concerned (for a total of 96 elections per
session). To facilitate direct comparisons we used for each treatment and session the same set
of 24 realized parameter draws (including realizations of diamonds allocations, voters’ team
assignment, private bonus and voting costs).
To avoid order effects, we randomly divided the 24 elections for each treatment into three
distinct blocks, each containing eight consecutive elections. This gives 12 blocks of elections
for each electorate, three for each treatment condition. We then randomized the order of these
blocks independently for each electorate in the following manner: each set of 4 blocks (block
1 – 4, block 5 – 8, and block 9 – 12) included one block from each of the 4 distinct treatment
conditions. The orders of these four blocks were completely randomized. Aside from controlling
for order effects, this allows us to investigate learning by comparing subsamples of elections in
later blocks to their early counterparts. In summary, a subject always faces the same |M|. She
starts with eight elections facing a randomly chosen treatment condition. This is followed by
eight elections with a different treatment condition. She experiences all four distinct treatment
conditions before returning to a previously faced one for another eight elections.
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Figure 3.4: Robot Strategies

Note: This table was presented to subjects in the experimental instructions (cf. Appendix 3.C). They were also
given a copy in print to have available throughout the experiment. Shaded cells indicate cases where the robot sends
message A; unshaded cells indicate cases where the robot sends message B. Robots ALPHA, BETA, and GAMMA
represent, respectively, an unbiased, weakly biased, and strongly biased media. DELTA is a media outlet weakly
biased in favor of B and was only included in the sessions with |M| = 2.
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3.4.3

Belief elicitation

In the last election of each block with robot(s) (UB, W BA , SBA ) or ((UB,W BA ), (W BA ,W BB ),
(SBA ,UB)), we elicit subjects’ posterior beliefs about candidates’ relative qualities conditional
on each possible message (combination). More specifically, we elicit subjects’ beliefs about
the probability that they will receive strictly higher earnings if vase A is elected than if vase B
is elected, conditional on the message(s) s ∈ {A, B} sent by the robot(s). Note that a Bayesian
voter’s average posterior expectations do not vary with media bias.16 This allows us to directly
use reported beliefs to test for any systematic persuasion effect of media bias, which we report in
Section 3.6.2.
To elicit these beliefs, we ask: “How likely do you think that vase A, if elected, pays you
more than vase B, if the robot X sends message s?”.17 Depending on the treatment, X can be
ALPHA, BETA or GAMMA. We adopt the strategy method for this task (subjects report their
beliefs for each of the two possible messages) and ask subjects to complete the task before they
start the election game.
To incentivize subjects to report their beliefs truthfully, we use the choice list approach
(Andersen et al., 2006) by asking subjects to fill out choice lists as shown for |M| = 1 in
Figure 3.5. In each choice list, the left option (Option 1) is a lottery that pays ten euros if and
only if vase A pays strictly more than vase B. The right option (Option 2) are lotteries that
pays the subject ten euros with probabilities varying from 0% to 100% (with increments of
5%-points).
In each belief elicitation round, subjects are asked to fill out multiple such lists, one for
each possible message (combination) sent by the robot(s). We impose choice consistency to
avoid multiple switching points and reduce subjects’ burden by allowing them to complete the
choice list by simply making one click.18 After subjects have made their decisions, the relevant
list (that matches the actual message(s) sent in the subsequent election) is used to determine
the lottery applied to the subject. One of the 21 choices from the chosen list is selected (with
equal probability for each possible choice), and the option selected by the subject is carried out.
This mechanism is incentive compatible; it guarantees that subjects have the highest chance of
winning the ten-euro prize if they report their beliefs truthfully (Andersen et al., 2006). At the
end of the experiment only one out of these (nine) tasks is chosen (for each subject separately) to
determine whether she earns the ten-euro prize.
16 A pays more than B if and only if k + v > 0. The elicited posterior belief is thus interpreted as Pr[k + v > 0|s, χ].
i
i
If voters are Bayesian, then Pr[k + vi > 0|χ] = Pr[k + vi > 0|A, χ] · Pr(A|χ) + Pr[k + vi > 0|B, χ] · Pr(B|χ) ≡
Pr[k + vi > 0], which is invariant in χ.
17 We use similar texts for treatments with |M| = 2.
18 If a subject ticks Option 1 for choice Y (any number between 1 to 21), then the computer automatically ticks
Option 1 for all choices X < Y and Option 2 for all choices Z > Y . If the subject ticks Option 2 for choice Y , then
the computer automatically ticks Option 1 for all choices X < Y and Option 2 for all choices Z > Y .
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Figure 3.5: The sample choice list for the estimation task

Note: In the final election of each block with robots (for a total of nine times), each participant filled out two choice
lists (one for message A, one for message B) like the one depicted in this screen shot.

3.4.4

Procedure

The experiment was programmed in PHP-MYSQL and conducted at the CREED laboratory
of the University of Amsterdam in the summer of 2017. A total of 300 subjects were recruited
through the CREED recruitment system. In total, we have data for 12 electorates, six for each of
the treatments |M| = 1 and |M| = 2. Each session consisted of exactly one electorate. Random
assignment of subjects across treatments was successful; descriptive statistics (cf. Table 3.2)
show no evidence that subjects’ background characteristics differ between the two treatment
groups (|M| = 1, 2).19 Sessions took on average 150 minutes for |M| = 1 and 200 minutes for
|M| = 2. Average payment was about 35.7 euros (with a minimum of 18.9 euros and a maximum
of 53 euros).20
At the beginning of each session, subjects read instructions (also distributed in printed
handouts) on screen and have to correctly answer a set of control questions before they can start
with the experiment. At the end of the experiment, they are invited to fill out a post-experimental
19 The demographic information for one subject in Session 12 is missing, because s/he left experiment earlier due
to an urgent personal problem. S/he completed all the voting parts. The group averages of demographics for Session
12 are then calculated based on the remaining 24 subjects.
20 This includes a show-up fee of ten euros. Because the sessions with |M| = 2 were expected to take longer (and
in fact, they did), we gave subjects an ex-post (and unannounced) additional ten euros as compensation.
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Table 3.2: Descriptive Statistics
Treatment Group
Age
Fraction of Males
Fraction of Econ Students
#.Obs.

|M| = 1
22.49
(0.72)
0.44
(0.10)
0.67
(0.11)
6

|M| = 2 Mann Whitney
22.22
(1.36)
0.51
(0.09)
0.58
(0.13)
6

0.818
0.407
0.247

Note: Cells summarize the group averages of subjects’ demographic characteristics in each electorate. Standard
deviations are reported in parentheses. The last column reports the p-values from Mann Whitney tests for differences
in group characteristics between treatment groups with |M| = 1 and |M| = 2.

questionnaire that contains questions about their decision making. The full texts of instructions,
control questions and post-experiment questionnaire can be found in Appendix 3.C. Subjects’
payments were composed of earnings from one randomly selected election in each of the 12
blocks, and from one randomly selected belief elicitation task. To avoid hedging, the elicitation
task to be paid was never chosen from the set of elections selected for payment.

3.5 Results
We present the results in three subsections. First, we present an overview of aggregate voting
behavior in our experiments. This is followed by statistical tests for the hypotheses presented
in the previous section. Finally, we investigate the extent to which behavior in our experiments
can be explained by our theoretical predictions. We use data from the full sample of 12 blocks
(of eight elections each). All tests used are two-sided even though many of our hypotheses
are directional. The results may therefore be seen as a conservative approach to testing our
theoretical predictions. Unless explicitly stated otherwise, statistical tests are non-parametric
and use the electorate (session) as the unit of independent observation.

3.5.1

Overview of aggregate outcomes

We start with the one-media treatment. Figure 3.6 shows the aggregate results for A’s vote
share (top panels), A’s probability of winning (middle panels) and turnout (lower panels). We
distinguish between results conditional on message s = A (left panels), message s = B (central
panels) and unconditionally (right panels; these are the weighted average of the left and central
panels based on the ex-ante probabilities of sending each message).
A bird eye’s view of Figure 3.6 shows that candidate A’s vote share and winning probability
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Figure 3.6: Aggregate Voting Behavior and Election Outcomes for |M| = 1
Conditional on s = B
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Note: V SA denotes the vote share of candidate A (this is defined by the fraction of the number of votes for A relative
to the total numbers of votes); πA denotes the probability that A wins the election (in the data this is measured by
the fraction of elections won by A, where ties are computed as a 0.5 score each); T denotes voter turnout. The black
bar denotes the actual observed outcomes. The light and dark grey bars denote the corresponding BNE and QRE
predictions, respectively.
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(represented by V SA and πA ) are better predicted by BNE than turnout is (represented by T ).
Nonetheless, there are substantial deviations. First, BNE predicts a non-monotonic relationship
between media bias and candidate A’s winning probability. Contrary to this prediction, our
data show a monotonic increase as media bias increases from UB to W BA to SBA . Second,
BNE predicts substantial treatment effects of media bias on turnout (both conditional on the
message and unconditional). The data, however, seem to show that voter turnout responds
little to variations in media bias. Nevertheless, the bottom-right panel shows that turnout in the
treatment without media (NoIn f o) is higher than in the media treatments, consistent with the
BNE predictions. Formal tests for the comparative statics of the BNE predictions are presented
in the next subsection.
Figure 3.7: Aggregate Election Outcomes and Voter Turnout for |M| = 2
(χ1 , χ2 ) = (0, 0.55)
1.00

πA

1.00

WB_A
(WB_A,WB_B)

0.80

(χ1 , χ2 ) = (0.95, 0)

0.60

0.60

0.40

0.40

0.40

0.20

0.20

0.20

0.00

0.00

Data

BNE

QRE

BNE

0.60

UB
(UB,WB_A)

0.50

Data

QRE

0.00

0.40

0.40

0.30

0.30

0.30

0.20

0.20

0.20

0.10

0.10

0.10

0.00

0.00

BNE

QRE

Data

BNE

QRE

0.00

BNE

QRE

SB_A
(SB_A,UB)

0.50

0.40

Data

Data

0.60

WB_A
(WB_A,WB_B)

0.50

SB_A
(SB_A,UB)

0.80

0.60

0.60

T

1.00

UB
(UB,WB_A)

0.80

(χ1 , χ2 ) = (0.55, −0.55)

Data

BNE

QRE

Note: Bars show the ex-ante winning probability of candidate A (top panels), and voter turnout (lower panels) for
the treatment concerned and the corresponding predictions from BNE and QRE models. χ1 and χ2 represents the
biases of the existing and introduced media outlet, respectively. χ1 and χ2 can take values 0 (UB), 0.55 (W BA ), 0.95
(SBA ) and −0.55 (W BB ).

When |M| = 2, our main interest lies in the impacts of introducing a second media outlet on
the election outcomes (represented by πA ) and voter turnout (represented by T ), from the ex-ante
perspective. Figure 3.7 depicts the predicted and observed election outcome and voter turnout for
the three two-media configurations we ran. For ease of comparison, we also include the observed
outcomes from the corresponding one-media case to which we will compare each configuration.
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As is evident from the top panels of Figure 3.7, the BNE predictions correctly capture,
both qualitatively and quantitatively (with the exception of the comparison between SBA and
(SBA ,UB)), the comparative statics of the winning probability of candidate A after introducing
another media outlet. The bottom panels of Figure 3.7 show that voter turnout, however, varies
only slightly after introducing a second outlet.

3.5.2

Testing hypotheses

We start with Hypothesis 3.1, which concerns the impact of media bias on candidate A’s
expected vote share and winning probability. Predictions are that both V SA and πA decrease
in media bias conditional on either message A (H3.1a) or B (H3.1b). The top-left panel of
Figure 3.6 shows that, conditional on message A, the vote share of candidate A indeed decreases
monotonically in media bias. This decrease is statistically significant (Friedman test –henceforth,
Ft–, p = 0.002, N = 6). Similarly, the top-central panel shows that A’s expected vote share
decreases in media bias conditional on message B. The decrease is also statistically significant
(Ft, p = 0.006, N = 6). For candidate A’s winning probability conditional on message A (middleleft panel), we again observe a monotonic decrease as media bias increases, and this is also
significant (Ft, p = 0.004, N = 6). However, candidate A’s winning probability conditional on
message B seems unresponsive to media bias (middle-central panel), and the effect is indeed
statistically insignificant (Ft, p = 0.607, N = 6). This last result might be attributed to a boundary
effect. As both the predicted and the observed probabilities of winning are very close to 0 for all
levels of media bias, any necessarily small treatment effects are likely to be dominated by noises.
H3.1c predicts candidate A’s ex-ante winning probability to increase from UBA to W BA but
to decrease from W BA to SBA , and therefore varies non-monotonically with media bias. As the
middle-right panel of Figure 3.6 shows, the observed ex-ante winning probability of candidate A
monotonically increases from UB to W BA (Wilcoxon signed rank –henceforth W–, p = 0.031,
N = 6), and also from W BA to SBA (W, p = 0.031, N = 6). Overall, candidate A’s ex-ante
winning probability does vary significantly with media bias (Ft, p = 0.002, N = 6). These results
are not consistent with the non-monotonicity hypothesis H3.1c. In summary, our data yield
mixed support for the three parts of Hypothesis 3.1. This is formally summarized in Result 3.1.
Result 3.1. Influence of media bias on candidate A’s vote share and winning probability:
(a) Conditional on message A, candidate A’s vote share and winning probability both decrease
in media bias.
(b) Conditional on message B, candidate A’s vote share decreases in media bias, but A’s
probability of winning is irresponsive to such decreases.
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(c) Ex-ante, candidate A’s winning probability increases monotonically in media bias.
Next we examine hypothesis 3.2, which concerns the impact of media bias on voter turnout.
First, H3.2a (H3.2b) predicts that conditional on message A (B), voter turnout increases (decreases) with media bias. Observed voter turnout conditional on message A and B are depicted
in the bottom-left and bottom-central panels of Figure 3.6, respectively. The bottom-left panel
shows that, conditional on message A, voter turnout remains almost the same across all levels
of media biases; the influence of media bias is indeed statistically insignificant (Ft, p = 0.957,
N = 6). Similarly, conditional on message B (bottom-central panel), voter turnout also varies
little with media bias; again, the differences are indeed statistically insignificant (Ft, p = 0.200,
N = 6). H3.2c predicts that ex-ante, voter turnout is increasing in media bias and highest in the
NoIn f o treatment. The bottom-right panel of Figure 3.6 suggests that voter turnout is indeed
higher in NoIn f o than in other treatments with |M| = 1.21 However, voter turnout seems to
respond little to media bias (Ft, p = 0.311, N = 6).
Result 3.2. Influence of media bias on voter turnout:
(a) Conditional on message A, voter turnout is irresponsive to media bias.
(b) Conditional on message B, voter turnout is irresponsive to media bias.
(c) Ex-ante, voter turnout is highest in the NoIn f o treatment and is irresponsive to variations
in biases in treatments with |M| = 1.
Hypothesis 3.3 concerns the ex-ante impact on the election outcome of introducing a second
media outlet. H3.3a predicts that introducing an outlet weakly biased towards candidate A
will increase A’s ex-ante winning probability, when the preexisting outlet is unbiased. We
test this by comparing candidate A’s ex-ante winning probability under treatment UB to the
corresponding outcome in treatment (UB,W BA ). Note that, contrary to the previous tests, this is
a between-subject comparison because we vary the number of media outlets across sessions. We
indeed observe a slight increase in A’s winning probability (from 48.3%-points to 50.7%-points)
in the top-left panel of Figure 3.7, the difference is statistically significant (Mann Whitney
–henceforth, MW–, p = 0.039, N = 12). H3.3b predicts that, when the existing outlet is weakly
biased in favor of A, introducing an opposite-minded outlet with symmetric bias decreases
candidate A’s winning probability. Indeed, we observe a sizable decrease (from 58.5%-points to
47.6%-points) in the top-central panel of Figure 3.7, and the difference is statistically significant
(MW, p = 0.013, N = 12). Finally, H3.3c predicts that, if the preexisting outlet is strongly biased
21 The p values of Wilcoxon signed rank tests for comparisons between NoIn f o and UB, W B , and SB , are all
A
A
0.031 (N = 6).
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towards candidate A, then introducing an unbiased outlet decreases A’s winning probability.
Again, we observe a sharp decrease (from 66.9%-points to 52.7%-points) in the top-central
panel of Figure 3.7, and the difference is statistically significant (MW, p = 0.002, N = 12). Note,
however, that conditional on the realizations of parameter draws for the experiment, both BNE
and QRE predictions actually violate H3.3c; they predict slight treatment effects in the other
direction, if any. These results are formally summarized in Result 3.3.
Result 3.3. Influence of introducing a second media outlet on candidate A’s ex-ante winning
probability:
(a) A’s winning probability is significantly higher in treatment (UB,W BA ) than in UB.
(b) A’s winning probability is significantly lower in treatment (W BA ,W BB ) than in W BA .
(c) A’s winning probability is significantly lower in treatment (SBA ,UB) than in SBA .
Hypothesis 3.4 concerns the ex-ante impacts of introducing a second media outlet on voter
turnout. H3.4a predicts that if the preexisting media is unbiased, introducing a biased outlet leads
to an increase in voter turnout. Contrary to H3.4a, our results (bottom-left panel of Figure 3.7)
show a slight decrease in turnout (from 50.6%-points to 48.8%-points). This is statistically
insignificant, however (MW, p = 0.699, N = 12). H3.4b predicts that if the preexisting media
outlet is weakly biased (W BA ), then introducing an opposite-minded media with a symmetric
bias (W BA ,W BB ) increases voter turnout. Contrary to H3.4b, ex-ante voter turnout varies little
with the presence of an extra outlet (from 50.9%-points to 50.7%-points) as shown in the bottomcentral panel of Figure 3.7. The difference is statistically insignificant (MW, p = 0.937, N = 12).
Finally, H3.4c predicts that if the preexisting media is sufficiently biased (as in SBA ), then
introducing an unbiased media (as in (SBA ,UB)) decreases voter turnout. The slight decrease
that we indeed observe (from 49.9%-points to 48.0%-points, see the bottom-right panel of
Figure 3.7) is again statistically insignificant (MW, p = 0.461, N = 12). Overall, we find no
evidence that introducing a second media outlet affects voter turnout from the ex-ante perspective.
These findings are summarized in Result 3.4.
Result 3.4. Influence of introducing a second media outlet on voter turnout:
(a) Ex-ante, voter turnout does not vary significantly from treatment UB to (UB,W BA ).
(b) Ex-ante, voter turnout does not vary significantly from treatment W BA to (W BA ,W BB ).
(c) Ex-ante, voter turnout does not vary significantly from treatment SBA to (SBA ,UB).
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3.5.3

The predictive power of BNE

In this section we evaluate the predictive power of our theory. For this purpose, we regress
the observed outcomes on the corresponding theoretical (BNE) predictions.
Yis = β0 + β1 BNEis + Xs γ + BNEis × Xs δ + εis

(3.4)

In (3.4), Yis and BNEis are the observed and corresponding BNE predicted aggregate outcome
(A’s vote share, A’s winning probability, or voter turnout) of election i in electorate s. Xs is
a vector of standardized electoral background variables (average age, fraction of males, and
fraction of Economics students) for electorate s. γ and δ are vectors of coefficients for these
electoral backgrounds. The error terms εis are assumed to be independent across electorates
(standard errors are clustered at the electorate level). Note that the interaction terms in (3.4)
allow for the impacts of BNE predictions on observed outcomes to be different across distinct
compositions of the electorate. Table 3.3 presents the OLS regression results for (3.4).
Columns (1) and (3) show that variations in the BNE predictions alone can explain 72.4%
(75.8%) of the variations in the observed vote share for A in |M| = 1 (|M| = 2), while columns
(5) and (7) show that they explain 58.5% (64.1%) of the variations in the winning candidate
in |M| = 1 (|M| = 2). Columns (9) and (11), however, show that only 6.5% (19.0%) of the
variations in the observed voter turnout is explained for |M| = 1 (|M| = 2). Adding controls for
electoral background variables does not increase the model’s explanatory power for the election
outcomes, but does so for turnout by 6.2%-points (13.5%-points) when |M| = 1 (|M| = 2). We
conclude that BNE has strong predictive power for the election outcome and vote share, but less
predictive power for voter turnout. Similar results are obtained for the predictive power of QRE
predictions.22
Finally, we check for learning effects by conducting the same regression (3.4) separately for
subsamples in blocks 1-4, 5-9 and 9-12. By and large, we find little evidence of learning except
that the explanatory power of BNE for voter turnout increases from 3.9% in blocks 1-4 to 8.7%,
both in blocks 5-8 and 9-12 for |M| = 1. For |M| = 2, these numbers are 11.7%, 23.2%, and
27.2%, respectively. Though this indicates some learning, the amount of variation in observed
turnout that can be explained by BNE predictions still remains low.
22 More precisely, QRE predicts slightly better the observed variations in election outcomes and vote share than
BNE does, but does not outperform BNE in explaining voter turnout.
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Dep. Variable

BNE
Age
Males
Econ
BNE × Age
BNE × Males
BNE × Econ
Constant

(1)
0.667∗∗∗
(0.006)
0.050∗∗∗
(0.008)
−0.030∗∗∗
(0.004)
0.055∗∗∗
(0.011)
−0.106∗∗∗
(0.010)
0.053∗∗∗
(0.004)
−0.121∗∗∗
(0.010)
0.151∗∗∗
(0.007)

0.710∗∗∗
(0.011)

0.119∗∗∗
(0.006)

0.765∗∗∗
(0.007)
-0.004
(0.004)
−0.009∗∗∗
(0.002)
−0.012∗∗
(0.004)
−0.029∗∗∗
(0.005)
0.022∗∗∗
(0.003)
−0.017∗∗
(0.005)
0.093∗∗∗
(0.003)

0.806∗∗∗
(0.014)

0.044∗∗∗
(0.004)

0.806∗∗∗
(0.012)
0.008**
(0.003)
-0.005
(0.003)
0.006∗
(0.002)
-0.012
(0.014)
0.017
(0.018)
-0.015
(0.012)
0.044∗∗∗
(0.002)

Winning Probability of A
|M| = 1
|M| = 2
(6)
(7)
(8)

0.093∗∗∗
(0.007)

0.765∗∗∗
(0.012)

(5)

Table 3.3: The Predictive Power of BNE

0.710∗∗∗
(0.005)
-0.001
(0.005)
-0.004
(0.004)
0.010∗∗∗
(0.001)
-0.011
(0.007)
0.027∗∗
(0.007)
−0.016∗
(0.007)
0.119∗∗∗
(0.004)

Vote Share of A
|M| = 1
|M| = 2
(2)
(3)
(4)

0.667∗∗∗
(0.035)

0.151∗∗∗
(0.018)

(9)

0.193∗∗∗
(0.018)
0.036
(0.018)
-0.008
(0.008)
0.024
(0.023)
0.017
(0.028)
0.01
(0.012)
0.003
(0.031)
0.473∗∗∗
(0.014)

0.371∗∗∗
(0.033)

0.411∗∗∗
(0.024)

0.371∗∗∗
(0.023)
−0.036∗∗∗
(0.009)
0.049∗∗∗
(0.010)
−0.051∗∗∗
(0.009)
0.018
(0.029)
-0.018
(0.030)
0.060∗∗∗
(0.008)
0.411∗∗∗
(0.007)

Voter Turnout
|M| = 1
|M| = 2
(10)
(11)
(12)
0.193∗∗∗
(0.020)

0.473∗∗∗
(0.017)

#.Obs.
996
996
1,422
1,422
1,008
1,008
1,440
1,440
1,008
1,008
1,440
1,440
R2
0.724
0.734
0.758
0.760
0.585
0.586
0.641
0.641
0.065
0.127
0.190
0.325
Note: Electoral backgrounds are standardized within the sample. Standard errors are clustered at the session level and reported in parentheses. Statistical significance:
* p < 0.10; ** p < 0.05; *** p < 0.01.
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3.6 Explanations for discrepancy
Two findings in our result are markedly different from both the BNE and QRE predictions.
First, candidate A’s ex-ante winning probability increases monotonically with media bias, contrary to the non-monotonicity hypothesis H3.1c. Second, ex-ante voter turnout varies very little
with media bias, and turnout levels are much higher than predicted under either BNE or QRE.
In this section we discuss four possible explanations for these observed deviations: (i) distinct
noise parameters for candidate choice and turnout decisions; (ii) non-Bayesian belief updating;
(iii) “competition neglect”, that is, voters’ imperfect abilities to infer the closeness of elections
from the messages announced by media outlets; (iv) a hybrid behavioral equilibrium model that
includes features (i) to (iii). We discuss these alternative explanations for the case with |M| = 1.
The results are similar to those obtained for |M| = 2.
In searching for these explanations, we apply three important restrictions. First, we derive
equilibrium predictions. This is not to say, of course, that non-equilibrium behavior does not
matter. It simply reflects the fact that we cannot construct an alternative tractable model that
systematically explains the observed behavior. Second, we assume homogeneous players (aside
from the heterogeneity created by design). Though it is intuitive that people differ in many
dimensions, it is not a priori clear what aspects to include in the model and how to structure
them. Third, we assume that all parameters of bounded rationality that we consider are common
knowledge.23 All these assumptions are made to maintain a tractable theory.

3.6.1

Distinct levels of rationality for candidate choices and turnout decisions

When using the data from our previous experiments in 2016 to estimate the noise parameter
λ of equations (3.2), we assumed that this same parameter applies for both the turnout decision
and the choice of candidates. Instead, noise might play a stronger role in one of these decisions
than in the other. To formally account for this possibility, we construct an alternative extensive
form game in which voters make decisions in two stages. At the first stage (turnout decision), a
voter decides between casting a costly vote or abstaining. If the voter chooses to vote, then she
moves to the second stage (candidate choice) and decides which candidate to vote for, A or B.
We allow the voter’s decisions to be affected by different noise parameters in these two stages.
We present the formal model and estimate the noise parameters for turnout decisions (λt ) and
23 This restriction excludes explanations such as, level-k thinking, cognitive hierarchy and noisy introspection
(Goeree, Holt and Palfrey, 2016; Goeree, Louis and Zhang, 2018). Again, this does not mean we believe these
factors play no role. We simply cannot model their roles in a way that helps us explain our data in a tractable and
satisfactory manner.
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candidate choices (λ p ) based on our 2016 experiment described in Appendix 3.B.
Intuitively, candidate choices seem cognitively much easier than turnout decisions. To make
the former decision, a voter only needs to infer which candidate is better based on her private
ideology and the public information. To make the latter decision, the voter has to infer the
chances of casting pivotal votes and then judge whether the expected benefits from voting exceed
its costs. For this reason, we expect voters to behave more rationally in candidate choices
than in turnout decisions. The estimation results for the sequential model indeed confirms this
intuition; in sessions with |M| = 1, the estimated noise parameter is lower for turnout decisions
(λt = 16.66) than for candidate choices (λ p = 21.83).24 This reflects that noise plays a more
prominent role in turnout decisions than in candidate choices. Nevertheless, for treatments with
|M| = 1, this alternative two-stage model does not outperform the standard normal form QRE
according to Vuong’s closeness test (Vuong, 1989).25 In addition, predictions of this two-stage
model can explain neither why we do not observe the predicted non-monotonicity of A’s ex-ante
winning probability, nor the irresponsiveness of voter turnout to variations in media bias.26
Therefore, we conclude that incorporating distinct noise parameters for candidate choices and
turnout decisions alone cannot satisfactorily explain the observed deviations in our experiment.
To make an optimal voting decision, a voter needs not only to form correct posterior beliefs
of candidate quality difference k, but also to infer the closeness of the elections based on their
posterior beliefs. Voters may behave sub-optimally if they make mistakes in either of the two
aspects. So, could subjects’ observed voting behavior be explained by deviations from Bayesian
updating, their failure to infer the closeness of elections, or both? We discuss these alternative
explanations in the next three subsections.

3.6.2

Non-Bayesian belief updating

We elicited subjects’ posterior beliefs about the probability that candidate A generates a
strictly higher payoff than B (cf. Section 3.4.3). Recall that our choice-list elicitation procedure
yields belief intervals of 5%-points. For the analysis we exclude inconsistent choices (i.e., when
vase A was believed to pay less under message A than under message B) and use the midpoint of
24 In sessions with |M| = 2, the estimation results are λ = 14.00 and λ = 24.70. Again, the estimated noise
t
p
parameter is lower for turnout decisions than for candidate choices.
25 As reported in Table 3.7 of Appendix 3.B, based on data with |M| = 1 in our 2016 experiment, the estimation
results show that the latter model generates a slightly higher log-likelihood than the former. Vuong’s closeness test
cannot reject the null hypothesis that the two models are equally close to the true data generating process (p value =
0.646). For treatments with |M| = 2, however, Vuong’s closeness test suggests that the two-stage model is closer to
the true data generating process than the standard normal form QRE (p value = 0.001).
26 For treatment conditions UB, W B , and SB , the two-stage model predicts candidate A’s ex-ante winning
A
A
probabilities to be 0.50, 0.60, and 0.53, respectively. For voter turnout, the predictions are 0.31, 0.35, 0.42, and
0.43 for treatment conditions UB, W BA , SBA , and NoIn f o, respectively. All these predictions are qualitatively
similar to the predictions from the normal form QRE.
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subjects’ chosen intervals as an estimate of their reported beliefs.27 As argued in Section 3.4.3,
if voters are Bayesian, biased media outlets cannot systematically shift voters’ mean posterior
beliefs away from their priors. If, however, voters are non-Bayesian, then their mean posterior
beliefs may vary with media bias.
Table 3.4 summarizes for each treatment condition the mean reported and rational posterior
beliefs that A will generate a strictly higher payoff than B. It appears that reported beliefs follow
the comparative statics predicted by the Bayesian posteriors reasonably well, though –recalling
that the average priors equal 0.5– voters tend to update less than rationally prescribed (with one
exception). The differences between reported and Bayesian beliefs are not significant across
treatments (Ft, p = 0.139, N = 6).28 Therefore, these non-parametric statistical tests suggest
that voters’ posterior beliefs are not systematically influenced by media bias.29
Table 3.4: Reported versus Bayesian Posterior Beliefs
Treatment

UB
W BA
SBA

s=A
Reported Bayesian
0.72
0.60
0.55

0.76
0.60
0.52

s=B
Reported Bayesian
0.26
0.20
0.14

0.25
0.13
0.00

Ex-ante
Reported Bayesian
0.49
0.50
0.53

0.51
0.48
0.50

Note: Cells report, for sessions with |M| = 1, subjects’ mean reported and Bayesian posterior beliefs about the
probability that candidate A generates strictly better payoffs to them than candidate B. Note that the mean Bayesian
posterior beliefs may differ from the prior 0.5 as a consequence of the realized draws of model parameters for the
experiment.

To investigate in more detail how reported beliefs respond to messages and the Bayesian
benchmark, we use the regression framework specified by (3.5).
Rit − ηit = β0 + β1 mAt + β2 (Bit − ηit ) + γXi + δ Xi × (Bit − ηit ) + εit

(3.5)

where i is an index of the individual subject, t is the index of the election, mAt is a dummy
variable that equals 1 if message A is sent in election t, Rit and Bit are the reported and Bayesian
posterior beliefs, and ηit is the Bayesian prior belief for subject i (which varies with i’s ideological
preference vi ). Xi is a vector of individual characteristics, including age, gender and a dummy
variable indicating whether the individual is a student major in economics (including business),
27 32% of the pairs of elicited beliefs (for |M| = 1) had inconsistent choice patterns in this way. These inconsistencies were evenly spread across subjects; nine decisions were made (each involving a reported belief conditional
message A and one conditional on message B) and only 7% of the subjects were inconsistent zero or nine times.
28 Similarly, we observe no significant effects if we test separately per voter type (centralist, moderate, extreme),
after correcting for the multiple comparisons problem.
29 We find no evidence for systematic persuasion in sessions with |M| = 2 either (Ft, p = 0.105, N = 6).
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and εit represents idiosyncratic noises for each subject i in each election t. In (3.5), β0 + β1 (β0 )
measures how much a voter’s reported posterior deviates from the Bayesian prior conditional
on message A(B). β2 measures how responsive are voters’ reported beliefs to variations in the
Bayesian posterior. Table 3.5 reports the estimated coefficients β0 , β1 and β2 from regression (3.5)
in each treatment condition with |M| = 1.
Table 3.5: Estimated Coefficients of Regression (3.5)
Treatment
Constant (β0 )
mAt (β1 )
Bit − ηi j (β2 )
Individual Characteristics
Interaction Terms
#.Obs.
R2

UB

W BA

SBA

−0.184∗∗∗
(0.023)
0.360∗∗∗
(0.022)
0.169∗
(0.071)

−0.122∗∗∗
(0.028)
0.177∗∗∗
(0.034)
0.425∗∗∗
(0.063)

0.077∗∗∗
(0.016)
−0.032∗∗
(0.01)
0.878∗∗∗
(0.019)

Yes
Yes
596
0.401

Yes
Yes
600
0.376

Yes
Yes
624
0.570

Note: In performing these regression analyses, we focus on treatments with |M| = 1 and exclude inconsistent pairs
of reported beliefs, as explained in the main text. Individual characteristics include each subject’s age, gender and
a dummy variable indicating whether the subject is a student major in economics (including business). Robust
standard errors (in parentheses) are clustered at the electorate level. ***/**/* indicates statistical significance at the
1%-/5%-/10%-level.

If subjects are Bayesian (i.e., Rit = Bit ), then β0 = β1 = 0 and β2 = 1. If instead voters
update their beliefs conservatively, then β2 < 1. If voters irrationally trust a message at face
value to at least some extent, then β0 + β1 > 0 and β0 < 0. Voters’ average posterior beliefs
are systematically different from their priors if (β0 + β1 ) · Pr[s = A|τ] + β0 · Pr[s = B|τ] =
β0 + β1 · Pr[s = A|τ] 6= 0, where τ ∈ {UB,W BA , SBA } indicates the treatment condition (with
|M| = 1). Table 3.6 summarizes results of Wald tests for these linear hypotheses on coefficients
β0 to β2 .
In sessions with |M| = 1, we observed clear evidence for conservatism in belief updating;
β2 < 1 for all treatments τ ∈ {UB,W BA , SBA }. This suggests that voters’ posterior beliefs
respond insufficiently to information compared to a Bayesian. In treatments UB and W BA , voters
more or less trust media endorsements at face value; β0 + β1 > 0 and β0 < 0. They are not
systematically persuaded, however, because from the ex-ante perspective their average posterior
beliefs do not systematically deviate from their priors.30 The results are slightly different in
treatment SBA . There, subjects shift their posterior beliefs in favor of candidate A conditional on
30 This

is because the hypothesis β0 + β1 · Pr[s = A|τ] = 0 is not rejected for τ ∈ {UB,W BA } (cf. Table 3.6).
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Table 3.6: Results of Wald Tests for Linear Hypotheses on Coefficients β0 to β2
Hypotheses

UB

W BA

SBA

β0 = 0
β0 + β1 = 0
β2 = 1
β0 + β1 · Pr[s = A|τ] = 0

(−)∗∗∗

(−)∗∗∗

(+)∗∗∗

(+)∗

(−)∗∗∗
(−)

(−)∗∗∗
(+)

(+)∗∗∗
(+)∗
(−)∗∗∗
(+)∗

Note: Cells report the results of Wald tests for the linear hypotheses listed in the first column. In performing these
tests, we focus on treatments with |M| = 1 and exclude inconsistent pairs of reported beliefs, as explained in the
main text. (–)/(+) indicates a value that is below/above the value that is being tested. For example, when testing
β2 = 1, (–) means that the estimated coefficient is below 1. ***/* indicates significance at the 1%-/10%-level.

both message A and B; β1 + β0 > 0 and β0 > 0. Moreover, the effect is even stronger conditional
on message B than (β0 > β1 + β0 > 0). This is marginal evidence that voters’ posterior beliefs
are systematically shifted in favor of candidate A in treatment SBA .
Because voters’ posterior beliefs are conservative compared to a Bayesian (except for SBA ),
they expect less quality difference between the candidates than is objectively the case. They
might therefore expect a higher likelihood for the election to end up in a close race. This might
partially explain why the observed turnout rates are systematically higher, and vary less with
media bias, than predicted. Nevertheless, this cannot explain the irresponsiveness of voter turnout
to variations in media bias. The results in Table 3.4 may, however, provide a clue to why we do
not observe the non-monotonic relationship between candidate A’ ex-ante winning probability
and media bias. Voters’ average posterior beliefs are a bit high under SBA (cf. the last row of
Table 3.4). Recall from the left panel of Figure 3.1 that candidate A’s winning probability is a
very steep function at prior k = 0. Then, even a small persuasion effect under message A might
have a sizable influence on the election outcomes, resulting in a higher probability of A winning
in treatment SBA . This could erase the non-monotonicity relationship predicted by both BNE
and QRE.

3.6.3

Competition neglect

A third possible explanation for the two deviations from the theoretical predictions is that
voters do not correctly perceive the implication of information for the closeness of elections.
More precisely, voters may incorrectly infer the probabilities of casting pivotal votes, and how
these probabilities relate to treatment conditions and the information they get. This might be
aggravated by our experimental design where, after every eight elections, voters change to a new
treatment condition with possibly different media biases. This feature may make it difficult for
subjects to learn how the pivotal probabilities, which critically drive turnout decisions, depend
on each specific information environment. As an alternative, we present in Appendix 3.D a
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modified model of bounded rationality where players have competition neglect; they overlook
any correlation between the closeness of elections and the information environment. In this
modified model, voters mistakenly believe pivotal probabilities to be constant across all treatment
conditions, and best respond to the average pivotal probabilities (weighted by the frequencies of
encountering each treatment condition).31 The predictions for voter turnout under this modified
model with competition neglect are depicted in Figure 3.8.
Figure 3.8: Predicted Voter Turnout under the Modified Model with Competition Neglect
Conditional on s = A

Conditional on s = B
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1.00

1.00
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Note: These panels compare the observed voter turnout (black bars) with the predicted turnout from the standard
BNE (grey bars) and a modified BNE with competition neglect (striped bars). All predictions are generated based
on the realized model parameters in the real experiment.

Figure 3.8 shows that competition neglect fundamentally changes the comparative statics
predictions of standard BNE. Conditional on the model parameters realized in the experiment,
the modified model with competition neglect predicts voter turnout to remain more or less
constant after message s = A (the left panel), and to increase in media bias after message s = B
(the central panel). Ex-ante, voter turnout is predicted to slightly decrease in media bias and
be lowest under NoIn f o (the right panel), if voters show competition neglect. This model may
partially explain the irresponsiveness of voter turnout with respect to variations in media bias,
both conditional on message s = A and unconditionally. Nevertheless, it cannot explain the
irresponsiveness of voter turnout to media biases conditional on message B. In addition, the
fact that observed ex-ante voter turnout is highest in treatment NoIn f o is also inconsistent with
the implications of competition neglect. Last but not least, this modified model cannot explain
why we do not observe a non-monotonic relationship between media bias and candidate A’s
winning probability.32 Therefore, we conclude that a boundedly rational model with complete
competition neglect alone cannot provide a satisfactory explanation for the observed deviations
in subjects’ voting behavior.
31 We

thank David Levine for suggesting this alternative model.
treatments with |M| = 1, this modified model predicts the non-monotonic relationship: candidate A’s ex-ante
winning probabilities are predicted to be 0.50 under UB, 0.66 under W BA , and 0.57 under SBA .
32 In
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3.6.4

A hybrid behavioral equilibrium model

The previous (three) explanations suggest that (i) the irresponsiveness of observed voter
turnout to variations in media bias may be partly attributed to voters’ limited rationality in turnout
decisions, conservative belief formation, and competition neglect, and that (ii) the failure of
non-monotonicity may be attributed to voters non-Bayesian belief updating. Here, we present a
hybrid behavioral equilibrium model that combines all these features in an attempt to explain
both phenomena. The point of departure is the following. While BNE assumes perfect rationality
of voters, QRE relaxes this by allowing for noisy decision making. QRE assumes, however, that
the same decision makers are perfectly rational in belief updating. We now present an alternative
model that allows for both noise in belief updating (as in Section 3.6.2) and for the possibility
of competition neglect (Section 3.6.3). Moreover, as in Section 3.6.1, we also allow the noise
parameters to be different for candidate choice and turnout decisions.
To start, we assume that the electorate forms a common posterior expectation kbτ for each
information environment τ.33 To allow for the possibility of competition neglect, we consider
a simple binary-type model where with probability ρ ∈ [0, 1], a voter is perfectly rational
and infers precisely the pivotal probability for any specific information condition and best
responds to it; with the remaining probability 1 − ρ the voter ignores the connection between the
information environment and pivotal probabilities, and she only best responds to the average
pivotal probabilities. Formally, let PivAτ and PivBτ denote the equilibrium pivotal probabilities
of a vote for candidate A and B, respectively, in information environment τ. fτ denotes the exante probability of encountering each τ.34 Define PivA ≡ ∑τ fτ · PivAτ and PivB ≡ ∑τ fτ · PivBτ
as the (weighted) average pivotal probability of a vote for candidate A and B, respectively, in
d τ and PivB
d τ–
treatments with |M| = 1. A voter’s perceived pivotal probabilities –denoted by PivA
are then given by:
d τ = ρ · PivAτ + (1 − ρ) · PivA
PivA

(3.6)

d τ = ρ · PivBτ + (1 − ρ) · PivB
PivB

(3.7)

If ρ = 0, the model reduces to the scenario with complete competition neglect as discussed
in Section 3.6.3. If ρ = 1, voters precisely infer pivotal probabilities in each information
environment, as in standard BNE and QRE. With ρ ∈ (0, 1), voters partly realize the relationship
33 For

sessions with |M| = 1, τ ∈ {NoIn f o,UBAA ,UBAA ,W BAA ,W BBA , SBAA , SBBA }, where the superscript refers to the
message sent by the media (if any). Allowing kbτ to freely vary across treatment conditions means voters may exhibit
different levels of limited rationality in belief formation, depending on the treatment condition and information they
obtain.
1
1 1
1
1 3
3
34 For sessions with |M| = 1, these probabilities are f
NoIn f o = 4 , fUBA = fUBB = 4 · 2 = 8 , fW BA = 4 · 4 = 16 ,
fW BB = 14 · 14 =
A

1
16 , f SBAA

= 14 · 19
20 =

19
80

1
and fSBB = 14 · 80
=
A

1
320 .
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A

A

A

between pivotal probabilities and the information environment, but insufficiently so compared to
a rational agent. For this reason, we say voters have partial competition neglect if ρ ∈ (0, 1); a
higher ρ implies a lower degree of competition neglect.
Next, we incorporate the posterior expectations kbτ and perceived pivotal probabilities in the
QRE models formally described in Appendix 3.B. We jointly estimate the noise parameters
(λ p , λt ), voters’ common posterior beliefs (kτ for each τ) and the degree of competition neglect
(ρ) using data from our 2016 experiment. The results are presented in Appendix 3.E. For sessions
with |M| = 1, the estimate we obtain for ρ equals 0.507. According to (3.6) and (3.7), this shows
that the actual pivotal probability weighs in at only about 50% in the perceived probability.35 We
use the model parameters estimated from our 2016 experiment to predict voters’ behavior in the
2017 experimental sessions. These predictions are presented in Figure 3.9.
Given the restrictions set out at the beginning of this section (an equilibrium model with
homogeneous agents and common knowledge of the parameters of bounded rationality), our
hybrid model is very flexible; it allows beliefs to vary freely across treatments and includes
the possibility of competition neglect. This hybrid model predicts that ex-ante candidate A’s
winning probability is almost invariant in media bias (cf. middle-right panel of Figure 3.9).
This is neither consistent with the non-monotonic relationship predicted by BNE, nor with the
increasing relationship observed in data. As for voter turnout, the hybrid model predicts much
smaller treatment effects of media bias than the BNE predictions (cf. bottom-right panel of
Figure 3.9). This is in line with the irresponsiveness of voter turnout observed in our data. At
the same time, the substantially higher voter turnout observed under NoIn f o compared to other
treatments is also inconsistent with the prediction of the hybrid model (cf. bottom-right panel of
Figure 3.9). In sum, even this very flexible model does not satisfactorily explain the discrepancies
between observed and predicted treatment effects for election outcomes and voter turnout.36
Therefore, we suspect that these discrepancies are likely to be driven by factors beyond our
hybrid model, such as non-equilibrium behavior, unobserved heterogeneity across subjects, or
failure of the common knowledge assumption.
35 However, as shown in Table 3.10 of Appendix 3.E, the estimated ρ is close to 1, which suggests no competition
neglect at all, for treatments with |M| = 2 in our 2016 experiment.
36 As a final check, we investigated whether the differences between designs of the experiments conducted in
2016 and 2017 might affect our results. For example, the size of the electorate was 11 in 2016 but 25 in 2017. For
this purpose, we randomly and evenly split the data from the 2017 experiment into two sub-samples. We use one
sub-sample to estimate the parameters of the hybrid model and the other to generate the out-of-sample predictions.
Once again, the substantially higher turnout in NoIn f o compared to other treatments with media, and the observed
monotonic increase in candidate A’s winning probability, cannot be explained.
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Figure 3.9: Aggregate Voting Behavior and Election Outcomes Predicted by the Hybrid Behavioral Equilibrium Model
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Note: V SA denotes the vote share of candidate A; πA denotes the probability that A wins the election (in the
data this is measured by the fraction of elections won by A, where ties are computed as a 0.5 score each); T
denotes voter turnout. The black and light gray bars denote the observed outcomes and the corresponding BNE
predictions, respectively. The dark gray bars denote the predictions based the hybrid behavioral equilibrium model
with parameters estimated from our 2016 experiment.
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3.7 Conclusion
This chapter reports results from a laboratory experiment designed to investigate the influences of biased media on voting behavior and election outcomes. We construct an election game
based on the general theoretical framework developed in Chapter 2 and derive both BNE and
QRE for this game. These equilibrium analyses show that a priori, in an environment with
a single media outlet, the election outcome varies non-monotonically with media bias while
voter turnout increases in media bias monotonically. Introducing an extra media outlet may
systematically shift the election outcome and voter turnout in either direction, depending on the
biases of both outlets.
We subsequently test these hypotheses in a laboratory experiment. We find that the expected
party vote shares and the election outcome are well predicted, albeit that the predicted nonmonotonic relationship is not observed. Observed voter turnout, however, is much less responsive
to media bias than predicted. In looking for explanations for these discrepancies, we show that
voters are able to filter out the influence of media bias (i.e., their posterior beliefs are not
systematically affected by media bias), though they do update their beliefs conservatively. We
conclude that our data are best explained by a hybrid behavioral equilibrium model that combines
(i) noisy best response in the tradition of QRE; (ii) noisy belief updating with respect to the
qualities of the candidates; and (iii) partial competition neglect, that is, voters underestimate
the degree to which the closeness of elections are correlated with the information environment.
Even this hybrid model, however, cannot provide satisfactory explanations for all the observed
discrepancies. For this reason, we suspect that these discrepancies are likely to be driven
by factors beyond the capture of our hybrid model: non-equilibrium behavior, unobserved
heterogeneity across subjects, failure of the common knowledge assumption, etc.
Our results imply that voters are not fully irrational in their response to the information
provided by biased media. Nevertheless, their rationality is clearly bounded. The three bounds
to rationality that we observe are intuitive and provide clear implications for understanding the
world outside the laboratory. The observation that best responses are subject to noise is not
surprising. In fact, our estimate of the noise parameter suggests that the noise vis-à-vis pure best
response is limited.37 Similarly, the fact that belief updating is not perfectly Bayesian should
37 As

a direct comparison, Levine and Palfrey (2007) estimate a normal form QRE model for a participation
λ = 7, which is small compared to our estimates (19.45 for sessions with |M| = 1 and
game and obtain an estimate b
17.97 for |M| = 2). Note that the estimates from both experiments are comparable since payoffs were scaled in the
same way (costs and benefits were scaled using experimental tokens divided by 100 in both works). This seems to
suggest that subjects exhibit higher levels of rationality in our experiment than in the experiment reported by Levine
and Palfrey (2007). Though QRE has been applied widely in many other voting games (McKelvey and Palfrey,
1995; Goeree and Holt, 2005; Großer and Schram, 2010; Tyszler and Schram, 2016), our estimates are not directly
comparable to theirs because we scale payoffs in different ways, and the noise parameters of QRE are sensitive to
scales.
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not come as a surprise either. In fact, our results show that the Bayesian benchmark provides a
solid ground to predict how voters adjust their beliefs. Finally, the fact that we find some level of
competition neglect is also intuitive. In our design (and arguably also in the world outside the
laboratory), subjects face an information environment that changes regularly. Keeping track of
how a particular information environment affects the competitiveness of elections appears to be
a cognitively challenging task.38
In conclusion, one might be tempted to conclude that the canonical pivotal voting framework
does a poor job in predicting voter behavior in an environment with biased media. It is important
to stress, however, that only a few features in our data have proven difficult to rationalize. In a
broad overview, we believe that our results provide a solid ground for the conclusion that voters’
behavior in an environment with biased media may be noisy, but that it does have a strong core
of rational response.

38 It is worth noting that an important difference between our experimental environment and the real world
elections is the existence of public opinion polls, which have been shown to be effective in informing voters about
the closeness of elections and therefore influencing turnout decisions (Großer and Schram, 2010; Agranov et al.,
2017; Bursztyn et al., 2017; Gerber et al., 2017). Hence, we suspect that the presence of public opinion polls
may partially alleviate the difficulty of learning the closeness of elections in constantly changing information
environments. We consider this to be an interesting hypothesis to explore in the future.
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Appendix 3.A

Bayesian Nash Equilibria (BNE)

In this appendix, we explain how we derive the Bayesian Nash Equilibria (BNE) for our
election game concerned in the experiment. Let qA and qB be the probabilities that an ex-ante
randomly sampled voter votes for candidate A and B, respectively. Given qA and qB , the pivotal
probabilities of a vote for A and for B, under any fixed electoral size N , are39
b N2 c 



N
N − i i i N −2i
qA · qB · qO
∑ i
i
i=0


b N −1 c 
N
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1 2
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+
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bN c
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N − i i i N −2i
Pr[PivB|qA , qB ] = ∑
qA · qB · qO
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i
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b N −1 c 
1 2
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N − i i+1 i N −2i−1
+
qA · qB · qO
∑ i
2 i=0
i+1
Pr[PivA|qA , qB ] =

1
2

(3.8)

(3.9)

where qO ≡ 1 − qA − qB is the probability of a randomly sampled voter abstaining, and bxc
denotes the largest integer that is not greater than x. Suppose k is directly observed, then voters
with vi > (<) − k strictly prefer candidate A (B) and will cast a vote for candidate A (B) if they
vote. Since voting is costly, a voter casts her vote only if the expected benefits of voting dominate
the costs, i.e., ci ≤ |k + vi | · Pr[PivA|qA , qB ] (ci ≤ |k + vi | · Pr[PivB|qA , qB ]) for vi > (<) − k. To
simplify computation, we approximate the probability distribution of individual voting costs ci
by a continuous uniform distribution on [0,C], where C = 0.15.


1
|k + v| · Pr[PivA|qA , qB ]
min
,1
∑
6 v∈V,v>−k
C


|k + v| · Pr[PivB|qA , qB ]
1
qB (k) =
min
,
1
∑
6 v∈V,v<−k
C
qA (k) =

(3.10)
(3.11)

where V ≡ {−1, −0.5, −0.2, 0.2, 0.5, 1}. The equilibrium can be obtained by solving for the fixed
point of the system of equations (3.10) and (3.11), with the pivotal probabilities therein replaced
by (3.8) and (3.9). We numerically solve for the equilibria under the above parameterization for
each value of k considered in this chapter.
39 Under simple majority rule, a vote is pivotal only if it breaks a tie or creates a tie. In each of these two events,
the vote increases the voted candidate’s winning probability by 0.5. The first term on the right hand side of (3.8) is
the probability of tie, and the second term is the probability that candidate A falls exactly one vote behind candidate
B, under multinomial distribution (qA , qB ). In these two cases, a vote for candidate A is pivotal and improves A’s
winning chance by 0.5. The interpretation is analogous for (3.9).

116

Appendix 3.B Quantal Response Equilibria (QRE)
In this appendix, we derive two versions of quantal response equilibria (QRE) for our election
game, estimate their model parameters and evaluate their performances in fitting the data based
on the maximum likelihood method. The two QRE models differ in their underlying assumptions
about the decision making process. In the first model (Model I) we derive the QRE for the normal
form game (McKelvey and Palfrey, 1995), in which each voter simultaneously chooses among
three options: voting for A, voting for B, and abstaining (O). In the second model (Model II) we
derive the agent quantal response equilibrium (AQRE) for an extensive form version (McKelvey
and Palfrey, 1998) of our election game. Here, we assume that a voter’s decision-making process
proceeds in two stages. At the first stage, she decides whether to vote or not. If she decides to
vote, then she enters the second stage and decides which candidate to vote for.40 It is important
to distinguish between these models because they are generically non-nested and lead to very
different equilibrium predictions.

3.B.1

Model I: QRE for the normal form game

As in the main text, denote any voter i’s expected utility from voting for candidate A, B
or abstaining, conditional on model parameters (k, vi , ci ), by EU A (k, vi , ci ), EU B (k, vi , ci ) and
EU O (k, vi , ci ), respectively. We normalize EU O (k, vi , ci ) to zero for all i’s. Following the
cost-benefit reasoning in Appendix 3.A, we can derive EU A (k, vi , ci ) and EU B (k, vi , ci ) as
EU A (k, vi , ci ) = (k + vi ) · PivA(k|λ ) − ci
EU B (k, vi , ci ) = −(k + vi ) · PivB(k|λ ) − ci

(3.12)

where PivA(k|λ ) and PivB(k|λ ) are pivotal probabilities of a vote for candidate A and B,
respectively, in state k given parameter λ . As explained in Section 3.3.2, in a logit QRE with
noise parameter λ ∈ [0, +∞], the probabilities of any voter i choosing action d ∈ {A, B, O},
pd (k, vi , ci |λ ), are given by equations (3.3) in the main text. As λ → 0(+∞), equilibrium voting
behavior converges to pure random choices (BNE predictions). Given (3.3), we can compute the
probabilities of a randomly sampled voter voting for A and B, qA (k|λ ) and qB (k|λ ), by
Z Z

qA (k|λ ) =
qB (k|λ ) =

Zv Zc
v c

pA (k, v, c|λ )dρ(c)dG(v) ≡ Ev,c [pA (k, v, c|λ ]
pB (k, v, c|λ )dρ(c)dG(v) ≡ Ev,c [pB (k, v, c|λ ]

40 We also estimated another type of extensive form agent-QRE model where voters at the first stage decide which
candidate to support, and at the second stage decide whether to abstain or to vote for the candidate they support in
the first stage. Using Vuong’s closeness tests, we show that this model is outperformed by Models I and II.
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where G(v) and ρ(c) are the CDF of private ideology vi and voting costs ci , respectively.
We estimate λ based on our previous experiment implemented in 2016. In that experiment
the electorate size equals 11, each vi is drawn from a discrete uniform distribution over
{−1, −0.5, −0.2, 0.2, 0.5, 1} (denote each element by vr , r = 1, 2, · · · , 6), and each ci is drawn
from a discrete uniform distribution over {0.1, 0.2, · · · , 0.2} (denote each element by cs , s =
1, 2, · · · , 20). Let Pd (k|λ ) be a 6 × 20 matrix with the (r, s) element Pdr,s (k|λ ) = pd (k, vr , cs |λ ),
for each d ∈ {A, B, O}. We can then simplify the above expressions to the following formulas
(~e1×6 and ~e20×1 are vectors of ones):
1
1
× ·~e1×6 · PA (k|λ ) ·~e20×1
6 20
1
1
qB (k|λ ) = × ·~e1×6 · PB (k|λ ) ·~e20×1
6 20
qA (k|λ ) =

(3.13)

The pivotal probabilities, PivA(k|λ ) and PivB(k|λ ), depend on both qA (k|λ ) and qB (k|λ )
and can be calculated by the formulas below (based on the multinomial distribution):41
 

1 5 11 11 − i
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qA (k|λ )i qB (k|λ )i qO (k|λ )11−2i
2 i=0 i
i
 

1 5 11 11 − i
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+ ∑
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1 5 11 11 − i
qA (k|λ )i qB (k|λ )i qO (k|λ )11−2i
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2 i=0 i
 

1 5 11 11 − i
+ ∑
qA (k|λ )i+1 qB (k|λ )i qO (k|λ )10−2i
2 i=0 i
i+1

(3.14)

Equations (3.3) and (3.12) to (3.14) formulate a fixed-point problem and we can solve for the
QRE predictions numerically for any λ , given k.

3.B.2

Model II: AQRE for the extensive form game

In this section we derive the AQRE for an extensive form version of our election game, where
voters are assumed to adopt a two-stage decision-making process. At the first stage (S1), voter i
decides whether to vote or to abstain. If she decides to vote in S1, then the game moves to the
second stage (S2), where the voter has to decide which candidate to vote for. We allow voters to
possess different noise parameters for decisions at each stage. Let λt and λ p denote the noise
parameters for stage S1 (turnout decision) and S2 (candidate choice), respectively. We can solve
41 The formulas in (3.14) are obtained from (3.8) and (3.9) by replacing N with 11 (the electorate size for our
2016 experiment), and replacing qd with qd (k|λ ) for all d ∈ {A, B, O}.
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the game using backward induction. In S2 (i.e., conditional on turnout), voter i can only choose
between candidate A and B. In the logit AQRE, these choice probabilities are given by
pA (k, vi , ci |λ p ) =

eλ p EU
eλ p EU

A (k,v ,c )
i i

A (k,v ,c )
i i

+ eλ p EU

B (k,v ,c )
i i

λ p EU B (k,vi ,ci )

p (k, vi , ci |λ p ) =

(3.15)

e

B

eλ p EU

A (k,v ,c )
i i

+ eλ p EU

B (k,v ,c )
i i

Voter i’s expected utility from voting is then
EU Vote (k, vi , ci |λ p ) = pA (k, vi , ci |λ p ) · EU A (k, vi , ci ) + pB (k, vi , ci |λ p ) · EU B (k, vi , ci )

(3.16)

In S1, the voter’s probabilities to vote (pT ) and to abstain (pO ) are (recall that EU O (k, vi , ci ) = 0)
pT (k, vi , ci |λ p , λt ) =

eλt EU
eλt EU

Vote (k,v ,c |λ )
i i p

+1

1

O

p (k, vi , ci |λ p , λt ) =

Vote (k,v ,c |λ )
i i p

eλt EU

Vote (k,v ,c |λ )
i i p

(3.17)

+1

Therefore, a priori the probabilities that voter i votes for candidate A and B are
pA (k, vi , ci |λ p , λt ) = pT (k, vi , ci |λ p , λt ) · pA (k, vi , ci |λ p )
pB (k, vi , ci |λ p , λt ) = pT (k, vi , ci |λ p , λt ) · pB (k, vi , ci |λ p )

(3.18)

Similar to Model I, equations (3.12), (3.13) and (3.14), combined with (3.15) to (3.18), formulate
a fixed-point problem and we can numerically solve it for any given pair of parameters (λt , λ p ).

3.B.3

Estimation methods and results

Each of the models above predicts a set of decision probabilities pd (k, v, c|Λ) for each
decision d ∈ {A, B, O}, conditional on model parameters (k, v, c) and the set of noise parameter(s)
Λ, which is either {λ } (for Model I) or {λt , λ p } (for Model II). We use the maximum likelihood
(ML) method to estimate the structural parameters that fit the data in our 2016 experiment best.
The log likelihood function aggregates voting decisions in each election by each individual, and
it is given by
N

T

LN (Λ) = ∑ ∑ ln pdit (kt , vit , cit |Λ)

(3.19)

i=1 t=1

where i is the index for individual subjects and t is the index for elections. In this section, we
assume that voters are rational in belief updating, so all kt ’s are equal to the posterior expectations
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of k conditional on the information in each treatment condition. In Appendix 3.E we will relax
this assumption and estimate voters’ posterior expectations from their actual voting behavior. Let
Θ ≡ {(k, v, c)|∃i,t such that (k, v, c) = (kt , vit , cit )} be the set of all combinations of (k, v, c) that
appeared in the experiment and let Nθ be the number of observations for any θ ∈ Θ. Moreover,
let fθd denote the observed frequency of decision d ∈ {A, B, O} for each θ ∈ Θ. We can then
rewrite (3.19) in a more compact way as
LN (Λ) =

∑


Nθ ·

θ ∈Θ


fθd · ln pd (θ |Λ)

∑

(3.20)

d∈{A,B,O}

The maximum likelihood estimator (MLE) is then given by the maximizer of function (3.20).
b The maximal log likelihood than equals LN (Λ).
b In order to
We denote the obtained MLE by Λ.
b on a zero to one scale, we compare LN (Λ)
b to an upper
measure the fitting performance of Λ
bound LN and a lower bound LN , which are constructed as follows:
LN ≡


Nθ ·

∑

θ ∈Θ

LN ≡

∑



d∈{A,B,O}


Nθ ·

θ ∈Θ

∑

fθd · ln fθd

∑
d∈{A,B,O}

fθd · ln

1
3


= −N ln 3

The upper bound LN is obtained by setting the predicted choice probabilities exactly equal to
the observed frequencies, which yields a global maximum of the log likelihood function. Hence,
b ≤ LN holds generically. The lower bound LN is obtained by assuming that voters just
LN (Λ)
decide in a uniformly random manner, making each choice with probability one third regardless
b could be lower than LN ; this would suggest that Λ
b performs
of (k, v, c). In principle, LN (Λ)
even worse than a purely random choice model.42 Following Goeree, Louis and Zhang (2018),
we construct a natural performance measure as follows
b
b = LN (Λ) − LN
RMLE (Λ)
LN − LN

(3.21)

b is a linear transformation of LN (Λ)
b to a zero-one scale, provided that LN (Λ)
b ≥ LN .
RMLE (Λ)
The ML estimation results for sessions with |M| = 1 and |M| = 2 in our 2016 experiment are
summarized in Table 3.7 and 3.8, respectively.
Under Model II, the estimation results show that b
λt < b
λ p holds for both |M| = 1 and |M| = 2,
42 In Model I, L (Λ)
b < LN is impossible because the random choice model is nested by setting λ = 0. In Model
N
II, however, a random choice model might perform better because it is not nested; no pairs of (λt , λ p ) can generate
random choices under Model II. To see this, note that even by setting λt = λ p = 0, a voter would abstain with
probability 12 and vote for each candidate with probability 41 , which is different from a uniform distribution.
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Table 3.7: ML Estimation Results for |M| = 1
b
λ
Model I 19.452
Model II
-

b
λp

b
λt

b
LN (Λ)

b
RMLE (Λ)

-2854.682
21.834 16.661 -2857.810

74.9%
74.8%

Table 3.8: ML Estimation Results for |M| = 2
b
λ
Model I 17.972
Model II
-

b
λp

b
λt

b
LN (Λ)

-3005.576
24.705 13.997 -2975.835

b
RMLE (Λ)
74.5%
76.4%

indicating that (under the two-stage decision process embedded in Model II) voters’ decisions are
more noisy when making turnout decisions than when choosing between candidates. In sessions
with |M| = 1, Model I performs only slightly better than Model II in fitting observed behavior,
b (cf. Table 3.7). In fact, when |M| = 1 Model I and
based on the performance measure RMLE (Λ)
II appear to be equally close to the true data generating process, according to Vuong’s closeness
tests (p value = 0.646; Vuong (1989)). When |M| = 2, however, Model II performs better in
b and appears to be closer to the true data generating process
fitting the data according to RMLE (Λ)
(p value = 0.001).
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Appendix 3.C

Instructions and sample screen shots

[In this section we reproduce the instructions for subjects in sessions with |M| = 1. While
reading instructions, subjects were free to refer to previous pages. Below we provide the exact
texts for the main instructions, instructions for the belief elicitation tasks and post-experiment
questionnaire, respectively.]43
[Instruction, control questions and a short summary]
Welcome to the experiment! [Screen 0]
Thank you for participating in this experiment on group decision making. In this experiment,
you can earn money. The amount of money you earn depends on the decisions you and the other
participants make and on random events.
Before the experiment starts you will receive detailed instructions. These instructions are
simple, and if you follow them carefully you may earn a considerable amount of money. The
money will be paid to you in cash at the end of the experiment. We ensure that your final earnings
remain confidential: we will not inform other participants of your final earnings. All of your
decisions will be recorded anonymously. Nobody will be able to link any specific decisions to
your name.
In today’s experiment you can earn “tokens”. The conversion rate is such that 50 tokens = 1
e, so for each token you receive 2 eurocents. On top of this you will receive a participation fee
of 10 e.
During the experiment, please do not communicate with other participants. If you have any
questions, please raise your hand and the experimenter will come to your table to answer your
questions in private.

43 Comments

within brackets “[]” were not included in the instructions.
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Elections, Groups, and Vases [Screen 1]
This experiment consists of a series of elections. In each election, there are 25 voters,
including you and the other 24 participants. There are two candidates in each election. These are
represented by two vases, A and B (see Figure 1). In each election, all voters will be randomly
assigned to either team A or team B. Each voter is equally likely to be assigned to either team.
Assignment to a team is important, because you will receive a bonus if your team wins the
election. This is explained next.

Figure 1: Two candidate vases, A and B
Bonus [Screen 2]
A voter will gain a bonus of X tokens if the vase belonging to his/her team wins the election.
Thus, if you are in team A, you will gain a bonus of X tokens if vase A is elected, but no bonus
if vase B is elected. Similarly, if you are in team B, you will gain a bonus of X tokens if vase B
is elected, and no bonus if vase A is elected.
The size of the bonus X will be independently drawn for each voter. It equals either 20, 50,
or 100 tokens. Each of these values is equally likely. Which team you are in and the size of
your bonus is determined independently from other voters, and will differ from one election to
another. In each election, you will be told your team and the size of the bonus X before you
make your voting decision.
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Additional earnings: Diamonds [Screen 3]
Aside from making money from the bonus, you can also earn money if the vase that was
chosen contains so-called “diamonds”. This works as follows.
At the beginning of each election, the computer will randomly select (with equal probability)
one of the two vases and fill it with k “diamonds” (see Figure 2).

Figure 2: One random vase filled with k “diamonds”
The number of diamonds k is randomly determined and may change from one election to
another. More specifically, k is equally likely to be 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100 (so
any multiple of 10 between 10 and 100). The other vase gets no diamonds. If the vase containing
the diamonds wins the election, all voters will gain these k diamonds as tokens (so each diamond
is worth one token).
In each election, the computer will independently determine which vase to fill as well as with
how many diamonds. Therefore, which vase contains diamonds, and how many diamonds there
are, will likely change from one election to another. You will never be directly informed about
which vase has been filled and how many diamonds it contains.
Voting for a vase [Screen 4]
In each election, you have to decide whether or not to vote, and if so, for which vase. If
you decide to vote, you pay a voting cost, which is equally likely to be 1, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12, 13, 14, or 15 tokens (so any integer between 1 and 15). These voting costs are
drawn independently across voters as well as across elections. Therefore, your voting costs are
unrelated to those of other voters and may differ from election to election.
To recap: Before making your voting decision, you will be informed of which team you are
in, the size of your bonus X, and your own voting costs. You will not know other voters’ team,
bonus or costs, nor will you receive any direct information about the allocation of diamonds.
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After all voters have made their decisions, the election outcome will be determined by
majority rule: the vase that obtains more votes wins the election. If there is a tie, the computer
will randomly determine the winning vase by a coin toss.
Earnings [Screen 5]
Your earnings from an election are as follows:
Earning = bonus X (if the winning vase belongs to your team)
+ number of diamonds in the winning vase − voting costs (if you vote)
For example, suppose that in an election the computer chooses vase B and fills it with 40
diamonds. You are in team A with a bonus size of X = 50, and your voting costs equal 7. You
decide to vote for vase A. The outcome of the election reveals that 7 voters vote for A, 8 voters
vote for B, while all the remaining voters abstain. Vase B thus wins the election because it has
more votes than A. Your earnings then equal:
0 + 40 − 7 = 33 tokens
You do not get your bonus X = 50 tokens since the winning vase (B) does not belong to
your team (A). The amount of 40 comes from the value of the diamonds in the winning vase (B).
Finally, you pay a cost of 7 tokens since you decided to cast a vote.
Information about diamonds [Screen 6]
As already noted, you will never be directly informed about which vase is filled and how
many diamonds it contains. However, you may receive indirect information about this from a
“robot”. The robot knows which vase was chosen and with how many diamonds it was filled.
In some elections, a robot may provide public information about the diamonds. It does so by
sending either message A or message B to all voters (so all voters get the same message).
The robot comes in three different types: ALPHA, BETA, and GAMMA. These types use
different strategies to determine what message to send. More specifically:
• ALPHA sends message A if vase A contains any diamonds, and message B if vase B
contains any diamonds.
• BETA sends message A if vase B contains 50 diamonds or fewer, and message B if vase B
contains 60 diamonds or more.
• GAMMA sends message A if vase B contains 90 diamonds or fewer, and message B only
if vase B contains 100 diamonds.
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In some elections, the robot will be type ALPHA, in some it will be type BETA and in some
it will be type GAMMA. Aside from one of these robot types, in some elections there may be no
robot at all. In that case no information about the allocation of diamonds is provided.
The table below summarizes the indirect information you (and all other voters) will receive
in different cases. This table will also be given to you in a printed handout. The table shows 20
different situations that may occur. Because both vases are equally likely to be chosen and the
number of diamonds is equally likely to be any multiple of 10 between 10 and 100, all of these
twenty situations are equally likely to occur in any given election.

Note: The cells marked Red indicate cases where the robot sends message A, while the cells marked
Blue indicate cases where the robot sends message B.
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Elections in “blocks” [Screen 7]
The experiment consists of 12 blocks, each containing 8 elections. This makes 96 elections
in total.
In each block, one of the four scenarios “No Robot”, “robot ALPHA”, “robot BETA”, or
“robot GAMMA” applies. At the beginning of each block you are informed about the scenario
that applies in that block. This means that at the start of each block we will tell you which robot
(if any) will send messages in the 8 elections in this block.
In elections without a robot, you are directly asked to make voting decisions without any
information about diamonds allocation. In elections with a robot providing information, the
voting procedure works as follows.
Before receiving the actual message sent by that robot, you are asked to make voting decisions
for each possible message. Specifically, you will be asked:
• What would be your voting decision if robot T sends message A?
• What would be your voting decision if robot T sends message B?
where we replace ‘T’ by either ‘ALPHA’, ‘BETA’ or ‘GAMMA’. For each question, you have to
make a decision among voting for vase A, voting for vase B, or abstaining. After all participants
have made their decisions, the message actually sent by the robot will be revealed and all
participants’ corresponding voting decisions for that message will be carried out to determine
the outcome for that election.
Overall payment [Screen 8]
At the end of the experiment, we will randomly choose one election from each block to
calculate your earnings from elections.
In addition, before the last election in each block with a robot, we will invite you to make an
estimate that gives you a chance to win a potential prize of 10 ein a lottery. You will receive
instructions for these estimation tasks when you get there. We will randomly choose one of these
estimation tasks for payment. The election where the estimation task is chosen will NOT belong
to the elections selected to calculate your election earnings. This means that you cannot get both
election earnings and the lottery prize from the same election.
Therefore, your overall payment consists of your participation fee (10 e), the earnings from
12 randomly selected elections (one from each block), and a prize of 10 eif you win the lottery
belonging to the randomly selected estimation task. There are no training elections, so you start
deciding for money from the very beginning.
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[Screen 9: Control Questions, with correct answers in red]
To check your understanding of these instructions, please answer the following questions:
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Summary [Screen 10, also distributed in printed handout]
Electorate of 25 voters: In this experiment, you will play a series of elections, with a group
of 25 voters. You will be matched with the remaining 24 other participants to form the election
group, and play all the elections with the same group of participants.
Team assignment: In each election, you are equally likely to be assigned to team A or to
team B. You will gain an individual bonus if the winning vase belongs to your team.
Bonus: The size of the bonus is equally likely to be 20, 50 or 100 tokens, and is determined
independently for each voter. So the size of your bonus will likely be different from others.
Diamonds: In each election, each vase is equally likely to contain some diamonds. The
number of diamonds is equally likely to be any multiple of 10 between 10 and 100 tokens. If
the vase containing diamonds wins the election, each voter obtains all the diamonds in it.
Voting: As a voter, you can choose to vote for either vase, or to abstain. If you decide to
vote, you will pay a voting cost, which is equally likely to be any integer between 1 and 15
tokens. Your voting costs may be different from others.
Election rule: The vase with the higher number of votes wins the election. If there is a tie,
the winning vase will be determined by a coin toss, so either vase wins with probability 50%.
Information from “robots”: You will not be directly informed about the allocation of
diamonds. However, one of the three robot types, ALPHA, BETA, and GAMMA, may provide
relevant information using the message strategies specified in the handout.
Election in “blocks”: The experiment consists of 12 blocks, each containing 8 elections. In
each block, there may either be no robot and thus no information about the diamonds allocation,
or one of the three robots types (ALPHA, BETA, GAMMA) will send a public message to all
voters before voters make their decisions.
Estimation tasks: Before the last election in each block with robots, we will invite you to
make an estimate that gives you a chance to win a potential prize of 10 ein a lottery. We will
randomly choose one of these estimation tasks for payment. You will receive instructions for
these estimation tasks when you get there.
Overall payment: Your overall payment consists of your participation fee (10 e), the
earnings from 12 randomly selected elections (one from each block), as well as a prize of 10 eif
you win the lottery belonging to the randomly selected estimation task. The random selection is
such that the paid estimation task does NOT belong to one of the 12 selected elections.
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[Instructions for the estimation task (treatment W BA under |M| = 1)]
Estimation task (with potential prize 10 e)
Before the next election starts, we kindly ask you to estimate how likely it is that vase A
pays strictly more to you than vase B, depending on the messages sent by robot BETA. Vase A
pays you strictly more than vase B if you can earn more money (without considering voting cost)
under the victory of vase A than under the victory of vase B. If both vases give the same amount,
Vase A does not give you strictly more than Vase B. For example, suppose you are in team B,
with a bonus size of 20 tokens. Then vase A pays you strictly more than vase B only if vase A
contains 30 diamonds or more. This is because you can earn at least 30 tokens under the victory
of vase A, while only 20 tokens under the victory of vase B. Note that whether vase A pays you
strictly more than vase B does not depend on whether you vote or not, nor does it depend on the
actual election outcome.
Depending on your answers, you may win a prize of 10 ein a lottery. Specifically, you will
be asked to make choices by filling out the 3 lists below: (These are sample lists for illustrations,
so please do not fill them out now)
This list asks you to assess the chance that vase A pays you strictly more than vase B when
robot BETA sends message A.
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This list asks you to assess the chance that vase A pays you strictly more than vase B when
robot BETA sends message B.

Only one of the lists you fill out will be used to determine your participation in the lottery.
Which list is chosen depends on the actual message robot BETA sends in this election. If the
robot sends message A, then the first list will be used. If it sends message B then the second list
will be used. One of the 21 choices from the chosen list will be randomly selected to determine
the lottery you will take part in.
So how should you decide which options to tick? That depends on how likely you think it
is that vase A will pay you strictly more than vase B, depending on the message sent by robot
BETA. For instance, suppose you think that there is a 63% chance that vase A will pay you
strictly more. If you want to have the highest chance of winning the 10 eprize, then you should
tick Option 1 on any choice where Option 2 offers you less than a 63% chance of winning the
prize, and you should tick Option 2 on any choice where the Option 2 offers you a greater than
63% chance of winning the prize. Our payment procedure is designed such that your expected
earnings are highest if you provide your most accurate estimate.
You will be asked to do the same estimation task in the last election of every block where
robots are providing information. At the end of the experiment one of these estimation tasks will
be randomly selected for payment. If an election is selected to decide the lottery, then it will not
be selected to determine your election earnings. Therefore, you cannot get both election earnings
and the lottery prize from the same election.
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Questionnaire [Post-experiment Questionnaire]
Please fill in this short questionnaire carefully. Your feedback will be very helpful for our
analysis. Thank you!
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[A sample screen shot of the decision interface]

[A sample screen shot of the result interface]44

44 The sample result interface is based on a simplified testing program with 2 voters only. In the actual experiment
the numbers of voters voting for A, for B and abstaining always sum up to 25, the actual electorate size.
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Appendix 3.D

A modified model with competition neglect

In this appendix we formally introduce the modified model with competition neglect; voters
overlook the correlation between the pivotal probability and the information environment, and
only best respond to the average (weighted by the probability of encountering each information
environment) pivotal probabilities.45 This might be highly relevant for our within-subject
design, where subjects frequently encounter distinct information environments. It might be
practically difficult for subjects to figure out the relationship between the pivotal probability and
the information environments. Voters are assumed to be perfectly rational in all other aspects.
We derive the BNE of this modified model. To do so, let PivAτ and PivBτ denote the pivotal probabilities of voting for A and B, respectively, in each possible information environment
τ ∈ {NoIn f o,UBAA ,UBBA ,W BAA ,W BBA , SBAA , SBBA }. Let fτ denote the ex-ante probability of encountering each information environment τ. Define PivA ≡ ∑τ fτ · PivAτ and PivB ≡ ∑τ fτ · PivBτ as
the average pivotal probability of a vote for candidate A and B, respectively, weighted by the
frequencies of encountering each information environment. Under competition neglect, voters
ignore the fact that PivAτ and PivBτ can vary with τ; instead, they mistakenly perceive these as
the weighted average PivA and PivB, and best respond to these. For each τ, let kτ denote voters’
rational posterior expectation of k. Given PivA and PivB, a voter i with ideological position
vi > (<) − kτ will vote for candidate A (B) if and only if |kτ + vi | · PivA > ci (|kτ + vi | · PivB > ci )
for all τ. As in Appendix 3.A, we assume that voters’ voting costs are uniformly drawn from
[0,C] with C = 0.15, for simplicity. Analogous to the derivations of (3.10) and (3.11), under
competition neglect the probabilities that a randomly sampled voter votes for candidate A and B,
respectively, equal


1
|kτ + v| · PivA
,
1
min
∑
6 v∈V,v>−k
C
τ


1
|kτ + v| · PivB
τ
qB =
,1
∑ min
6 v∈V,v<−k
C
τ

qτA =

(3.22)
(3.23)

With the electoral size N = 25, for each τ the pivotal probabilities PivAτ and PivBτ can be
calculated by equations (3.8) and (3.9), with qA and qB replaced by qτA and qτB . These PivAτ
and PivBτ again yields the weighted averages PivA and PivB. This gives a self-mapping for
PivA and PivB. The BNE of this modified game can be solved by finding the fixed-point of this
self-mapping. The predicted voter turnout from this modified model with competition neglect is
presented in Figure 3.8 of the main text.
45 This modified model should not be confused with the concept of cursed equilibrium (Eyster and Rabin, 2005).
In our experimental election game, voters receive identical public information, and their private types are not
correlated with the commonly valued state k. Hence, cursed equilibrium plays no role.
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Appendix 3.E A hybrid behavioral equilibrium model
In this appendix we explain the construction of the hybrid behavioral equilibrium model
introduced in Section 3.6.4, and present the estimation results. This hybrid model extends the
two versions of QRE described in Appendix 3.B along two dimensions. First, it allows voters’
(common) posterior expectation kτ to deviate from the Bayesian benchmark, for each information
d τ and PivB
d τ ) to be
environment τ. Second, it allows voters’ perceived pivotal probabilities (PivA
a convex combination of the actual probabilities (PivAτ and PivBτ ) and the weighted average
probabilities (PivA and PivB); see (3.6) and (3.7) in the main text. We can then obtain the
equilibria of this hybrid model using the approach in Appendix 3.B, by replacing k, PivA(k|Λ)
d τ and PivB
d τ , for each τ.46
and PivA(k|Λ) with kτ , PivA
We estimate the model parameters ρ, Λ, and kτ for each τ, using the maximum likelihood
approach explained in Appendix 3.B.3 and our 2016 experimental data. The estimation results
for sessions with |M| = 1 and |M| = 2 are presented in Table 3.9 and 3.10, respectively.
Table 3.9: ML Estimation Results for the Hybrid Structural Models, |M| = 1
ρb
Model I 0.492
Model II 0.506

b
λ

b
λp

20.951
-

21.001

b
λt

b
LN (Λ)

-2751.889
18.902 -2740.771

b
RMLE (Λ)
78.1%
78.5%

Table 3.10: ML Estimation Results for the Hybrid Structural Models, |M| = 2
ρb
Model I 1.002
Model II 0.937

b
λ

b
λp

18.572
-

24.017

b
λt

b
LN (Λ)

-2968.271
14.898 -2932.610

b
RMLE (Λ)
76.7%
77.9%

In both tables, Hybrid Model I is obtained by incorporating non-Bayesian belief updating and
partial competition neglect in the standard normal form QRE model with only one noise parameter
(i.e., Model I in Appendix 3.B). Hybrid Model II is obtained by incorporating non-Bayesian
belief updating and partial competition neglect in the sequential AQRE model with distinct noise
parameters for candidate choice and turnout decisions (i.e., Model II in Appendix 3.B). For
treatments with |M| = 1, both hybrid models yield estimated ρb’s close to 0.5 (cf. Table 3.9).
Vuong’s closeness test suggests that the Hybrid Model II is closer to the true data generating
process (p value = 0.070). For treatments with |M| = 2, however, the estimated ρb’s from both
models are very close to 1, that is, there is no competition neglect (cf. Table 3.10). In fact, for
46 Recall

that the set of parameters Λ equals {λ } for Model I, and equals {λt , λ p } for Model II.
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both hybrid models I and II under |M| = 2, the likelihood ratio (LR) tests cannot reject the null
hypothesis ρb = 1.47 Finally, consistent with the analyses for |M| = 1, Vuong’s closeness test
suggests that the Hybrid Model II is closer to the true data generating process in sessions with
|M| = 2 (p value = 0.000).

47 p

values from LR tests equal 0.983 and 0.451 for Hybrid Model I and II, respectively.
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Chapter 4
Elections under Selective Media Exposure
4.1 Introduction
The proliferation of news sources in the modern media landscape has reached unprecedented
levels, thanks to the rapid growth of information technology (Parcu, 2019). This can bring both
bliss and misery, as nicely illustrated by the following quote from the entry on “Echo chamber
(media)” on Wikipedia: “The Internet has expanded the variety and amount of accessible political
information. On the positive side, this may create a more pluralistic form of public debate; on
the negative side, greater access to information may lead to selective exposure to ideologically
supportive channels”.1 Indeed, due to limited attention, citizens cannot digest the enormous
amount of information generated by all news sources. For this reason, they must be selective in
media exposure and thus are likely to be unequally informed.
This gives rise to three important questions in the context of democratic elections. First,
how do rational voters make news consumption decisions under information explosion and
limited attention? Second, under what circumstances does selective media exposure distort
voting behavior? Third, can news proliferation improve voter welfare if media consumption
exhibits ideological confirmation, whereby voters are exclusively exposed to ideologically
aligned news sources? Despite increasing public concerns in recent years for all these issues,
they have remained insufficiently explored so far. This chapter makes an attempt to fill this gap
by extending the theoretical framework developed in Chapter 2 to study these questions.
As in Chapter 2, we model an election (under simple majority rule) between two candidates
A and B, who differ along a quality dimension. Any voter’s preference over candidates can be
characterized by a private and idiosyncratic threshold: she prefers candidate A to B only if A’s
relative quality exceeds this threshold. We interpret this threshold as the voter’s ideology — the
more the voter is ideologically leaning towards A, the lower the threshold. The qualities of the
1 https://en.wikipedia.org/w/index.php?title=Echo_chamber_(media)&oldid=898624319

137

two candidates are not directly observed by voters, but precisely observed by media outlets. Each
media outlet can communicate to voters by publishing an endorsement for either candidate: an
outlet endorses a given candidate if and only if that candidate’s relative quality exceeds a certain
(and idiosyncratic) threshold. This threshold can be interpreted as the outlet’s ideological stand,
which is commonly known to voters.
To capture information explosion, we assume that the set of accessible ideological stands of
media outlets covers the entire ideological spectrum of voters. To capture voters’ limited attention,
we assume that each voter can subscribe to at most one media outlet. We say media consumption
exhibits ideological confirmation if each voter is exclusively exposed to an ideologically aligned
media outlet, whose ideological stand coincides with the voter’s own ideology. Voting is
voluntary, but our analyses distinguish between whether voting is costly or not. If voting is costly,
then each voter incurs a private cost (drawn independently from a commonly known distribution)
if she casts a vote for any candidate.
We first explore the implications of limited attention on voters’ media consumption choices
and voting behavior. The key observation underlying the entire analysis is that news provided
by media informs voters not only whom to vote for (candidate choice), but also whether to cast
a vote (turnout decisions). To make a choice between candidates, a voter only needs to learn
which candidate is better (in her own view). To make turnout decisions, however, a voter needs
to precisely estimate the expected benefits from voting; she casts her vote only if these benefits
exceed her voting costs.
When voting is costless, the turnout decision is trivial; voters never abstain and simply
cast their votes for the candidate they prefer, based on their posterior beliefs about candidates’
qualities. Voters consult media outlets merely to guide their candidate choices. It is therefore
optimal for voters to subscribe to ideologically aligned media outlets, who precisely observe
candidates’ qualities and share identical ideological preferences with voters. In this way, media
consumption exhibits ideological confirmation. Moreover, we show that Exact Information
Equivalence holds, i.e., voters’ decisions would remain unchanged even if information provided
by all media were to become commonly known. This implies that selective media exposure
due to limited attention does not distort voters’ behavior. This is because under ideological
confirmation voters are precisely informed of the candidates they prefer ex-post, and behave as if
they directly observe candidates’ qualities.
When voting incurs private and idiosyncratic costs, however, the turnout decision becomes
relevant; casting a costly vote is optimal only if the expected benefits from voting exceed its costs.
Therefore, apart from informing candidate choices, information from media outlets serves a
second purpose: to inform voters about the expected benefits from voting. Although subscribing
to ideologically aligned media outlets perfectly informs candidate choices, it is not necessarily
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optimal for informing turnout decisions. For this reason, media consumption no longer exhibits
ideological confirmation. In particular, we show that sufficiently biased media outlets will never
be read by any voter, consistent with the empirical observation that ideologically extreme sites
are rarely visited (Gentzkow and Shapiro, 2011). Moreover, exact information equivalence fails
to hold, which implies that selective media exposure due to limited attention does distort voting
behavior under costly voting. This is because turnout decisions depend on candidates’ qualities
in a subtle way. Losses of decision-relevant information are inevitable because voters cannot
precisely observe candidates’ qualities, due to limited attention.
Despite that ideological confirmation does not arise in equilibrium if voters are rational
and voting is costly, it is still relevant to explore its welfare consequences for elections. This
is because ideological confirmation reflects a form of “echo chamber” in news consumption,
whereby voters seek information from like-minded news sources only. The economic and
political consequences of such echo chambers have received increasing public concerns in recent
years (Levy and Razin, 2019).
We therefore explore the welfare implications of news proliferation under ideological confirmation. To do so we decompose the overall welfare impacts of news proliferation into two
effects. On the one hand, news proliferation dramatically expands the amount of information
accessible to voters (information expansion). On the other hand, under ideological confirmation
voters are segregated in news consumption and thus unequally informed (selective exposure).
Importantly, partisan voters, whose preferences over candidates are state-independent, essentially
stay uninformed under ideological confirmation. Intuitively, one would expect the former effect
to enhance voter welfare while the latter effect to deteriorate it. The overall welfare impact of
news proliferation is thus a priori uncertain.
We quantify the welfare impact of information expansion and dispersion though a series of
numerical exercises. Our analyses demonstrate that the welfare impact of information expansion
depends on voters’ information environment prior to news proliferation. The (negative) welfare
impact of selective exposure increases with the degree of polarization of the electorate, as
measured by the fraction of partisan voters. If, prior to the news proliferation, voters were
exposed to an ideologically unbiased media outlet, then news proliferation cannot improve voter
welfare even in the absence of selective exposure. If instead voters were initially exposed to a
biased media outlet, then news proliferation can improve voter welfare only if the electorate has
a sufficiently low degree of polarization.
The remainder of this chapter is organized as follows. Section 4.2 reviews the related
literature. Section 4.3 describes the model setup. Section 4.4 explores voters’ media choices,
voting decisions, and the impact of selective media exposure due to limited attention. Our
analyses distinguish between whether voting is costless or costly. Section 4.5 reports results from
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a set of numerical exercises designed to explore the welfare implications of news proliferation
under ideological confirmation. Section 4.6 concludes.

4.2 Relation to the previous literature
This chapter contributes to a large theoretical literature studying voting and information
acquisition in the canonical pivotal voter framework (Downs, 1957; Ledyard, 1984; Palfrey
and Rosenthal, 1985). A classical branch of this literature focuses on an environment where
voters receive conditionally independent private signals generated by an exogenous information
source (Feddersen and Pesendorfer, 1996, 1997, 1999). A more recent branch studies voting and
information acquisition simultaneously in elections where information is endogenous. Martinelli
(2006) and Oliveros (2013) study voters’ information acquisition and the information aggregation
properties of large elections in an environment where information sources differ along a “vertical”
dimension – the precision. Signals with higher precision are available at higher costs only. This
chapter instead focuses on an alternative environment where information acquisition is costless
and information sources differ along a “horizontal” dimension: ideological bias. Along this line
of research, Oliveros and Várdy (2015) is the work most closely related to ours; they study voters’
demand for media slants in a setup with a binary state space and costless voting. In contrast to
all these studies, we allow for the possibility that voting incurs private and idiosyncratic costs.
We show that voting costs, a seemingly innocuous element, fundamentally change voters’ media
consumption behavior and the information aggregation properties of elections. To the best of
our knowledge, this chapter is the first to account for the role of voting costs in the analysis of
information acquisition and aggregation in a pivotal voter framework.2
This chapter also relates to a strand of literature exploring citizens’ demand for news media,
both theoretically (Mullainathan and Shleifer, 2005; Gentzkow and Shapiro, 2006; Chan and
Suen, 2008; Duggan and Martinelli, 2011; Piolatto and Schuett, 2015) and empirically (Gentzkow
and Shapiro, 2011; Durante and Knight, 2012). Unlike previous theoretical studies, we explain
how strategic concerns related to candidate choices and turnout decisions shape voters’ media
consumption in a pivotal voter framework. Our analyses also provide an intuitive explanation for
the empirical observation that ideologically extreme news sources are rarely visited.
Finally, our welfare analyses of news proliferation under ideological confirmation contributes
to a very recent strand of literature studying the consequences of behavioral biases for elections.
2 Krishna and Morgan (2012) study the information aggregation properties under voluntary and costly voting in
a binary-state environment where voters have common interests and privately obtain informative signals from an
exogenous information source. This chapter differs by allowing for heterogeneity in both voters’ preferences and
the ideological biases of information sources. Piolatto and Schuett (2015) study media consumption under costly
voting in an ethical voter framework (Coate and Conlin, 2004; Feddersen and Sandroni, 2006a,b).

140

For instance, Ortoleva and Snowberg (2015) explore the implications of overconfidence on voting
behavior. They show that voters’ overconfidence about the precision of their private information
may contribute to ideological polarization and increased turnout. Levy and Razin (2015) study
the information aggregation properties of large elections when voters have correlation neglect.
They show that correlation neglect can improve information aggregation by allowing voters to
vote more informatively. Lockwood (2017) explores the implications of confirmation bias on
candidates’ policy choices in the electoral competition. The author shows that confirmation bias
can improve voter welfare by making politicians refrain from pandering. In contrast to all these
studies, this chapter explores the welfare consequences of selective exposure to ideologically
aligned news sources, which has received increasing social concerns in recent years.

4.3 The model
The model that we study in this chapter expands the pivotal voter framework developed in
Chapter 2.3 Consider an election with two candidates, A and B, and a set of voters, N. We
assume that the number of voters |N| follows a Poisson distribution with mean n > 0. Each voter
i ∈ N is characterized by two parameters, vi and ci , and can choose an action ai from {A, B, O},
representing voting for A, for B, and abstaining, respectively. Any voter i’s utility function is
given by
u(k, vi , ci , ω) = (k + vi ) · 1Ω=A − ci · 1ai 6=O
(4.1)
where Ω ∈ {A, B} indicates the winning candidate and 1E is an indicator function that equals 1
if event E is true. Note that a voter’s preference over candidates consists of both a commonly
valued state k and a privately valued ideology vi . The state k can be interpreted as the relative
quality of candidate A, which is observed by media outlets only. k is drawn from a commonly
known prior F(·) on [−1, 1]. vi measures voter i’s private ideological leaning towards candidate
A, with higher values favoring A. vi is drawn independently for each i ∈ N from a commonly
known prior G(·) on [−δ , δ ]. ci represents voter i’s voting cost, which is incurred only if she
votes. ci is drawn independently for each i ∈ N from a (commonly known) uniform distribution
on [0,C] with C ≥ 0. We assume that δ > 1 and EG [v] = 0. This assumption guarantees that
electing the quality-superior candidate maximizes the expected Utilitarian voter welfare.4 Unless
explicitly stated otherwise, we assume that both F(·) and G(·) admit positive densities f (·) and
g(·), respectively.
3 To

keep this chapter self-contained, we repeat the main elements of that model here.
see this, notice from utility function (4.1) that any voter’s payoff (excluding voting costs) equals zero if B
is elected. If A is elected, then the expected payoff for an ex-ante randomly sampled voter equals k + EG [vi ] = k.
Hence, electing A is welfare superior (inferior) when k > (<)0.
4 To
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There is a continuum of media outlets with heterogeneous ideological stands, M = [−δ , δ ].
A media outlet with ideological stand m ∈ M precisely observes k and sends a binary message
sm ∈ {a, b} using the cutoff strategy characterized by equation (4.2).5

a, if k > −m
s(k, m) =
b, if k ≤ −m

(4.2)

Figure 4.1 illustrates this cutoff endorsement strategy. Message a (b) conveys the literal
meaning k > (≤) − m and is interpreted as an endorsement for candidate A(B). Note that a higher
m implies a higher a priori likelihood of sending message a (with probability 1 − F(−m)) to
endorse candidate A. An outlet with m = 0 endorses candidate A (B) if and only if k > (≤)0.
For this reason, m reflects a media’s ideological leaning towards candidate A.
Figure 4.1: The cutoff endorsement strategy (4.2)
−m
-1

k
a

b

1

Since k ∈ [−1, 1], any outlet m ∈ (−1, 1) induces an informative and binary interval partition
of the state space. If instead |m| > 1, then the media outlet is uninformative because it sends the
same message in all states. For this reason, we say outlet m is informative (uninformative) if
|m| < (>)1. Voters can learn about the realized state only by reading from media outlets. To
capture voters’ limited attention, we assume that each voter can subscribe to only one outlet
m ∈ M and privately learns the message sent by that outlet. In this way, each voter only learns if
k lies above or below the threshold −m. The timing of the game is summarized as follows:
1. Nature draws k, N and profile {vi }i∈N .
2. Each voter i ∈ N simultaneously subscribes to an outlet mi ∈ M and learns the message,
si = s(k, mi ), generated by the cutoff endorsement strategy (4.2).
3. Nature draws profile {ci }i∈N .
4. Given vi , ci and si , voter i simultaneously decides to vote for A, B, or to abstain.
5. The election outcome is determined by simple majority rule, with ties broken by a fair
coin toss. All payoffs then realize.
5 As explained in Chapter 2, this particular cutoff reporting strategy endogenously arises in a setup where each
media outlet has payoff function V (k, m, Ω) = (k + m) · 1Ω=A and communicates to its subscribers via cheap talk.
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Voters’ behavior can be described by a subscription strategy η, and a voting strategy
φ .6 The former maps a voter’s ideology to a media outlet, η(v) : [−δ , δ ] 7→ [−δ , δ ]. The
latter maps a voter’s private type, media choice and message received to a voting decision,
φ (v, c, m, sm ) : [−δ , δ ] × [0, 1] × [−δ , δ ] × {a, b} 7→ {A, B, O}. Building on η(v), φ (v, c, m, sm )
and the endorsement strategy (4.2), we define the observed voting strategy as the composite
function τ(k, v, c) ≡ φ (v, c, η(v), s(k, η(v))), which directly maps the realized state k and the
voter’s type (v, c) to a voting decision. As in Chapter 2, we focus on the symmetric Bayesian
Nash Equilibrium (sBNE), where voters with the same type (v, c) adopt the same subscription
and voting strategies.
Our model is constructed in such a way that, if voters were to have unlimited attention and
were able to absorb the information provided by all media outlets, then they would be precisely
informed of k and behave as if k were common knowledge. In this way, we can assess the impact
of limited attention by comparing the equilibrium outcomes of this voting game under limited
attention with the outcomes in a benchmark scenario where k is commonly known. Intuitively, if
limited attention plays no role, then we would expect voters’ decisions to remain unchanged even
if k were to become common knowledge. This criterion is formally labeled Exact Information
Equivalence, as defined below.
Definition 4.1. (EIE) We say Exact Information Equivalence holds if in equilibrium any voter’s
observed voting strategy τ(k, v, c) would remain unchanged if k were common knowledge.
Before proceeding, we also define the notion of ideological confirmation, whereby each
voter is exclusively exposed to the ideologically aligned media outlet whose ideological stand
coincides with the voter’s own ideology. A critical feature of ideological confirmation is that
only ideologically moderate voters with |vi | < 1 subscribe to informative media outlets. Partisan
voters with |vi | ≥ 1 subscribe to uninformative media outlets and thus stay uninformed.
Definition 4.2. (Ideological Confirmation) We say that media consumption exhibits ideological
confirmation if η(v) = v for all v ∈ [−δ , δ ].

4.4 Media consumption and voting behavior
In this section we explore voters’ media consumption decisions and voting behavior, as well
as the circumstances under which selective media exposure due to limited attention affect voters’
behavior. We distinguish between costless and costly voting. In the former case C = 0 so that
voting costs reduce to zero for all voters. In the latter case C > 0 and voting entails private and
stochastic costs.
6 For

technical convenience, we focus on pure strategies.
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As in all pivotal voter models, to make an optimal voting decision a voter calculates the
expected benefits from voting and casts her vote only if these benefits exceed the costs. Given
the realized state k and a voter’s ideology v, the expected benefits from voting is the product of
(i) the voter’s stake in election, |k + v|, and (ii) the probability of casting a pivotal vote for her
preferred candidate in state k. Both the individual stakes and the pivotal probabilities can vary
with state k. Therefore, without precisely observing k, a voter may make two classes of voting
mistakes:
Class I mistake: not voting for her preferred candidate when the expected benefits from voting
exceed the costs.
Class II mistake: casting a costly vote when her costs exceed the expected benefits from voting.
To avoid these voting mistakes, a voter needs to know not only which candidate to vote for
(i.e., candidate choice), but also whether to cast her vote (i.e., turnout decision). Media outlets
can provide information about k that helps voters to avoid these two classes of mistakes. The
optimal media subscription strategy, therefore, is critically driven by the extent to which an outlet
can reduce voters’ payoff losses due to these voting mistakes.

4.4.1

Costless voting

When voting is costless (i.e., C = 0), Class II mistakes cannot be made and are thus irrelevant.
Voters can avoid Class I mistakes by simply voting for their preferred candidate. In this case,
voters consult media merely to guide their candidate choices. If k is directly observable to voters,
it follows from utility function (4.1) that a voter with ideology v will strictly prefer candidate
A (B) if and only if k > (<) − v. Since voting is costless, it is a dominant strategy for the
voter to vote for candidate A (B) if k > (<) − v.7 By subscribing to an ideologically aligned
outlet (i.e. η(v) = v), the voter learns precisely whether k > (≤) − v ex-post and acts as if k is
directly observed. For this reason, η(v) = v is an optimal subscription strategy and EIE holds.8
This implies that, when voting is costless, media consumption exhibits ideological confirmation
and voters’ decisions are not affect by their limited attention at all. These observations are
summarized in Proposition 4.1.9
Proposition 4.1. If voting is costless (i.e., C = 0), then there exists an sBNE in which
1. media consumption exhibits ideological confirmation, i.e., η(v) = v for all v ∈ [−δ , δ ].
7 The

behavior of a voter with ideology v = −k is irrelevant because v = −k is a zero-probability event.
fact, if F(·) has full support on [−1, 1] then η(v) = v is a strictly dominant strategy for moderate voters with
v ∈ (−1, 1) and a weakly dominant strategy for partisan voters with |v| ≥ 1.
9 The proof for Proposition 4.1 is omitted since it follows immediately from the reasoning in the main text.
8 In
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2. Any voter i votes for A(B) if k > (≤) − vi and never abstains.
3. EIE holds.
All sBNE are outcome equivalent to the sBNE described above.10
Although very intuitive in our framework, the result that selective media exposure due to
limited attention does not distort voting behavior contrasts sharply to insights from previous
studies on voting behavior with exogenous information in a costless voting framework. For
instance, Feddersen and Pesendorfer (1996, 1999) show that, in an environment where voters
receive independently drawn signals from an exogenous information source, EIE does not hold
and a strictly positive fraction of voters abstain in equilibrium to avoid the Swing Voter’s Curse,
where conditional on either vote being pivotal the opposite candidate is more likely to be better.
In contrast, voters can perfectly avoid the swing voter’s curse in our model thanks to the
possibility of endogenously selecting media outlets. To illustrate the critical role played by
endogenous media choices, we construct an alternative setup in the spirit of (Feddersen and
Pesendorfer, 1999), in which media are randomly distributed to voters in an exogenous manner.
Concretely, we assume that each voter is randomly assigned a media outlet whose ideological
stand m is independently drawn from a commonly known distribution ξ (m). For technical
convenience, we assume that (i) ξ (m) admits positive densities for all m ∈ [−δ , δ ], and (ii) the
probability of drawing an uninformative outlet (i.e., |m| > 1), (1 − ξ (1)) + ξ (−1), is strictly
positive. Under these assumptions, we show that EIE no longer holds, because a strictly positive
fraction of voters abstain to avoid the swing voter’s curse in equilibrium. This is formally
established in Lemma 4.1.
Lemma 4.1. Suppose each voter is randomly assigned a media outlet with ideological stand m
independently drawn from a commonly known distribution ξ (m). ξ (m) admits positive densities
for all m ∈ [−δ , δ ] and 1 − ξ (1) + ξ (−1) > 0. Then in any sBNE a strictly positive fraction of
voters abstain due to the swing voter’s curse and EIE does not hold.
Proof. See Appendix 4.B.

4.4.2

Costly voting

When voting is costly (i.e., C > 0), both Class I and II mistakes are relevant. To make the
optimal voting decision, a voter needs not only to learn which candidate to vote for, but also
whether or not to cast her costly vote. Clearly, the voter should cast her vote only if her costs lie
below the expected benefits from voting. This implies that the voter’s optimal voting strategy,
10 Two

sBNE are outcome equivalent if they induce an identical observed voting strategy τ(k, v, c).
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conditional on the message s sent by her subscribed outlet m, can be characterized by two parts:
(a) an indicator for which candidate to vote for if she votes, and (b) a threshold on voting costs
below which the voter casts her vote. For notational convenience, we denote the optimal voting
strategy by a function ϕ s (v, m), which maps a voter’s ideology v, media subscription m and
message s to a real number on [−1, 1]. ϕ s (v, m) is interpreted as follows: the voter votes for
A (B) if ϕ s (v, m) > (<)0 and her voting cost c ≤ |ϕ s (v, m)|, and abstains otherwise. Note that
function ϕ s (v, m) effectively represents the expected benefits from voting. With this notation, we
can naturally classify the optimal voting strategy ϕ s (v, m) into six categories: AA, AO, AB, OB,
BO, BB and OO. These category labels reflect what voters (potentially) choose after message
sm = a and sm = b, respectively, and are formally defined as follows:11
Category AA: ϕ s (v, m) belongs to category AA if ϕ a (v, m) > 0 and ϕ b (v, m) > 0. Namely, these
voters vote for A with positive probabilities conditional on both messages a and b from
outlet m.
Category AO: ϕ s (v, m) belongs to category AO if ϕ a (v, m) > 0 and ϕ b (v, m) = 0. Namely, these
voters vote for A with positive probability conditional on sm = a, yet they abstain with
certainty conditional on sm = b.
Category AB: ϕ s (v, m) belongs to category AB if ϕ a (v, m) > 0 and ϕ b (v, m) < 0. Namely, these
voters vote for A (B) with positive probability conditional on sm = a(b).
Category OB: ϕ s (v, m) belongs to category OB if ϕ a (v, m) = 0 and ϕ b (v, m) < 0. Namely,
these voters abstain with certainty conditional on sm = a, yet they vote for B with positive
probability conditional on sm = b.
Category BB: ϕ s (v, m) belongs to category BB if ϕ a (v, m) < 0 and ϕ b (v, m) < 0. Namely, these
voters vote for B with positive probabilities conditional on both message a and b from
outlet m.
Category OO: ϕ s (v, m) belongs to category OO if ϕ a (v, m) = ϕ b (v, m) = 0. Namely, these
voters abstain with certainty conditional on both messages a and b from outlet m.
The optimal voting strategy ϕ s (v, m) is explicitly derived in Appendix 4.A. Recall that
each voter’s voting cost is drawn from a uniform distribution on [0,C], whose CDF is given
by ρC (x) ≡ min{ Cx , 1}. Given v, m and s, the voter’s interim turnout probability then equals
ρC (|ϕ s (v, m)|). Given a voter’s ideology v and subscribed outlet m, we say that voting strategy
ϕ s (v, m) is responsive if, by following this strategy, (the distribution of) the voter’s actions vary
11 The remaining three combinations BA, BO and OA can be defined analogously. These strategies can be ignored,
however, because they are strictly dominated.
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with her received information sm .12 It is clear from the definition that ϕ s (v, m) is responsive if it
belongs to categories AO, AB, or OB, and is necessarily unresponsive if it belongs to OO, under
which a voter always abstains. Notice, however, that ϕ s (v, m) can still be responsive if it belongs
to categories AA or BB, under costly voting. For instance, suppose ϕ s (v, m) belongs to category
AA. Though with this strategy a voter votes for candidate A with positive probability under either
message s ∈ {a, b}, her interim turnout probability ρC (|ϕ s (v, m)|) can still vary with s. We show
that, when the upper bound of cost distribution C is sufficiently high, then in any sBNE (if it
exists) all voters subscribe to informative media outlets and adopt responsive voting strategies.
Moreover, EIE does not hold under costly voting. This implies that voters’ behavior will be
affected by their limited attention. These observations are formally stated in Proposition 4.2.
Proposition 4.2. Suppose C ≥ 1 + δ . In any sBNE (if it exists) it holds that13
1. −1 <

inf

v∈[−δ ,δ ]

η(v) <

sup η(v) < 1.
v∈[−δ ,δ ]

2. For all v ∈ [−δ , δ ], ϕ s (v, η(v)) is responsive and generally belongs to one of the five
categories: AA, AO, AB, OB and BB. If v > 1 (v < −1), then ϕ s (v, m) must belong to
category AA (BB).
3. EIE does not hold.
Proof. See Appendix 4.C.
Proposition 4.2.1 reveals two features of equilibrium media consumption behavior under
costly voting. First, inf η(v) < sup η(v) implies that voters consume different media
v∈[−δ ,δ ]

v∈[−δ ,δ ]

outlets in equilibrium and must be unequally informed. Second, media outlets with sufficiently
extreme ideological stands (i.e., |m| close to or larger than 1) will not be subscribed to by any
voter. This result is consistent with the empirical observation that ideologically extreme sites
are rarely visited (Gentzkow and Shapiro, 2011). Importantly, Proposition 4.2.1 thus implies
that subscribing to ideologically aligned media outlets (i.e., η(v) = v) is no longer optimal when
voting is costly. This is driven by voters’ strategic demand to learn not only which candidate is
better, but also when to cast her costly vote. Though an ideologically aligned outlet perfectly
informs candidate choices, it is not necessarily optimal for guiding turnout decisions. For this
12 Formally,

ϕ s (v, m) is responsive if (i) ϕ a (v, m) 6= ϕ b (v, m), and (ii) ρC (|ϕ a (v, m)|) = ρC (|ϕ b (v, m)|) = 1 implies
> ϕ b (v, m).
13 As explained in Appendix 4.A, the assumption C ≥ 1 + δ guarantees that for any v ∈ [−δ , δ ] there exists
sufficiently high c such that abstention dominates voting for either candidate. Though this assumption largely
simplifies the proof, it is not necessary for Proposition 4.2 to hold. Moreover, the proof for the generic existence of
sBNE is hindered by the possibility of pooling in media consumption; a positive fraction of voters may consume the
same informative media outlet and adopt responsive voting strategies. As explained in Appendix 4.A, standard fixed
point theorems can no longer be used to guarantee the existence of equilibrium with this possibility of pooling.
ϕ a (v, m) > 0
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reason, the optimal media subscription strategy may deviate from η(v) = v, breaking down
ideological confirmation.
Another important implication of Proposition 4.2.1 is that even partisan voters, whose
preferences over candidates are state-independent, strictly prefer to read from informative media
outlets. This result contrasts to almost all previous theoretical papers studying endogenous
information acquisition in elections where voting is either compulsory, or voluntary but costless
(Martinelli, 2006; Oliveros, 2013; Oliveros and Várdy, 2015). In these works, partisan voters
rationally choose not to acquire any information, even when information acquisition is costless.
This is because in these setups the value of information comes solely from informing voters
which candidate should they vote for. Such value is nil for partisan voters. When voting is
costly, however, information brings extra value; it allows voters to better gauge the expected
benefits from voting and thereby improves turnout decisions. Regardless of a voter’s ideological
preference, the value from informing turnout decisions never fades away.
The fact that all voters subscribe to informative media also implies that information brings
instrumental value to all of them. Consequently, voters’ optimal voting strategies must be
responsive to the information they receive. This is the intuition behind Proposition 4.2.2. In
sharp contrast to no abstention under costless voting, Proposition 4.2.2 suggests that when
voting is costly, voters may abstain in equilibrium for two conceptually different reasons. They
abstain either because the realized voting costs dominate the expected benefits (avoiding Class
II mistakes), or to avoid voting for a less preferred candidate due to the swing voter’s curse
(avoiding Class I mistakes). Nevertheless, by subscribing to an informative media outlet, a voter
will never abstain purely due to the swing voter’s curse; if she abstains due to the swing voter’s
curse after some message s, she will turnout to vote with a strictly positive probability after the
other message.
Finally, selective media exposure due to limited attention does distort voters’ behavior under
costly voting in the sense that EIE does not hold; voters may behave differently if they can
directly observe the realized state k. This is because a voter’s optimal voting strategy depends
on precise information about the realized state. To make an optimal decision on whether or not
to cast a vote, however, a voter needs to know not only which candidate she prefers, but also
her expected benefits from voting. While candidate choice is a binary decision, the expected
benefits from voting may vary continuously with k. Due to limited attention, however, a voter
can only learn a coarse partition of the state space. As a consequence, losses of decision-relevant
information are inevitable.
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4.5 The welfare implications of news proliferation
Although ideological confirmation does not arise in equilibrium if voters are rational and
voting is costly, it is still relevant to explore its welfare consequences for elections. This is
because ideological confirmation reflects a form of “echo chamber” in news consumption,
whereby voters seek information from like-minded news sources only. The economic and
political consequences of such echo chambers have received increasing public concerns in recent
years (Levy and Razin, 2019).
Therefore, we explore the welfare consequences of news proliferation under ideological
confirmation in this section. To do so we decompose the overall welfare impact of proliferation
of news sources into two effects: information expansion and selective exposure. On the one hand,
the rapid proliferation of news sources greatly expands the amount of information accessible
to the entire electorate (i.e., information expansion). On the other hand, limited attention
drives voters to be selective in media exposure and unequally informed (i.e., selective exposure).
Intuitively, one would expected information expansion to enhance voter welfare whereas selective
exposure to deteriorate it. Therefore, a priori, the overall welfare impact of news proliferation
remains ambiguous.
We quantitatively identify the welfare effects of news proliferation through a set of numerical
exercises. To do so, we distinguish between three scenarios, labeled as one-media, k-observed
and Ideo-Confirm, respectively. In the one-media scenario, we assume that the set of accessible
media outlets collapses to a singleton (i.e., M = {m} for some m ∈ [−δ , δ ]) and all voters read
from this common media outlet. We use the one-media scenario as a parsimonious way to
model voters’ information environment prior to news proliferation. Conversely, in both the
k-observed and the Ideo-Confirm scenarios, the set of accessible media outlets covers voters’
entire ideological spectrum (i.e., M = [−δ , δ ]). We assume that voters have unlimited attention
and are able to absorb information from all accessible media outlets in the k-observed scenario.
As explained in Section 4.3, this is equivalent to an environment where the realized state k
is commonly observed by all voters. In contrast, however, voters are restricted by limited
attention in their media consumption in the Ideo-Confirm scenario, and are assumed to exhibit
ideological confirmation. The equilibrium analyses for the one-media and k-observed scenarios
can be conducted using the methods developed in Chapter 2. The equilibrium analyses for the
Ideo-Confirm scenario are relegated to Appendix 4.D.
We measure voter welfare by the expected utility of a randomly selected voter in each scenario
concerned. Since voter welfare cannot be explicitly solved, we instead calculate it using Monte
Carlo simulations. The overall welfare effect of news proliferation can be quantitatively identified
by the difference in voter welfare between the Ideo-Confirm and the one-media scenarios. To
quantitatively disentangle the effect of information expansion, we calculate the difference in voter
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welfare between the k-observed and one-media scenarios. To quantitatively disentangle the effect
of selective exposure, we calculate the difference in voter welfare between the Ideo-Confirm and
the k-observed scenarios. We describe the setup for our numerical exercises in Section 4.5.1 and
conduct the welfare analyses in Section 4.5.2.

4.5.1

Setup for the numerical exercises

To conduct the numerical analyses, we construct a specific voting game based on the general
model presented in Section 4.3. Concretely, we assume that the state k is drawn from a discrete
uniform distribution F(k) on a finite support {−1, −0.5, 0.5, 1}. The expected electorate size
n equals 5000. Each voter i’s ideology vi is independently drawn from a uniform distribution
G(v) on [−δ , δ ] with δ > 1, and her voting costs ci are independently drawn from a uniform
distribution on [0, 1]. As explained in Section 4.3, electing the quality-superior candidate
maximizes expected Utilitarian voter welfare in this voting game since EG [v] = 0.
Recall that in the one-media scenario, all voters have access to only a single media outlet,
whose ideological stand m is commonly known. Since the distributions of both k and v are
symmetric, it is without loss of generality to focus on m ≥ 0. Moreover, because k has finite
support {−1, −0.5, 0.5, 1} and the media outlet can only report whether the realized k lies above
or below the threshold –m, it is sufficient to consider three classes of m: unbiased (UB), weakly
biased (W B), and strongly biased (SB). These are defined and characterized in Table 4.1.
Table 4.1: Media Outlet’s Reporting Behavior in the One-Media Scenario
Media Bias
Unbiased (UB)
Weakly Biased (W B)
Strongly Biased (SB)

Ideological Stand (m)
m ∈ [0, 0.5]
m ∈ (0.5, 1]
m ∈ (1, δ ]

Reported Message (sm )
k = −1

k = −0.5

k = 0.5

k=1

b
b
a

b
a
a

a
a
a

a
a
a

Note: The reported message follows from the cutoff endorsement strategy (4.2) introduced in Section 4.3.

In words, an unbiased media outlet always endorses the quality-superior candidate; it sends
message a (b) if k > (<)0. A weakly biased outlet, however, may endorse candidate A even if
her quality is moderately inferior (i.e., k = −0.5). A strongly biased outlet endorses candidate
A for all k, and is therefore uninformative. Because any voter’s utility function is linear in k
(cf. (4.1)), information affects her expected payoff only through its impact on the expectation
of k. Therefore, conditional on the message sent by this single outlet, voters rationally form a
posterior expectation about k and behave as if this posterior expectation is common knowledge.
In contrast, in the Ideo-Confirm scenario, voters are segregated in their news consumption
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and each voter can only learn a binary partition of the state space; under η(v) = v, a voter with
ideology v can only learn either k > −v or k ≤ −v. Table 4.2 summarizes any voter’s information
received from her subscribed outlet, as function of her ideology v and realized state k.
Table 4.2: Voters’ Information under the Ideo-Confirm Scenario
Voter Ideology (v)
v ∈ (1, δ ]
v ∈ (0.5, 1]
v ∈ (−0.5, 0.5]
v ∈ (−1, −0.5]
v ∈ [−δ , −1]

Message Received in Each State
k = −1

k = −0.5

a
b
b
b
b

a
a
b
b
b

k = 0.5 k = 1
a
a
a
b
b

a
a
a
a
b

Note: Cells report the message received by any voter, as a function of her private ideology v and the realized state k,
under the Ideo-Confirm Scenario.

Note that a salient feature of ideological confirmation is that partisan voters with |v| > 1
subscribe to uninformative media outlets. Consequently, their voting decisions cannot respond to
information at all. It is thus reasonable to expect that the welfare impact of selective exposure
may increase in the degree of polarization of the electorate, as measured by the fraction of
partisan voters. To examine the role played by polarization, we vary δ exogenously. We set
δ = 1.5 to model an electorate with a low degree of polarization; the expected fraction of partisan
voters in the whole population equals then 13 . We set δ = 7 to model an electorate with a high
degree of polarization, where the expected fraction of partisan voters equals 67 (about 85.7%).

4.5.2

Results

In this section we investigate the welfare effects of news proliferation based on our numerical
analyses. To do so, we first report equilibrium voting behavior and election outcomes under all
scenarios introduced in Section 4.5.1. These equilibrium analyses allow us to rank voter welfare
under the distinct scenarios using the following intuitive heuristic. Take any two scenarios
X,Y ∈ {UB,W B, SB, k-observed, Ideo-Confirm}. It seems reasonable to conjecture that voter
welfare should be higher in scenario X than in Y if, from the ex-ante perspective, (i) the probability
of electing the quality-superior candidate is higher in X than in Y , and (ii) the expected voter
turnout is lower in X than in Y . The second criterion is motivated by the fact that voting is costly,
and a higher turnout rate thus implies a larger amount of aggregate voting costs. Formally, we
denote X  Y for any two scenarios X,Y ∈ {UB,W B, SB, k-observed, Ideo-Confirm} if the two
aforementioned criteria simultaneously hold.
Using this heuristic, we obtain intuitive insights regarding the circumstances under which
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news proliferation can improve voter welfare. These insights are subsequently confirmed
quantitatively by the equilibrium voter welfare calculated from Monte Carlo experiments.
Low polarization (δ = 1.5)
We start by characterizing equilibrium aggregate voting behavior election outcomes in an
electorate with low polarization (i.e., δ = 1.5). Figure 4.2a presents candidate A’s expected
vote share (left chart), winning probability (middle chart), and the expected voter turnout (right
chart) for the one-media scenario, for each of the three levels of media biases (UB, W B and
SB). Figure 4.2b presents the same set of equilibrium outcomes under the k-observed and
Ideo-Confirm scenarios.
The equilibrium outcomes in the one-media scenario with an unbiased (UB), weakly biased
(W B), and strongly biased (SB) outlets are depicted by the green, yellow, and black bars in
Figure 4.2a, respectively. It follows from Table 4.1 that an unbiased outlet truthfully endorses
the quality-superior candidate. For this reason, its message a (b) implies k > (<)0 and yields a
common posterior expectation of k equal to 0.75 (−0.75) in our numerical example. Voters thus
behave as if k is commonly known and equals 0.75 (−0.75) after message a (b). In equilibrium,
the quality-superior candidate gets an expected vote share of more than 80% in each state k (cf.
the left chart). This implies that the quality-superior candidate is expected to win the election by
a substantial margin, and the election is very unlikely to end up in a close race. Therefore, the
quality-superior candidate is almost surely elected (cf. the middle chart) and the expected voter
turnout is low (cf. the right chart). The latter follows from the “competition effect” (Levine and
Palfrey, 2007), which predicts voter turnout to be higher if the election is expected to be closer.14
With a weakly biased outlet, message a implies k ≥ −0.5 (cf. Table 4.1) and yields a posterior
expectation of k equal to 13 . Consequently, voters act as if k is commonly known and equals 13 .
In equilibrium, candidate A receives an expected vote share of about 65% and is elected with
a probability higher than 95% after a message a. Conversely, message b implies k = −1 for
sure and all voters behave as if this is common knowledge. In equilibrium, candidate A, who is
quality-inferior when k = −1, only gets an expected vote share of about 10% and almost surely
loses the electoral competition.
Finally, as is evident from Table 4.1, a strongly biased outlet is completely uninformative
since it sends the same message a in all states. Consequently, voters behave as if k is commonly
known and equals its prior mean 0 (i.e., no quality difference). In equilibrium, each candidate
receives an equal expected vote share and is thus equally likely to be elected in all states.
Moreover, compared to the one-media scenario with UB or W B, the expected voter turnout is
14 This

is because in closer elections the probabilities of casting pivotal is higher. For this reason, voters have
higher incentives to cast costly votes in closer elections.
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Figure 4.2: Voting Behavior and Election Outcomes for δ = 1.5
(a) One-Media Scenarios

(b) Ideo-Confirm and k-observed Scenarios

Note: Panel (a) depicts candidate A’s expected vote share (left chart), winning probability (middle chart), and the
expected voter turnout (right chart) in equilibrium for three distinct levels of media bias (UB, green bars; W B,
yellow bars; SB, black bars) under the one-media scenario. Panel (b) depicts the same set of equilibrium outcomes
for the Ideo-Confirm (red bar) and the k-observed (blue bars) scenarios. All equilibrium outcomes are computed for
an electorate with low polarization (δ = 1.5), where the expected fraction of partisan voters equals 13 .
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Figure 4.3: Voting Behavior and Election Outcomes for δ = 7
(a) One-Media Scenarios

(b) Ideo-Confirm and k-observed Scenarios

Note: Panel (a) depicts candidate A’s expected vote share (left chart), winning probability (middle chart), and the
expected voter turnout (right chart) in equilibrium for three distinct levels of media bias (UB, green bars; W B,
yellow bars; SB, black bars) under the one-media scenario. Panel (b) depicts the same set of equilibrium outcomes
for the Ideo-Confirm (red bar) and the k-observed (blue bars) scenarios. All equilibrium outcomes are computed for
an electorate with high polarization (δ = 7), where the expected fraction of partisan voters equals 76 .
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highest under SB. This is because, with an expected vote share of 50% for both candidates,
voting is most likely to be pivotal and voters thus have the highest incentive to cast their votes.
The equilibrium outcomes in the k-observed and Ideo-Confirm scenarios are depicted by the
blue and red bars in Figure 4.2b, respectively. As is evident from the left chart, in the k-observed
scenario the quality-superior candidate always gets a vast majority of the vote share (nearly
90% for k ∈ {−1, 1} and 70% for k ∈ {−0.5, 0.5}). As a result, quality-superior candidates are
elected almost surely (cf. the middle chart) and the expected turnout rates are low (cf. the right
chart) in all states. In the Ideo-Confirm scenario, however, candidate A’s equilibrium vote shares
move systematically closer to 50% and vary less with k, as compared to the k-observed scenario.
Consequently, the expected winning margins of the quality-superior candidate becomes lower.
Therefore, the probability of selecting the quality-superior candidate becomes lower and voter
turnout is higher under the Ideo-Confirm scenario, as compared to the k-observed scenario.
The reasons for the discrepancies between equilibrium behavior under the Ideo-Confirm
and k-observed scenarios are two-fold. First, recall that partisan voters stay uninformed under
ideological confirmation. Their voting decisions thus cannot respond to any information. The
second reason is pivotal inference; voters’ posterior inferences about k depend not only on
their own private information, but also on the event of casting a pivotal vote (Feddersen and
Pesendorfer, 1996, 1997, 1999). In our numerical examples, the posterior expectation of k
conditional on either vote being pivotal is very close to 0, the prior mean.15 For this reason,
partisan voters act almost as if k = 0. Note that voters’ ideological preferences are symmetrically
distributed, a priori the votes from partisan voters on either side cancel out each other in
expectation. This implies that, from the ex-ante perspective, the election outcome can be swayed
by moderate voters who subscribe to informative media outlets. With a low degree of polarization
(δ = 1.5), the fraction of partisan voters is still limited (around 33.3%), and the informed voters
have strong power in determining the election outcome. For this reason, despite that partisan
voters vote unresponsively, the quality-superior candidate can still be elected with very high
probabilities (nearly 100% for k ∈ {−1, 1} and 90% for k ∈ {−0.5, 0.5}) and the efficiency loss
due to selective media exposure seems limited in magnitude.
Figures 4.2a and 4.2b allow us to rank voter welfare under the different scenarios using the
intuitive heuristic introduced at the beginning of this section. First of all, as is evident from
Figure 4.2a, the probability of electing quality-superior candidates decreases and the expected
voter turnout increases, as media bias rises. Therefore, UB  W B  SB holds, which implies
that voter welfare decreases in media bias in the one-media scenario. Voter welfare under the
15 When the electorate has a low level of polarization (i.e., δ = 1.5), the posterior expectations of k conditional on
a vote for candidate A being pivotal equals −0.0511; conditional on a vote for B being pivotal it equals 0.0511.
When the electorate has a high level of polarization (i.e., δ = 7), these posterior expectations of k are −0.0086 and
0.0086, respectively.
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Ideo-Confirm scenario seems only slightly lower than under the UB or k-observed scenarios.
This is because the probability of electing the quality-superior candidate is slightly lower for
k ∈ {−0.5.0.5} and the expected turnout rates are higher in all states. Nevertheless, judging from
both the probability of selecting the quality-superior candidate and the expected voter turnout,
voter welfare seems higher under the Ideo-Confirm scenario than under either W B or SB. Taken
together, these observations suggest that UB  k-observed  Ideo-Confirm  W B  SB holds
when δ = 1.5. In this case, news proliferation can be welfare improving only if voters read from
a biased media outlet in the one-media scenario.
High polarization (δ = 7)
Next, we characterize equilibrium aggregate voting behavior election outcomes in an electorate with a high degree of polarization (i.e., δ = 7). Figures 4.3a and 4.3b depict the equilibrium
outcomes for δ = 7 under the one-media scenario with three distinct levels of media biases, and
the Ideo-Confirm and k-observed scenarios, respectively.
Comparing Figures 4.2 and 4.3, we observe that in all one-media and k-observed scenarios the
equilibrium outcomes respond to k in qualitatively the same manner. Nevertheless, the expected
vote share moves substantially closer to 50% and responds much less to k quantitatively when
there is higher degree of polarization. Therefore, the probability of selecting the quality-superior
candidate is lower and the expected voter turnout is higher. This follows intuitively because,
with a high degree of polarization (δ = 7), partisan voters account for a vast majority of the
electorate (about 85.7%). Moreover, partisan voters’ decisions are driven largely by their private
ideological preferences, rather than the commonly valued quality dimension. Overall, however,
the impact of increased polarization on the probability of selecting the quality-superior candidate
seems limited in all one-media scenarios and the k-observed scenario.
The impact of increased polarization is largest in the Ideo-Confirm scenario. As is evident
in Figure 4.3b, when δ = 7 the expected vote shares hover closely around 50% for all k.
Consequently, the probabilities of electing quality-superior candidates become substantially
lower and the expected turnout rates are substantially higher in all states under the Ideo-Confirm
scenario, as compared to the k-observed scenario. These observations seem to suggest that
welfare losses due to selective media exposure are particularly large when the electorate is highly
polarized.
Despite the potentially large welfare loss due to increased polarization, the election still
aggregates information in the correct direction in the sense that quality-superior candidate is more
likely to be elected than her opponent in all states. This is again attributed to the aforementioned
pivotal inference; the posterior expectation of k conditional on either vote being pivotal is close to
0. Partisan voters thus act almost as if k = 0 and their votes cancel each other out in expectation,
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leaving the election outcome determined by the informed voters from the ex-ante perspective.
With a high degree of polarization (δ = 7), informed voters account for only a small fraction
of the entire voting population (about 14.3%). For this reason, their power to sway the election
outcome is weak and information thus aggregates inefficiently.
As with the analyses for δ = 1.5, we can examine the ordinal ranking of voter welfare
under the different scenarios when δ = 7 by comparing Figures 4.3a and 4.3b. Again, as is
evident from Figure 4.3a, in the one-media scenario it holds that UB  W B  SB. However, in
contrast to the analyses for δ = 1.5, with δ = 7 it holds that W B  Ideo-Confirm. Indeed, the
probability of electing the quality-superior candidates equals 0.65 under Ideo-Confirm and 0.70
under W B. It is also evident from Figures 4.3a and 4.3b that the expected voter turnout is higher
under Ideo-Confirm than under W B in all states. Taken together, we obtain UB  k-observed 
W B  Ideo-Confirm  SB. Therefore, when the electorate is highly polarized (δ = 7), news
proliferation can be welfare improving only if voters read from a completely uninformative outlet
(i.e., SB) in the one-media scenario.
Decomposed and overall welfare effects of news proliferation
Finally, we numerically examine the aforementioned intuitive insights regarding the welfare
effects of news proliferation. In particular, we calculate voter welfare for each scenario using
Monte Carlo experiments and summarize the results in Table 4.3. Using these results, we
quantitatively identify the effects of information expansion, selective exposure, and the overall
effect of news proliferation on voter welfare by making the comparisons elaborated at the
beginning of Section 4.5. These effects are reported in Table 4.4.
Table 4.3: Voter Welfare under Different Scenarios
Polarization

One-Media Scenario
UB

WB

k-observed Ideo-Confirm

SB

Low (δ = 1.5)

0.371 0.242 0.002

0.371

0.351

High (δ = 7)

0.342 0.207

0.341

0.131

0.003

Note: Cells report equilibrium voter welfare under each scenario calculated from Monte Carlo experiments. Voter
welfare is measured by the expected utility of a randomly selected voter in each scenario. Recall from (4.1) that a
voter’s utility is normalized to zero if candidate B is elected. It is calculated relative to a hypothetical benchmark
where (i) candidate B is always the winner, and (ii) all voters abstain so that voting costs are zero.

As can be observed from Table 4.3, when δ = 1.5 voter welfare is ranked in descending
order by UB, Ideo-Confirm, W B, and SB. News proliferation improves voter welfare if voters
are exposed to a biased outlet in the one-media scenario. When δ = 7 voter welfare is ranked in
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Table 4.4: The Decomposed and Overall Welfare Effects of News Proliferation
Media Bias

Effect of
Information Expansion

Effect of
Selective Exposure

Overall Effect

-0.020

-0.020
0.109
0.349

-0.210

-0.211
-0.076
0.128

Panel (a): Low Polarization (δ = 1.5)
UB
WB
SB

-0.001
0.129
0.369

Panel (b): High Polarization (δ = 7)
UB
WB
SB

-0.001
0.134
0.337

Note: Cells report the welfare effects of news proliferation for each level of media bias considered in the one-media
scenario (the first column). The effect of information expansion is quantitatively identified by the difference in
voter welfare between the k-observed and the one-media scenarios. The effect of selective exposure is quantitatively
identified by the difference in voter welfare between the Ideo-Confirm and k-observed scenarios. Since this effect is
independent of media bias in one media scenario by definition, we report it once in one cell for each δ . Finally, the
overall effect is the sum of the previous two effects and can be quantitatively identified by the difference in voter
welfare between the Ideo-Confirm and one-media scenarios.

descending order by UB, W B, Ideo-Confirm, and SB. News proliferation improves voter welfare
only if voters are exposed to an uninformative outlet (i.e. SB) in the one-media scenario. These
observations are consistent with the intuitive insights obtained from the previous analyses.
Table 4.4 reports the decomposed welfare effects of both information expansion and selective
exposure. We observe that the effect of information expansion depends critically on voters’
information environment prior to news proliferation. If voters were exposed to an unbiased
media outlet who truthfully endorses the quality-superior candidate, then information expansion
due to news proliferation does not improve voter welfare. If instead voters were initially exposed
to a biased outlet, then information expansion alone can always improve voter welfare. Moreover,
the welfare improvement due to information expansion increases in the level of media bias in the
initial one-media scenario. The welfare effect of selective exposure is always negative, and its
harm increases with the degree of polarization.
In sum, the welfare impact of news proliferation depends on both (i) voters’ information
environment prior to news proliferation, and (ii) the level of polarization of the electorate. If
prior to news proliferation all voters were exposed an unbiased outlet, then news proliferation
does not enhance voter welfare even in the absence of selective media exposure. If instead all
voters were initially exposed to a biased but informative media outlet, then news proliferation
may improve voter welfare if the degree of polarization is sufficiently low.
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4.6 Conclusion
In this chapter we extend the theoretical framework of Chapter 2 to study the implications
of information overload for media consumption and voter welfare. We shed new light on three
important questions. First, how do rational voters make media consumption decisions under
information overload? Second, under what circumstances does selective media exposure distort
voting behavior? Third, how does news proliferation affect voter welfare under ideological
confirmation, whereby voters are exclusively exposed to ideologically aligned news sources?
We show that the answers to the first two questions depend critically on whether voting is
costly or not. If voting is costless, voters consult media merely to inform candidate choices.
In this situation, it is a weakly dominant strategy for voters to read from ideologically aligned
media outlets and vote for the endorsed candidate. As a result, media consumption exhibits
ideological confirmation and selective media exposure does not distort voting behavior. If instead
voting incurs private and idiosyncratic costs, then voters consult media to inform both candidate
choices and turnout decisions. Though reading from ideologically aligned media outlets perfectly
informs candidate choices, it is not necessarily optimal for informing turnout decisions. For
this reason, media consumption no longer exhibits ideological confirmation under costly voting.
Moreover, selective media exposure generically distorts voters’ behavior under costly voting.
This is because turnout decisions depend on precise information about the quality difference
between candidates. Losses of decision relevant information are inevitable if voters are not
perfectly informed.
Motivated by growing public concerns over “echo chambers” in news consumption, we
further investigate the welfare consequences of news proliferation under ideological confirmation.
On the one hand, news proliferation dramatically expands the amount of information accessible
to voters. On the other hand, under ideological confirmation voters are exposed to different
news sources and are thus unequally informed. Intuitively, one would expect the former effect to
enhance voter welfare while the latter effect to diminish it. The overall welfare impact of news
proliferation is thus a priori uncertain.
We quantify the welfare impact of news proliferation though a series of numerical exercises.
Our analyses demonstrate that the welfare impact of news proliferation depends on both (i)
voters’ information environment prior to news proliferation, and (ii) the degree of polarization
of the electorate. News proliferation may substantially enhance voter welfare if (i) voters were
exposed to an ideologically biased media outlet prior to news proliferation, and (ii) the electorate
has a sufficiently low degree of polarization.
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Appendix 4.A

Solving for the sBNE under Costly Voting

In this appendix, we present the method to solve for sBNE under costly voting for our election
game. In doing so, we also provide partial characterizations for the optimal voting and media
subscription strategies, as well as the fixed-point problem characterizing the sBNE. These results
are frequently referred to in subsequent appendices of this chapter.
To describe the sBNE, we define qA (k, n) and qB (k, n) as the ex-ante probability that a
randomly sampled voter votes for A or B, respectively, for all k ∈ [−1, 1] and n. We proceed
in four steps to solve for the sBNE under costly voting. First, given qA (k, n) and qB (k, n),
we calculate the pivotal probabilities for both A-vote and B-vote, PivA(k, n) and PivB(k, n).
Second, conditional on PivA(k, n) and PivB(k, n), media choice m ∈ M and the realized message
sm ∈ {a, b}, we derive the optimal voting strategy for each voter type (v, c). Third, using the
optimal voting strategy, we compute a voter’s “indirect utility function” as a function of her own
ideology v and media subscription m, and then formulate first order conditions that pin down
the optimal media subscription strategy. Fourth, we use both the optimal media subscription
and voting strategies to compute q0A (k, n) and q0B (k, n), which are the probabilities of a randomly
selected voter voting for A and B, respectively, generated by both optimal strategies. These four
steps generate a self-mapping. Finally, we solve for qA (k, n) and qB (k, n) by finding out the fixed
point of the self-mapping.
Step 1. Define qA (k, n) and qB (k, n) as the probabilities of an ex-ante randomly sampled
voter voting for candidate A and B, respectively, in state k ∈ [−1, 1] and with expected electorate
size n. The probability that a random voter abstains is then 1 − qA (k, n) − qB (k, n) ≥ 0. Let Q
denote the set of all continuous functions mapping from [−1, 1] to [0, 1]. For analytical simplicity,
we assume qΩ (·, n) ∈ Q for both Ω ∈ {A, B}.
For any given functions qA (k, n) and qB (k, n) on [−1, 1], we compute the pivotal probabilities
of a vote for candidate A and B, respectively. As derived in Chapter 2, with a Poisson distributed
electorate size of mean n, these probabilities are given by (for notational clarity the arguments
k, n are suppressed in functions qA and qB ):


e−n(qA +qB ) ∞ (nqA )i (nqB )i
nqB
1
+
∑
2
i!i!
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i=0
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−n(q
+q
)
B
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qB
e
√
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=
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∞
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∑
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√
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(4.3)

(4.4)

x2

i


4
x z ∞
2 ∑i=0 (i+z)!·i!

where Iz (x) ≡
is the modified Bessel function of the first kind and z is a nonnegative integer (see Olver (1970), page 377). It is straightforward to verify Lemma 4.2, which
summarizes useful properties of functions PivA(k, n) and PivB(k, n).
Lemma 4.2. Suppose (qA (·, n), qB (·, n)) ∈ Q 2 for any n > 0, then it holds that PivΩ(·, n) ∈ Q
−2n
and PivΩ(k, n) > e 2 > 0 for all k ∈ [−1, 1] and Ω ∈ {A, B}.
In words, Lemma 4.2 claims that both pivotal probabilities PivA(k, n) and PivB(k, n) must
be continuous functions of k if qA (k, n) and qB (k, n) are continuous. Moreover, as long as the
expected electorate size n is finite, both PivA(k, n) and PivB(k, n) must be strictly positive for all
k ∈ [−1, 1] regardless of qA (k, n) and qB (k, n).
Step 2. In this step, we take the pivotal probabilities PivA(k, n) and PivB(k, n) as given. We
derive the optimal voting strategy for each voter type v, conditional on the subscribed outlet’s
ideological stand m and the realized message sm ∈ {a, b}. To determine the optimal voting
strategy, a voter needs to assess the expected benefits from voting for either candidate, relative to
abstain. Define
A
ϕAa (v, m) ≡ EF [(v + k)PivA(k, n)|k > −m] = (v + km,a
)PivAm,a
A
ϕAb (v, m) ≡ EF [(v + k)PivA(k, n)|k ≤ −m] = (v + km,b
)PivAm,b
B
ϕBa (v, m) ≡ −EF [(v + k)PivB(k, n)|k > −m] = −(v + km,a
)PivBm,a

(4.5)

B
ϕBb (v, m) ≡ −EF [(v + k)PivB(k, n)|k ≤ −m] = −(v + km,b
)PivBm,b

In economic terms, ϕΩs (v, m) is the expected benefit (relative to abstaining) for a voter if
she votes for candidate Ω after having received message s, given her ideology v and subscribed
media slant m. Note that ϕΩs (v, m) can be negative, and in this case the voter is strictly worse off
by voting for Ω after message s than if she abstains (not considering voting costs). Notation wise,
Ω
km,s
≡ EF [k|PivΩ, m, sm ] denotes the expected value of k conditional on a voter’s information
m
and the event that a vote for Ω is pivotal. PivΩm,sm ≡ Pr[PivΩ|m, sm ] denotes the probability that
a vote for Ω is pivotal, conditional on a voter’s information.
For any given slant m ∈ M = [−δ , δ ] and message s ∈ {a, b}, a voter’s optimal voting strategy
depends critically on which of ϕAs (v, m), ϕBs (v, m) and 0, is highest.
• If ϕAs (v, m) > max{ϕBs (v, m), 0}, it is optimal for the voter to vote for candidate A if her
voting cost lies below ϕAa (v, m), and to abstain otherwise.
• If ϕBs (v, m) > max{ϕAs (v, m), 0}, it is optimal for the voter to vote for candidate B if her
voting cost lies below ϕBa (v, m), and to abstain otherwise.
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• If ϕΩs (v, m) ≤ 0 for both Ω ∈ {A, B}, it is optimal for the voter to abstain irrespective of
the voting costs. This is due to the Swing Voter’s Curse (Feddersen and Pesendorfer, 1996,
1999).
We can thus conveniently describe, for any given (m, s), a voter’s optimal voting strategy by a
real number ϕ s (v, m) ∈ [−1, 1]. With ϕ s (v, m) > 0, she votes for candidate A if her cost lies below
ϕ s (v, m). With ϕ s (v, m) < 0, she votes for candidate B if her cost lies below −ϕ s (v, m). With
ϕ s (v, m) = 0, she abstains for sure. The formulas collected in (4.5) imply that (i) ϕAs (v, m) > 0
A , (ii) ϕ s (v, m) > 0 if and only if v < −kB , and (iii) ϕ s (v, m) > ϕ s (v, m)
if and only if v > −km,s
m,s
B
B
A
kA PivA

+kB PivB

m,s
m,s 16
m,s
Piv where kPiv ≡ m,s
Piv must lie between
if and only if v > −km,s
. Note that km,s
m,s
PivAm,s +PivBm,s
A and kB since it is a convex combination of the two. These imply that ϕ s (v, m) can be
km,s
m,s
characterized as follows:17

A , −kPiv }


ϕ s (v, m),
if v > max{−km,s

m,s
 A
s
B
A
B ≥ kA
ϕ (v, m) = 0,
(4.6)
if v ∈ [−km,s , −km,s ] and km,s
m,s



−ϕ s (v, m), if v < min{−kB , −kPiv }

m,s

B

m,s

Equation (4.6) allows us to identify the optimal voting strategy for any voter type v through its
Ω . The only indeterminacy is the existence of voter types who strictly prefer
position relative to km,s
B ≥ kA .
to abstain compared to voting for either candidate; these types exist if and only if km,s
m,s
PivA(k,n)
A sufficient condition to guarantee this is that PivB(k,n) weakly decreases in k. Lemma 4.3
Ω that are useful for subsequent derivations and
summarizes comparative static properties of km,s
proofs.
Ω
Lemma 4.3. The following three properties related to km,s
hold:
m
Ω > kΩ , ∀m ∈ M and ∀Ω ∈ {A, B};
1. km,a
m,b
Ω
Ω
0
2. km,s
> km
0 ,s if m > m, ∀Ω ∈ {A, B} and ∀s ∈ {a, b};
m
m

3. If

PivA(k,n)
PivB(k,n)

A ≤ kB , ∀m ∈ M and s ∈ {a, b}.
weakly decreases in k, then km,s
m,s

Proof. Let γ(k|PivΩ, m, s) denote the posterior distribution of k conditional on information (m, s)
16 Here, Piv = PivA ∪ PivB denotes the event where voting for either candidate is pivotal. kPiv is the posterior
m,s
expectation of k conditional on (m, s) and event Piv.
17 The only possible indeterminacy arises when v = −kPiv and kB < kPiv < kA . This voter type is indifferent
m,s
m,s
m,s
m,s
between voting for A or for B if her voting cost lies below ϕAs (v, m) (which equals ϕBs (v, m) as well), yet she strictly
prefers voting for some candidate to abstaining.
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and the event that a vote for candidate Ω is pivotal. Using Bayes’ rule, we obtain

γ(k|PivΩ, m, a) =

γ(k|PivΩ, m, b) =

R k
PivΩ(x,n)dF(x)
 R−m
, if k > −m
1
−m PivΩ(x,n)dF(x)

if k ≥ −m

Rk



(4.7)

if k ≤ −m


0,

1,
PivΩ(x,n)dF(x)
R −1
−m
−1 PivΩ(x,n)dF(x)

, if k < −m

(4.8)

It is routine verified that (i) γ(k|PivΩ, m, a) FOSD γ(k|PivΩ, m, b) for all m ∈ [−1, 1] and Ω ∈
{A, B}, and (ii) γ(k|PivΩ, m, s) FOSD γ(k|PivΩ, m0 , s) for all m0 > m and s ∈ {a, b}. Here, FOSD
denotes first order stochastic domination. Part 1) and 2) follow from (i) and (ii), respectively.
Part 3) follows from a standard implication of the monotone likelihood ratio property (MLRP);
γ(k|PivB, m, s) weakly FOSD γ(k|PivA, m, s) (Milgrom, 1981).
With the help of Lemma 4.3, we can show that, for any given m, a voter type v’s strategy must
belong to one of the following five categories, VBB (m), VOB (m), VAB (m), VAO (m) and VAA (m).
Each of these maps an ideological stand to a subset of voter types whose optimal voting strategy
belongs to that category.
Category VAA (m) : v ∈ VAA (m) if and only if ϕ a (v, m) > 0 and ϕ b (v, m) > 0. Namely, voters
with v ∈ VAA (m) vote for candidate A with positive probabilities conditional on both
message a and b from media m. Formally,
A
Piv
VAA (m) = (max{−km,b
, −km,b
}, δ ]

(4.9)

Category VAO (m) : v ∈ VAO (m) if and only if ϕ a (v, m) > 0 and ϕ b (v, m) = 0. Namely, voters
with v ∈ VAO (m) vote for candidate A with positive probability conditional on sm = a, yet
they abstain for sure conditional on sm = b. Formally,

[−kB , −kA ], if kB ≥ kA
m,b
m,b
m,b
m,b
VAO (m) =
0,
/
otherwise

(4.10)

Category VAB (m) : v ∈ VAB (m) if and only if ϕ a (v, m) > 0 and ϕ b (v, m) < 0. Namely, voters
with v ∈ VAB (m) vote for candidate A (B) with positive probability conditional on sm =
a(b). Formally,
A
Piv
B
Piv
VAB (m) = (max{−km,a
, −km,a
}, min{−km,b
, −km,b
})
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(4.11)

Category VOB (m) : v ∈ VOB (m) if and only if ϕ a (v, m) = 0 and ϕ b (v, m) < 0. Namely, voters
with v ∈ VOB (m) abstain for sure conditional on sm = a, yet they vote for candidate B with
positive probability conditional on sm = b. Formally,

[−kB , −kA ], if kB ≥ kA
m,a
m,a
m,a
m,a
VOB (m) =
0,
/
otherwise

(4.12)

Category VBB (m) : v ∈ VBB (m) if and only if ϕ a (v, m) < 0 and ϕ b (v, m) < 0. Namely, voters
with v ∈ VBB (m) vote for candidate B with positive probabilities conditional on both
message a and b from media m. Formally,
B
Piv
VBB (m) = [−δ , min{−km,a
, −km,a
})

(4.13)

Lemma 4.4 formally summarizes the important qualitative properties of the optimal voting
strategies. For any two sets X,Y ⊆ [−δ , δ ], we denote X  Y if there exists x̂ ∈ X and ŷ ∈ Y
such that x̂ ≥ y for all y ∈ Y and ŷ ≤ x for all x ∈ X.
Lemma 4.4. The following properties hold:
1. ∀m ∈ (−1, 1), VAA (m) ∪ VAO (m) ∪ VAB (m) ∪ VOB (m) ∪ VAA (m) = [−δ , δ ].
2. VX (m)  VX (m0 ) for all m > m0 and X ∈ {AA, AO, AB, OB, BB}.
Ω decreases
Proof. Part 1) follows from (4.9) to (4.13) directly. Recall from Lemma 4.3 that km,s
in m for both Ω ∈ {A, B} and s ∈ {a, b}. Using analogous arguments in Lemma 4.3, one can
Piv as well. Applying these results to (4.9) to (4.13), we
show that the same result holds for km,s
obtain part 2).

In words, Lemma 4.4.1 implies that for any m ∈ [−1, 1], all voters’ optimal voting strategies
must belong to one of the five categories characterized above. Moreover, these five sets must
take an interval structure and can be ordered by the strong set ordering. These are illustrated
in Figure 4.4. Lemma 4.4.2 implies that, for any fixed ideology v, the voter is (weakly) less
likely to vote for A under both messages a and b if she subscribes to an outlet with a stronger
ideological leaning towards A.
Step 3. In this step we characterize a voter’s “indirect utility” as a function of her media
subscription decision and given the optimal voting strategy identified in the previous step. Subsequently, we formulate the first order conditions that characterize the optimal media subscription
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Figure 4.4: Illustration of different categories of the optimal voting strategy
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Note: This figure depicts the qualitative features of voting strategy categories under the assumption km,s
m,s
B < kA for some s ∈ {A, B}, then categories V (m) and V (m) may not exist.
both s ∈ {a, b}. If instead km,s
OB
AO
m,s

strategy. Define two functions λΩa (v, m) and λΩb (v, m) as below:





a
a
a
1 − F(−m) · ρC ϕΩ (v, m) · ϕΩ (v, m) − EρC [c|c ≤ ϕΩ (v, m)]



λΩb (v, m) ≡ F(−m) · ρC ϕΩb (v, m) · ϕΩb (v, m) − EρC [c|c ≤ ϕΩb (v, m)]
λΩa (v, m) ≡

(4.14)
(4.15)

where ρC (x) = min{ Cx , 1} and EρC [c|c ≤ x] = min{ 2x , C2 } are the distribution function of voting
costs and the expectation of costs conditional on c ≤ x, respectively. In economic terms, λΩs (v, m)
is the expected payoff for a voter i with (v, m) were she to adopt the following hypothetical
strategy: vote for candidate Ω if 0 ≤ ci < ϕΩs (v, m) and the message equals s, and abstain
otherwise. In this way, we can characterize the indirect utility function for every voter type in
each strategy category as below:



λAa (v, m) + λAb (v, m),




λ a (v, m),


 A
Ψ(v, m) = λAa (v, m) + λBb (v, m),





λBb (v, m),




λ a (v, m) + λ b (v, m),
B
B

if v ∈ VAA (m)
if v ∈ VAO (m)
if v ∈ VAB (m)

(4.16)

if v ∈ VOB (m)
if v ∈ VBB (m)

It is easy to verify that λΩs (v, m) is continuous in both arguments and differentiable almost
everywhere. Therefore, Ψ(v, m) also has these properties.
We next take the derivative of Ψ(v, m) with respect to m and equate it zero in order to obtain
the first order conditions (F.O.C.) that dictate the optimal subscription strategy eta(v) for any
voter ideology v ∈ [−δ , δ ]. It is clear from (4.16) that the derivative of Ψ(v, m) depends critically
on the first derivatives of λΩs (v, m) for s ∈ {a, b} and Ω ∈ {A, B}, which are given in Lemma 4.5.
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Lemma 4.5. The first order derivatives of λΩs (v, m) are given by



∂ λΩa (v, m)
= f (−m) · ρC ϕΩa (v, m) · hΩ (v, −m) − EρC [c|c ≤ ϕΩa (v, m)]
∂m



∂ λΩb (v, m)
= f (−m) · ρC ϕΩb (v, m) · EρC [c|c ≤ ϕΩb (v, m)] − hΩ (v, −m)
∂m

(4.17)
(4.18)

where hA (v, k) ≡ (v + k)PivA(k, n) and hB (v, k) ≡ −(v + k)PivB(k, n); these represent, for voter
type v, the expected payoff from voting for candidate Ω ∈ {A, B} in state k.
Proof. We take the partial derivatives of ϕΩs (v, m) (cf. formulas collected in (4.5)) and obtain


∂ ϕΩa (v, m)
f (−m)
=
· hΩ (v, −m) − ϕΩa (v, m)
∂m
1 − F(−m)


∂ ϕΩb (v, m)
f (−m)
b
=
· ϕΩ (v, m) − hΩ (v, −m)
∂m
F(−m)

(4.19)

Expressions (4.17) and (4.18) then follows from taking the first order derivatives of (4.14) and
(4.15), respectively.
For each category of voting strategies, we can now explicitly formulate the first order
conditions (F.O.C.) governing the optimal media subscription as follows.
• If v ∈ VAA (m), then the F.O.C. for optimal media consumption implies



ρC ϕAa (v, m) · hA (v, −m) − EρC [c|c ≤ ϕAa (v, m)]



b
b
=ρC ϕA (v, m) · hA (v, −m) − EρC [c|c ≤ ϕA (v, m)]

(4.20)

This requires that the expected payoffs from adopting strategy ϕAa (v, m) and ϕAb (v, m) at
the switching state k = −m must be identical.
• If v ∈ VAO (m), then the F.O.C. for optimal media consumption implies
hA (v, −m) − EρC [c|c ≤ ϕAa (v, m)] = 0

(4.21)

This requires that the expected benefit of voting for A at the switching state k = −m must
equal the expected cost the voter pays conditional on message sm = a.
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• If v ∈ VAB (m), then the F.O.C. for optimal media consumption implies



ρC ϕAa (v, m) · hA (v, −m) − EρC [c|c ≤ ϕAa (v, m)]



b
b
=ρC ϕB (v, m) · hB (v, −m) − EρC [c|c ≤ ϕB (v, m)]

(4.22)

This requires that the voter’s expected payoffs from adopting strategy ϕBb (v, m) and ϕAa (v, m)
at the switching state k = −m must be identical.
• If v ∈ VOB (m), then the F.O.C. for optimal media consumption implies
hB (v, −m) − EρC [c|c ≤ ϕBb (v, m)] = 0

(4.23)

This requires that the expected benefit of voting for B at the switching state k = −m must
equal the expected cost the voter pays conditional on message sm = b.
• If v ∈ VBB (m), then the F.O.C. for optimal media consumption implies



ρC ϕBa (v, m) · hB (v, −m) − EρC [c|c ≤ ϕBa (v, m)]



=ρC ϕBb (v, m) · hB (v, −m) − EρC [c|c ≤ ϕBb (v, m)]

(4.24)

This requires that the expected payoffs from adopting strategy ϕBa (v, m) and ϕBb (v, m) must
be identical at the switching state k = −m.
Step 4. Building on the voting and subscription strategies derived in Step 2 and 3, respectively,
we can solve for qA (k, n) and qB (k, n) explicitly. Note that for any realized k ∈ [−1, 1], media
outlets with m > (≤) − k report message a (b) (cf. equation (4.2)). For each m ∈ [−1, 1], define
Θ+ (m) ≡ {v|η(v) > m} and Θ− (m) ≡ {v|η(v) ≤ m} as the sets of voter types that optimally
choose media outlets with ideological stands above and below m, respectively. Then we obtain
Z

qA (k, n) =

v∈Θ+ (−k)

Z

qB (k, n) =

v∈Θ+ (−k)

Z

ρC ϕeAa v, η(v) dG(v) +


ρC ϕeAb v, η(v) dG(v)

(4.25)

Z


ρC ϕeBb v, η(v) dG(v)

(4.26)

v∈Θ− (−k)


ρC ϕeBa v, η(v) dG(v) +

v∈Θ− (−k)

where ϕeAs (v, m) ≡ max{ϕ s (v, m), 0} and ϕeBs (v, m) ≡ max{−ϕ s (v, m), 0} for s ∈ {a, b}. Recall
that ϕ s (v, m) is the optimal voting strategy characterized by (4.6), and ρC (x) ≡ min{ Cx , 1}. It is
straightforward to verify that qA (k, n) + qB (k, n) ≤ 1 for all k ∈ [−1, 1].
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The sBNE can be characterized by the fixed point(s) of the system of functional equations
generated by (4.25) and (4.26). A sufficient condition to guarantee the existence of a sBNE is
that Θ+ (m) is a continuous (i.e., both upper and lower hemicontinuous) in m. This is equivalent
to the set Θ(m) ≡ {v|η(v) = m} having zero probability measure under G(·) for any m ∈ [−1, 1].
In other words, there cannot be any m such that a strictly positive fraction of voters find optimal to
consume. If this condition holds, then the mapping generated by (4.25) and (4.26) is a continuous
self-mapping on Q 2 . Since Q 2 is a convex and compact subset of a Banach space, the existence
of sBNE can be guaranteed by Schauder’s Fixed Point Theorem.

Appendix 4.B Proof of Lemma 4.1
When voting is costless, C = 0 and ρ(x) = 1 for all x > 0. This implies that all voters with
vote for A (B) for sure. It follows from the analyses in Appendix 4.A that, for
any given m, voters with v ∈ VAA (m) always vote for A, and voters with v ∈ VAO (m) ∪ VAB (m)
vote for candidate A conditional on message sm = a. Similarly, voters with v ∈ VBB (m) always
vote for B, whereas voters with v ∈ VOB (m) ∪ VAB (m) vote for B conditional on message sm = b.
Recall from the cutoff reporting strategy (4.2) that, for any realized k ∈ [−1, 1], media outlets
with m > (≤) − k report message sm = a(b). Using equations (4.9) to (4.13), we can derive
qA (k, n) as
ϕ s (v, m) > (<)0

Z δ

qA (k, n) =

−k


Z
dG(v) dξ (m) +

Z

−k

Z δ Z δ
−k

Z δ

=
−k

Z


dG(v) dξ (m)

−δ
v∈VAA (m)∪VAO (m)∪VAB (m)

=



A ,−kPiv }
max{−km,a
m,a

v∈VAA (m)


Z
dG(v) dξ (m) +

−k

Z

A ,−kPiv }
max{−km,b
m,b

−δ


A
Piv
1 − G max{−km,a
, −km,a
} dξ (m) +

δ

Z −k
−δ


dG(v) dξ (m)


A
Piv
1 − G max{−km,b
, −km,b
} dξ (m)

For any k0 > k, we can compute from the above expression that
qA (k0 , n) − qA (k, n) =

Z −k
−k0



Piv
A
Piv
A
G max{−km,b
, −km,b
} − G max{−km,a
, −km,a
} dξ (m) > 0

Ω < m < −kΩ for all m and Ω, and ξ (·) admits positive
The inequality holds because −km,a
m,b
densities everywhere. This implies that qA (k, n) strictly increases in k. Similarly, we can
show that qB (k, n) strictly decreases in k. This implies (by Lemma 2 of Krishna and Morgan
(2012)) that the pivotal ratio PivA(k,n)
PivB(k,n) decreases in k strictly, i.e., it satisfies the strictly monotone
likelihood ratio property (SMLRP). A standard implication of SMLRP (see Milgrom (1981)) is
that kA < kB . This implies that voters with v ∈ [−kB , −kA ] will abstain due to the swing voter’s
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curse if they are uninformed. Since G(·) is continuously differentiable with positive densities
everywhere, this fraction G(−kA ) − G(−kB ) is strictly positive.
Note from the premise of Lemma 4.1 that the probability of reading from an uninformative
media outlet equals 1 − ξ (1) + ξ (−1) and is strictly positive. Therefore, the probability that
a voter is assigned an uninformative media outlet and abstains due to the swing voter’s curse
equals


1 − ξ (1) + ξ (−1) G(−kA ) − G(−kB ) > 0
For this reason, the probability of a randomly sampled voter abstaining must be strictly positive.
This completes the proof.

Appendix 4.C

Proof of Proposition 4.2

In this appendix we present proofs for all three parts of Proposition 4.2. To complete the
proof we introduce a few auxiliary lemmas. Lemma 4.6 to 4.9 concern the properties of the
set of media outlets that are consumed by voters under the optimal media subscription strategy.
These lemmas together prove part (1) of Proposition 4.2. Part (2) of Proposition 4.2 follows from
Lemma 4.8 and Lemma 4.4 introduced in Appendix 4.A. Finally, part (3) is proved by the final
lemma (Lemma 4.10) of this appendix.
We first introduce some new notations:
• M1 ≡ {η(v)|v ∈ [−1, 1]}: the set of media outlets that are optimally subscribed to by a
moderate voter type with v ∈ [−1, 1] in equilibrium.
• M2 ≡ {η(v)|v ∈ [−δ , −1) ∪ (1, δ ]}: the set of media outlets that are optimally subscribed
to by a partisan voter type with v ∈ [−δ , −1) ∪ (1, δ ] in equilibrium.
• M ≡ M1 ∪ M2 : the set of media outlets that are optimally subscribed to by a voter type
v ∈ [−δ , δ ] in equilibrium.
In addition, note from C ≥ 1 + δ that ϕΩs (v, m) ≤ C must hold for all v and m. Therefore,
equations (4.14) and (4.15) can be rewritten as
2

1 − F(−m)
· ϕΩa (v, m)
2C

2
F(−m)
λΩb (v, m) =
· ϕ b Ω(v, m)
2C

λΩa (v, m) =
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(4.27)
(4.28)

Let Ψ(v) denote the expected utility a voter with type v can obtain if she acts without
information. It follows from equations (4.6), (4.16), (4.27) and (4.28) that18

Ψ(v) =


1


E [(k + v)PivA(k, n)]2 , if v > max{−kA , −kPiv }

 2C F

0,
if v ∈ [−kB , −kA ] and kB ≥ kA



 1 E [(k + v)PivB(k, n)]2 , if v < min{−kB , −kPiv }
2C F

We start by showing part 1) of Proposition 4.2, that is, −1 <

inf

v∈[−δ ,δ ]

η(v) < sup η(v) < 1.
v∈[−δ ,δ ]

This claim is established by combining Lemmas 4.6 to 4.9, which are introduced and proved
below.
Lemma 4.6. −1 < inf M1 ≤ sup M1 < 1, i.e., there exists a ε1 ∈ (0, 1) such that
|η(v)| < 1 − ε1 , ∀v ∈ [−1, 1]

(4.29)

Proof. Suppose (4.29) does not hold, then (without loss of generality) there exists a convergent
sequence {vl } such that vl → v∗ and η(vl ) → 1.19 Because voters’ indirect utility function
Ψ(v, m) is continuous in both arguments, there must exist some voter type v∗ ∈ [−1, 1] that
weakly prefers to be uninformed, i.e., η(v∗ ) = 1.
First note that v∗ ∈ (−1, 1) is impossible, because any v∗ ∈ (−1, 1) can profitably deviate by,
for example, choosing m = v∗ . To see this, note that if v∗ > max{−kA , −kPiv } it holds that20

2

2
F(−v∗ )
1 − F(−v∗ )
a ∗ ∗
b ∗ ∗
Ψ(v , v ) =
· ϕA (v , v ) +
· ϕB (v , v )
2C
2C

2
1
∗
a ∗ ∗
∗
b ∗ ∗
≥
(1 − F(−v )) · ϕA (v , v ) + F(−v ) · ϕB (v , v )
2C


1
>
(1 − F(−v∗ )) · ϕAa (v∗ , v∗ ) + F(−v∗ ) · ϕAb (v∗ , v∗ ) = Ψ(v∗ )
2C
∗

∗

Here the second step follows from Jensen’s inequality, and the third step follows from the fact
that ϕBb (v∗ , v∗ ) > 0 and ϕAb (v∗ , v∗ ) < 0. Therefore, v∗ ∈ {1, −1}. Assume v∗ = 1 (the argument
18 Here, kΩ ≡ E [k|PivΩ] for Ω ∈ {A, B} and kPiv ≡ E [k|PivA ∪ PivB]. In fact, for all v ∈ [−δ , δ ], Ψ(v) is
F
F
obtained from Ψ(v, m) (cf. (4.16)) with |m| ≥ 1 (i.e., the voter subscribes to an uninformative media outlet).
19 In fact, the argument holds for all uninformative outlets with |m∗ | ≥ 1 such that η(v ) → m∗ .
l
20 The arguments for other cases (i.e., v∗ ∈ [−kB , −kA ] and v∗ < min{−kB , −kPiv }) are analogous. We omit the
proofs for these cases.
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for v∗ = −1 is similar). The indirect utility function for type v∗ = 1 is

2

2
1 − F(−m)
F(m)
a
b
Ψ(1, m) =
· ϕA (1, m) +
· ϕA (1, m)
2C
2C

2
1
a
b
≥
· (1 − F(−m)) · ϕA (1, m) + F(−m) · ϕA (1, m) ≥ Ψ(1)
2C
For η(v∗ ) = 1 to be optimal, it must hold that Ψ(1, m) = Ψ(1) for all m ∈ [−1, 1]. This can hold
∂ ϕ a (1,m)
if and only if ϕAa (1, m) = ϕAb (1, m) = Ψ(1) for all m ∈ [−1, 1]. These in turn imply A∂ m =
∂ ϕAb (1,m)
∂m

= 0 for all m ∈ [−1, 1]. Together with (4.19), we obtain that hA (1, −m) = (1 − m) ·
PivA(−m, n) = Ψ(1) holds for all m ∈ [−1, 1]. Note that for m = 1, (1 − m) · PivA(−m, n) = 0.
Hence, (1 − m) · PivA(−m, n) = 0 must also hold for all m < 1. This implies PivA(k, n) = 0 for
all k > −1, which contradicts that PivA(k, n) > 0 for all k ∈ [−1, 1] (cf. Lemma 4.2).
Remark: Lemma 4.6 shows that ideological confirmation (i.e., η(v) = v) cannot be optimal
for all moderate voter types v ∈ [−1, 1].
Lemma 4.7. The following three statements are equivalent:
1. There exists a partisan voter type with |v| = ζ > 1 who weakly prefers to stay uninformed,
i.e., |η(v)| ≥ 1.
2. There exists a real number ζ > 1 such that at least one of the following holds:
(a) PivA(k, n) =

CnA
ζ +k

for some CnA ∈ (0, ζ − 1).

(b) PivB(k, n) =

CnB
ζ −k

for some CnB ∈ (0, ζ − 1).

3. M contains a dense subset of [−1, 1].
Proof. Without loss of generality, we focus on v > 1 (the argument for v < −1 is analogous).
For these voter types, their optimal voting strategies must belong to category AA (cf. (4.9)). It
follows from Jensens inequality that

2

2
1 − F(−m)
F(−m)
· ϕAa (v, m) +
· ϕAb (v, m)
2C
2C

2
1
≥
(1 − F(−m)) · ϕAa (v, m) + F(−m) · ϕAb (v, m) = Ψ(v)
2C

Ψ(v, m) =

Hence, for a voter type v > 1 to weakly prefer to be uninformed, it must hold that
Ψ(v, m) = Ψ(v), ∀m ∈ [−1, 1]
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which holds if and only if
ϕAa (v, m) = ϕAb (v, m) = Ψ(v) ≡ CnA , ∀m ∈ [−1, 1]
In other words, both ϕAa (v, m) and ϕAb (v, m) must be constant for all m ∈ [−1, 1]. This in turn
∂ ϕ a (v,m)

implies A∂ m
if and only if

=

∂ ϕAb (v,m)
∂m

= 0 for all m ∈ [−1, 1]. Note from (4.19) that

(v + k)PivA(k, n) = CnA ⇐⇒ PivA(k, n) =

∂ ϕAa (v,m)
∂m

=

∂ ϕAb (v,m)
∂m

=0

CnA
, ∀k ∈ [−1, 1]
v+k

Notice that, by (4.3), PivA(k, n) must be independent of v. For this to hold, the above expression
can hold for at most one particular value v = ζ > 1. To guarantee PivA(k, n) ∈ [0, 1], it must hold
that CnA ≤ 1 − ζ . Hence, statement 1 implies statement 2.21 To show the reverse, note that with
CnA
PivA(k, n) = ζ +k
for some ζ > 1, the expected benefit for voter type v = ζ , (ζ + k) · PivA(k, n),
is indeed a constant independent of k. Hence, information about k is irrelevant for her party
choice and turnout decisions.
Next we show that statement 2 implies statement 3. Let M C ≡ [−δ , δ ]/M be the complement set of M . It suffices to show that M C cannot contain any interval on [−1, 1]. Suppose
instead [x, y] ⊆ M C for some −1 ≤ x < y ≤ 1. This implies, by construction of M C , that media
outlets with m ∈ [x, y] are not subscribed to by any voter. Therefore, voters’ behavior cannot be
responsive to k for all k ∈ [−y, −x]. For this reason, PivA(k, n) must be constant on [−y, −x],
CnA
contradicting the fact that PivA(k, n) = v+k
is strictly decreasing in k on [−1, 1]. M C thus
contains no intervals and M must contain a dense subset of [−1, 1].
Finally, we show that statement 3 implies statement 1. To see this, note that if M contains a
dense subset of [0, 1] then there must exist a convergent sequence {vl } such that η(vl ) → 1 and
vl → v∗ ∈ [−δ , δ ]. Lemma 4.6 guarantees that v∗ 6∈ [−1, 1] and thus there exists some ζ ∈ (1, δ ]
such that |v∗ | = ζ .
Lemma 4.8. −1 < inf M ≤ sup M < 1, i.e., there exists a ε ∈ (0, 1) such that
|η(v)| < 1 − ε, ∀v ∈ [−δ , δ ]

(4.30)

Proof. Since Lemma 4.6 guarantees that |η(v)| ≤ 1 − ε1 for v ∈ [−1, 1] and some ε1 > 0, it
suffices to show that |η(v)| ≤ 1 − ε2 for v ∈ [−δ , −1) ∪ (1, δ ] and some ε2 > 0. Suppose this is
not true, then without loss of generality assume that there exists a convergent sequence {vl } such
that (i) vl → ζ for some ζ ∈ (1, δ ], and (ii) η(vl ) → 1. By Lemma 4.7, the following properties
21 Part

(b) of statement 2 follows from statement 1 if v = −ζ < −1.
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hold:
1. PivA(k, n) =

CnA
ζ +k

for some CnA ∈ (0, ζ − 1].

2. M contains a dense subset of [−1, 1].
 A
·Cn . This then implies
We can thus obtain (k + v) · PivA(k, n) = 1 + ζv−ζ
+k



1
1 + (v − ζ ) · EF
k > −m ·CnA
ζ +k



1
ϕAb (v, m) = 1 + (v − ζ ) · EF
k ≤ −m ·CnA
ζ +k

ϕAa (v, m) =

For any partisan voter with v > 1, the first order derivative of her indirect utility function with
respect to m (cf. (4.20)) is given by
 

∂ Ψ(v, m) f (−m)  a
=
× ϕA (v, m) − ϕAb (v, m) × 2hA (v, m) − ϕAa (v, m) − ϕAb (v, m)
∂m
2C
 



2
f (−m) · (v − ζ )2 ·CnA
1
1
× EF
k > −m − EF
k ≤ −m
=
2C
ζ +k
ζ +k
|
{z
}
(i)


1
1
2
− EF
k > −m − EF
k ≤ −m
ζ −m
ζ +k
ζ +k
|
{z
}


×







(ii)

 1 
1
It is straightforward that (i) < 0 for all m. As for (ii), we can verify that (ii) = ζ −1
−EF ζ +k
>0


1
1
− EF ζ +k
< 0 for m = −1. Therefore, for all v 6= ζ we have
for m = 1, and (ii) = ζ +1
∂ Ψ(v,m)
is continuous in m, there exists a ε2 > 0
< 0 and ∂ Ψ(v,m)
> 0. Because ∂ Ψ(v,m)
∂m
∂m
∂m
m=1
m=−1
∂ Ψ(v,m)
∂ Ψ(v,m)
such that ∂ m < 0 for m ∈ [1 − ε2 , 1] and ∂ m > 0 for m ∈ [−1, −1 + ε2 ]. Therefore, for all
partisan voter type v 6= ζ it holds that |η(v)| < 1 − ε2 .22 This, together with Lemma 4.6, implies

that
|η(v)| < max{1 − ε1 , 1 − ε2 } < 1, ∀v 6= ζ
Let ε ≡ min{ε1 , ε2 }. The equation above implies that M ⊂ [−δ , −1] ∪ [−1 + ε, 1 − ε] ∪ [1, δ ],
which is not dense on [−1, 1] and thus contradicts Lemma 4.7.
Finally, we show Lemma 4.9, which guarantees inf M < sup M holds with strict inequality.
This implies that it is impossible for all voters to subscribe to a single media in any BNE.
22 Strictly speaking, the above reasoning validates this claim only for partisan voters with v > 1, whose optimal
voting strategies lie in category AA. But this claim is also correct for partisan voters with v < −1. Otherwise there
would exist a voter type v∗ < 1 such that η(v∗ ) ∈ {−1, 1}, which can be falsified with an argument similar to that
presented here.
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Lemma 4.9. In any BNE, it must hold that inf M < sup M .
Proof. Suppose instead inf M = sup M = m for some m. It follows from Lemma 4.8 that
m ∈ (−1, 1). This implies that M must be a singleton and all voters receive identical information
from a single media outlet m. For this reason, PivΩ(k, n) must be piece-wise constant for k > −m
and k ≤ −m, respectively. It is then without loss of generality to let PivΩ(k, n) = PivΩm,a if
k > −m and PivΩ(k, n) = PivΩm,b if k ≤ −m. Because these pivotal probabilities are constant
on [−δ , −m] and (−m, δ ], they provide no information about the distribution of the state k.
Ω =k
Therefore, km,s
m,s for both Ω ∈ {A, B} and s ∈ {a, b}. In equilibrium, voters will behave as
if km,s is common knowledge, depending on the realized message s. Since km,a > km,b , it follows
PivAm,b
PivA
from Chapter 2 that PivBm,a
< PivBm,b
must hold in equilibrium in large elections.23 Below we
m,a
show that this contradicts the first order conditions required for optimal media consumption.
A = kB for all m and s, it follows from (4.9) to (4.13) in Appendix 4.A that only
With km,s
m,s
three categories of voting strategies, AA, AB and BB can be used in equilibrium, and there are
VAA (m) = (−km,b , δ ], VAB (m) = [−km,a , −km,b ] and VBB (m) = [−δ , −km,a ). For m to be optimal
for all voter types whose voting strategies lie in category AA, the first order condition (4.20) must
hold for all v. Note that (4.20) is equivalent to
2hA (v, m) − ϕAa (v, m) − ϕAb (v, m) = 0
A )PivA , the left hand side of this
With hA (v, m) = (v + m)PivA(−m, n) and ϕAs (v, m) = (v + km,s
m,s
equality is a linear function of v with slope 2PivA(−m, n) − PivAm,a − PivAm,b . Therefore, for
(4.20) to hold for all v ∈ VAA (m) this slope must be equal to 0. Since PivA(−m, n) = PivAm,b , this
implies PivAm,a = PivAm,b . Applying the same argument to v ∈ VBB yields PivBm,a = PivBm,b .
PivA
PivA
PivA
PivAm,a
Taken together, we obtain PivBm,a
, contradicting PivBm,a
.
= PivBm,b
< PivBm,b
m,a
m,b
m,b

Together, Lemmas 4.8 and 4.9 prove the first part of Proposition 4.2.
Next we prove the second part of Proposition 4.2; for all v ∈ [−δ , δ ], ϕ s (v, η(v)) is responsive
and generally belongs to one of the five categories: AA, AO, AB, OB and BB. The latter part
of this claim follows from Lemma 4.4 (cf. Appendix 4.A), which implies for all v and m that
v ∈ VX (m) must hold for some X ∈ {AA, AO, AB, OB, BB}. Moreover, by definition it holds that
voting strategy ϕ s (v, η(v)) must be responsive if it belongs to category AO, AB or OB. Therefore,
it remains to show that ϕ s (v, η(v)) is responsive for all ideology v such that ϕ s (v, η(v)) belongs to
category AA or BB. Without loss of generality, suppose instead that ϕ s (v, η(v)) is not responsive
and v ∈ VAA (η(v)) (the argument for v ∈ VBB (η(v)) is similar). Under the assumption C ≥ 1 + δ ,
23 More

specifically, Lemma 2.4 and equation (2.20) in Chapter 2 jointly imply that

is an increasing function of k. For sufficiently large n,

PivAm,a
PivBm,a
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<

PivAm,b
PivBm,b

PivAm,s
PivBm,s

≈

1
µ(km,s ) ,

must hold since km,a > km,b .

where µ(k)

it must hold that ϕAa (v, η(v)) = ϕAb (v, η(v)). This then implies that the voter’s ex-ante expected
utility equals

2

2
1 − F(−η(v))
F(−η(v))
· ϕAa (v, η(v)) +
· ϕAb (v, η(v))
2C
2C
2

1
=
(1 − F(−η(v))) · ϕAa (v, η(v)) + F(−η(v)) · ϕAb (v, η(v)) = Ψ(v)
2C

Ψ(v, η(v)) =

In other words, any voter with ideology v weakly prefers to stay uninformed in equilibrium. This,
however, contradicts Lemma 4.8.
We end this section by showing part (c) of Proposition 4.2, that is, EIE is generically
impossible under costly voting. The key observation is that, by subscribing to any media outlet,
a voter can only learn a binary partition of the state space. For EIE to hold, it must hold for all
voter type v that the expected benefit from voting is a piece-wise constant function of k with
threshold −m, even when k is commonly known. Lemma 4.10 shows that this is impossible.
Lemma 4.10. Suppose k is common knowledge, then (v + k)PivΩ(k, n) cannot be a piece-wise
constant function of k for both Ω ∈ {A, B}, provided that n is sufficiently large.
Proof. When k is common knowledge, the voting equilibria are give by expressions (2.5) and
(2.6) in Chapter 2:

2

3

α(0)

√

· √31n ,
2 πC
α(k)
qA (k, n) =
PivA(k, n) ≈ 
2

C

µ(k)

 1−µ(k) · lnnn ,

2

3

α(0)

 2√πC
· √31n ,
β (k)
qB (k, n) =
PivB(k, n) ≈ 
2

C

1

· ln n ,

1−µ(k)

where α(k) ≡

Rδ

−k (k + v)dG(v)

= k+

R −k
−δ

G(v)dv, β (k) ≡ −
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n

R −k
−δ

if k = 0
if k 6= 0
if k = 0
if k 6= 0
(k + v)dG(v) =

R −k
−δ

G(v)dv,

and µ(k) ≡

q
3

α(k)
β (k) .

Hence,

q  32


 1 C

· √31n ,
2
π
PivA(k, n) ≈

2


µ(k)
C

 α(k) 1−µ(k) · lnnn ,

q 2

 1 C 3 1

 2 π
· √3 n ,
PivB(k, n) ≈

2


C
1

 β (k) 1−µ(k) · lnnn ,

if k = 0
if k 6= 0
if k = 0
if k 6= 0

It is straightforward to verify, for generic G(·) with positive density on [−δ , δ ], that neither
(k + v)PivA(k, n) nor (k + v)PivB(k, n) is a piece-wise constant function of k.

Appendix 4.D

Deriving sBNE for the Ideo-Confirm Scenario

In this appendix we study a restricted game where voters’ media consumption is assumed
to exhibit ideological confirmation under costly voting. Proposition 4.3 formulates a system of
functional equations that characterizes and guarantees the existence of a sBNE for this restricted
game in large elections.
Proposition 4.3. Suppose C > 0 and media consumption exhibits ideological confirmation (i.e.,
η(v) = v), then for sufficiently large n the following three properties hold:
(a) Any sBNE of this restricted game is characterized by the solution of the following system
of functional equations:
qA (k, n) =

1
C

qB (k, n) = −

Z δ
−k

EF [(x + v)PivA(x, n)|x > −v]dG(v)

Z
1 −k

C

−δ

EF [(x + v)PivB(x, n)|x ≤ −v]dG(v)

(4.31)
(4.32)

where PivA(k, n) and PivB(k, n) are given by expressions (4.3) and (4.4) in Appendix 4.A.
(b) A sBNE exists and lim EF [PivΩ(k, n)] = 0 holds for both Ω ∈ {A, B}.
n→∞

(c) If F(·) has finite support K ⊂ [−1, 1], then in large elections the pivotal probabilities can
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be analytically approximated, for all k ∈ K, by
2
√
√
s
!
qB (k, n)
e−n qA (k,n)− qB (k,n)
PivA(k, n) ≈ q p
· 1+
qA (k, n)
4 πn qA (k, n)qB (k, n)
2
√
√
s
!
qA (k, n)
e−n qA (k,n)− qB (k,n)
PivB(k, n) ≈ q p
· 1+
qB (k, n)
4 πn qA (k, n)qB (k, n)

(4.33)

(4.34)

Equations (4.31) and (4.32) can be understood as follows. Start with qA (k, n). Due to
ideological confirmation, voters with v ≥ −k receive message a from the media outlets they
subscribe to (recall that η(v) = v), and hence know that k > −v. For any possible state x > −v,
the expected benefit of voting for A is (x + v)PivA(x, n). If the voter knows precisely that the
realized state is x, she casts a vote only if her voting cost c lies below this threshold. Since voting
costs are uniformly distributed on [0,C], the voter’s interim probability of voting for candidate
A when the perceived state is x equals (x+v)PivA(x,n)
.24 Therefore, EF [(x+v)PivA(x,n)|x>−v]
is the
C
C
probability of casting a vote for candidate A conditional on the voter’s information. Finally, the
integral calculates the average voting probability weighted by the distribution of voter ideology,
G(v).25 The construction of qB (k, n) can be understood analogously.
Analytically solving the sBNE of this restricted game turns out to be particularly challenging.
Nevertheless, Proposition 4.3 suggests that, when k has finite support, we can well approximate
equilibrium outcomes in large elections by numerically solving for the system of functional
equations (4.31) to (4.34) for large n. This provides the foundation for the numerical analyses
conducted in Section 4.5. Below we provide the proof for Proposition 4.3. For notational
convenience, we define nΩ (k, n) ≡ nqΩ (k, n).
Proof of Proposition 4.3. We start by proving part (a). Under ideological confirmation, Θ+ (m) ≡
{v|η(v) > m} = (m, δ ] and Θ− (m) ≡ {v|η(v) ≤ m} = [−δ , −m]. Moreover, it follows from
(4.5) in Appendix 4.A that ϕAa (v, v) ≥ 0, ϕAb (v, v) ≤ 0, ϕBa (v, v) ≤ 0 and ϕBb (v, v) ≥ 0. Recall that
ϕAa (v, v) = EF [(k + v)PivA(k, n)|k > −v] and ϕBb (v, v) = −EF [(k + v)PivB(k, n)|k ≤ −v]. Plugging these expressions into equations (4.25) and (4.26) yields the system of functional equations,
(4.31) and (4.32), formulated in Proposition 4.3.
Next we prove part (b). To do so, we first establish the existence of BNE for all n > 0
by showing that a solution to the system of functional equations must exist. Notice from the
24 It is implicitly assumed here that (x + v)PivA(x, n) < C. This condition can be guaranteed for almost all
x ∈ [−1, 1] in large elections because lim EF [PivA(k, n)] = 0.
25 Note

n→∞

that voters with ideology v < −k will receive message b from their consumed media outlets, since
k < −v = −η(v). Under ideological confirmation, voting for the candidate not endorsed by the media outlet is
strictly dominated by abstaining. So voters with v < −k never vote for candidate A.

177

functional forms of qA (k, n) and qB (k, n) that qA (k, n) weakly increases in k and qB (k, n) weakly
decreases in k. These imply, for any k0 > k, that qA (k0 , n) ≥ qA (k, n) and qB (k0 , n) ≤ qB (k, n). By
PivA(k0 ,n)
Lemma 2 of Krishna and Morgan (2012), we obtain PivA(k,n)
PivB(k,n) ≥ PivB(k0 ,n) . Namely, the likelihood
A
B
ratio of pivotal probabilities PivA(k,n)
PivB(k,n) weakly decreases in k. Then, by Lemma 4.3.3, km,s ≤ km,s
holds for all m ∈ [−1, 1] and s ∈ {a, b}. As a result, the optimal voting strategy ϕ s (v, m) is
continuous in both arguments for s ∈ {a, b}. Together with the functional forms of qA (k, n) and
qB (k, n), this implies that the system of functional equations yields a continuous self-mapping on
Q 2 , where Q is the set of all continuous functions mapping from [−1, 1] to [0, 1]. Since Q 2 is a
convex and compact subset of a Banach space, the existence of BNE follows from Schauder’s
Fixed Point Theorem.26
Now we show that lim EF [PivΩ(k, n)] = 0 for both Ω ∈ {A, B}. Since qA (k, n) weakly
n→∞
increases in k and qB (k, n) weakly decreases in k, it must hold for all k ∈ [−1, 1] that

qA (k, n) ≥ qA (−1, n) =

Z δ
1

EF [(x + v)PivA(x, n)]dG(v)

> EF [PivA(k, n)] ·
qB (k, n) ≥ qB (1, n) = −

Z δ

(4.35)
(v − 1)dG(v)

1

Z −1
−δ

EF [(x + v)PivB(x, n)]dG(v)

> EF [PivB(k, n)] ·

Z −1

(4.36)
(1 − v)dG(v)

−δ

−1
Since G(·) admits positive density on [−δ , δ ], both 1δ (v − 1)dG(v) and −δ
(1 − v)dG(v) are
bounded and positive. lim EF [PivΩ(k, n)] = 0 follows immediately from Lemmas 4.11 and 4.12
n→∞
introduced below.
Finally, we show part (c), that is, if F(·) has finite support K ∈ [−1, 1], then the analytical
approximations (4.33) and (4.34) must hold for all k ∈ K. Based on the proof of Lemma 4.12, it
p
is sufficient to show that nA (k, n)nB (k, n) → ∞ must hold for all k ∈ K. This is guaranteed by
Lemma 4.13 introduced below.

R

R

Lemma 4.11. Let qA (k, n) and qB (k, n) be a solution to the system of functional equations (4.31)
and (4.32), then lim nA (k, n) + nB (k, n) = ∞ holds almost everywhere on [−1, 1].
n→∞

Proof. Suppose instead that there exists a subset K ⊆ [−1, 1] that satisfies (i) k∈K dF(k) > 0,
and (ii) lim nA (k, n) + nB (k, n) < ∞ for all k ∈ K . Then there exists an upper bound γ > 0 and
n→∞
some N > 0 such that nΩ (k, n) < γ for all k ∈ K , Ω ∈ {A, B} and n > N. By equations (4.3)
−2γ
−(n (k,n)+n (k,n))
and (4.4), we have PivΩ(k, n) > e A 2 B
> e 2 > 0 for all k ∈ K . Therefore, it holds for
R

26 If

F(·) has finite support on [−1, 1], then the existence of BNE follows from Brouwer’s Fixed Point Theorem.
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both Ω ∈ {A, B} and n > N that
Z 1

EF [PivΩ(k, n)] =

Z

PivΩ(k, n)dF(k) >
−1

PivΩ(k, n)dF(k) >
k∈K

e−2γ
2

Z

dF(k) > 0
k∈K

It then follows from inequalities (4.35) and (4.36) that there exists some positive γ̃ > 0 such
that qΩ (k, n) > γ̃ for both Ω ∈ {A, B}. This then implies, by Lemma 4.12 below, that PivΩ(k, n)
must converge to zero, leading to a contradiction.
Lemma 4.12. lim nA (k, n) + nB (k, n) = ∞ implies PivΩ(k, n) → 0 for both Ω ∈ {A, B}.
n→∞

p
Proof. We distinguish between two different cases: (i) lim nA (k, n)nB (k, n) = ∞, and (ii)
n→∞
p
lim nA (k, n)nB (k, n) < ∞. In case (i), PivA(k, n) and PivB(k, n) can be approximated by
n→∞
(4.33) and (4.34), respectively, in Proposition 4.3. This approximation follows from equations
(4.3) and (4.4) and the fact that lim

x→+∞

x
√e
2πx
Iν (x)

qA (k,n)
n→∞ qB (k,n)

= 1 (see Olver (1970), page 377). If lim

∈

(0, +∞), then the terms in the parentheses of both (4.3) and (4.4) are bounded. The lemma
holds straightforwardly since

√
√
2
q (k,n)− qB (k,n))
e−n(
q A

√

4 πn

is vanishing when the premise of the lemma

qA (k,n)qB (k,n)

qA (k,n)
n→∞ qB (k,n)

= 0, then PivB(k, n) → 0 follows immediately. To show PivA(k, n) → 0
q
p
p
2
2
also holds, note that ( qA (k, n) − qB (k, n)) = 1 − qqAB (k,n)
(k,n) qB (k, n) ≈ qB (k, n). Hence,
√
√
√
2q
√
qA (k,n)− qB (k,n))
e−nB (k,n) 4 nB (k,n)
qB (k,n)
e−n(
q √
→ 0 since lim e−x 4 x = 0. The proof for the
≈
3
√
q (k,n)
holds. If lim

qA (k,n)qB (k,n)
lim qA (k,n) = ∞
n→∞ qB (k,n)

4 πn

case

A

x→+∞

4 π(nA (k,n)) 4

is analogous.
p
In case (ii), i.e., lim nA (k, n)nB (k, n) < ∞, there is a positive bound γ > 0 and N > 0
n→∞
p
such that nA (k, n)nB (k, n) < γ for all n > N. Because both I0 (x) and I1 (x) are increas−(n (k,n)+n (k,n))
1+
ing functions of x, equations (4.3) and (4.4) imply that PivA(k, n) < γA e A 2 B
q
q
qB (k,n) 
qA (k,n) 
e−(nA (k,n)+nB (k,n))
1 + qB (k,n) for some positive γA and γB . If
2
qA (k,n) and PivB(k, n) < γB
q
qA (k,n)
lim qB (k,n) ∈ (0, +∞), then PivΩ(k, n) → 0 follows immediately from nA (k, n) + nB (k, n) → ∞.
n→∞
q
q
qB (k,n)
e−(nA (k,n)+nB (k,n))
If instead lim qqAB (k,n)
=
0,
then
n
(k,
n)
→
∞
must
hold.
Note
that
B
2
(k,n)
qA (k,n) =
n→∞
√
q
−n
(k,n)
√
B
e
√ nB (k,n) → ∞ since lim e−x x = 0. The proof for the case lim qqA (k,n)
= ∞ is analonA (k,n)
B (k,n)
e

nA (k,n)

n→∞

x→+∞

gous.
Lemma 4.13. Let qA (k, n) and qB (k, n) be a solution to the system of functional equations (4.31)
p
and (4.32), then nA (k, n)nB (k, n) → ∞ for all k ∈ K if |K| < ∞.
p
Proof. Suppose instead that nA (k, n)nB (k, n) → n∗ < ∞ for some k ∈ K and |K| < ∞. Because
nA (k, n) + nB (k, n) → ∞ (cf. Lemma 4.11), it must hold that nΩ (k, n) → 0 for some Ω ∈ {A, B}.
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Without loss of generality, assume nA (k, n) → 0 (the proof is similar for nB (k, n) → 0). Since
nA (k, n) increases in k for any fixed n, it follows that nA (−1, n) → 0. Since |K| < ∞, we can let
fk denote the probability mass assigned to every state k ∈ K and let ξ ≡ mink∈K { fk } > 0. It then
follows from inequality (4.35) that
Z


(v − 1)dG(v) · n · EF [PivA(k, n)]
1
Z δ

>
(v − 1)dG(v) · ξ · ∑ PivA(k, n)
δ

nA (−1, n) >

1

k∈K

Since nA (−1, n) → 0, we must have n·PivA(k, n) → 0 for all k ∈ K. This would imply nA (k, n) →
0 for all k ∈ K, because
nA (k, n) = n ·

Z δ
−k

EF [(x + v)PivA(x, n)|x > −v]dG(v)

< n · max PivA(k, n) ·
k∈K

Z δ
1

EF [(x + v)|x > −v]dG(v)
qB (k,n)
hold for all
qA (k,n) → ∞ must
q
qB (k,n)
that PivA(k,n)
PivB(k,n) ≈
qA (k,n) → ∞

It then follows from Lemma 4.11 that nB (k, n) → ∞, and therefore

k ∈ K. However, using Theorem 2 of Myerson (2000), we obtain
for all k ∈ K. Let α ≡ mink∈K PivA(k, n) and β ≡ maxk∈K PivB(k, n). For any ε > 0, there exists
PivB(k,n)
N > 0 such that PivA(k,n)
< ε αβ for all k ∈ K. But then
nB (k, n) = −n

Z −k

EF [(x + v)PivB(x, n)|x ≤ −v]dG(v)

Z −k
< n·β · −
EF [(x + v)|x ≤ −v]dG(v)
−δ
 Z −k

< n·α · −
EF [(x + v)|x ≤ −v]dG(v) · ε
−δ



−δ

For sufficiently small ε, it holds that nB (k, n) < nA (−1, n) for all k ∈ K. But this implies
nB (k, n) → 0, contradicting with nA (k, n) + nB (k, n) → ∞.
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Chapter 5
Summary
This thesis studies the impact of media in modern elections. This topic has received
widespread public concern since the Brexit referendum and the 2016 U.S. presidential elections.
Over the past decades, academic studies have primarily focused on documenting empirical
evidence on media’s electoral impact using observational data. This thesis complements these
studies by developing a novel theoretical framework to organize stylized empirical findings and
derive new implications, as well as by empirically testing these new implications, which are
difficult to test in field, with laboratory experiments.
In Chapter 2 we develop a general and tractable theoretical framework to analyze the
influence of biased media on voting behavior and election outcomes. A key observation is that
news released by mass media allows voters not only to infer the relative appeal of candidates
in terms of their qualities, but also to gauge the closeness of elections. In large elections, the
former information determines party vote shares and the election outcome, whereas the latter
information drives voter turnout through the “competition effect” (Levine and Palfrey, 2007).
Our analyses deliver three contributions.
First, we derive robust bounds for the extent to which public mass media can systematically
influence voting behavior and election outcomes. We show that, when the electorate is sufficiently polarized, mass media can hardly affect the expected party vote shares from the ex-ante
perspective. Nevertheless, such inability does not prevent mass media from systematically
manipulating election outcomes and voter turnout. In fact, we show that the opposite is true –
by strategically releasing public information, mass media can potentially manipulate both the
election outcome and voter turnout to an arbitrarily large extent.
Second, we derive precise comparative static predictions regarding the impact of biased
media on election outcomes, voter turnout and welfare. We first study a scenario with a single
media outlet and obtain three findings. First, the relationship between media bias and the
election outcome is non-monotonic; ex-ante, a candidate’s winning probability will first increase
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and then decrease as the media becomes more biased towards her. Second, from the ex-ante
perspective, voter turnout increases in media bias unambiguously. Third, an increased media
bias reduces voter welfare by both decreasing the probability of electing the quality-superior
candidate and increasing aggregate turnout costs. We also show that introducing an extra media
outlet can systematically shift the election outcome and voter turnout in either direction, yet it
unambiguously improves voter welfare. These results provide a potential rationale for the mixed
empirical evidence on the relationship between media entry and voter turnout.
Third, we study whether increased media competition necessarily improves voter welfare. We
explore this issue under three different notions of increased competition: introducing additional
media outlets, increasing media polarization, and preventing media collusion. We show that
when media outlets can a priori commit to any specific reporting strategy, all three ways of
increasing media competition weakly improve voter welfare unambiguously. Without such
commitment ability, however, the last two ways of increasing media competition may instead
deteriorate voter welfare. We therefore contribute to the literature by highlighting the crucial
role of media’s ability to commit determining the welfare impact of media competition.
In Chapter 3 we experimentally test the comparative static predictions regarding the electoral
influences of biased media derived in Chapter 2. For this purpose, we construct a simple election
game with a media sector that closely mimics the theoretical framework developed in Chapter 2.
In order to focus on voters’ behavior, the information transmission strategies of media outlets
are computerized. Across treatments we vary the extent of the media bias (either unbiased,
weakly biased or strongly biased) as well as the number of media outlets (either one or two). The
experimental results show that both observed vote shares and election outcomes are well in line
with theory. Voter turnout, however, is much less responsive to media bias than predicted.
Our data analyses show that a hybrid behavioral equilibrium model that combines the follow
three behavioral features can, to a substantial extent, explain the voting behavior observed
in the experiment. First, voters display higher levels of rationality in candidate choices than
in turnout decisions. Second, voters exhibit non-Bayesian belief updating; they update their
beliefs too conservatively compared to a Bayesian. Third, voter suffer from “partial competition
neglect”; they underestimate the degree to which the closeness of elections is correlated with the
information they receive from (biased) media outlets.
Nevertheless, even this very flexible hybrid behavioral equilibrium model cannot satisfactorily
explain all the discrepancies between observed and predicted voting behavior and election
outcomes. Therefore, we suspect that voters’ behavior observed in the experiment is also
substantially affected by factors that are not captured by our model, such as non-equilibrium
behavior, unobserved heterogeneity, failure of common knowledge assumptions, et cetera.
In Chapter 4 we expand our earlier theoretical framework to study the implications of rapid
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news proliferation for voters’ media consumption choices and welfare. It sheds light on three
important questions. First, how do rational voters make media consumption decisions under
information overload? Second, in what circumstances does selective media exposure distort
voting behavior? Third, how does news proliferation affect voter welfare under ideological
confirmation, whereby voters are exclusively exposed to ideologically aligned news sources?
We show that the answers to the first two questions depend critically on whether voting is
costly or not. If voting is costless, voters consult media merely to inform candidate choices.
In this situation, it is a weakly dominant strategy for voters to read from ideologically aligned
media outlets and vote for the endorsed candidate. As a result, media consumption exhibits
ideological confirmation and selective media exposure does not distort voting behavior; voters’
decisions would remain unchanged even if information released by all news sources becomes
common knowledge. If, instead, voting incurs private and idiosyncratic costs, then voters consult
media to inform both candidate choices and turnout decisions. Though consulting ideologically
aligned media outlets perfectly informs candidate choices, it is not necessarily optimal for
informing turnout decisions. For this reason, media consumption no longer exhibits ideological
confirmation under costly voting. Moreover, selective media exposure generically distorts voters’
behavior under costly voting. This is because the optimal turnout decisions critically depend on
precise information about the quality difference between candidates. Losses of decision relevant
information are inevitable if voters are not perfectly informed.
Motivated by the growing public concerns over “echo chamber” in news consumption, we
further investigate the welfare consequences of news proliferation under ideological confirmation.
On the one hand, news proliferation dramatically expands the amount of information accessible
to voters. On the other hand, under ideological confirmation voters are exposed to different
news sources and are thus unequally informed; put differently, voters no longer share a common
information base. Intuitively, one would expect the former effect to enhance voter welfare while
the latter effect to deteriorate it. The overall welfare impact of news proliferation is thus a priori
uncertain.
We quantify the welfare impact of news proliferation though a series of numerical exercises.
Our analyses demonstrate that the welfare impact of news proliferation depends on both voters’
information environment prior to news proliferation, and the degree of polarization of the
electorate, as measured by the fraction of ideologically extreme voters. News proliferation may
substantially enhance voter welfare if voters were exposed to an ideologically biased media
outlet prior to news proliferation and the electorate has a sufficiently low degree of polarization.
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Dit proefschrift bestudeert de invloed van massamedia op verkiezingen. Binnen het maatschappelijke debat wordt in toenemende mate bezorgdheid geuit over deze invloed, vooral sinds het
Brexit referendum en de presidentsverkiezingen van 2016 in de Verenigde Staten. Wetenschappelijke studies hebben zich in de laatste decennia met name gericht op het staven van die invloed
door middel van het verzamelen van empirisch - op observationeel onderzoek gebaseerd - bewijs.
Dit proefschrift biedt een aanvulling op deze eerdere studies door het ontwikkelen van een nieuw
theoretisch raamwerk dat niet alleen consistent is met deze eerdere empirische bevindingen,
maar ook tot nieuwe inzichten leidt. Ook worden deze nieuwe inzichten - die moeilijk te toetsen
zijn met beschikbare velddata - empirisch getoetst door middel van laboratoriumexperimenten.
In Hoofstuk 2 (gebaseerd op gezamenlijk werk met Arthur Schram en Randolph Sloof) wordt
allereerst een algemeen en handzaam theoretisch raamwerk ontwikkeld dat wordt gebruikt om
de electorale invloed van massamedia te bestuderen. Het model gaat uit van rationele kiezers
die op basis van een zorgvuldige kosten-baten afweging een keuze maken om al dan niet te
gaan stemmen, waarin ze de kans dat hun stem er echt toe doet - d.w.z. invloed heeft op de
uitslag - expliciet meenemen. De twee kandidaten (of partijen) waartussen kan worden gekozen
verschillen in zowel hun politieke kleur als in hun algemene bekwaamheid. Alle kiezers hebben
liever een meer bekwame dan een minder bekwame politicus, maar kiezers verschillen onderling
in hun politieke voorkeuren. De politieke kleur van de kandidaten is algemeen bekend, hun
bekwaamheid is echter voor kiezers ongewis. Massamedia kunnen over deze bekwaamheid
meer informatie verschaffen door middel van hun berichtgeving. Deze media hebben echter
zelf ook weer een politieke signatuur, waardoor ze informatie over bekwaamheid vertekend,
want gekleurd, zullen brengen. De rationele kiezers nemen dit op hun beurt weer mee bij
het verdisconteren van de informatie die zij via de media tot zich nemen en daarmee in de
uiteindelijke keuze om al dan niet te gaan stemmen (en voor wie).
De analyse van dit model levert drie belangrijke inzichten op. Ten eerste laat het zien dat,
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door het manipuleren van informatie, de massamedia systematisch en ongebreideld invloed
kunnen uitoefenen op zowel de opkomst bij verkiezingen als op de verkiezingsuitslag (hoewel
ze ogenschijnlijk maar weinig invloed hebben op het verwachte percentage stemmen dat de
verschillende kandidaten krijgen). Ten tweede brengt het model verrassende comparatieve statica
voorspellingen – i.h.b. de voorspelde verandering in de invloed van de media naarmate de
media meer partijdig zijn - aan het licht. Meer specifiek, wanneer er slechts één mediabron
actief is, dan leidt een toenemende politieke gekleurdheid van deze bron eerst tot een grotere
verwachte invloed en daarna (voorbij een bepaalde mate van partijdigheid) juist tot een kleinere
verwachte invloed op de verkiezingsuitslag. Een sterkere mate van partijdigheid leidt echter altijd
tot een hogere verwachte verkiezingsopkomst. De introductie van een tweede mediabron kan
de verwachte opkomst en de verwachte verkiezingsuitslag in principe in willekeurige richting
beı̈nvloeden, afhankelijk van de aard en mate van partijdigheid van de twee verschillende
mediabronnen. Een derde inzicht, tenslotte, is dat toenemende concurrentie tussen verschillende
mediabronnen niet noodzakelijkerwijs in het algemene kiezersbelang is. Dit is met name niet
het geval wanneer mediabronnen zich niet van tevoren kunnen committeren aan hoe ze kiezers
zullen informeren. Dit laatste inzicht draagt bij aan de wetenschappelijke discussie over de (vaak
vermeende positieve) invloed van concurrentie tussen media op het welzijn van het electoraat.
Hoofdstuk 3 (eveneens gebaseerd op gezamenlijk werk met Arthur Schram en Randolph
Sloof) bespreekt de resultaten van een laboratoriumexperiment dat is opgezet om de, door
het theoretische model van Hoofstuk 2, voorspelde electorale invloed van een toenemende
partijdigheid van de media te toetsen. In het algemeen zijn de relatieve stemaandelen van de
kandidaten en de verkiezingsuitslagen waargenomen in het experiment in lijn met de theoretische
voorspellingen, hoewel het voorspelde, niet-monotone effect van toenemende gekleurdheid op
de uitslag niet bevestigd wordt. De verkiezingsopkomst blijkt echter veel minder gevoelig voor
partijdigheid van de media dan door de theorie voorspeld. Een nadere analyse van de uitkomsten
van het experiment brengt drie relevante, gedragsmatige mechanismen aan het licht. Ten eerste
blijken kiezers rationeler in hun partijvoorkeur (voor welke partij ben ik?) dan in hun keuze
om al dan niet te gaan stemmen. Ten tweede zijn kiezers niet volledig rationeel in hoe zij de
informatie verkregen van gekleurde mediabronnen meenemen en verdisconteren. Aan de ene
kant zijn kiezers in het algemeen te conservatief, en nemen zij de nieuwe informatie onvoldoende
mee bij het heroverwegen van hun oorspronkelijke partijvoorkeuren. Aan de andere kant zijn
kiezers soms te goedgelovig en verdisconteren zijn de informatie van vooral zeer partijdige
mediabronnen onvoldoende; de omvang van deze systematische fout is echter beperkt. Een derde
relevant gedragsmechanisme is dat kiezers gedeeltelijk blind zijn voor de indirecte informatie
die de media eveneens verschaffen over het verwachte gedrag van ándere kiezers. Daardoor
onderschatten kiezers de mate waarin hoe spannend de verkiezingen lijken te worden (een nek
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aan nek race of juist niet?) samenhangt met de informatie die zij van de media ontvangen.
Daarmee onderschatten ze ook de consequenties die dit heeft voor de mate waarin hun stem
ertoe doet.
Hoofdstuk 4 keert terug naar een theoretische analyse en breidt het raamwerk ontwikkeld in
Hoofdstuk 2 uit door nu ook expliciet de kiezers’ keuze van te raadplegen media te modelleren
en te analyseren. Onderliggend uitgangspunt is dat het huidige tijdperk wordt gekenmerkt door
een ware explosie aan informatie. Daardoor is het voor kiezers redelijkerwijs onmogelijk alle
informatie die de media verschaffen tot zich te nemen. Kiezers zullen dus selectief moeten zijn
in de keuze welke media ze wel en welke media ze niet raadplegen. Dit heeft weer tot gevolg
dat kiezers (mogelijkerwijs) verschillend geı̈nformeerd zullen zijn. Deze observaties brengen
uiteenlopende vragen met zich mee en dit hoofdstuk richt zich op twee daarvan. Ten eerste,
wanneer raadplegen kiezers alleen die media wiens politieke voorkeuren precies overeenkomen
met die van henzelf, d.w.z. wanneer groeperen ze zich in zogenoemde ‘echokamers’ waarin
alleen voor eigen parochie wordt gepreekt? Ten tweede, als kiezers zich inderdaad zo groeperen,
is dat dan goed of slecht vanuit een welvaartsoogpunt, vergeleken met een situatie waarin kiezers
maar uit één mediabron kunnen kiezen?
De belangrijkste bevindingen ten aanzien van deze twee vragen zijn als volgt. De theoretische
analyse laat zien dat het groeperen in echokamers alleen een evenwichtsuitkomst van het model
is wanneer stemmen ofwel verplicht ofwel kosteloos is. De reden hiervoor is dat alleen dan de
kans dat jouw stem er toe doet geen invloed heeft op de kosten-baten afweging om al dan niet te
gaan stemmen; de informatie van de media is alleen nuttig voor het bepalen welke kandidaat
jouw voorkeur heeft. Wanneer stemmen niet verplicht is maar wel kosten met zich meebrengt,
doet de kans doorslaggevend te zijn er wel toe en zullen kiezers, om hierover informatie te
verkrijgen, media raadplegen met een (van henzelf) afwijkende politieke kleur. Om de tweede
vraag te beantwoorden wordt een aantal numerieke simulatieberekeningen gedaan. Deze tonen
aan dat, in vergelijking met de situatie waarin kiezers alleen een en dezelfde mediabron kunnen
raadplegen, groepering in echokamers het algemene kiezersbelang alleen ten goede komt als
ofwel de oorspronkelijk (enige) mediabron erg gekleurd is, ofwel kiezers weinig gepolariseerd
zijn.
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