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Abstract

We study how personalized news aggregation for rationally inattentive vot-
ers (NARI) affects policy polarization. In a two-candidate electoral competition
model, an attention-maximizing infomediary aggregates source data about can-
didates’ valence into easy-to-digest news. Voters decide whether to consume
news, trading off the expected gain from improved expressive voting against the
attention cost. NARI generates policy polarization even if candidates are office-
motivated. Personalized news aggregation makes extreme voters the disciplin-
ing entity of policy polarization. The skewness of their signals helps sustain a
high degree of policy polarization in equilibrium. Analysis of disciplining voters

informs the equilibrium and welfare consequences of regulating infomediaries.
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1 Introduction

Recently, the idea that tech-enabled news personalization could affect polarization
has been put forward in the academia and popular press (Sunstein, 2009; |Pariser,
2011}, |Gentzkow|, 2016)). This paper studies how personalized news aggregation for
rationally inattentive voters affects the polarization of policies and public opinion in
an electoral competition model.

Our premise is that rational demand for news aggregation in the digital era is
driven by information processing costs. As the Internet and social media become
important sources of information, hosting more data (2.5 quintillion bytes) than what
any individual can process in a lifetime, consumers must turn to infomediaries for
content aggregation, customized based on their personal data such as demographic
and psychographic attributes, digital footprints, and social network positions[[] In
this paper, we abstract from the issue of data generation (e.g., original reporting),
focusing instead on the role of infomediaries in aggregating source data into news
that is easy to process and useful for the target audience.

We develop a model of news aggregation for rationally inattentive consumers
(NARI), in which an infomediary can flexibly aggregate source data into news using
algorithm-driven systems. While flexibility is also assumed in the Rational Inatten-
tion (RI) model pioneered by |Sims| (1998) and Sims| (2003), there decision-makers
can aggregate information optimally themselves, and so have no need for external
aggregators. To model the demand for infomediaries, we assume that consumers can
only choose whether to absorb the information offered to them, but cannot digest
information partially or selectively, let alone aggregate information optimally them-
selves. While this assumption is certainly stylized, it is the simplest one that creates

a role for infomediaries while capturing important facets of reality[]

'In computing, an aggregator is a client software or a web application that aggregates syndicated
web content such as online newspapers, blogs, podcasts, and vlogs, in one location for easy viewing.
Prominent examples of aggregators include aggregator sites, social media feeds, and mobile news
apps. They have recently gained prominence as more people get news online, from social media,
and through mobile devices (Matsa and Lul [2016)). The top three popular news websites in 2019:
Yahoo! News, Google News, and Huffington Post, are all aggregators.

Companies that run aggregators are called infomediaries. They operate by sifting through a myr-
iad of online sources and displaying snippets (headline4excerpt) on their platforms. Snippets contain
coarse information, and do not always generate click-throughs of the original content (Dellarocas
et al.||2016). A major revenue source for infomediaries comes from displaying ads to users while the
latter are scrolling down the snippets. See |Athey et al.| (2021) for background reviews.

2As pointed out by [Stromberg (2015)), the last assumption is implicitly made by the media



If choosing to consume news, a consumer incurs an attention cost that is posterior
separable (Caplin and Dean), 2013) while deriving utilities from improved decision-
making. Consuming news is optimal if the expected utility gain exceeds the attention
cost. As for the infomediary, we assume that its goal is to maximize the total amount
of attention paid by consumers, interpreted as the advertising revenue generated from
consumer eyeballs. This stylized assumption captures the key trade-off faced by the
infomediary, who uses useful and easy-to-process news to attract consumers’ attention
while preventing them from tuning out. While we focus on the case of a monopolistic
infomediary in order to capture the market power wielded by tech giants, we also
investigate an extension to perfectly competitive infomediaries, which, together with
personalization, becomes equivalent to consumers optimally aggregating information
themselves as in the standard RI model.

We embed the NARI model into an electoral competition game, in which two office-
motivated candidates choose policies on a left-right spectrum. Voters vote expressively
based on policies, as well as an uncertain valence state about which candidate is
more fit for office. News about candidate valence is provided by an infomediary,
which moves simultaneously with the candidates. We study how NARI affects the
polarization of equilibrium policies and voter opinions in this game.

A consequence of NARI is that signal realizations prescribe recommendations as
to which candidate one should vote for. Indeed, any information beyond voting rec-
ommendations would only raise the attention cost without any corresponding benefit
to voters, and would thus turn away voters whose participation constraints bind at
the optimum. Furthermore, voters must strictly prefer to obey the recommendations
given to them, a property we refer to as strict obedience. Indeed, if a voter has
a (weakly) preferred candidate that is independent of his voting recommendations,
then he could always vote for that candidate without paying attention in order to
save on attention cost.

An important implication of strict obedience is that local deviations from a policy
profile wouldn’t change voters’ voting decisions regardless of the recommendations
they receive, suggesting that a positive degree of policy polarization could arise in

equilibrium even if candidates are office-motivated. We define policy polarization

literature, because without it the role of information provider would be much more limited. It isn’t
at odds with reality, since analyses of page activities (e.g., scrolling, viewport time) have established
significant user attention in the reading of (snippets of) online news (Dellarocas et al., 2016; |[Lagun
and Lalmas| |2016]).



as the maximal distance between candidates’ positions among all symmetric perfect
Bayesian equilibria. In the baseline model featuring left-leaning, centrist, and right-
leaning voters, our main theorem shows that policy polarization is strictly positive
and equals the disciplining voter’s policy latitude.

A voter’s policy latitude is an index that captures his resistance to candidates’
policy deviations. It decreases with the voter’s preference for the deviating candi-
date’s policies, and increases with his pessimism about the latter’s valence following
unfavorable news. A voter is said to be disciplining if his policy latitude determines
policy polarization. To illustrate how personalized news aggregation affects the dis-
ciplining voter, we compare two cases: (i) broadcast news aggregation, in which the
infomediary must offer a single signal to all voters, and (ii) personalized news aggrega-
tion, in which the infomediary can design different signals for different voters. In the
broadcast case, all voters receive the same voting recommendation, so a candidate’s
deviation is profitable, i.e., strictly increases his winning probability, if and only if
it attracts a majority coalition. Under the usual assumptions, this is equivalent to
attracting centrist voters, who are therefore disciplining. In the personalized case,
the infomediary can provide conditionally independent signals to different voters, so
each type of voter is pivotal with a positive probability when voters’ population dis-
tribution is sufficiently dispersed. In that case, a policy deviation is shown to be
profitable if and only if it attracts any type of voters, and voters with the smallest
policy latitude are disciplining because they are the easiest to attract.

The skewness of extreme voters’ personalized signals is crucial for sustaining a
greater degree of policy polarization as news aggregation becomes personalized. To
maximize the usefulness of news consumption for an extreme voter, the recommen-
dation to vote across the party line must be very strong, and, in order to prevent the
voter from tuning out, must also be very rare (hereinafter, an occasional big surprise).
Most of the time, the recommendation is to vote along the party line (hereinafter, a
predisposition reinforcement), which, together with the occasional big surprise, has
been documented in the empirical literatureﬂ When base voters are disciplining, the

occasional big surprise of their signal makes them difficult to attract in the rare event

3Recently, Flaxman et al. (2016)) find that the use of news aggregators not only reinforces peo-
ple’s predispositions but also strengthens their opinion intensities when supporting opposite-party
candidates (i.e., an occasional big surprise). Evidence for predisposition reinforcement is discussed
in |Fiorina and Abrams| (2008) and |Gentzkow| (2016)). Evidence for occasional big surprise and, more
generally, Bayesian voters, is surveyed by [DellaVigna and Gentzkow] (2010)).



where news is unfavorable to their own-party candidate. When base voters are so
pessimistic about their own-party candidate’s valence that even the most attractive
deviation to them is still not attractive enough, opposition voters become disciplin-
ing, despite that they, too, are difficult to attract, due to their preferences against the
deviating candidate’s policies. If, in the end, all voters end up having bigger policy
latitudes than the centrist voters in the broadcast case, then the personalization of
news aggregation increases policy polarization. The last condition holds when the
attention cost parameter is large and extreme voters have strong policy preferences
under specific attention cost functions.

Analysis of the disciplining voter yields structural insights into the polarization
effect of recent regulatory proposals to tame tech giants. In addition to the per-
sonalization of news aggregation—the reversal of which is a plausible consequence
of limiting tech companies’ access to users’ personal data (General Data Protection
Regulation) 2016; Warren, 2019)—we study the consequence of introducing perfect
competition to infomediaries. This regulatory proposal is advocated by the British
government as a preferable way of regulating tech giants (The Digital Competition
Expert Panel, |2019), and it is mathematically equivalent to increasing voters’ atten-
tion cost parameter in the monopolistic personalized case. Its policy polarization
effect is negative, because increasing the attention cost parameter tempers voters’
beliefs about candidate valence and therefore reduces their policy latitudes.

Our analysis suggests that factors carrying negative connotations in everyday dis-
course could have unintended consequences for policy polarization. An example is
increasing mass polarization, which we model as a mean-preserving spread of voters’
policy preferences (Fiorina and Abrams, 2008} (Gentzkow, 2016|). Under personalized
news aggregation, increasing mass polarization can surprisingly reduce policy polar-
ization rather than increasing it: As we keep redistributing voters’ population from
the center to the margin, policy polarization will eventually decrease from the centrist
voters’ policy latitude to the minimal policy latitude among all voters.

In Online Appendix O.1, we extend the baseline model to encompass general
voters and arbitrary correlation structures between their personalized signals. We
develop a methodology for analyzing this general model. Among other things, we
find that correlation can only increase policy polarization, and that policy polariza-
tion is minimized when signals are conditionally independent across voters and voters’

population distribution is uniform across types. Thus our baseline result prescribes



the exact lower bound for the policy polarization effect of personalized news aggre-
gation, and factors that preserve this lower bound (e.g., enrich voters’ types, divide
voters of the same type into multiple subgroups) wouldn’t render policy polarization
trivial.

In the remainder of this paper, we introduce the baseline model in Section [2]
conduct equilibrium analysis in Section [3] and report extensions of the baseline model
in Section [4 We discuss the related literature throughout, but mainly in Section
bl followed by concluding remarks and discussions of future research in Section [6]

Additional materials and mathematical proofs can be found in the appendices.

2 Baseline model

In this section, we first describe the model setup and then discuss the main assump-

tions.

2.1 Setup

Two office-motivated candidates named L and R can adopt the policies on the real
line. They face a unit mass of infinitesimal voters who are either left-leaning (k = —1),
centrist (k = 0), or right-leaning (k = 1). Each type k € K = {-1,0,1} of voter
has a population ¢ (k) > 0 and values a policy a € R by u (a, k) = —|t (k) — a|. The
environment is symmetric, in that ¢(1) = ¢(—1) and ¢(1) > ¢(0) = 0 > t(—1) = —t(1).
Thus a centrist voter is also a median voter.

At the end of the day, the society holds an election, in which the majority winner
wins the election, and ties are broken evenly between the two candidates. During the
election, each voter must vote expressively for one of the candidates. For any given
profile a = (ar, ar) € R? of policy positions, a type k voter earns the following utility

difference from voting for candidate R rather than L:
v(a, k) +w.
In the above expression,

v(a, k) =u(ag, k) —u(ag, k)



is the voter’s differential valuation of candidates’ policies, whereas w is an uncertain
valence state about which candidate is more fit for office given the circumstances/]
In the baseline model, w takes the values in 2 = {—1, 1} with equal probability, so
its prior mean equals zero.

When casting votes, voters observe candidates’ policies but not directly the re-
alization of the valence state. News about the latter is modeled as a finite signal
structure (or simply a signal) I1 : Q@ — A (Z), where Z is a finite set of signal real-
izations with |Z| > 2, and each TI (- | w) specifies a probability distribution over Z
conditional on the state being w € §2. News is provided by a monopolistic infome-
diary who is equipped with a segmentation technology S. S is a partition of voters’
types, and each cell of it is called a market segment. The infomediary can distinguish
between voters belonging to different market segments, but not those within the same
market segment. Our focus is on the coarsest and finest partitions named the broad-
cast technology b = {K} and personalized technology p = {{k} : k € K}, respectively:
The former cannot distinguish between the various types of the voters at all, whereas
the latter can do so perfectly.

Under segmentation technology S € {b,p}, the infomediary designs |S| signals,
one for each market segment. Within each market segment, voters decide whether
to consume the signal that is offered to them. Consuming a signal II means fully
absorbing its information content. Doing so incurs an attention cost AI (II), where
A > 0 is the attention cost parameter, and I (II) is the needed amount of attention for
absorbing the information content of II. After that, voters observe signal realizations,
update their beliefs about the valence state, and cast votes. The infomediary’s profit
equals the total amount of attention paid by voters.

The game sequence is summarized as follows.

1. The infomediary designs signal structures; voters observe the signals structures

offered to them and make consumption decisions.
2. Candidates choose policies without observing the moves in Stage 1.

3. The state is realized.

4E.g., in the ongoing debate about how to battle terrorism, w = —1 if the state favors the use of
soft power (e.g., diplomatic tactics), and w = 1 if the state favors the use of hard power (e.g., military
preemption). Candidates L and R are experienced with using soft and hard power, respectively, and
whoever is more experienced with handling the circumstances has an advantage over his opponent.



4. Voters observe policies and signal realizations before casting votes.

Our solution concept is pure strategy perfect Bayesian equilibrium (PSPBE), or
equilibrium for short. Our goal is to characterize all symmetric PSPBEs, where the

policy profiles proposed by the candidates take the form of (—a,a) with a > 0.

2.2 Model discussion

Attention cost To state our assumption about the attention cost function, recall
that a signal structure II : 2 — A (Z) specifies how source data about the state are
(randomly) aggregated into the content indexed by the signal realizations in Z. For
each z € Z, let

=) M(z|w)/2

we
denote the probability that the signal realization is z, and assume without loss of

generality (w.l.o.g.) that w, > 0. Then

po= 3wl (2| w) / (2m)

is the posterior mean of the state conditional on the signal realization being z, and

it fully captures one’s posterior belief after observing z.

Assumption 1. The needed amount of attention for consuming I1: Q — A (Z2) is

1) =S (), (1)

z2€EZ

where h: [—1,1] — Ry (i) is strictly convex and satisfies h (0) = 0; (i) is continuous

on [—1,1] and twice differentiable on (—1,1); and (iii) is symmetric around zero.

Equation ([1)) coupled with Assumption (1) is equivalent to weak posterior separa-
bility (WPS)—a notion proposed by [Caplin and Dean| (2013) to generalize Shannon’s
entropy as a measure of attention cost. For a review of the theoretical and empiri-
cal foundations for WPS, see Section [5] In the current setting, WPS stipulates that
consuming a null signal requires no attention, and that more attention is needed for
moving one’s posterior belief closer to the true state and as the signal becomes more
Blackwell-informative. The high-level idea is that attention is a scarce resource that

reduces one’s uncertainty about the underlying state.



Parts (ii) and (iii) of Assumption |l| are made for technical reasons. While they
are by no means innocuous, they are often seen in the applied RI literature. Ex-
amples that satisfy all three assumptions include (i) mutual information (h(u) =
binary entropy function ((1 + p) /2)), which measures the reduction in the Shannon
entropy of the state before and after news consumption; as well as (ii) variance re-

duction, for which h(u) = p?.

Model assumptions Our model assumptions are centered around four noteworthy

facts about infomediaries’ business model (see Footnote 1] for full details).

1. The content provided by infomediaries is usually very coarse, taking the form

of snippets that consist of a title and a few summary sentences.

2. A major source of infomediary’s revenue comes from displaying ads to users
while the latter are browsing through snippets. In the case of Facebook News
Feed, every few snippets are followed by an ad, followed by a few more snippets,

etc., so that users can absorb ads and content together seamlessly.

3. According to pundits working and consulting in the tech sector, modern news
aggregators are operated by tech giants that wield significant market power
(Fantal, [2018)).

4. The algorithms behind their operations represent trade secrets that cannot be
easily reverse-engineered by third parties. According to computer scientists
working on human-centered computing and algorithm auditing, a common way
to recover these algorithms is to survey users, who have proven effective in
detecting unusual changes in their algorithms in recent cases (DeVos et al.,
2022).

In light of Facts 1-3, we assume that a monopolistic infomediary maximizes the
total amount of attention paid by Votersﬂ and note that our analysis remains unaf-

fected as long as the infomediary’s profit is a strictly increasing function of voters’

50One can think of a snippet as a small piece of information encountered by a decision-maker
before he stops news consumption. [Shannon| (1948), [Hébert and Woodford| (2018), and Morris and
Strack| (2019) provide general conditions under which the expected number of consumed snippets is
the posterior-separable attention cost that is needed for implementing a signal structure.



attention.ﬁ Online Appendix 0.2 examines the case of perfectly competitive infome-
diaries.

Regarding the game sequence, we assume, based on Fact 4, that candidates cannot
condition policies on signal structuresﬂ whereas voters observe the signal structures
they choose to consume. Policies are made observable to voters at the voting stage—a
process that we do not explicitly model (e.g., political advertising, canvassing), but
note that it typically takes place right before the election day due legal or practical
barriers (Gerber et al., [2011). Given this, as well as the long election cycles in many
countries, it is safe to conclude that in practice, the design and consumption of signals
that aggregate evolving states of the world into everyday breaking news (e.g., whether
a looming terrorism threat can be best countered by the use of soft power or hard

power) are often made without observing the final policies.

3 Analysis

3.1 Optimal signals

In this section, we fix any symmetric policy profile a = (—a, a) with a > 0, and solve
for the signals that maximize the infomediary’s profit (hereinafter, optimal signals).
To facilitate discussion, we say that candidate L (resp. R) is the own-party candidate

of left-leaning (resp. right-leaning) voters.

Infomediary’s problem We first formalize the infomediary’s problem. Under seg-

mentation technology S € {b, p}, any optimal signal for market segment s € S solves

max I (IT) D (IT; a, s) (s)

6To see why, suppose the profit generated by a voter consuming II equals J (I (II)) for some
J’ > 0. For any given set of voters whose participation constraints (i.e., to consume rather than
to abstain) we wish to satisfy, the infomediary solves maxy J (I (II)) - market share, or equivalently
maxry I (IT), subject to voters’ participation constraints. In the case where J(IT) = oI(II) + 8 for
some «, 8 > 0, 8 captures the part of the revenue that is generated solely by the market share.

"Allowing candidates to condition policies on the valence state (i.e., interchange stages 2 and 3
of the game) wouldn’t affect the PSPBEs of the game. In one direction, one can show, through
replicating our proofs step by step, that any PSPBE of the current game remains a PSPBE even if
candidates can condition policies on the valence state. The the opposite direction is also clear: In
any PSPBE of the augmented game, a candidate must adopt the same policy in both states, because
otherwise he will reveal the true state and lose the election for sure when the state is unfavorable to
him.

10



where D (II; a, s) denotes the demand for signal IT in market segment s under pol-
icy profile a. To figure out D(-), note that since a voter could always vote for his
own-party candidate without consuming news, news consumption is only useful if it
sometimes convinces him to vote across the party line. After consuming II, a voter
strictly prefers candidate R to L if v (a, k) + p, > 0, and he strictly prefers candidate
L to Rifv(a, k) + p, < 0. Ex ante, the expected utility gain from consuming IT isﬂ

ZZGZ T, {'U (a, k) + ,LLZ]+ lf k S O,
Ses - v(a k) +p]” i k>0,

V (Il;a, k) =

and consuming II is preferable to abstaining (hereinafter, the voter’s participation
constraint is satisfied) if
V (I; a, k) > A (I1).

Therefore,

D (Il;a,s) = Z population of type k voters in market segment s.
kek:V (IT;a,k) >\ (IT)

After formalizing the infomediary’s problem, we next impose more structures on

it to make it amenable to analysis.

Assumption 2. For any policy profile above, (i) (feasibility) there exists a signal that
strictly satisfies all voters’ participation constraints; (ii) the signal that fully reveals
the state violates all players’ participation constraints; and (iii) it is strictly optimal

to include all voters in news consumption in the broadcast case.

8For left-leaning voters of type k = —1, the expected gain from news consumption can be obtained
as follows:

Z mu(ar, k) + 1] + Z mu(ar, k)

zw(a,k)+p.>0 zw(a,k)+p.<0
- Z moular, k) + Z mular, k)]
zv(ak)+p.>0 zw(a,k)+p.<0

D VR ACYORS

zw(a,k)+p.>0

=3 mlo(a k) + gl

z€EZ

where [v(a, k) + p.]T denotes the positive part of v(a, k) + p,. The problems faced by the other
voters can be formalized analogously.

11



Assumption [2| has three parts. Part (i) of the assumption, also referred to as the
feasibility condition, says that voters strictly benefit from consuming some nonde-
generate signalﬂ Part (ii) of the assumption rules out the uninteresting case where
the infomediary simply reveals the true state to voters, whereas Part (iii) of it en-
sures that the optimal broadcast signal differs from any optimal personalized signal.
Intuitively, these conditions should hold simultaneously when the attention cost pa-
rameter is moderate and voters’ policy preferences aren’t too extreme, so that it is
optimal to include all voters in nontrivial news consumption, although revealing the
true state to them would tune them out. For the case of quadratic attention cost,
we can verify this intuition directly by reducing the assumption to A > 1/2 and
M (1) < 3v/2/4 — 1 2 .060 (see Appendix for derivations). For entropy attention
cost, we solve the model numerically in the working paper version: Hu et al.| (2019)
(hereinafter, HLS), and find similar patterns.

We provide two characterizations of optimal signals.

Binary signal and strict obedience Our first result shows that in both the
broadcast case and personalized case, the optimal signal is unique, and prescribes bi-
nary voting recommendations that its consumers strictly prefers to obey. To facilitate
analysis, we say that a signal realization z endorses candidate R and disapproves of
candidate L if p, > 0, and that it endorses candidate L and disapproves of candidate
R if pu, < 0. For binary signals, we write Z = {L, R}. From Bayes’ plausibility, which

mandates that the expected posterior mean must equal the prior mean zero:

Zﬂ-zuz =0, (BP)

z€EZ

it follows that we can assume, w.l.o.g., that uy < 0 < pgr. In this way, we can
interpret each signal realization z € {L, R} as an endorsement for candidate z and a
disapproval of candidate —z. In addition, we can define the notion of strict obedience

as follows.

Definition 1. A binary signal induces strict obedience from its consumers if the

latter strictly prefer the endorsed candidate to the disapproved one under both signal

9Technically, the feasibility condition helps establish that the infomediary’s problems satisfy
strong duality and can therefore be solved by the Lagrangian method.

12



realizations, i.e.,
v(a,k)+pr <0<wv(ak)+ pg. (SOB)

The next theorem formalizes the statement made at the beginning of this section.

Theorem 1. Under Assumptions|l| and (z), the following hold for any policy profile
(—a,a) with a > 0.

(i) The optimal personalized signal for any voter is unique and binary.
(i) The optimal broadcast signal is unique and binary.

(111) Any optimal signal, broadcast or personalized, induces strict obedience from its

CONSUMers.

Analysis of the personalized case exploits the binary nature of individual voters’
decision problems, as well as the Blackwell-monotonicity of the attention cost func-
tion. Under these assumptions, any information beyond decision recommendations
would only raise the attention cost without any corresponding benefit to voters, and
would thus turn away voters whose participation constraints bind at the optimum.
For these voters, maximizing attention is equivalent to maximizing the usefulness of
news consumption at the maximal attention level.

The broadcast case is more delicate, as it requires that we aggregate voters with
binding participation constraints into a representative voter. Under the assump-
tion that voters’ policy preferences exhibit increasing differences between policies and
types, only extreme voters’ participation constraints can bind, whereas centrist vot-
ers’ participation constraint must be slack. The resulting representative voter makes
at most three decisions: LL, LR, and RR (the first and second letters stand for the
voting decisions of the left-leaning voter and right-leaning voter, respectively), so the
optimal signal for him has at most three signal realizations. Then using the concav-
ification method developed by Aumann et al. (1995) and Kamenica and Gentzkow
(2011), we reduce the number of signal realizations to two. The analysis exploits the
assumption of binary states, as well as the posterior separability of the attention cost
function.

Strict obedience is an essential feature of optimal binary signals. Intu-
itively, if a consumer of a binary signal has a (weakly) preferred candidate that is

independent of his voting recommendations, then he would prefer to vote for that

13



candidate unconditionally without consuming the signal, because doing so saves on
attention cost without affecting the expected voting utility. But this contradicts the

assumption that the voter prefers to consume the signal rather than to abstain.

Skewness We next examine the skewness of optimal signals. Since the underlying
state is binary, it is w.l.o.g. to identify any binary signal with the corresponding
profile g = (ur, ugr) of posterior meansm For any policy profile (—a,a) with a >
0, we shall hereinafter write (u$(a),u%(a)) for the optimal broadcast signal, and
(14 (a, k), plp(a, k)) for the optimal personalized signal for type k voters. The next

observation is useful for stating our result.

Observation 1. (i) wp is more Blackwell-informative than ' if |p.| > |p.| Vz €

{L, R}, and at least one inequality is strict.

(i1) p endorses candidate z € {L, R} more often than candidate —z, i.e., m, > 7_,,

if and only if |p=] < |p—|.

Theorem 2. Under Assumptions[]] and [3, the following hold for any policy profile
(—a,a) with a > 0.

(i) The optimal broadcast signal is symmetric, in that it endorses each candidate
with equal probability, and the endorsements shift voters’ beliefs by the same

magnitude, i.c., |5 (a)| = pb (a).
(i1) The following happen in the personalized case.

(a) The optimal signal for centrist voters is symmetric, i.e., |} (a,0) | = pl (a,0).

(b) The optimal signal for any extreme voter is skewed, in that it endorses
the voter’s own-party candidate more often than his opposite-party candi-
date, although the endorsement for the opposite-party candidate is stronger
than that of the own-party candidate, i.e., i (a,—1)] < ph(a,—1) and
|1 (a,1)] > phi(a, 1). Moreover, optimal signals are symmetric between left-
leaning and right-leaning voters, | (a,—1)| = ph (a, 1) and ph(a, —1) =
it (a, 1),

0Tndeed, one can back out the signal structure from g as follows: (2 = R |w =1) =

and Tz = R | w = —1) = S,

—pr(1+pr)
HR—HKL

14



(i1i) The optimal broadcast signal is less Blackwell-informative than the optimal per-

sonalized signal for centrist voters, i.e., |} (a)| < |1} (a,0)| and 4 (a) < ph(a,0).

Part (i) of Theorem [2] holds because the broadcast signal is designed for a rep-
resentative voter with a symmetric policy preference and so must be symmetric. To
understand Part (ii) of the theorem, recall that news consumption is useful for an
extreme voter if and only if it sometimes convinces him to vote across the party line.
Since the corresponding signal realization must move the posterior mean of the state
far away from the prior mean, it must occur with a small probability in order to
prevent the attention cost from being excessive and the voter from tuning out. Here-
inafter, we shall refer to this signal realization as an occasional big surprise. The flip
side of occasional big surprise is a predisposition reinforcement, meaning that most
of the time, the signal endorses the voter’s own-party candidate, which by Bayes’
plausibility can only shift his belief moderately. Evidence for occasional big surprise
and predisposition reinforcement after the use of personalized news aggregators has
already been discussed in Footnote

We finally turn to Part (iii) of Theorem [2} As demonstrated earlier, the optimal
broadcast signal is designed for a representative voter with a symmetric policy pref-
erence, and yet the decision on whether to consume the signal is made by extreme
voters who prefer skewed signals to symmetric ones. Such a mismatch of preferences
limits the amount of attention that the optimal broadcast signal can attract from any
voter compared to his personalized signal. Symmetry then implies that the optimal

broadcast signal is less Blackwell-informative than centrist voters’ personalized signal.

3.2 Equilibrium policies

This section endogenizes candidates’ policy positions. Under segmentation technology
S € {b, p}, a profile of signals and policies (—a, a) with a > 0 can arise in a symmetric
PSPBE if the following are true.

e The profile of signals is a |S|-dimensional random variable. The marginal prob-
ability distribution of each dimension s € S solves Problem (fs), taking (—a, a)

as given.

e The policy position a maximizes candidate R’s winning probability, taking can-

didate L’s position —a, the profile of signals, voters’ consumption decisions, and
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their voting strategies (as functions of actual policies and signal realizations) as

given.

We characterize all symmetric PSPBEs of the game. Before proceeding, note that
the analysis so far has pinned down the marginal signal distribution for each market
segment but has left the joint signal distribution across market segments unspecified,
despite that the latter clearly affects candidates’ strategic reasoning. In what follows,
we first assume that signals are conditionally independent across market segments.
Later in Section [ we will consider all joint signal distributions that are consistent

with the marginal distributions solved in Section [3.1]

Key concepts Fix any segmentation technology S € {b,p} and voter population
distribution ¢q. Our first concept concerns how a candidate’s unilateral deviation from
a symmetric policy profile can affect voters’ voting decisions. Due to symmetry, it

suffices to consider candidate R’s deviation only.

Definition 2. A wunilateral deviation of candidate R from a policy profile (—a, a) with
a > 0 to a’ attracts type k voters if it wins the latter’s support even when their signal

realization disapproves of candidate R, i.e.,
v(—a,d k) + s (a,k) > 0.

It repels type k wvoters if it loses their support even when their signal realization

endorses candidate R, 1.e.,
v(—a,d k) + us (a, k) < 0.

Note that if o' attracts (resp. repels) a voter, then it makes the voter vote for
(resp. against) candidate R unconditionally. If it neither attracts or repels a voter,
then it has no effect on his voting decisions.

We next construct an index called policy latitude, and use it to capture a voter’s
resistance to candidate R’s deviations. For starters, recall that |1%(a)| and |12 (a, k)|

capture the magnitudes of voters’ beliefs about candidate R’s valence given signal

b

realization z € {L, R} under policy profile (—a,a). For ease of notation, write v

for |,u’;(a)Ha:t(1) and vE(k) for |p2(a,k)|| ;- Intuitively, 0% and o} (k) capture
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voters’ pessimism about candidate R’s valence given unfavorable information. Based

on them, we can define policy latitudes as follows.

Definition 3. Define centrist voters’ policy latitude in the broadcast case as £°(0) =

V2 and type k voters’ policy latitude in the personalized case as EP(k) = —t(k)+uh (k).

By definition, a voter’s policy latitude decreases with his preference for candidate
R’s policies, and increases with his pessimism about candidate R’s valence given
unfavorable information. Increasing a voter’s policy latitude makes him more resistant
to candidate R’s deviations.

We finally describe equilibrium outcomes. Let £5¢ denote the set of the non-
negative policy a’s such that the symmetric policy profile (—a,a) can arise in an
equilibrium. We are interested in policy polarization a®? = max 59, defined as the
maximal symmetric equilibrium policy, and whether all policies between zero and

policy polarization can arise in equilibrium.

Definition 4. Type k voters are disciplining if their policy latitude determines policy

polarization, i.e., a5 = &5 (k).

Equilibrium characterization The next theorem gives a full characterization of

the equilibrium policy set.

Theorem 3. For any segmentation technology S € {b,p} and population distribution
q, policy polarization s strictly positive, and all policies between zero and policy po-
larization can arise in equilibrium, i.e., a>? > 0 and £59 = [O,as’q}. Disciplining

voters always exist, and their identities are as follows.

(i) In the broadcast case, centrist voters are always disciplining, i.e., a®? = £°(0)
Vq.

(ii) In the personalized case, centrist voters are disciplining if they constitute a ma-
jority of the population. Otherwise voters with the smallest policy latitude are
disciplining, i.e.,

@O ifg0)>1/2

miné? (k) if ¢ (0) < 1/2.

aPdl —

The intuition behind Theorem (3] is as follows: When voters’ population distri-

bution is sufficiently dispersed, personalized news aggregation allows candidates to

17



benefit from attracting extreme voters in addition to attracting centrist voters. Since
voters with the smallest policy latitude are most susceptible to policy deviations,
they constitute the easiest target of a deviating candidate. Their policy latitude—
which captures their resistance to policy deviations—determines equilibrium policy
polarization. Regardless of whether news aggregation is personalized or not, policy
polarization is strictly positive despite that candidates are office-motivated: Due to
strict obedience, local deviations from a policy profile wouldn’t change voters’ voting
decisions, which suggests that a positive degree of policy polarization could arise in

equilibrium.

Proof sketch We proceed in three steps.

Broadcast case. In this case, all voters consume the same signal, and so form the
same belief about candidates’ valence. Thus the median-voter-theorem logic holds,
namely a deviation of candidate R is profitable, i.e., strictly increases his winning
probability, if and only if it attracts centrist voters. Formally (and no more proof is

required),

Lemma 1. In the broadcast case, a policy profile (—a,a) with a > 0 can arise in
equilibrium if and only if no deviation of candidate R to any o' € R attracts centrist

voters.

Personalized case. In this case, Lemma [l remains valid if centrist voters constitute
a majority coalition. Otherwise no type of voter alone forms a majority coalition,
and a deviation is profitable if it attracts any type of voter, holding other things
constant. The reason is pivotality: Since the infomediary can now offer conditionally
independent signals to different types of voters, the above deviation strictly increases
candidate R’s winning probability when the remaining voters disagree about which
candidate to vote for.

The above argument leaves open the question of whether attracting some voters
would cause the repulsion of others. Fortunately, this concern is ruled out by the

next lemma.

Lemma 2. In the personalized case with q(0) < 1/2, a policy profile (—a,a) with
a > 0 can arise in equilibrium if and only if no deviation of candidate R to any

a' € [—a,a) attracts any voter whose bliss point lies inside [—a, a).
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Lemma [2| exploits basic properties of voters’ utility functions such as weak con-
cavity and inverted V-shape, as well as the strict obedience induced by optimal sig-
nals. To get a sense of how its proof works, consider two kinds of global deviations
from a symmetric policy profile (—a,a) with 0 < a < t(1): (i) d’ ¢ [—a,a] and (ii)
a' € [—a,a). By committing a deviation of the first kind to @’ > a (as depicted in Fig-
ure [1)), candidate R may indeed attract right-leaning voters. But such a success must
cause the repulsion of left-leaning voters, due to the symmetry and weak concavity
of voters’ utility functions (see Appendix for technical details). In addition, the
deviation moves candidate R away from centrist voters and hence runs the risk of
repelling them, so it cannot benefit the candidate overall. The argument for why any

deviation to a’ < —a is unprofitable is analogous, and so is omitted.

AN

t(—1) —a 0 a a t(1)

Figure 1: Consequences of candidate R deviating from policy profile (—a,a) to ' > a
when 0 < a < ¢(1).

Consider next a deviation @’ € [—a,a) of the second kind (as depicted in Figure
2)), which moves candidate R closer to centrist and left-leaning voters. While the
deviation might indeed attract centrist voters, it doesn’t attract left-leaning voters, as
the latter lie closer to candidate L’s position —a than a’. Likewise, we can demonstrate
that o’ neither attracts nor repels right-leaning voters. Thus in order to sustain the
original policy profile in an equilibrium, all we need to rule out is the possibility that

the deviation attracts centrist voters.

t(—1) —a 0 d a t(1)

Figure 2: Consequences of candidate R deviating from policy profile (—a,a) to a’ €
[—a,a) when 0 < a < t(1).

Equilibrium policy set. The above argument establishes that a policy profile can arise
in equilibrium if it deters deviations that aim at attracting certain types of voters. It

is thus useful to express equilibrium policies in terms of attraction-proof sets.

Definition 5. Under any segmentation technology S € {b,p}, the attraction-proof
set for type k voters, denoted by Z5(k), is the set of the nonnegative policy a’s such
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that no unilateral deviation of candidate R from (—a,a) can attract them. Since

a' = t(k) is the most attractive deviation to type k voters, we thus have Z°(k) = {a >
0 u(—a t(k), k) + i5(a k) < 0.

Rephrasing Lemmas 1| and [2| using attraction-proof sets yields £%¢ = Zb(0) and

=7(0) it ¢(0) > 1/2,
([0,£(1)) NEP(0)) U ([t (1), +o0) NNiex=P (k) if q(0) < 1/2.

EPa —

To further simplify these results, we exploit the following properties of attraction-

proof sets.

Lemma 3. (i) £°(0) > 0 and Z°(0) = [0,£%(0)]; (ii) Vk € K, €P(k) > |t(k)| and
=0(k) N {[t(k)], +o00) = [[t(K)[, € (K)].

Lemma |3| clarifies the roles of strict obedience and policy latitude in determining
equilibrium policy polarization and disciplining voter. For each k > 0, the result that
t(k) = |t(k)| (and, by continuity, a neighborhood surrounding it) belongs to =Z°(k)
follows immediately from type k voters’ strict obedience at policy profile (—t(k), t(k)):
v(—t(k),t(k), k) +us (t(k), k) < 0. Simple as it is, this result implies that equilibrium
policy polarization is strictly positive.

Meanwhile, the fact that maxZ°(k) = £5(k) isn’t a coincidence: In the general
model presented in Online Appendix O.1, we define a voter’s policy latitude directly
as the maximum attraction-proof position for him. Under distance utility function,
policy latitudes have closed-form solutions with clear economic interpretations (as
in Definition . When voters’ population distribution is dispersed, we must deter
candidates from attracting any voter. The maximum attraction-proof position for
every voter is mingex £P(k), which should intuitively pin down the maximum policy
that could arise in equilibrium. The proof presented in the appendix formalizes this
intuition by “gluing” the various forming pieces of £ together into the desired result.
More work is needed to show that the entire interval [|t(k)|, (k)] is contained in the
attraction-proof set, for reasons that exploit the distance utility function, but are

independent of the attention cost function.

Remarks In case signals are exogenous rather than endogenous, all characteriza-

tions up to Lemma [2 remain valid, and policy polarization is strictly positive as

20



long as strict obedience holds. One can still define policy latitudes as the maximum
attraction-proof positions, although their formulas will differ from those given in Def-
inition [3] The equilibrium policy set will depend on the exact shapes of attraction-
proof sets.

Our analysis remains completely unchanged if candidates maximize votes rather
than winning probabilities. This can be seen by replicating the proof of Lemma
line by line for vote-maximizing candidates. Both the win motivation and the vote

motivation are commonly seen in the applied literature.

3.3 Comparative statics

This section examines the comparative statics of equilibrium policy sets. Since all
policies between zero and policy polarization can arise in equilibrium, it is w.l.o.g.
to focus on the comparative statics of policy polarization: As policy polarization

increases, the equilibrium policy set increases in the strong set order[]

Segmentation technology The next proposition concerns the policy polarization
effect of (disabling) personalized news aggregation (General Data Protection Regula-

tion|, 2016; Warren, 2019).

Proposition 1. Policy polarization is strictly higher in the personalized case than
in the broadcast case if and only if one of the following situations happens in the

personalized case.
(i) Centrist voters are disciplining.

(ii) Right-leaning voters are disciplining, and the belief induced by the occasional big

surprise of their personalized signal is sufficiently strong: v} (1) > 08 +¢(1).

(111) Left-leaning voters are disciplining and have a sufficiently strong policy prefer-

ence: [t (—=1)| > vt —of (=1).

Proposition (1| follows immediately from Theorem . Part (i) of the proposition
exploits the fact that centrist voters’ personalized signal is more Blackwell-informative
than the broadcast signal, hence their policy latitude increases as news aggregation

becomes personalized.

1Coming up with an equilibrium selection mechanism is a fascinating avenue for future research.
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Parts (ii) and (iii) of Proposition || show that if extreme voters are disciplining
in the personalized case, then the skewness of their signals is crucial for sustaining a
greater degree of policy polarization than in the broadcast case. The role of skewness
differs according to which type of extreme voter is disciplining. In the case where
base voters (i.e., right-leaning voters) are disciplining, the only explanation for why
they could have a big policy latitude must be the occasional big surprise of their
personalized signal. Indeed, base voters must be significantly more pessimistic about
candidate R’s valence following unfavorable information than the centrist voters in
the broadcast case, i.e., v} (1) > v? +¢(1).
In the case where opposition voters (i.e., left-leaning voters) are disciplining,
a presumption is that they have a smaller policy latitude than base voters, i.e.,
—t(=1)+ o7 (=1) < =t (1) + v} (1). The last condition, while delicate at first sight,
stems naturally from the trade-off between voters’ policy preferences and their beliefs
about candidate valence: Since base voters most prefer candidate R’s policies, they
seek the biggest occasional surprise, and so are most pessimistic about candidate R’s
valence following unfavorable information. In contrast, opposition voters least prefer
candidate R’s policies, but are nonetheless most optimistic about his valence following
unfavorable information. For the above condition to hold, the difference between base
and opposition voters” beliefs must exceed the difference in their policy preferences,
ie., v} (1) —of (=1) > t(1) — t(—1). Simplifying the last condition using symmetry
yields
vp (1) = vk (1) > 2t (1), (2)

which stipulates that extreme voters’ personalized signals must be sufficiently skewed
that the beliefs induced by the occasional big surprise and own-party bias differ
by a significant amount. In that case, candidate R wouldn’t target his base when
contemplating a deviation. Instead, he appeals to his opposition, which itself could
be challenging due to the latter’s preference against his policies. When such an anti-
preference is sufficiently strong, i.e., |t(—1)| > v¢ — o (=1), policy polarization
increases as a result of personalized news aggregation. Notice the role of skewness in
the above argument, which is crucial yet indirect.

The next example reduces Proposition (1] to model primitives under quadratic
attention cost. See also HLS for the numerical solutions obtained under entropy

attention cost.
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Example 1. When h(u) = p?, solving voters’ equilibrium belief magnitudes and

policy latitudes yields

by — (1 + /1= 16Xt(1) 1+ /1— 16)\a,t(1)>
B 4\ ’ AN )

(’U%, URr

(55 —4t(1), 55) ifk=—1,
(W} (k), Vi (k) = $ (5, ) it k=0,
(335 —4t(1) if k=1,

and
o —3t(1) if k=1,
1+ /1 —16Xt(1
£0(0) = o W 4nd (k) =4 & if k=0,
& —t(1) k=1

Thus under personalized news aggregation, Condition always holds: o (1) —
v (1) = 4t(1) > 2t(1), and opposition voters are always disciplining: mingex £P(k) =
&P(—1). Compared to broadcast news aggregation, personalized news aggregation
increases policy polarization if and only if [t(—=1)] > o7 (—1) — %, or equivalently
At(1) > 1/18 ~ .55.

To develop intuition for the last result, note that as extreme voters’ policy prefer-
ences become stronger, they find news consumption less useful. Under personalized
news aggregation, the infomediary is reluctant to cut back v%(1) = 1/2), the occa-
sional big surprise that makes news consumption valuable to left-leaning voters, and
so must cut back v (1) = 1/2X\ — 3t(1) significantly in order to prevent these voters
from tuning out. Under broadcast news aggregation, v% and v% must decrease by the
same amount to prevent extreme voters from tuning out. When #(1) is sufficiently
large, the right-hand side of [t(—1)| > v (—1) —v? is small whereas the left-hand side
of it is big, hence the condition is satisfied.

Meanwhile as the attention cost parameter increases, signals must become less
Blackwell-informative in order to prevent voters from tuning out, hence v% (1) and v?
both decrease. When ) is large, the right-hand side of [¢t(—1)| > v (—1) —¢? is small
whereas the left-hand side of it is independent of A, hence the condition holds. &
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Attention cost parameter The next proposition shows that policy polarization

decreases with voters’ attention cost parameter.

Proposition 2. Let X' > X\ > 0 be two attention cost parameters such that the
corresponding environments satisfy Assumptions[1] and[3, and the beliefs induced by
optimal signals take interior values between —1 and 1. As we increase the attention
cost parameter from X to N, policy polarization strictly decreases under both broadcast

news aggregation and personalized news aggregation.

The proof of Proposition [2] exploits an important fact: As the attention cost
parameter increases, optimal signals become less Blackwell-informative, which atten-
uates voters’ beliefs about candidate valence. As voters become more susceptible to
policy deviations, their policy latitudes fall.

Proposition [2| sheds light on the policy polarization effect of introducing perfect
competition between infomediaries, which is advocated by the British government as
a preferable way of regulating tech giants (The Digital Competition Expert Panel,
2019). In Online Appendix 0.2, we investigate an extension of the baseline model,
whereby each type k € IC of voter is served by multiple infomediaries competing a la
Bertrand and solving

mﬁxxV (IL; a, k) — A (IT) .

The solution to this problem, which we name as the competitive signal for type k
voters, coincides with their monopolistic personalized signal for some attention cost
parameter A’ > \. Intuitively, monopolistic personalized signals overfeed voters with
information about candidate valence through reducing the attention cost parameters
they effectively face. Introducing competition between infomediaries corrects this

overfeeding problem; its policy polarization effect is negative by Proposition [2]

Population distribution Recently, a growing body of the literature has been de-
voted to the understanding of voter polarization, also termed mass polarization. No-
tably, Fiorina and Abrams| (2008) define mass polarization as a bimodal distribution
of voters’ policy preferences on a liberal-conservative scale, and Gentzkow| (2016)
develops a related concept that measures the average ideological distance between
Democrats and Republicans. Inspired by these authors, we define increasing mass

polarization as a mean-preserving spread of voters’ policy preferences. The next
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proposition shows that under personalized news aggregation, increasing mass polar-

ization may surprisingly reduce policy polarization rather than increasing it.

Proposition 3. Let ¢ and ¢ be two population distributions such that the mass is
more polarized under ¢’ than under ¢, i.e., ¢(0) > ¢'(0). As we change the population
distribution from q to ¢’ in the personalized case, policy polarization weakly decreases,
and it strictly decreases if ¢ (0) > 1/2 > ¢’ (0) and min {&¥ (—1),&P (1)} < &P (0).

Proposition [3] follows immediately from Theorem [3} As we keep redistributing
voters’ population from the center to the margin, candidates would eventually benefit
from attracting extreme voters in addition to attracting centrist voters. If any extreme
voter has a smaller policy latitude than that of the centrist voters (as in the case of

quadratic attention cost), then a reduction in the policy polarization will ensue.

4 Extensions

In this section, we report main extensions of the baseline model and their takeaways

without touching any technical detail. See online appendices for formal analysis.

General voters and joint signal distribution In Online Appendix O.1, we ex-
tend the baseline model to arbitrary finite types of voters holding general policy
preferences. We also relax the assumption that signals are conditionally indepen-
dent across market segments, and instead consider joint signal distributions that are
consistent with the marginal distributions as solved in Section [3.1]

Our analysis leverages a new concept called influential coalition. Loosely speak-
ing, a coalition of voters is influential if attracting all its members, holding other
things constant, strictly increases the deviating candidate’s winning probability. In
the broadcast case, signals are perfectly correlated among voters, so a coalition of
voters is influential if and only if it is a majority coalition. In the personalized case,
non-majority coalitions can be influential, due to the imperfect correlation between
different voters’ signals. Table [1| compiles the influential coalitions in the baseline
model.

Personalized news aggregation affects policy polarization through changing the

marginal signal distributions, as well as the influential coalitions. So far we’ve focused

25



S=b S=p
q(0) > 1/2 | majority coalitions | majority coalitions
q(0) < 1/2 | majority coalitions | nonempty coalitions

Table 1: Influential coalitions in the baseline model.

on the first effect, under the restriction that personalized signals are conditionally in-
dependent across voters. As demonstrated in Online Appendix O.1, lifting the last
restriction while holding marginal signal distributions fixed can only increase policy
polarization. Among all joint signal distributions and voter population distributions,
the exact lower bound for policy polarization: mingex &P(k), is attained when sig-
nals are conditionally independent across voters and voters’ population distribution
is uniform across types. Both findings follow from a characterization of policy polar-
ization as the minimum policy latitude among all influential coalitions, as well as the
comparative statics of influential coalitions as we vary the joint signal distribution,
holding marginal signal distributions fixed.

Two takeaways are immediate. First, results so far prescribe the exact lower
bound for the policy polarization effect of personalized news aggregation. Second,
as long as the lower bound mingex (k) stays positive, changes in the environment
(e.g., enrich voters’ types, divide voters of the same type into multiple subgroups)

wouldn’t render policy polarization trivial.

A continuum of states In Online Appendix O.3, we extend the analysis to a
continuum of states while assuming mutual information as the attention cost. All
previous findings regarding the personalized case remains qualitatively valid. As for
the broadcast case, we show, as in the baseline model, that any optimal signal has
at most three signal realizations: LL, LR, and RR. Interestingly, this result holds
for arbitrary finite types of voters, because among all voters, only those of the most
extreme types can have binding participation constraints, and the signal acquired
by the representative voter acting on their behalves prescribes at most three voting
recommendation profiles as above.

The case of two signal realizations can be solved analogously as before. In the new
case of three signal realizations, we argue, using the convexity of mutual information
in the signal structure (Cover and Thomas, 2006)), that the optimal signal must be

symmetric, hence the posterior mean of the state given signal realization LR must
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equal zero. Given this, we then argue that equilibrium policy polarization must equal
zero, hence the personalization of news aggregation always strictly increases policy

polarization.

5 Related literature

The current paper adds to three strands of the economic literature: rational inatten-

tion (RI), media bias, and electoral competition.

Rational inattention The literature on RI pioneered by [Sims (1998)) and |Sims
(2003) assumes that decision-makers can optimally aggregate source data into sig-
nals themselves. To create a role for infomediaries, we assume that the aggregator is
designed and operated by an infomediary, whereas voters must fully absorb the infor-
mation given to them. Apart from this departure from the RI paradigm, we otherwise
follow the standard model of posterior-separable attention cost that nests Shannon
entropy as a special case. Posterior separability (Caplin and Dean|, 2013) has recently
received attention from economists because of its axiomatic and revealed-preference
foundations (Caplin and Deanl, 2015; (T'sakas|, 2020; [Denti, 2022; [Zhong), 2022), connec-
tions to sequential sampling (Hébert and Woodford, |2018; [Morris and Strack, 2019),
and validations by lab experiments (Ambuehl, 2017; Dean and Neligh, |2019).

The flexibility of information aggregation is essential to our predictions, as well
as many other RI models (see |Mackowiak et al.|2021|for a survey). It is absent from
most existing political models with costly information acquisition (often referred to as
rational ignorance models), whereby voters can only acquire signals that follow styl-
ized, exogenous probability distributions (see, e.g., Persicol, 2004; Martinelli, [2006)).
Evidence for attentional flexibility has been documented by the aforementioned lab

experiments, as well as Novak et al.| (2021]).

Media bias The current paper adds to the literature on demand-driven media
bias. A high-level idea it seeks to formalize—namely even rational consumers can ex-
hibit a preference for biased information when constrained by information processing
capacities—dates back to (Calvert| (1985b)), and is later expanded on by [Suen! (2004)),
Burke (2008), and (Che and Mierendorff| (2019) among others. While some of these

models also predict a predisposition reinforcement and, implicitly, an occasional big
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surprise, they work with ad-hoc information aggregation technologies, and do not ex-
amine the consequences of biased information aggregation for electoral competition.
Even if they did, as in (Chan and Suen| (2008)), their predictions could still depart
significantly from ours due to the subtle differences in the information aggregation
technology (more on this later).

A recent, noteworthy contribution to the literature is made by Perego and Yuksel
(2022), who study the impact of media entry on news personalization and opinion
disagreement in a variant of Salop’s circle model. The news consumers in their model
have heterogeneous preferences for information, whereas media outlets with limited
information processing capacities compete by adjusting the locations of their products
on the circle. While Perego and Yuksel (2022) also predict personalized information
aggregation, their media outlets face different objectives, choices, and constraints
from ours. Electoral competition isn’t their concern, but it lies at the heart of the
current analysis.

There is also a vast literature on supply-driven media bias, studying how self-
interested media could persuade voters to favor one candidate over another through
biased information disclosure. Notable, recent contributions to this literature include
Duggan and Martinelli (2011)), (Gehlbach and Sonin (2014)), and Prat| (2018). On the
methodological side, there is a growing theoretical literature studying the optimal
(private) persuasion of voters whose actions may have payoff externalities on each
other (see, among others, Schnakenberg, [2015; Alonso and Camara;, 2016; |Salcedo,
2019). Since NARI can be rephrased as a game of persuading a representative voter,
it is closer to the single sender, single receiver problem studied by |Kamenica and

Gentzkow| (2011) than those considered by the aforementioned studies.

Electoral competition In most existing probabilistic voting models, voters’ sig-
nals are assumed to be continuously distributed, so even small changes in candidates’
positions could affect their voting decisions (see Duggan|, [2017| for a thorough liter-
ature survey). Under this assumption, Calvert| (1985a)) establishes a policy conver-
gence between office-seeking candidates, and pioneers the use of policy preferences for
generating policy polarization between candidates (hereinafter, the Calvert- Wittman
logic). Strict obedience stands in sharp contrast to this assumption, although it is a
natural consequence of NARI.

There is a small but growing literature on electoral competition with personalized
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information aggregation@ The current work differs from the existing studies in two
main aspects. First, the signal structures generated by NARI are new to the literature.
Second, in order to single out the policy polarization effect of NARI, we embed the
analysis in a plain probabilistic voting model where candidates are office-motivated,
and the only source of uncertainty is their valence shock (see, e.g., (Calvert, 1985a;
Duggan, 2017). Together, these modeling choices generate new insights that even the
closest works to ours tend to ignore.

Chan and Suen| (2008)) study an electoral competition model where voters care
about whether the realization of a random state variable is above or below their per-
sonal thresholds. Information is provided by personal media, which form bi-partitions
of the state space using threshold rules. A consequence of working with this in-
formation aggregation technology, rather than NARI, is that signal realizations are
monotone in voters’ thresholds, i.e., if a left-leaning voter is recommended to vote for
candidate R, then a right-leaning voter must receive the same recommendation. As
a result, centrist voters are always disciplining despite a pluralism of media.H We
instead predict that the disciplining voter can vary with model primitives, and will
discuss the empirical implication of this prediction in the conclusion section.

Two recent papers: Matéjka and Tabellini (2021) and |Yuksel (2022)), study elec-
toral competition models with personalized information acquisition. In Matéjka and
Tabellini| (2021)), voters face normal uncertainties about candidates’ policies that do
not directly enter their utility functions. Information acquisition takes the form of
variance reduction, generating signals that violate strict obedience and sustain policy
polarization only if the cost of information acquisition differs across candidates. The
current work differs from [Matéjka and Tabellini (2021) in the source of uncertainty,

the attention technology, and the driving force behind policy polarization.

12Certainly, personalized information aggregation is only one of the many mechanisms that gener-
ate information personalization. Other notable mechanisms include shrouded attributes and targeted
campaign. |Glaeser et al.| (2005) explore the first mechanism by assuming that voters can only observe
the policy deviations committed by their own-party candidates. In equilibrium, policy polarization
arises due to the lack of monitoring by voters from the opposite side. [Herrera et al.| (2008)) formalize
the second mechanism in a Calvert-Wittman model, showing that an increase in the uncertainty of
voters’ preferences raises both campaign spending and policy polarization. Ensuing studies to these
papers are numerous; they are not reviewed here due to space constraints.

13Starting from there, the analysis of (Chan and Suen| (2008) differs completely from ours. In
particular, (Chan and Suen| (2008]) exploit the Calvert-Wittman logic, assuming that voters observe
a preference shock in addition to the state variable disclosed by media outlets, and that candidates
have policy preferences. We do not use the Calvert-Wittman logic to generate polarization.
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Yuksel (2022) studies a variant of the Calvert-Wittman model, where voter learn-
ing takes the form of partitioning a multi-dimensional issue space. Aside from these
modeling differences that set our reasoning apart,@ none of our main predictions—
including the rise of policy polarization between office-motivated candidates and the

comparative statics of policy polarization—have analogous counterparts in [Yuksel
(2022]).

6 Concluding remarks

Tech-enabled personalization is now ubiquitous and seems to maximize social surplus
by best serving individuals’ needs. To us, this argument ignores the vital role of
modern infomediaries in shaping consumers’ beliefs and, in turn, the location choices
of politicians, companies, etc. After formalizing this role, the welfare consequences
of many regulatory proposals to tame tech giants become less clear-cut. For exam-
ple, while enabling personalization clearly makes the monopolistic infomediary better
off and news consumers worse off, holding candidates’ positions fixed, it could affect
social welfare in either way once policies become the subject of candidates’ strategic
choices. For this reason, we caution that prudence be exercised and our equilibrium
characterization be considered when evaluating the overall impacts of these propos-

als["] The usefulness of our theory in this regard is illustrated by the next example.

Example 2. In our model, a voter’s equilibrium expected utility equals

V(I a, k) — M(I) + u(ar, k),
) ) . @)

where the first term in the above expression equals zero for voters with binding partic-
ipation constraints in news consumption, and the second term depends on the exact

location choice of candidate L relative to the voter’s bliss point. Absent the second

Y4Tn particular, Yuksel’s (2022) reasoning exploits the multi-dimensionality of the issue space and
the Calvert-Wittman logic. Our results hold regardless of the dimensionality of the state space, and
they do not exploit the Calvert-Wittman logic.

15 A common, alternative measure of social welfare in election models is the probability of accurate
selection (i.e., that of selecting the candidate with the greatest valence). In a companion paper Li
and Hul (2020]), we examine properties of this measure in a model of electoral accountability, whereby
voters can aggregate information optimally themselves as in the standard RI paradigm. Interested
readers can adapt the results therein to the current context and examine the selection effect of NARI.
A thorough investigation of this subject matter is beyond the scope of the current paper.
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effect, enabling personalization makes voters (weakly) worse off by allowing the mo-
nopolistic infomediary to perfectly discriminate against them. To evaluate the second
effect, we use a symmetric social welfare function that assigns equal weights to left-
leaning voters and right-leaning voters. The weighted sum of the second effects across
voters is then decreasing in |ay|. Combining the two effects shows that personalized
news aggregation reduces voter welfare if it increases policy polarization. The last
situation happens if and only if A¢(1) > 1/18 in the context laid out in Example[1} ¢

In HLS, we applied our theory to the study of product differentiation between
firms with personalized product information aggregation for consumers. Interested
readers can consult the material therein for further details.

An important takeaway from our analysis is the indeterminacy of the disciplining
voter under personalized news aggregation. This prediction, while delicate at first
sight, suggests that a first step towards testing our theory is to survey political con-
sultants and volunteers about the disciplining voter—an approach that Hersh| (2015))
advocates in the context of personalized campaign. It also indicates the usefulness
of studying shocks to infomediaries, as they may generate the needed variations for
empirical research (e.g., introducing perfect competition to infomediaries is mathe-
matically equivalent to increasing the attention cost parameter). We hope someone,

maybe us, will pursue these agendas in the future.

A Proofs

The proofs presented in this appendix exploit the following properties of distance

utility function.

Observation 2. u(a, k) = —|t(k) — a| satisfies the following properties, provided that

the bliss point function t : K — R s strictly increasing and is symmetric around zero.

Continuity and weak concavity u (-, k) is continuous and weakly concave for any
kel.

Symmetry u(a,k) =u(—a,—k) for any a € R and k € K.
Inverted V-shape u (-, k) is strictly increasing on (—oo,t (k)] and is strictly de-

creasing on [t (k) ,400) for any k € K.
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Increasing differences v(—a,a’, k) = u(a, k) —u(a’, k) is increasing in k for any
a>d. Foranya >0, v(—a,a,k) =u(a,k)—u(—a,k) is strictly positive if
k =1, equals zero if k =0, and is strictly negative if k = —1.

A.1 Proofs for Section 3.1

The proofs presented in this appendix take an arbitrary policy profile a = (—a,a)
with a > 0 as given. Since the underlying state is binary, we can represent any signal
structure by the tuple (7., pt,).cz, where m, denotes the probability that the signal
realization is z € Z, and p. denotes the posterior mean of the state conditional on

the signal realization being z. Any binary signal structure must satisfy

_ MR
HUR — KL

—HL

and 7Tp = ———,
MR — KL

L
and so can be represented by the profile p = (up, ur) of posterior means. Type k

voters’ utility gain from consuming g is simply

viak)+ uglt if £ <0,
Viwak = g e
—rrv(a, k) +pr]” k>0,

where v(a,1) > 0 = v(a,0) > v(a,—1) = —v(a, 1) according to Observation [2[ sym-
metry and increasing differences. For ease of notation, we shall write v for v(a, 1)
and —v for v(a, —1), and drop the notation of a from V(II; a, k). We will also use IT
to denote the signal that fully reveals the true state.

We presented two results: Theorems [I] and [2] in Section Given how interre-
lated these results are, we feel it is best to prove them together. In what follows, we
will maintain Assumption[l] as well as Assumption [2[(i) (i.e., the feasibility condition)
throughout. Assumption [2] (ii) and (iii) will only be invoked for certain parts of the

proof.

Personalized case Consider w.l.o.g. the market segment that consists of left-

leaning voters. Any optimal personalized signal for these voters must solve

max [ (II) subject to V (II; —1) > A (II). (3)

II:Q—A(Z)
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Let v > 0 denote the Lagrange multiplier associated with voters’ participation con-

straint, and define the Lagrangian function as
L(IL,y) = I(IL) + ~[V(IL —1) — A(I1)].

Then the primal problem: , can be rewritten as supp inf,>o £(II,7), whereas the
dual problem is inf,>osupy £(IL, 7). Let p* and d* denote the values of the primal
problem and dual problem, respectively, and note that d* > p* by weak duality. Also
note that p* > 0, as Assumption [2{i) (i.e., the feasibility condition) implies that any

solution to the primal problem must be a nondegenerate signal.

Step 1. Characterize the solution to supy £(7,~) for each v > 0. Show that the
solution is always unique and has two signal realizations.

When v = 0, we have £(II,y) = I(II), so the solution to supy £(II,~) is II.
When v > 0, we can rewrite supy £(m,7) as supy y[V(II; =1) — (A = 1/4)I(IT)], or
equivalently

sup V(IL; —1) = (A = 1/9)1(ID). (4)

When A(v) := A — 1/ < 0, the solution to is again II. When A(y) > 0, the

maximand of becomes

> om [[Fo ]t = A b ()],

z ~~ d
#< fpz)

where f is the maximum of two strictly concave functions of p: —A(y)h(u) and
—v 4+ piz — A(y) h (). As depicted in Figure [3| the two functions single-cross at
1 = v, and their maximum is M-shaped. Thus solving using the concavification
method developed by Kamenica and Gentzkow| (2011)) yields a unique solution with
at most two signal realizations. Hereinafter we shall denote this solution by II(7).
To rule out the case of one signal realization (i.e., a degenerate signal), let W (7)
denote the value of at IT = II(). At v = +o0, becomes the optimal infor-
mation acquisition problem faced by left-leaning voters if they could freely choose
the signal structure themselves, i.e., maxy V(II; —1) — AI(II). Assumption [2{i) im
plies that II(4+00) is nondegenerate, and that W (+oo0) > 0. Meanwhile, W'(y) =
—I(TI(7))/¥* < 0 holds almost surely by the envelope theorem. Combining these
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Figure 3: f and its concave closure f* in the personalized case.

observations shows that W (v) > W(+o00) > 0 and, hence, II() is nondegenerate for
all v € (1/\, +00),

Step 2. Show that strong duality holds, i.e., p* = d*.

Recall from Step 1 that I(II) = £(I1(0),0) > d* > p* > 0, i.e., d* is a pos-
itive, finite number. Also note that L£(II(v),v) = YW(y), and that W(y) is con-
tinuous in v by Berge’s maximum theorem. From W(4o00) > 0, it follows that
lim, oo L(II(7),7) = +00 - W(+00) = 400 > d*. Thus, d* must be attained at
some finite v* € [0, +00).

Define I' = {y > 0 : II(y) = II}. Note that I' O [0,1/)], and that the set is
closed because II(7) is the unique solution to and so is continuous in v by Berge’s
maximum theorem. Consider two situations.

o If V(IT) — AI(IT) > 0, then II is primal feasible, and so p* > I(II) = L(I1(0),0) >
d* > p* as desired.

o If V(IT) — M (II) < 0, then supT’ < +o0. Thus I is a compact set, hence every
open cover U,erBc(7y) of it has a finite subcover, which we denote by Fe.m By the
envelop theorem, L(II(7),~) is differentiable in v almost surely, and the derivative,

whenever it exists, is given by
——L(II(v),7) = V(II(y)) = M (I1(7)).

Now, since the right-hand side of the above expression is continuous in 7, £(II(7), )

6 Throughout, B(x) denotes the e-ball surrounding .
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must be differentiable in v everywhere rather than being just absolutely continuous
in . Moreover, %E(H(y),y) must be negative on I'. when € is sufficiently small,
hence B (v*) C Ry — T for some ¢ > 0. At 7 = 7* where d* is attained,
d . «
LU, =V 1) = M(I(y)) =0
v o
=y
must hold, which together with 0 ¢ B.(v*) implies that (v*, II(y*)) satisfies the com-
plementary slackness condition and so is primal feasible. Thus p* > I(II*), which
together with d* = L(II(~*),~v*) = I(IT*) implies that p* = d* as desired.

Step 3. Show that the primal problem admits a unique solution.

From Steps 1 and 2, we know that the primal problem either admits II as the
unique solution, or any solution to it must take the form of II(y) for some v > 1/\.
In the first case, we are done. In the second case, suppose, to the contrary, that
the primal problem admits two distinct solutions: IT* = II(y!) and I1? = TI(v?), with
! #£ ~%. Assume w.l.o.g. that 4! > ~% and hence that A(y') = A—1/9' > A—=1/4% =
A(?)(> 0). Since IT* is the unique solution to (4) given (),

A(yHI () = 1(I1%)] > V(IT —1) = V(I —1) > A(y*)[I(IT') — I(I1)]

must hold. Therefore I(IT') > I(I1%), and so IT? cannot be a solution to the primal

problem, a contradiction.

Step 4. Show that if the solution to the primal problem differs from II (as
required by Assumption [2{ii)), then it must be left-skewed, i.e., i, + g > 0.

From the previous steps, we know that

HR

————[~v+pgr]" > AN ((pr, pr)) >0
MR — KL

V ((pr, pr); —1) =
and hence that pur > v. pp + pr > 0 must hold, because if the contrary is true,

i.e., pur + pr < 0, then consuming (—pg, —p7) incurs the same attention cost as

consuming (pr, ur) by Assumption |1 but the first option generates a strictly higher
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consumption utility:

KR (v — pg) > —HL

V (=, =) 1) = e
MR — ML MR — ML

(=v+pr) =V (e, pr); =1) .
It remains to show that uyp + ur # 0. For starters, recall that if (ur, ugr) # (—1,1)
as required by Assumption [2[ii), then it must solve
—HL * HR KL
max ———(—v+ — A ——h ————h 5
(kr,pr)E MR — ,UL( tr) ") MR — KL (1) HUR — KL (k) ©)
[~1,0]x[v,1]
for some v > 1/A. There are two cases to consider.
o If up = 1, then py # —1 must hold in order to satisfy (ur,ur) # (—1,1), and
so g + pr, > 0 as desired.
o If ugp € (v,1), then uy > —1 must hold in order to satisfy up + pur > 0, and
wr # 0 must hold to prevent the signal from becoming degenerate. Thus (uz, fir)
belongs to the interior of [—1,0] x [v,1], and so is characterized by the following

system of first-order conditions:

—v+ pir = A(y) [Ah — b/ () Ayl (6)
and v — pr, = A7) [0 (1r) Ap — AR] (7)

where Ah = h(ugr) — h(pr) and Ap = pr — pr. Now, if up + pur = 0, then Ah =0
and 1/ (ug) = —h (ur) by Assumption [1} so the right-hand sides of (6) and are

the same. Meanwhile, the left-hand sides differ, which leads to a contradiction.

Broadcast case Due to space constraints, we focus on the case where it is strictly
optimal to include all voters in news consumption (i.e., Assumption [2{iii) holds) for
now, and will comment on the remaining cases at the end of this section. Since the

following must hold for any nondegenerate signal structure II:

V(IL—=1) = ml—v+p]t <D mlu)t =V (I1;0)

z2€Z 2€Z
and V (I[; 1) = Z —m v+ p]” < Z —m.[pn.]” =V (I1;0),
z2€Z 2€Z
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we can ignore centrist voters’ participation constraint and formalize the primal prob-
lem as follows:

I(IT) subject to V(II; k) > M (II) Vk € {—1,1}. 8

e I(IT) subject to V(IT:K)  AI(ID) vk € {~1,1) ®)

For each k € {—1,1}, let 7, > 0 denote the Lagrange multiplier associated with type

k voters’ participation constraint, and define the Lagrangian function as

L(ILy) = I+ Y w[V(Ik) = A1),

ke{-1,1}

where v = (7-1,71). The primal problem: ({8)), can be rewritten as supy infy>o £(II, ),
whereas the dual problem is inf,>qsupy £(IL, 7). As before, let p* and d* denote the
values of the primal problem and dual problem, respectively. Note that d* > p*, and
that p* > 0 by Assumption [2[i). The remainder of the proof consists of three steps.

Step 1. Characterize the solution(s) to supy £(I1,4) for each v > 0.
When v = 0, L(IT;v) = I(II), so the solution to supy £(II,~) is II. For each

v # 0, define (i) 8() := (0-1(7), 61 (7)), where 3y () = (y-1+7) ' Vk € {-1,1},
(i) M) = A= (v_1 + 7)Y, as well as (iii)

W(IL~) = 6(v) - V(II) = A(y){(IT)

where V(II) = (V(II; —1), V(II;1)). Then L(II,y) = (v-1 + 71)W(IL,~), and the
problem supy; £(I1, ) is equivalent to

sUp W (IL, ). (9)

If A(y) <0, then the solution to @ is again II. If A(v) > 0, then the maximand of
9 is
Z"Tz \[5—1[_’0 + :uz]+ - 51 [U + ,uz]_ - /\(7)h(ﬂz):|1a

Z Vs
=< Fle)

where f is the maximum of three strictly concave functions of u: d_; (—v + pu) —

AR (1), =A(y)h (1), and =&y (v + p) — A(¥)h (1), as depicted in Figure il Let
fT denote the concave closure of f, and note that py = inf {u: f* () > f ()} and
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pe = sup{p: f* () > f ()} are finite and satisfy pu; < 0 < po. There are three

cases to consider.

Figure 4: f and its concave closure f* in the broadcast case.

(@) It fT(0) > (1 — ) f*(u1) + aft(ug) for all @ € [0, 1], then the unique solution
to (9 is the degenerate signal (0,0) (as depicted on Panel (a) of Figure [4).

(b) If fY(0)=(1—a)ft () + afT(u2) > f(0) for some a € [0, 1], then the unique
solution to ([9) is the binary signal (p1, f12) (as depicted on Panel (b) of Figure [4).

(¢) fH(0) = (1 —a)fT () + aft(u2) = f(0) for some a € [0,1]. In this case, (9)
has multiple solutions that entail at most three signal realizations (as depicted
on Panel (c) of Figure [l). Among these solutions, the binary signal (1, f12)
is the most Blackwell-informative, and the degenerate signal (0,0) is the least

Blackwell-informative.

Step 2. Show that strong duality holds, i.e., p* = d*, and that p* and d* are

attained by a binary signal structure.
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For each v > 0, let II(7y) denote a typical solution to @D By Berge’s maximum
theorem, the correspondence v — {II(7)} is upperhemicontinuous (uhc), and W (=) is
continuous in 4. Recall, from the previous step, that I(II) = £(II,0) > d* > p* > 0,
i.e., d* is a positive, finite number. To show that d* is attained by some finite ~*,
suppose that the contrary is true, i.e., there exists a sequence (y", II(4™)),, such that
7™ — 400 (]| - || denotes the sup norm) and lim,,, 1 L(II(¥"),~¥™) = d*. Since
d(y") € LS :={6 €[0,1]* : 6_;+0; = 1} Vn, there exists a subsequence (y"™),m such
that lim,m_,+o 6(y™") = & € LS. In the limit, (9) becomes the optimal information
acquisition problem faced by a representative voter who weighs the two extreme voters
by 8’ and faces A as the attention cost parameter, i.e., maxy ¢’V (II) — AI(II). Under
Assumption (i), the value of this optimization problem is strictly positive. But then
d* = limpm oo L"), ™) = limpm 00 (V2] +91™)W (L"), y™™) = +00 >
d*, which is impossible.

Define I' = {v > 0 : I € {II(v)}}. Note that T D {y >0:7_; +7 < 1/A}, and
that the set is closed by the upper hemicontinuity of the correspondence vy — {II(«y)}.
By symmetry, either V(II; k) — AI(II) > 0 Vk € {—1,1}, or V(IL k) — M(IT) < 0
Vk e {-1,1}.

e In the first case, II is the unique solution to the primal problem, and p* >
I (ﬁ) > d* > p* as desired.

e In the second case, sup{||7| : v € I'} < oo must hold, because if the contrary
is true, then there exists a sequence (y"), € I' with lim, , . ||[7"]] = +o00. Let
(4™ ),m be any subsequence of (4™), such that 6(4™) converges (to an element ¢’
of LS). Then lim,m_, oo §(y™) - V(II) — A(y™)I(IT) = &' - V (IT) — AI(II) > 0, which
contradicts the fact that V (I, k) — AI(II) < 0 Vk € {—1,1}.

The remainder of the proof focuses on the second case, in which I' is compact,
and v* € Ri — I' and so must differ from 0. Indeed, we claim that v* > 0, and so
B.(v*) € RY —T for some € > 0. To prove this claim, all we need to do is to rule out
the case where v; = 0 and 7", > 0 for some k € {—1,1}. In that case, d* is attained
by the optimal personalized signal for type —k voters. Since the infomediary could
always implement that signal structure but strictly prefers to include all voters in
news consumption, p* > d* must hold, which is impossible.

At v = v, W(~*) = 0 if we end up in the situation depicted on Panel (a)
or Panel (c) of Figure , whereby the degenerate signal is a solution to @ But
then d* = (v +v*)W(v*) = 0 < p*, which is impossible. The only remaining
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possibility is depicted on Panel (b) of Figure [, whereby {II(v*)} is a singleton, and
II(4*) is a binary signal. Since the mapping v — {Il(v)} is uhc, there exists a
small neighborhood B.(~*) over which {II(v)} is a singleton, II(7) is binary, and
the mapping v + II(v) is continuous. By the envelope theorem, L(II(7y),~y) is

differentiable in « almost surely, and the derivative, whenever it exists, is given by

0
a—%ﬁ(ﬂ(v)ﬁ) = V(Il(y), k) = M(I(v)) Vk € {-1,1}.

Now, since the right-hand side of the above expression is continuous ~ over B.(~v*),
L(I1(),~) must be differentiable in -, rather than being just absolutely continuous
in ~, over B.(v*). Thus at v = %,

0 . .

Yk ="
must hold, which together with v* > 0 implies that (v*, II(v*)) satisfies the comple-
mentary slackness condition and is so primal feasible, i.e., p* > I(II(v*)). Combining
this finding with d* = L(II(v*),~v*) = I(II(v*)) yields d* = p* as desired.

Step 3. Show that the optimal broadcast signal is unique and, indeed, symmet-
ric.

As demonstrated in the previous steps, the solution to the primal problem is either
TI, or it takes the form of ITI(~*) for some 4* > 0. In the second case, both types of

extreme voters have binding participation constraints, and so

123

M ((ur, pr)) =V (e, pr); —1) = ————[—v + pg]*
MR — ML
HR _
=V , 1) =——Jjv+ )
((pr, pr); 1) lim — ML[ fir]
Simplifying the above expression yields p;, = —pug, so (pr, r) is symmetric, and gy,
solves .
max h(p) st. = [—v—p]" > Ah(p). (10)

pe[—1,0] 2

Since h is strictly convex and strictly decreasing on [—1,0], admits a unique

solution (drawing a picture will make this point clear).
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Remarks First, it is easy to see that any optimal signal must induce strict obedience
from its consumers. No more proof is required than the verbal argument made in the
main text.

Second, in the case where it is optimal to induce some, but not all voters to
consume news, the only possibilities are: (i) include only the centrist voters in news
consumption; (ii) include centrist voters and one type of extreme voters in news
consumption. Regardless of which situation we end up with, only one type of voters
has a binding participation constraint, and the optimal broadcast signal constitutes
the optimal personalized signal for these voters.

Finally, while solving the model in closed form is in general challenging (due
to the endogeneity of the Lagrange multipliers associated with voters’ participation
constraints), progresses can be made by restricting attention to the case of quadratic
attention cost. In that case, the beliefs induced by the solutions to and @ are

227 2\
(=35 2%) it k=0,
(w5, & —4min{a,t(1)}) ifk=1,

and

( 1+ /1 —16Amin{a,t(1)} 1+ +/1— 16X min{a,t(l)})

4\ ’ 4\ ’
respectively, when the underlying policy profile is (—a, a). These beliefs take values
in (—1,0) x (0,1) if and only if A > 1/2 and At(1) < 1/16 = .0625. Further algebra
shows that it is strictly optimal to include all voters in news consumption under
broadcast news aggregation if and only if M(1) < 3v/2/4 — 1 ~ .060. These results

are used in Example [I| to examine the comparative statics of equilibrium policies. [

A.2 Proofs for Sections [3.2l and 3.3

Proof of Lemma In the case of personalized news aggregation with ¢(0) < 1/2,
consider any unilateral deviation of candidate R from a policy profile (—a,a) with
a > 0 to a’. Below we demonstrate that the deviation is unprofitable if and only
if (i) a’ ¢ [—a,al, or (ii) @’ € [—a,a), and it doesn’t attract any type k voter with
t(k) € [—a,al.
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Step 1. Show that no a’ > a strictly increases candidate R’s winning probability.
Fix any ¢’ > a. From Observation 2| inverted V-shape and (SOBJ), it follows that

neither left-leaning voters nor centrist voters would find o’ attractive, i.e., Vk <0,
v(—a,d k) + pf (a, k) <v(—a,a,k)+ pyf (a, k) <O0.

Given this, as well as the symmetry of the joint signal distribution, it suffices to show

that if ' attracts right-leaning voters, then it must repel left-leaning voters, i.e.,
v(—a,d, 1)+ uh (a,1) > 0= v(—a,d,—1) + pf (a, 1) < 0.

Our argument exploits the symmetry of marginal signal distributions, i.e., ' (a, —1) =

—ut (a,1), which together with Observation |2 symmetry implies that

v(—a,d, 1)+ ph (a,—1) =u(d,-1) —u(—a,—1) + pl (a, —1)
=u(—d,1)—u(a,1) = u} (a,1).

Thus if v (—a,d’, 1) + pf (a,1) =u(a',1) —u(—a,1) + uf (a,1) > 0, then

v(—a,ad', 1)+ ph(a,—1) =u(=d,1) —u(a,1) — pf (a,1)
<wu(d,1)+u(—d,1)—[u(a,1)+u(—a,1)] <0,

where the last inequality follows from Observation [2| concavity.

Step 2. Show that no a’ < —a strictly increases candidate R’s winning probability.
The proof closely parallels that in Step 1. First, note that no a’ < —a attracts centrist
or right-leaning voters by Observation [2| inverted V-shape, i.e., Vk > 0,

v(—a,d, k) +uf (a, k) <v(—a,—a, k) + pf (a,k) = 0+ pf, (a, k) < 0.

Second, if any @’ as above attracts left-leaning voters, then it must repel right-leaning
voters for the reason given in Step 1. Combining these observations gives the desired

result.
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Step 3. Show that no @' € [—a,a) repels any voter. Fix any «’ as such. From

Observation 2] inverted V-shape and (SOB)), it follows that if ¢ (k) < a/(< a), then
v(—a,d k) + ph (a, k) > v (—a,a, k) + pul (a, k) > 0,
and if ¢ (k) > a/(> —a), then
v(—a,d k) + p% (a, k) > v(—a,—a, k) + py (a, k) = 0+ p% (a, k) > 0.
Combining these observations yields v (—a,d’, k) + p (a, k) > 0 for any k.

Step 4. Show that no a’ € [—a,a) attracts any voter with t(k) ¢ [—a,a|. Fix any
a’ as such. From Observation 2| inverted V-shape and (SOB)), it follows that if
t(k) < —a(< d), then

v(—a,d k) + ¥ (a, k) <v(—a,—a,k)+ py (a, k) =0+ ¥ (a, k) <0,
and if ¢ (k) > a(> d’), then
v(—a,d k) + uh (a, k) <v(—a,a, k) + pf (a, k) <O0.
Combining these observations yields v (—a,d’, k) + p} (a, k) < 0 for any k.

Taken together, we conclude that a unilateral deviation from (—a,a) strictly in-
creases candidate R’s winning probability if and only if it belongs to [—a,a) and
attracts any type k voter with ¢(k) € [—a, a]. Ruling out such deviations leads us to

sustain the original policy profile in an equilibrium. ]

Proof of Lemma For every segmentation technology S € {b,p}, define type k

voters’ susceptibility to candidate R’s deviation from (—a,a) to o’ as
¢°(—a,d k) =v(—a,d k) + p(a, k),

and note that a’ attracts these voters if and only if ¢°(—a, d’, k) > 0. The attraction-
proof set for type k voters, or simply the k-proof set, is thus Z°(k) = {a > 0 :
¢S(_avt(k)7 k) < 0}
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To show that the k-proof set satisfies the properties described in Lemma |3 we
exploit the following property of the distance utility function u (a, k) = —|t (k) — al:

2sgn(k)a if 0 <a < |t(k)],
2t(k) if a > [t(k)|.

v(—a,a, k) =

Substituting this observation into the proofs of Theorems [I| and [2| yields u (a) =
i (£ (1) = —oh ¥a = 1(1); as well as 22 (a,k) = i ([t (k) |, k) = —of, (k) ¥a >
[t (F) .

Part (i): Recall that £} (a) is the unique solution to (L0)), i.e.,

1
max h(p) st. =[v(—a,a,—1) — pu]" > X (1)
pe[—1,0] 2
Solving this problem using (i) h is strictly convex and strictly decreasing on [—1, 0]
and (ii) v(—a,a, —1) is nonincreasing in a, shows that u(a) is nondecreasing in a
(draw a picture yourself). As a result, ¢° (—a,0,0) = a + p4 (a) is strictly increasing
in a, which, together with ¢’ (—a,0, O>‘a:0 = 1% (0) < 0, implies that the unique root
of ¢*(—a,0,0) is strictly positive, and that Z°(0) = {a > 0 : ¢*(—a,0,0) < 0} =
[0, unique root of ¢*(—a,0,0)]. In case the root exceeds ¢(1), solving it using the fact

that ¢° (—a,0,0) = a — v Va > t(1) yields v (:= £°(0)).

Part (ii): For k = 1, notice that ¢* (—a,t(1),1) = a+t (1)+4} (a,1) = a+t (1)—0} (1)
Va = t(1), and that ¢” (—a,t (1), 1)) = v (=t (1), (1), 1) —vz(1) < 0 by (SOB).
Therefore, the maximum root of ¢*(—a,t(1),1) equals —t(1) + o7 (1)(:= &P(1)) and
exceeds t(1), and =ZP(1) :={a >0 ¢p(—a, (1),1) < 0} satisfies ZP(1) N [t(1), +00) =
[£(1),€P(1)].

The proof for k = 0 is analogous. For k = —1, note that ¢”(—a,t(—1),—1) =
a—t(1)—vi(=1) Va > #(1), and that ¢P(—a,t(—1), =1)|,_,q) = v(—¢(1), —t(1), —1)—
vh (—1) = —vf (—1) < 0. Everything else is the same as above. O

Proof of Theorem [3] In the broadcast case, Lemmas [I] and [3] together imply that
& = =b(0) = [0,£°(0)]. The proof for the personalized case with ¢(0) > 1/2 is
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analogous. If ¢(0) < 1/2, then

g7 = [0,4(1)) N Z7(0) U [t(1), +00) N Myexc =7 (k)

i

v~

A B

by Lemma [2 Consider two cases. First, if €7(0) < ¢(1)(< &P(x1)), then A =
[0,£7(0)] by Lemma 3| and B = ). Second, if £€7(0) > #(1), then A = [0,¢(1)) and B
= [t(1), mingex EP(K)]. In both cases, EP7 = AU B = [0, mingex EP(K)] as desired. O

Proof of Proposition It suffices to show that optimal signals become less
Blackwell-informative as we raise the attention cost parameter from X\ to \”. For the
broadcast case, the result follows from the fact that the optimal signal is symmetric
and, hence, becomes less Blackwell-informative as we raise A. For the personalized
case, we only prove the result for left-leaning voters.

Let v(A) denote the Lagrange multipliers associated with voters’ participation
constraint when the attention cost parameter is given by A, and write S(\) for A —
1/4(X\). When proving Theorem [2| we demonstrated that the optimal personalized
signal is pinned down by the first-order conditions @ and . Summing up @ and
yields

W (ur) — B (ur) = 1/B(N), (11)

and using this result to simplify the total derivative of (7)) w.r.t. S(\) yields

dpg, / W dB(\) — N (:uL> d —h" (:LLR) dB(A FIVAYL
=Ah — I (ug) Ap+ B(A B 0 o
B0 () g 5 N 2 1 ()

=Ah — 1 (ug) Ap— BAR (1r) ngzR)A + dC;/EL)

where Ap = pur — pp and Ah = h(ug) — h(pg). Therefore,

dpr  Ah— R (pr) Ap h(pr) — h(lpe]) — b’ (pr) Ap
dp(x) BN (ur) Ap B (pr) Ap

<0, (12)
where the last inequality holds because h is symmetric around zero, A’ > 0 on

[0,1], A" > 0, and Ap > 0, hence the numerator of is bounded above by
W A(ur) (pr = |pe| = Ap) = =20 (pg) |pe] < 0'f pgr > |pr| and by —h' (ug) Ap <0
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if ur < |pr|- Meanwhile, differentiating with respect to S()) yields

" dML N/ dUR 1
P a0y = gy B0

and simplifying the above expression using yields

d Ah — 1 A
pL o i (o) Ap (13)
dp(A) BN () Ap
Together, (12) and (13) imply that the optimal personalized signal becomes less

Blackwell-informative as $(\) increases.

We next show that [(\) increases as we raise A from X to A’. Suppose, to
the contrary, that 5 (\”) < 8 ()\), and let I" and I1” denote the optimal personalized
signals when the attention cost parameter is given by A" and \”, respectively. From the
previous step, we know that if S(A”) < B(X'), then II” is more Blackwell-informative
than II" and so must satisfy 7 (II”) > I (I') > 0. Then from V (I'; —1) = NI (IT')
and V (II"; —1) = NI (I1"), it follows that V (II"; —1) = NI (II") > 0 = V (II'; —1) —
NI (IT), which together with I (II”) > I (II') implies that I’ is not optimal when
A = )X, a contradiction. Meanwhile, if 5 (X)) = 5 (\"), then II" = I1I” as demonstrated
in the previous step. But then V (I'; —1) = NI (II") < \"I (II") = V (II"; —1), which
contradicts IT" = I1”. O
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