Privacy and Polarization:
An Inference-Based Framework"

Tommaso Bondi Omid Rafieian Yunfei (Jesse) Yao
Cornell Tech Cornell Tech The Chinese University
of Hong Kong

February 25, 2025

Abstract

Advances in behavioral targeting allow media firms to better monetize based on advertis-
ing. However, behavioral ad targeting requires consumer tracking, which has heightened privacy
concerns among consumers and regulators. We examine how stricter privacy regulations that
ban consumer tracking affect media firms’ content strategies and ideological positioning. We
consider a model where media firms choose their ideological positioning and advertising, while
ideologically heterogeneous consumers select their preferred content based on both their ideol-
ogy and idiosyncratic taste shocks. We compare two salient informational environments: (1)
behavioral ad targeting, where perfect inference about consumers is allowed, and (2) contextual
ad targeting, where consumer tracking is banned due to privacy regulations, and media firms
can only infer consumer types based on their media choice. We show that privacy regulations
that ban behavioral ad targeting incentivize media firms to shift toward more extreme and
polarizing positioning in order to draw better inferences about consumer types, even though
the shift to more extreme ideological positions can hurt both demand and consumer welfare
from content consumption. Compared to the monopoly case, competition increases firms’ infer-
ence motives and leads to more polarized content over a wider range of parameters due to an
inferential complementarity effect arising from consumer self-selection. Our research uncovers
a previously unexplored relationship between privacy and polarization, shedding light on the
potential unintended consequences of privacy regulations in media markets.
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1 Introduction

Digital publishers increasingly use advertising as a monetization strategy. At the core of ad-based
monetization is behavioral ad targeting that creates a sustainable revenue stream for publishers
and keeps online content mostly free. However, behavioral ad targeting requires the collection and
use of consumer-level data, which leads to privacy concerns among consumers. According to a
recent survey by Pew Research, over 80% of US adults are concerned about how companies use
the data they collect from them, making the need for privacy regulation an issue with bipartisan
support (McClain et al 2023). In response to consumers’ privacy concerns in the US and globally,
regulatory bodies and even some private firms have started taking actions to restrict consumer
tracking online and protect consumer privacy. A few prominent examples include the California
Consumer Privacy Act (CCPA) and the European Union’s General Data Protection Regulation
(GDPR) in the public sector, and Apple’s App Tracking Transparency (ATT) and Google’s Privacy
Sandbox in the private sector.

Although the main intent of privacy regulations is to safeguard consumer privacy, a consistent
finding from past empirical research is that privacy regulation hurts digital publishers (Goldfarb and
Tucker, [2011;|Alcobendas et al., 2021} |Johnson et al., 2023)). Specifically, prior research suggests that
the revenue loss due to privacy regulations is more pronounced for general interest (vs. specialized)
publishers, who have greater uncertainty about their consumer types without consumer tracking
(Goldfarb and Tucker, [2011). For example, in the absence of consumer tracking, a mainstream
news website such as the Associated Press has a harder time inferring consumer types and interests
in order to show them relevant ads, compared to a niche, ideologically extreme website such as
Fox News, which has more precise information about their consumers. Thus, the negative impact
of privacy regulation on news publishers and media firms largely depends on their ideological
positioning and content strategies.

The content-dependent impact of privacy regulation on media firms gives rise to an important
question: does privacy regulation affect media firms’ ideological positioning and content strategies?
To counter the loss imposed by privacy regulations, a media firm can shift from a mainstream

positioning and content strategy (e.g., general news coverage) to a more specific and niche posi-



tioning and content strategy (e.g., polarizing opinion programs), thereby drawing more accurate
inferences about consumers who choose their content and showing them more relevant ads. Such
a shift in news content has important implications in the media landscape, especially given the
rise in political polarization and media bias. Nevertheless, the extant research on privacy has fo-
cused on measuring the impact of regulations on media firms’ market outcomes and largely ignored
their equilibrium response in terms of positioning and content strategies. Focusing on media firms’
equilibrium positioning strategies is particularly important given the empirical evidence that show
media firms change their ideological positioning over time (Kim et al.| 2022)E|

In this paper, we bridge this gap and endogenize media firms’ positioning in markets with
and without privacy regulations that ban consumer tracking. We explicitly model the choice of
mainstream and niche positioning using a simple Hotelling model of firm positioning and consumer

demand. Specifically, we seek to answer the following questions:

1. How does privacy regulation affect the positioning and content strategies employed by media

firms who monetize based on advertising in monopoly and duopoly settings?

2. What are the implications in terms of polarization? When do media firms have a greater

incentive to shift to a more polarizing positioning?

3. What are the implications in terms of demand, consumers’ consumption utility, and media

firms’ profits?

To answer these questions, we develop a model in which profit-maximizing media firms choose
their ideological positioning and advertising, while ideologically heterogeneous readers consume the
media content based on both its match with their ideological preferences and their own idiosyncratic
taste shocks. In our model, media firms monetize by selling ad impressions to advertisers. As such,
their profits are the product of two separate components: (1) an extensive margin that captures
the quantity of impressions, and (2) an intensive margin that captures the quality of impressions.

To study the impact of privacy regulations that ban consumer tracking (e.g., GDPR), we com-

pare two different information environments: behavioral ad targeting and contextual ad targeting.

"We thank one of the anonymous reviewers for suggesting this reference.



The difference between the two comes from the possibility of tracking. Under behavioral ad tar-
geting, media firms possess perfect knowledge of each consumer’s type because they are allowed to
track consumers. The contextual ad targeting scenario mimics the situation in the presence of pri-
vacy regulations that ban consumer tracking, where media firms are only allowed to use contextual
information to target their ads to consumers. The comparison between contextual and behavioral
ad targeting allows us to examine the downstream impact of privacy regulations on media firms’
equilibrium choices and overall market outcomes.

Under behavioral ad targeting, since media firms can perfectly match ads to consumers on
a one-to-one basis, they can achieve maximum quality of impressions regardless of consumers’
media choice. As a result, the media firm’s profit-maximization problem is greatly simplified.
Because perfect ads-to-readers matching is possible, the profit-maximizing positioning is the one
that maximizes the quantity of impressions.

Conversely, under contextual ad targeting, media firms no longer have access to perfect infor-
mation about consumer types, so they need to rely solely on a single piece of information to infer
consumer types: consumer’s self-selection into media. In this case, media firms have the incentive to
deviate from the demand-maximizing positioning (the equilibrium under behavioral ad targeting)
and shift to positioning and content strategies that increase the quality of impressions. In other
words, media firms may benefit from creating content with lower demand but sharper signals about
consumers, thereby achieving higher profits by balancing the quantity and quality of impressions.

We first consider a monopolist media firm and examine its equilibrium strategies under both be-
havioral and contextual ad targeting regimes. We show that deviating from the demand-maximizing
positioning and content strategy can be an equilibrium under contextual ad targeting when con-
sumers are sufficiently ideologically differentiated and when their sensitivity to imperfect ad tar-
geting (mismatches between ad and consumer type) is sufficiently high. In particular, we find that
the deviation is more toward extreme and polarizing ideological positioning because media firms
can sharpen the signal about consumer types by moving toward the extreme ends of consumers’
ideological preferences. Notably, this incentive persists even when such a shift toward extreme

content reduces both consumer welfare from content consumption and total demand.



We then study the duopoly case to examine the equilibrium outcomes under the two targeting
regimes in a competitive environment. Studying the duopoly case is important because competition
naturally incentivizes media firms to differentiate and move towards more polarizing positions. As
such, it is not clear whether the inferential motives bolstered by privacy regulation are strong
enough to shift the equilibrium to further polarization under contextual ad targeting compared to
behavioral ad targeting, as in the monopoly case. Our equilibrium analysis in the duopoly case
reveals important insights.

First, we find that the media firms’ ideological positioning in the equilibrium under contextual
ad targeting is at least as polarizing as that under behavioral ad targeting, which establishes the
positive link between privacy regulation and polarization in a competitive environment. Second,
compared to the monopoly setting, we document that privacy regulation leads to more polarization
even when consumers are less ideologically differentiated and when their sensitivity to imperfect ad
targeting is lower. A key underlying mechanism we identify is an inferential complementarity effect
between the two firms, which indicates that the presence of one firm aids the other firm’s inference,
making the inferential motives stronger for the media firms. Therefore, inferential complementarity,
combined with regular product differentiation incentives under competition, strengthens the shift
to more polarization due to privacy regulation under duopoly.

In summary, our paper makes several contributions to the literature. We study the link between
privacy and polarization and highlight the possibility of an unintended consequence of privacy reg-
ulations in increasing content polarization. Specifically, we show that privacy regulation can lead
to greater content polarization, even when it reduces total demand and consumer welfare from
content consumption. Our finding is important as it goes against extensive media speculations and
policy memos that cite hyper-personalization of online content and the lack of privacy regulation
as a key contributor to the increased polarization over the past few decades (Pariser, 2011). The
well-documented mechanism is that lack of privacy leads to the possibility of more granular per-
sonalization, which creates echo chambers where consumers are only exposed to confirming views.
Therefore, less privacy induces more polarization. In our model, we provide new insights into this

problem: it is the inability to personalize that leads firms to move to more extreme and polarizing



ideological positioning to sharpen their inferences about consumers. Thus, privacy regulation can
lead to higher content polarization than cases with perfect content personalization. A key inno-
vation of our framework is in explicitly modeling privacy as an inference problem. In particular,
our inference-based framework suggests that by limiting what firms know about consumers, pri-
vacy regulations shift firms’ focus to what they want to know about consumers, which creates an
incentive to use content polarization as a device to draw more accurate inference. Our framework
extends the literature on media bias and complements the existing mechanism for the relationship
between privacy and polarization by introducing inference motives as an important determinant
of actions chosen by strategic players, which is largely ignored in the prior literature on media
markets: notably, we show that privacy leads firms to polarize beyond a mere reflection of the un-
derlying ideological partisanship among consumers; thus, the average consumer is exposed to more
ideologically extreme content than he would be under perfect content personalization. Finally, our
framework offers broader implications for the theoretical and empirical literature on privacy. From
a game theoretical standpoint, this modeling framework allows us to examine players’ equilibrium
responses to the privacy shifts. For empirical studies, this provides a framework to quantify the

magnitude of information gain and loss in various data environments.

2 Literature Review

Our work relates to the literature on media markets. Early theoretical work in this domain considers
the competition between broadcasters in the presence of the advertising market and shares insights

into equilibrium outcomes in this market in terms of content provision and advertising strategies

(Dukes and Gal-Or}, 2003; (Gal-Or and Dukes| [2003; |Anderson and Coate, 2005; Godes et al., [2009).

A separate stream of work in this literature has examined content strategies as they relate to media

bias and polarization (Mullainathan and Shleifer, 2005; Gentzkow and Shapiro, 2006} Xiang and|

, 2007). With the growth of digital news consumption, a series of recent studies have focused

on the specific aspects of the digital context and examined pricing and content strategies by media

markets (Johar et al., [2012; Sun and Zhul, 2013; Ambrus et al., 2016; |Athey et al., 2018; Berman|
et al} [2019; [Lin|, [2020; [Amaldoss et al.,[2021} [Jain and Qian|, [2021; [Amaldoss et al., [2023; [Amaldoss




and Dul,[2023;Ke et al.[2023). Our paper adds to this stream of work by studying a key aspect of the

digital context: behavioral ad targeting and the possibility of privacy regulations. In particular, we
study the impact of privacy regulations on media markets and examine the equilibrium outcomes
in terms of ideological positioning and content strategies and their implications for media bias
and polarization. The transition from behavioral targeting to contextual targeting due to privacy
regulations is largely the reverse of the process of the initial adoption of behavioral targeting in the
late 1990s . The key difference between the two transitions is that the advertising
choice was much less personalized following the introduction of behavioral tracking than it was
before the launch of privacy regulations because real-time bidding was introduced in 2009
Therefore, the trade-off between quantity and quality of impressions is a unique feature of
the second transition that this paper studies.

Our work relates to the literature on behavioral targeting, personalization, and, more broadly,
online advertising. With the advancements in targeting technologies in advertising markets, a se-

ries of papers have studied the impact of targeting accuracy or advertising strategy on equilibrium

market outcomes (Chen et al.l 2001} Iyer et al., 2005; Levin and Milgrom)| [2010; Tucker and Zhang),

2010; Bergemann and Bonatti, [2011; Mayzlin and Shinl [2011; [Zhang and Katona, 2012} [Kuksov]

et al.| 2013} [Kamada and Kojimal, [2014; [Amaldoss et al., [2016}; [Sayedil, 2018}, |Choi and Sayedi, [2019;

Berman and Katonal, 2020} [Rafician and Yoganarasimhan| [2021}; [Shin and Yul, 2021}, [Lauga et al.]

2022; Berman et al., 2023} [Chaimanowong et al., [2023; [Choi and Sayedi, 2023}, [Ning et al., 2023}
Shin and Shin|, 2023; [Yang et al.l 2023} [Fainmesser et al., [2023a); [Choi and Sayedi, [2024} [Johnson|

, . In the news media context, many have speculated that greater content personalization
results in more polarization, citing the positive correlation between the rise of political polariza-
tion in the US and the surge in personalized content delivery through online platforms
. Despite the widespread lay belief that causally connects personalization and polarization,
empirical findings in this domain do not present a consistent viewpoint. For instance, the demo-

graphic groups in the US that are least likely to use the Internet experienced the greatest increase

in polarization (Boxell et all 2017). Moreover, studies analyzing users’ browsing histories reveal

that, despite social media and the Internet being associated with greater ideological divergence



among users, they also increase exposure to opposing views (Flaxman et al., 2016)). Investigations

focused on specific platforms and their personalized features offer conflicting results concerning the
link between personalization and polarization. Notably, studies investigating Facebook’s news feed

algorithm, Google’s search personalization, and YouTube have found limited evidence suggesting

that personalization contributes to content bias (Bakshy et all 2015} Ribeiro et al., |2020; Hos-|

seinmardi et al., 2021). In our paper, we build on the theoretical literature on ad targeting and

develop a model to study the impact of ad personalization on the supply of polarizing content.
Our work extends this literature by providing an inference-based theoretical account that presents
a more nuanced view of the link between personalization and polarization. In particular, we find
that the content produced under no personalization can become more extreme and polarized than
consumers’ preexisting ideological preferences. Therefore, we highlight a case where the content
under full personalization is less polarized than that under no personalization.

Our paper also relates to the literature on privacy. A vast body of theoretical work has examined

different issues related to consumer identification, privacy, and information markets (Villas-Boas

[1999], 2004} Taylor, 2004} [Acquisti and Varianl, 2005} Bergemann and Bonattil, 2015; [Bergemann|
et al., 2018} [Choi et al. [2020; Rhodes and Zhou, 2021} [(Choi and Jerathl, 2022} [Hu et al., 2022} Tyer
and Singhl, [2022; Momot and Salikhov, 2022} [Yang), 2022} [Bonatti et al., 2023} |Choi et al., 2023}

[Fainmesser et al.| [2023b; [Ke and Sudhir, 2023} [Lei et all [2023} [Strack and Yang], [2023; [Mikl6s-
Thal et al., 2023} [Yao, 2024). Empirical papers in this domain have studied the impact of privacy

regulations on market outcomes in different settings (Goldfarb and Tucker, [2011; Johnson| 2022}

\Johnson et al., [2023). In particular, Goldfarb and Tucker| (2011) study a change in tracking and

targeting regulations and document lower response rates to ads and, therefore, lower ad revenues
for publishers. Notably, they demonstrate a heterogeneous effect of privacy regulation on digital
publishers, with general interest publishers such as the New York Times experiencing higher revenue
loss than specialized publishers such as Car and Driver Magazine. We extend this literature by
endogenizing media firms’ (publishers) ideological positioning and content strategies, to allow them
to respond optimally to the change in privacy policies. We present a generic theoretical framework

that characterizes privacy as an inference problem, in which stricter privacy policies have a negative



impact on the accuracy of inference about consumers. Importantly, we identify the possibility of

increased polarization as an unintended consequence of privacy regulations in digital markets.

3 Model

We theoretically characterize a market where media firms (e.g., news publishers) create content for
consumers and monetize by placing ads. To reflect consumers’ ideological preferences, we assume
three discrete consumer types {0,1/2,1}, where 0 and 1 refer to the opposing ideological ends
(e.g., left vs. right) and 1/2 refers to the centrist position. Consistent with consumer preferences,
{0,1/2,1} defines the action set for the media firm’s ideological positioning or slant, which allows
us to characterize the match between the consumer type and the media firm’s content. The media
firm’s ideological positioning informs its general content strategies. As such, we refer to this decision
with terms such as ideological positioning, content strategy, and slant interchangeably throughout
the paper. While politics is a natural application for our model, our framework encompasses broader
settings with ideological preferences about issues (e.g., animal rights vs. hunting websites). We
unify our concept by referring to the positioning in the middle (= 1/2) as mainstream and the
positioning at the two extremes (€ {0,1}) as m’cheﬁ

We denote the consumer type by 6. We assume that the consumer type has a symmetric
distribution that depends on a single parameter A\, with 1 — 2\ proportion of users having a centrist
or mainstream position (# = 1/2), and A proportion of consumers being at each extreme or niche end
of consumer types (6 € {0,1}). As such, we can view A as a measure of consumer polarization and
ideological partisanship. Since we want to study media firms’ incentive to polarize in equilibrium
with and without privacy regulations, we focus on cases where mainstream consumers are in the
minority: A > 1/3. It is clear that cases with low levels of consumer polarization will lead to
minimal content polarization regardless of the targeting regime. In contrast, our focal cases where

A € [1/3,1/2] represent settings where content polarization can be viewed as a major possibilityﬂ

20ur use of “niche” and “mainstream” is in line with |[Johnson and Myatt| (2006), and needs not have a market
share interpretation.

3Tt is worth noting that our qualitative insight holds for A < 1/3. The reason we focus on X\ € [1/3,1/2] is that
the insights from these cases have clearer implications for polarization.



Stage 1 Stage 3

Each Each consumer
consumer’s chooses a media firm
type is realized or outside option
@ @ @ O >
Stage 2 Stage 4
Each media firm The selected media firm
chooses an ideological (if any) chooses an ad
positioning for each consumer

Figure 1: Timeline of the game

We denote the media firm’s ideological positioning choice by z, which comes from {0,1/2,1}.
If the consumer chooses the media firm, an impression will be generated and the media firm can
place an ad a € [0,1] in that impression catering to different consumer types. As such, although
the ideological positioning z is the same for all consumers, ad a can be targeted at the impression
level depending on the information available about the consumer[]

We consider two types of information environment, behavioral ad targeting and contextual ad
targeting. The information environment is characterized by the observability of each consumer’s
type, which depends on whether behavioral tracking and targeting are allowed. When behavioral
ad targeting is allowed, we assume that the media firm knows the consumer type for each consumer
on its platform, as it has rich prior information about the consumer through tracking. On the other
hand, when behavioral ad targeting is banned due to privacy regulations, the media firm needs to
engage in contextual ad targeting and infer consumer type based on the context, e.g., the content
consumed by the consumer.

Figure [1| presents the timeline of our game in four stages. We present the details of each stage

as follows:

1. In the first stage, consumer type 6 is realized. Without privacy regulation (under behavioral

ad targeting), it is known by the media firm(s). With privacy regulation (under contextual

4Even though the mainstream-type consumer is the minority, the demand for mainstream content can be more
than that for niche content under both monopoly and duopoly. This is because the consumer faces some idiosyncratic
shock in content consumption (the error term of the utility function in Equation on the next page). On average,
a consumer is farther from a niche position than a mainstream one. So, mainstream content attracts more consumers
of a different type than niche content does. As we will show in the equilibrium content strategy may be 1/2 in
the monopoly case and (1/2, 1/2) in the duopoly case.



ad targeting), it is the consumer’s private information.

. In the second stage, each media firm chooses an ideological positioning strategy x to maximize
its expected profits. The media firm’s choice x informs its content strategy. The media firm
can choose among one mainstream position at x = 1/2 and two niche positions at z = 0
and x = 1. In the political context, the niche positions can be interpreted as left- and
right-leaning ideological positions. The media firm’s positioning choice is broadcasted to all
consumers through their content. Consistent with the literature on media slant, the ideological
positioning or slanting strategy is a single choice, so the firm cannot be right- and left-leaning

at the same time (Mullainathan and Shleifer], 2005; \Gentzkow and Shapiro, 2010)E|

. In the third stage, each consumer consumes at most one content unitﬁ We define a type-6
consumer’s utility from consuming the content by the media firm with ideological positioning
x as follows:

U(z;0)=1/2 — |z — 0] +¢, (1)

where the first term is the base utility from media consumption that is set to 1/2, the sec-
ond term is the consumer’s distaste for ideological mismatch as measured by the distance of
the media firm’s ideological positioning from the consumer type, and the third term is an
idiosyncratic error term that is firm-specific with mean zero that comes from the distribu-
tion f(-) such that f(e) > 0, Ve € [—1/2,1/2]. Conceptually, this idiosyncratic error term
captures components of a consumer’s utility from consuming content by a media firm that
is unrelated to their ideology @, such as a desire to be informed or a preference for content
Varietym Intuitively, a higher Var(e) reflects a greater openness by the consumer to ideolog-

ically mismatched content. We can generalize the base utility to any v (see §6.1)), but fixing

5The intuitive reason behind this restriction is the reputational cost that the firm would face by holding multiple
ideological positions at once. It is worth emphasizing that we do not focus on news aggregators as they are only
distributors of content, not creators.

5The assumption that only one content unit is consumed is without loss of generality. As long as individual
consumption does not depend on 6, all of our findings remain unchanged.

"The inclusion of the idiosyncratic term is justified by two important empirical observations. First, there is
substantial evidence that consumers switch between media firms different in ideological positions (Gentzkow and
Shapiro, [2011)). Second, without a stochastic component, the choice of media firm fully reveals the consumer type,
making behavioral and contextual ad targeting the same, which runs counter to most empirical findings that behavioral
ad targeting yield substantially higher revenues (Goldfarb and Tucker} |2011} |Johnsonl 2022)).
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it at v = 1/2 conveys the main insights while keeping the model simple. We normalize the
utility from the consumer’s outside option to 0. For tie-breaking rules, we assume that the
consumer randomly visits one firm with equal probability if multiple firms give the consumer
the same utility, and that the consumer visits the firm if she is indifferent between consuming

the media content and choosing the outside option.

The utility framework in Equation implies that a consumer located at one extreme (6 = 0
or 1) will never consume the content by a media firm located at the other extreme (z =1 or
0), but may consume the content by a mainstream media firm (x = 1/2) if her idiosyncratic
term is sufficiently highﬂ Mainstream consumers (f = 1/2) may consume the mainstream or

either niche media firms, depending on the relative values of the idiosyncratic terms.

. In the final stage, the media firm chooses ad a if the consumer generates an impression by
choosing the media firm’s content. The expected value generated from showing ad a to a

consumer of type 6 is given by the match value function M as follows:
M(a;0) =1 —~(a—6)?, (2)

where the match value convexly decreases in the mismatch between ad and consumer |a — 6],
and the parameter v captures the targeting value and is an instrumental parameter for our
analysisﬂ It is worth emphasizing that although the media firm chooses the ad, having
this choice is not a requirement in our framework and this choice can be delegated to ad
intermediaries (e.g., Google) who run auctions among advertisers to allocate ad impressions.
We demonstrate the equivalence of our modeling framework with one that allocates ads in a

competitive auction marketplace in Online Appendix

81n the general base utility extension in §6.1] the consumer located at one extreme may consume content from the
opposite extreme and the main insights are robust.

9We remark that this formulation essentially reduces consumer types to one dimensional or, in other words,
assumes that ideological and advertising preferences are perfectly correlated and abstract away from ads that are
not ideological. While this is a simplification motivated by analytical convenience, our modeling framework maps
well into settings where ad targeting is based on the corresponding ideology. The prime example of such contexts is
political advertising (e.g., donations) where the ad value depends on the political ideology of consumers. However,
the modeling framework extends to other cases where such tribal segments exist. To that end, a more polarized
consumption pattern—as shown in|Schoenmueller et al.| (2023)—creates more value in ideology-based targeting, although
we acknowledge that the correlation, while positive, is not perfect in those cases.
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We assume that the match value function M(- ;-) is a continuous and smooth function in both
a and 0. As we can see from Equation , the maximum value of the match value function
is one. We do not restrict ourselves to the case of v < 1; therefore, a large ad-consumer
mismatch ((a — 6)? > 1/7) can result in negative ad profits. These could be interpreted,
for instance, as the ad being repulsive to consumers (e.g., a hunting rifle ad for a vegetarian

consumer), alienating them in the future.

We now define the media firm’s profit maximization problem. Let D(z) denote the total consumer
demand for a media firm at position x. This is the quantity of impressions the media firm is able
to generate. For each impression, the firm can place an ad and obtain ad revenue that depends on
the quality of the impression characterized by the match value function. We assume that there is
a perfectly competitive ad marketplace, so the revenue-per-impression is the same as the expected
match value of the ad for a given impressionm Let Z denote the information available for each

impression. We define the firm’s optimal profits 7 given information Z as follows:

m(x,a;7) = max D(z) - E[M(a;0) | Z], (3)

z,a

where the firm jointly maximizes content strategy = and ad a given the information Z availableE
The firm’s contextual information about an impression is that the consumer has chosen the media
firm’s content x. In any event, the firm has contextual information about an impression, so we
have x € Z. Under behavioral ad targeting, we assume that the firm also has information about
the exact consumer type 6. Since we are interested in cases under behavioral and contertual ad

targeting, we characterize the information available under each case as follows:

e The information under behavioral ad targeting is defined as 7 and includes the contextual

10The prior literature suggests the possibility of thin markets under behavioral ad targeting (Levin and Milgrom),
2010; |Zhang and Katona) [2012} [Rafieian and Yoganarasimhanl [2021]). However, the assumption of a perfectly com-
petitive ad market is reasonable in our context because we have three broad consumer types. As such, if the market is
thick enough for each, our assumption holds. Further, even in the presence of a thin market, the media firm can still
extract a higher revenue from a better ad match by setting a reservation price, which is fundamentally the assumption
we make.

11 Although we consider the case where ad allocation happens after consumer’s content choice to be more consistent
with the real practice of online ad allocation, it is important to emphasize that none of our results would change if
we advertising decisions are made after the ideological positioning decision but before consumers’ content choices, as
long as these decisions are made for each possible scenario in Z.

12



information x as well as behavioral information 0, i.e., Z, = {x, 6}.

e The information under contextual ad targeting is defined as Z. and includes the contextual

information z, i.e., Z, = {z}.

We specifically model the information under behavioral and contextual ad targeting as extreme cases
to obtain cleaner results and better understand the incentives under these two information environ-
ments. However, our framework is flexible, and one could easily consider more middle-ground cases
where there is more contextual information or less behavioral information. For example, instead of
a complete ban, regulations such as GDPR allow users to opt in for behavioral targeting. In such
cases, firms have information about some consumers even under privacy regulations. Moreover,
the probability of opting in for behavioral targeting may be correlated with user type. If main-
stream consumers are more likely to opt in, then a mainstream firm will face a higher uncertainty
about consumer type, while a niche firm will face a lower uncertainty about consumer type among
consumers who do not opt in when a privacy regulation is launched. This will strengthen a firm’s
inference motives and, thereby, our result. In contrast, if niche consumers are more likely to opt
in, then a mainstream firm will face a lower uncertainty about consumer type, while a niche firm
will face a higher uncertainty about consumer type among consumers who do not opt in when
a privacy regulation is launched. This will weaken a firm’s inference motives and, thereby, our
result. Empirically, most consumers do not opt in for behavioral tracking when the consent dialog
is explicit and clear(Laziuk, 2021; Goldberg et al., [2024). So, the impact of considering the user’s

choice of privacy terms on the main result is small.

4 Consumer Privacy and Firm’s Inference Problem

A natural way to think about consumer privacy in our setting is to examine how uncertain the
firm is about the consumer’s type given the information Z. We present our definition of consumer

privacy as follows:

Definition 1 (Consumer Privacy). The consumer’s privacy given the information T is defined as

Privacy(Z) and is equal to the conditional variance of consumer type given information I, that is,

13



Privacy(Z) = Var(0|Z)[?]

We can easily verify that the consumer’s privacy is equal to zero under behavioral ad targeting,
as Iy fully reveals the consumer’s type. On the other hand, the consumer’s privacy under contextual
ad targeting depends on the consumer’s content /media choice. Some choices can reveal more about
the consumer type, thereby reducing the posterior variance of type and consumer privacy. This
is an important consideration for the media firm when choosing the ideological positioning and
content strategy. We characterize the relationship between consumer privacy and content choice in

the following definition:

Definition 2 (Privacy Reducing Choice). Consumer’s content choice x is privacy-reducing over

content choice ' if Privacy({z}) < Privacy({z'}).

This definition reflects the insight that a consumer who chooses Fox News or New York Times
reveals more about their type than a consumer who chooses Associated Press. To see how the
privacy measure enters the media firm’s problem, we revisit the firm’s profit maximization problem
as presented in Equation . Since the ad choice is the final decision in the timeline, we start
with the firm’s optimal ad choice. For ad choice a, the firm needs to infer the consumer type given

information Z. The following lemma characterizes the media firm’s optimal ad choice:

Lemma 1. The firm’s optimal ad choice a* is the posterior mean of consumer type given informa-

tion Z, i.e., a* = E[0 | I].

This lemma follows from the property of the variance and the quadratic specification of ME
It indicates that the optimal ad a* is the same as consumer type 6 under behavioral ad targeting:
a*(0) = 6, while it is equal to the mean of # given the consumer’s content choice x under contextual
ad targeting: a*(z) = E(0|x). Given the ad choice characterized in Lemma [} we can establish the

following result about the media firm’s optimal ideological positioning as follows:

20Qur definition of privacy is similar to the existing measures of privacy, such as differential privacy (Dwork et al.l
2014), in capturing the uncertainty about an individual. However, differential privacy measures generally provide the
definition over a database and “seeks to guarantee to the potential participant that, irrespective of her participation
decision, almost the same things can be learned from the released outcome,” thereby granting individuals plausible
deniability and offering researchers a worst-case guarantee (Heffetz and Ligettl [2014). Because our work is not
concerned with the identifiability of individual records from a database, we use a natural variance-based definition.

13In other words, with a different functional form for M(a, ), the firm might find it optimal to deviate from
a® = E[f | Z] in the contextual ad targeting case.
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Corollary 1. The media firm chooses the ideological positioning and content strateqy x that maz-

imizes D(x) - [1 — yPrivacy(Z)].

The corollary implies that the firm’s profits are negatively correlated with consumer privacy.
Under behavioral ad targeting, the firm fully observes consumer type (i.e., Privacy(Z,) = 0), so the
firm chooses the ideological positioning that maximizes its total demand:

7°(x) = max D(z), (4)

x

where 7°(2) is shorthand for the profits under behavioral ad targeting, and the firm is only interested
in maximizing the quantity of impressions. Under contextual ad targeting, the firm needs to
infer consumer type given the consumer’s self-selection into the media firm’s content, so the profit

maximization problem simplifies to:
7¢(z) = max D(x)[1 — yPrivacy({z})], (5)

where 7¢(x) is shorthand for the profits under contextual ad targeting, and Privacy(x) is the privacy
of consumer type under contextual ad targeting where the only information available about the
consumer is their content choice z. As shown in Equation , the media firm has to trade off the
quantity of impressions with the quality of impressions. As a consequence, the demand-maximizing
ideological positioning is not necessarily the optimal one; the firm may trade off more popular
positioning with a more accurate inference about the consumer. In our equilibrium analysis, we

examine this inference incentive as it relates to polarization.

5 Equilibrium

5.1 Equilibrium Concept

Due to the setup of a multi-stage game with incomplete information, we consider pure strategy
Perfect Bayesian Equilibrium. Specifically, when the firm chooses the advertising location in the

last period, it uses Bayes’ rule to update its belief about consumer type based on the consumer’s
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equilibrium content choice.

5.2 Monopoly
5.2.1 Demand

When there is only one firm, the consumer compares the utility of consuming the monopoly’s
content with the utility of choosing the outside option. Thus, she will consume the content if and
only if the utility from content consumption is positive. The following lemma calculates consumer

demand given different content choices.

Lemma 2. The total demand for a monopolist media firm depends on their ideological positioning

strateqy as follows:

(a) The total demand for a monopoly’s mainstream positioning, x = 1/2, is 1 —2F(0)X. Among
them, 1 — 2\ are mainstream consumers, [1 — F(0)]\ are type 0 consumers, and [1 — F(0)]\

are type 1 consumers.

(b) The total demand for a monopoly’s niche positioning, © =0 or 1, is 1 — F(0) + [2F(0) — 1]A.

Among them, A are type 0 = x consumers and [1 — F(0)](1 — 2\) are mainstream consumers.

This lemma highlights an important, general, and natural property. On average, a random
consumer is farther from a niche position than a mainstream position. Hence, if the media firm
chooses the mainstream ideological positioning, © = 1/2, both types of niche consumers, 6 € {0,1},
may consume it because they are not located too far away from the content. In contrast, if the
firm chooses the niche ideological positioning, say z = 0, mainstream consumers may consume it,
while type 6 = 1 consumers will not, independent of their idiosyncratic taste shocks, because they
are too ideologically distant from the content. This endogenous selection leads to an asymmetry
in the firm’s inference ability. By choosing niche ideological positioning = = 0, the firm knows for
sure that it does not attract any type 6 = 1 consumers, and can better infer the consumer’s type

by Bayesian updating.
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5.2.2 Media Firm’s Ideological Positioning

The monopolist’s positioning strategy is straightforward under behavioral ad targeting. It chooses
the ideological positioning that maximizes total demand because there is no inference problem,
and profit simply equals total demand, as indicated in Equation . The following proposition

characterizes the monopolist equilibrium under behavioral ad targeting:

Proposition 1. Under behavioral ad targeting, the monopolist media firm chooses the mainstream

ideological positioning if [AF(0)—1]A < F(0) and niche ideological positioning if [4F(0)—1]\ > F(0).

This proposition characterizes the equilibrium strategy under the general case of behavioral ad
targeting. The optimality condition for the mainstream positioning can easily be satisfied. For
example, if we make the common assumption that the distribution of the idiosyncratic term is
symmetric, we find that the mainstream positioning is always the equilibrium strategy. This is
because F'(0) = 1/2 under a symmetric distribution, which implies that for all possible values of A,
mainstream positioning is the equilibrium strategy.

As discussed earlier, the firm’s perfect inference under behavioral ad targeting implies that the
firm does not strategically consider inference. In contrast, under contextual ad targeting, it relies on
Bayesian updating to infer consumer type and considers inference strategically. As such, it may have
an incentive to deviate from the demand-maximizing strategy (i.e., equilibrium under behavioral
ad targeting) and choose an ideological positioning that allows more accurate ad targeting. Hence,
the question is under which strategy the firm knows more about consumer type in an impression.

The following lemma helps characterize the decision-making trade-off for the media firm:

Lemma 3. The consumer’s choice of niche content is privacy-reducing over the choice of main-

stream content, i.e., Privacy({1/2}) > Privacy({z}), such that z € {0,1}.

This lemma indicates that a mainstream positioning leads to a lower intensive margin (ad
revenue) on each impression, because the firm will have greater uncertainty about the consumer
type given their content choice. Therefore, there is a natural incentive for media firms to move
to more niche ideological positions. If the niche positioning is demand-maximizing and thus the

equilibrium under behavioral ad targeting (when [4F'(0) — 1]A > F(0)), Lemma 3| implies that it
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will be the equilibrium under contextual ad targeting, because niche strategy does better on both
elements in the expected profit equation in Equation : quantity and quality of impressions.
When the demand-maximizing strategy is mainstream ideological positioning, the trade-off
between quantity and quality of impressions becomes more interesting. Naturally, we expect the
equilibrium to depend on the value of targeting that is captured by the parameter . The following

proposition characterizes this relationship:

Proposition 2. Under contextual ad targeting, the monopolist media firm’s equilibrium strategy

depends on the values of X and vy as follows:
(a) If [AF(0) — 1]A > F(0), the media firm chooses niche ideological positioning in equilibrium.

(b) If[4F(0)—1]\ < F(0), there exists v > 0 for any value of X such that the media firm chooses
niche ideological positioning if v > 4™ and mainstream ideological positioning if v < y™. The

threshold v™ is decreasing in A.

Figure [2| combines the equilibrium under behavioral and contextual ad targeting and presents
three regions. We find that equilibrium strategies are only different in region B (shaded) where
[4F(0)—1]A < F(0) and v > ™. In this case, the monopolist media firm chooses a niche ideological
positioning in equilibrium under contextual ad targeting, but a mainstream positioning under
behavioral ad targeting. Although the media firm generates fewer impressions by choosing a niche
ideological positioning, it faces lower uncertainty about consumer type in these impressions. This
lower uncertainty translates into a higher revenue-per-impression, which makes up for the lower
demand when the value of targeting is sufficiently high, i.e., v > ™. Together, the ideological
positioning that the media firm chooses under contextual ad targeting is at least as polarizing as
that under behavioral ad targeting.

From a privacy standpoint, our analysis shows that a privacy regulation that bans consumer
tracking can lead to increased polarization and partisanship in the supply side. Intuitively, this is
because consumer tracking better separates the media firm’s ideological positioning choice from its
advertising choice. Moreover, our results shed light on the well-studied link between consumers’

ideological partisanship (demand) and content polarization (supply), where the prior literature finds
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Figure 2: Equilibrium regions in monopoly under behavioral and contextual ad targeting
Note: This figure shows equilibrium regions when F(0) = 9/16. Region A shows the cases where mainstream
positioning is the equilibrium under both targeting regimes. Region B (shaded) illustrates cases where privacy
regulation leads to higher polarization because the firm chooses niche positioning under contextual ad targeting,
but a mainstream positioning under behavioral ad targeting. Region C shows cases where the firm chooses niche
positioning under both targeting regimes.

a natural incentive for media firms to slant their content (Gentzkow and Shapiro| [2010). We revisit
this link with and without privacy regulations and find that when consumers are more ideologically
partisan (higher \), privacy regulation can change the media firm’s equilibrium strategy from
moderate (mainstream) to partisan (niche) for a wider range of v, because the threshold 7™ is
decreasing in A. This is a natural comparative static: when more consumers have strong ideological
positions, the media firm is more likely to pander to them, even for lower values of targeting. Thus,
we find that privacy regulation strengthens the link between consumers’ ideological partisanship

(demand) and content polarization (supply).

5.2.3 Consumer Utility from Content Consumption

We have shown that the monopolist media firm may trade off the total demand for a more accurate
inference when behavioral tracking is banned. In this section, we ask the following question: how
does the switch from mainstream to niche content strategy affect consumers’ utility from content
consumption? Intuitively, niche consumers receive a higher utility from consuming niche content,
while mainstream consumers receive a higher utility from consuming mainstream content. Hence,

niche content strategy leads to lower consumer utility from content consumption if most consumers

19



are mainstream (low \), while it leads to higher consumer utility from content consumption if most

consumers are niche (high \). We formalize this insight in the following proposition:

Proposition 3. Niche content strategy leads to lower consumer utility from content consumption

if and only if X < X := {1 —2[1 — F(0)]E[e|e > 0]}/{3 — 8[1 — F(0)|E[e|e > 0]}.

We can now combine this proposition with Propositions[I] and [2] and examine when the equilib-
rium strategy under contextual ad targeting leads to higher or lower consumer utility from content
consumption, compared to the equilibrium under behavioral ad targeting. This is an important
comparison from a privacy policy standpoint because it helps us understand a key welfare conse-
quence of privacy regulations. To illustrate this aspect, we need to focus on where the equilibrium
strategies are different with and without privacy regulation ([4F(0) — 1]A < F(0) and v > ™)
and examine under what condition privacy regulation has unintended consequences in terms of

consumer welfare from content consumption. The following corollary highlights this insight:

Corollary 2. Consumer utility from content consumption is lower under contextual ad targeting

than under behavioral ad targeting if X < X\, [4F(0) — 1]\ < F(0), and v > ™.

The cutoff threshold \ determines the region where privacy regulation has an unintended con-
sequence in terms of consumer welfare. This cutoff depends critically on the distribution of the id-
iosyncratic term. In particular, A is increasing in E(e|e > ()) Therefore, understanding E(ele > 0)
is essential to the interpretation of our results.

In general, a distribution of e that is concentrated around 0 results in low values of E(ele > 0),
while the opposite is true for a bimodal distribution that concentrates mass near the extremes
—1/2 and 1/2, for which E(ele > 0) — 1/2. As such, E(ele > 0) has a close relationship with
the variance of the idiosyncratic term e, which captures consumers’ media preferences that are
unexplained by ideology. In that sense, the higher the variance of the idiosyncratic term, the more
open the consumer is to consuming content farther from their own ideology. This is an important
construct because many behavioral nudges to encourage people to read from other sides attempt

to reduce the relative importance of ideology in consumer utility.

Y The first derivative is 2[1 — F(0)]/(8[1 — F(0)]E(ele > 0) — 3), which is always non-negative.
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Figure 3: Impact of privacy regulation on consumer utility from content consumption.

Note: The green shaded region with the plus sign shows the region where consumer utility from content consumption
is higher under contextual ad targeting than behavioral ad targeting. The red striped region with the minus sign
shows the region where the equilibrium under contextual ad targeting leads to lower consumer utility from content
consumption. The blank region shows the area where the consumer utility is the same under both behavioral and
contextual ad targeting.

Interestingly, our results suggest that as consumers’ openness to ideologically different content
increases (higher variance of €), the region where privacy regulation reduces consumer welfare from
content consumption grows (higher 5\) Focusing on the two extreme cases is illuminating. First,
if there is no variance in the idiosyncratic term (e = 0), the cutoff A will be equal to 1 /3, implying
that the privacy regulation always increases consumer welfare whenever it changes the equilibrium
under behavioral ad targeting. In contrast, in the limit case of a bimodal € where E(ele > 0) — 1/2,
we have A = 1 /2, which indicates that the equilibrium shift caused by privacy regulation reduces
consumer welfare from content consumption. We illustrate this point in Figure [3| where we use
three different error distributions by varying the shape parameters of the Beta distribution, upon
normalizing its expected value to 0. As shown in each of the three subfigures in Figure [3], as the
relative importance of ideology in consumer preferences decreases through changing the variance of
the idiosyncratic term, the region that reduces consumer utility from content consumption expands.

In sum, our analysis shows several important welfare implications. First, we show that there

always exists a parameter range such that privacy regulation leads to a lower consumer utility from
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content consumptionE This implies that banning behavioral tracking may drive the monopolist
media firm to switch from mainstream to niche ideological positioning, even when doing so reduces
both total demand and consumer welfare from content consumption. Second, we show that the
negative impact on consumer welfare from content consumption is more pronounced when ideology
plays a smaller role in determining consumers’ media preferences, a case that is often the target of
depolarization efforts.

Before concluding our study of the monopoly case, we emphasize that the negative consequence
of privacy regulation highlighted in Proposition [3| and Corollary [2| depends solely on consumers’
utility from content consumption, and does not account for additional utility such as consumer’s
disutility from polarization, from decreased privacy, and from potentially being exposed to offensive
(that is, heavily mismatched) ads. In addition, the social welfare may suffer from a higher level
of polarization. Because the impact of privacy regulation on polarization and on the consumer’s
utility from content consumption is of sufficient importance and interest, we abstract away from
the above considerations in this paper. Due to the above reasons, increasing content polarization
per se may be viewed as an unintended consequence of privacy regulations. In a richer model where
one takes into account the additional utility terms, privacy regulation can hurt consumer or social
welfare by increasing the level of polarization and decreasing consumer privacy even if its direct

impact on consumer’s utility from content consumption is non-negative.

5.3 Duopoly

We now introduce competition in a duopoly setting. The impact of competition in our setting is
both a priori unclear and conceptually interesting: are the two firms’ inference motives comple-
ments or substitutes? Further, given that competition generally leads to an increase in differenti-
ation, is it still true that contextual ad targeting leads to more content polarization compared to
behavioral ad targeting? Moreover, provided that an increase in differentiation occurs following a
ban on individual data tracking, what are its implications for consumer demand and utility from

media consumption? To answer these questions, we consider a duopoly setting in this section. Note

15We show in the proof of Proposition [3| that A> 1/3 for any distribution of the idiosyncratic term e.
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that when there are multiple firms at the same position, the consumer’s idiosyncratic term e for
each firm’s content is drawn independently from the distribution f(-), which captures a taste shock

for consuming content by each media firm.

5.3.1 Demand

In contrast to the monopoly case, consumers compare the utility of consuming a firm’s content
not only with the outside option but also with the utility of consuming the other firm’s content.
Suppose that the first media firm chooses z; ideological positioning, while the second one chooses x5
ideological positioning. Let (z1, z2) denote firms’ positioning strategies. Without loss of generality,
we assume that x; < x9. By symmetry, (0,0) is equivalent to (1,1), and (0,1/2) is equivalent to
(1/2,1). Hence, we only need to consider (0,0), (0,1/2), (0,1), and (1/2,1/2). One can see that
(0,1) dominates (0,0), so (0,0) will never be an equilibrium. Hence, we need to only consider three
possible equilibria: (0,1), (1/2,1/2) and (0,1/2). Lemma [4] fully characterizes consumer demand

under each possible equilibrium strategies for the two firms as follows:

Lemma 4. The media firms’ demand under three possible equilibria (0,1), (1/2,1/2), and (0,1/2)

1s characterized as follows:

(a) Under (0,1) strategy profile, Firm 1’s total demand is X + [1 — F(0)?](1 — 2)\)/2. Among
them, X\ are type 0 consumers and [1 — F(0)%](1 — 2)X)/2 are mainstream consumers. Firm
2’s total demand is X + [1 — F(0)%](1 — 2)\)/2. Among them, \ are type 1 consumers and

[1— F(0)%](1 —2X)/2 are mainstream consumers.

(b) Under (1/2,1/2) strategy profile, each firm’s total demand is (1—2))/2+[1—F(0)?]\. Among
them, (1 —2X)/2 are mainstream consumers, [1 — F(0)?]\/2 are type 0 consumers, and [1 —

F(0)2]\/2 are type 1 consumers.

(¢) Under (0,1/2) strategy profile, Firm 1’s total demand is A[1 f 12 F fle+1/2)de] + (1 —
2)) f 12 F )f(e+1/2)de. Among them, A[1 f 12 F (e+1/2)de] are type 0 consumers
and (1 — 2)\) f_1/2 F(e)f(e + 1/2)de are mainstream consumers. Firm 2’s total demand is

)\f 10 F )f(e+1/2)de + (1 —2))] f 12 F (e+1/2)de] + [1 — F(0)]\. Among them,
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)\f_ol/2 F(e)f(e +1/2)de are type 0 consumers, (1 —2X)[1 — f81/2 F(e)f(e+1/2)de| are type

1/2 consumers, and [1 — F(0)]\ are type 1 consumers.

Even without inference motivation (i.e., in the case of behavioral ad targeting), competing
firms have an incentive to choose a more polarized content strategy to increase differentiation
and soften the competition, which increases the total demand. Therefore, it is, in some sense,
harder for them to choose a more polarized content strategy (compared to the baseline level of
differentiation) when the information environment shifts from behavioral ad targeting to contextual
ad targeting. Nevertheless, the next section shows that the inference motivation becomes stronger

with competition.

5.3.2 Media Firms’ Ideological Positioning

For tractability, we make an additional assumption that e ~ U[—1/2,1/2], which simplifies the
demand function characterized in Lemma [l The following propositions summarize the equilibria

under behavioral and contextual ad targeting.

Proposition 4. Suppose ¢ ~ U[—1/2,1/2]. Under behavioral ad targeting, the equilibrium is
(1/2,1/2) if X < A1, (1/2,1/2) or (0,1) if A1 < X\ < Ag, and (0,1) if X > A2, where 1/3 < A\ =
4/11 < X9 = 3/7.

Proposition 5. Suppose € ~ U[—1/2,1/2]. The equilibria are (weakly) more polarized under
contextual ad targeting than under behavioral ad targetmgm The following table summarizes cases
where the media firms choose more polarized content strategies under contertual ad targeting than

under behavioral ad targeting, where 1/3 < X\g < A1, 74 >0 for A < A2, and 'yd/ >0 for A < )\1

The extent of media polarization increases from (1/2,1/2) to (0,1/2) to (0,1).
"Table [1)in the appendix presents the equilibria for all the cases.
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Equilibrium Under

Condition
Behavioral Ad Targeting Contextual Ad Targeting
1/3< A< &yt <y<qy? (1/2,1/2) (0,1/2)
M <A< & <y <yl (1/2,1/2) (1/2,1/2) or (0,1)
1/3 <A< A & v > max{y?,~+%} (1/2,1/2) (0,1)
A <A< A &y > (1/2,1/2) or (0,1) (0,1)

Figure |5|illustrates media firms’ content strategies in duopoly under behavioral (left figure) and
contextual (right figure) ad targeting. The content strategies are the same under both behavioral
and contextual ad targeting in the blank region, while the extent of media polarization is larger

under contextual ad targeting than under behavioral ad targeting in the solid and striped-shaded

regions.

>~ |(1/2,1/2)| (1/2,1/2) or (0,1) (0,1) > /
1 1
4
v % Ve
0 035 A 0.4 A2 0.45 os ° 035 A 0.4 A2 0.45 \6.5
A A
(a) Behavioral Ad Targeting (b) Contextual Ad Targeting

Figure 4: Media firms’ equilibrium content strategies in duopoly when € ~ U[—1/2,1/2].

Note: The blank region shows areas where the equilibrium is the same under behavioral and contextual ad targeting
in duopoly. The shaded area shows the total area where the equilibrium is more polarized under contextual ad
targeting than behavioral ad targeting. The striped region shows the part of the shaded area where the equilibrium
under contextual ad targeting is more polarizing than the equilibrium under behavioral ad targeting in monopoly
too.

When A > )y, there are enough niche consumers (at least 6/7 of the total) that (0,1) is the

equilibrium in duopoly even under behavioral ad targeting. As such, there is no room for the
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duopoly to be more polarized if the advertising environment switches from behavioral ad targeting
to contextual ad targeting. Now consider the interesting case in which A < Az, so that at least
1/7 of consumers are mainstream. In both monopoly and duopoly, contextual ad targeting leads
to more content polarization when « > 4™ (the striped shaded region in Figure . In addition,
contextual ad targeting leads to more polarization when min{y% 1%} < v < 4™ and A < \; or
when 74 < v < 4™ and A\; < A < Ay (the solid shaded region in Figure under duopoly but not
under monopoly. In particular, when 1/3 < A < A; and v > max{y%, 7%}, equilibria across the two
regimes display opposite properties: equilibrium under behavioral ad targeting features both firms
choosing the mainstream ideological positioning, while equilibrium under contextual ad targeting
features the two firms picking opposite niche ideological positions. Thus, privacy regulation leads
firms to switch from “underproviding” to “overproviding” (compared to the underlying consumer
ideology distribution) highly partisan positions.

Therefore, even conditional on differentiation motives due to competition, duopolistic firms have
a stronger incentive than a monopoly to polarize due to inference motives. In other words, compared
to a monopolist, duopolistic firms choose a more polarized strategy under contextual rather than
behavioral ad targeting in a wider range of parameters, as long as the competition is not strong
enough that they already have chosen the most polarized strategy under behavioral ad targeting.

The underlying mechanism is the following. On the one hand, competing media firms directly
cannibalize each other’s demand if they choose the mainstream content strategy. In contrast, they
can cover different niche consumers by choosing the opposite ideological positions and thereby
soften the competition. As a result, the benefit of higher total demand in the market by choosing
mainstream content strategy is lower in the duopoly case than in the monopoly case. On the other
hand, the benefit of a more accurate inference is not affected by competition - a monopolistic firm
and a duopolistic firm extract the same amount of surplus in the advertising market for a given
level of consumer privacy. In addition, by choosing niche ideological positioning, a duopolistic firm
can obtain a more accurate inference than a monopoly due to an inferential complementarity effect.
The presence of one firm aids the other firm’s inference because competition improves the selection

of consumers: on average, consumers of each firm are more ideologically aligned with that firm,
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compared to the monopoly case. For instance, in the (0,1) case, both firms lose relatively more
demand from consumers of opposite ideologies, thus decreasing the variance in consumer types for
each firm and increasing profits per impression in the contextual ad targeting regimeE Therefore,
firms lean more toward quality in the quantity-quality trade-off under a duopoly than under a
monopoly.

The fact that an increase in privacy results in an increase in equilibrium content polarization
is interesting in light of the well-discussed link between content personalization (that is, lack of
privacy) and polarization. It is important to stress that, according to this view, personalized
content does not polarize consumers; rather, it simply matches their prior ideological positions.
In this case, one could say that content positioning is the consequence, rather than the cause, of
polarization.

The drivers of Proposition [5| are quite different: the desire to make precise inferences to in-
crease advertising profits pushes two competing firms away from the standard Hotelling equilibrium,
(1/2,1/2), and toward (0,1) that is more ideologically polarized than the underlying distribution
of the consumers’ ideological preferences, for any value of A < 1/2. Therefore, more privacy leads
to more content polarization on the supply side. Content polarization is driven by firms’ desire
to monetize ads, not just by consumer ideology; in fact, content distribution often becomes more

polarized than consumers.

5.3.3 Consumer Utility from Content Consumption

As we have shown in the monopoly case, a more polarized content strategy may lead to lower con-
sumer utility from content consumption. However, with two firms, polarization becomes desirable
for consumers. The next proposition shows that consumer utility from content consumption always

increases in the extent of polarization under duopoly.

Proposition 6. For any A\ € (1/3,1/2) and € ~ U[—1/2,1/2], a more polarizing equilibrium in

duopoly leads to a higher consumer utility from consumption: (0,1) leads to higher consumer utility

8This complementarity motive arises as long as at least one firm chooses niche content. When both firms choose
mainstream strategies, (1/2,1/2), each firm’s demand is simply cut in half, and their inferential ability is the same
as a monopoly, as no additional consumer ideological self-selection arises.
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from content consumption than (0,1/2), and (0,1/2) leads to higher consumer utility from content

consumption than (1/2,1/2).

This proposition helps us examine the implications of a privacy regulation that enforces a move
from behavioral to contextual ad targeting. As shown in Proposition [5] the equilibrium under
contextual ad targeting is at least as polarizing as the equilibrium under behavioral ad targeting

for the entire parameter space. Thus, we can write the following corollary:

Corollary 3. For any A\ € (1/3,1/2) and € ~ U[—1/2,1/2], privacy regulation leads to higher

consumer utility from content consumption in a duopoly.

This corollary shows that a privacy regulation in the duopoly context does not have unintended
consequences in terms of the content consumption aspect of consumer welfare when e is uniformly
distributed. This is different from our findings in the monopoly setting, which shows that the shift
to greater content polarization under privacy regulation can reduce consumers’ utility from content
consumption under uniform distribution. Intuitively, our findings in the duopoly setting indicate
that consumers enjoy higher content polarization, which is expected given that we consider cases
where consumers are polarized to begin with (A > 1/3). We further run numerical simulations for
other distributions of the idiosyncratic term, € ~ Beta(0.1,0.1) — 1/2 and € ~ Beta(10,10) — 1/2
and present the results in Figure 6| Compared to Figure [3| in the monopoly case, we find similar
patterns that as consumers’ content choice becomes less revealing of their ad content preference
(higher variance of €), the region where privacy regulation reduces consumer welfare from content
consumption grows. Notably, we replicate the finding under monopoly that the region where pri-
vacy regulation reduces consumer utility from content consumption grows as consumers’ openness
to ideologically different content increases (higher variance of €). In addition, conditional on the
variance of the idiosyncratic term, privacy regulation hurts consumers’ utility from content con-
sumption less when there is competition. In summary, we find that compared to the monopoly
case, in a competitive environment, privacy regulation helps consumers receive higher utility from

content consumption, although at the expense of an increase in content polarization.
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(a) Bimodal e: (b) Uniform e: (c) Bell-shaped e:
€ ~ Beta(0.1,0.1) — 1/2 € ~ Beta(1,1) —1/2 e ~ Beta(10,10) — 1/2

Figure 5: Impact of privacy regulation on consumer utility from content consumption (duopoly
case).

Note: The green shaded region with the plus sign shows the region where consumer utility from content consumption
is always higher under contextual ad targeting than behavioral ad targeting. The green shaded region with the plus-
equal sign shows the region where consumer utility from content consumption is higher under contextual ad targeting
than behavioral ad targeting in some equilibria and identical in other equilibria. The red striped region with the
minus sign shows the region where the equilibrium under contextual ad targeting leads to lower consumer utility
from content consumption. The red striped region with the minus-equal sign shows the region where the equilibrium
under contextual ad targeting leads to lower consumer utility from content consumption under some equilibria and
leads to identical consumer utility from content consumption under other equilibria. The blank region shows the area
where the consumer utility is the same under both behavioral and contextual ad targeting.

6 Extensions

6.1 General Base Utility

Throughout our exposition so far, the consumer’s base utility from media consumption was fixed
at 1/2. This allows us to convey all the main insights about the inference role of content strategy
and the quantity-quality trade-off while keeping the model simple. Nevertheless, it is interesting to
study whether and how the incentives to opt for mainstream or niche positioning differ for firms of
different quality. In this extension, we generalize the base utility to v, and show the robustness of
our findings. In addition, we demonstrate how the size of the base utility strengthens/weakens the

firm’s inference incentive.

Proposition 7. Suppose ¢ ~ U[—1/2,1/2]. There exists v < 7/25,5 > 5/6,7™ > 0,7, A1 < Xy

and M(v) € (1/3,1/2] such that the following holds if v < v < v:
(a) (Monopoly) The firm chooses mainstream content under behavioral ad targeting and niche
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content under contextual ad targeting if 1/3 < A < A(v) and v > ™. The threshold 4™
decreases in A and increases in v. In addition, there exists 5\(11) > 1/3 such that niche

content strategy leads to lower consumer welfare if A < ;\(U)

(b) (Duopoly) The equilibrium under behavioral ad targeting is (1/2,1/2) if X < A1, (1/2,1/2)
or (0,1) if A1 < A < Ag, and (0,1) if X > Xa. The equilibrium under contextual ad targeting
is more polarized than that under behavioral ad targeting if v > fyd” and 1/3 < XA < Aa.

Moreover, %' < ~™ for all X\ € (1/3, \2).

As we can see, for an interval range of the base utility that includes 1/2, we recover all the
main insights from Propositions [1| to [5| in the main model. It is still the case that the media firm’s
ideological positioning has an inference role for the firm under contextual ad targeting, that a media
firm will choose more polarized content in equilibrium to increase profit per consumer despite the
lower total demand and potentially lower consumer welfare, and that competition strengthens firms’
inference incentive.

In the main model, a consumer located at one extreme will never consume the content located
at the other extreme. In contrast, a consumer located at one extreme may consume the opposite
content when the base utility v is larger than 1/2. In particular, a type 0 consumer will obtain
a positive utility from consuming x = 1 content with probability P(v — |z — 0] + € > 0) = 1/3
if v = 5/6. Therefore, our extension to the general base utility establishes the robustness of our
results to settings where a consumer located at one extreme may consume content from the opposite
extreme.

The general base utility setup provides additional insight into how the base utility affects the
firm’s inference incentive. The firm has a smaller incentive to improve its inference by choosing more
polarized ideological positioning as the base utility increases because 7" increases in v. The base
utility can be viewed as the vertical quality of the media firm, whereas the match between consumer
type and media/ad location is horizontal. When the vertical quality is high, the media firm attracts
consumers with ideological preferences far from the firm’s position. As a result, the horizontal
match quality becomes less important and it becomes harder for the firm to distinguish different

consumer types based on their self-selection. The firm is more incentivized to favor quantity in the
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quantity-quality trade-off by choosing mainstream content with a larger total demand.

In contrast, when the base utility is low, consumers are more selective in their consumption
decisions. Mainstream consumers will not consume niche content that has a low vertical quality
and poor horizontal match unless the random shock is very high (a large idiosyncratic term).
So, by choosing the more polarized niche content strategy, the firm can screen consumer types
very accurately and thus obtain a high profit per consumer by offering well-matched ads to most
consumers. In this case, the firm has a stronger incentive to favor quality in the quantity-quality
trade-off by choosing a niche content strategy.

In summary, our extension to the general base utility shares important insights into the link
between privacy and content polarization. In particular, we find that the impact of privacy regula-
tion on content polarization is stronger when the base utility is lower. On the other hand, the link
becomes weaker when the base utility is higher. Thus, policymakers can focus their attention on

policies that incentivize firms to produce a higher vertical content quality.

6.2 Consumer Utility from Advertising

In the main model, consumers derive utility solely from media consumption. This assumption
can be justified by two arguments. First, it is reasonable to expect that the consumer places an
overwhelming majority of the weight on the media content rather than on the advertising content.
Second, taking into account the utility of future ads would require the consumer to be forward-
looking, which is not always the case.

In this extension, we allow consumers to gain more disutility from worse-matched ads and to
take it into account in their content choices[] We show that our qualitative results still hold as long
as consumers place the majority of the weight on the media content rather than on the advertising
content, an assumption that has been empirically validated in recent studies (Brynjolfsson et al.,

2024)). Formally, we consider the following utility specification:

U(z,0) =1/2 — |x — 0| — E[f(a,0)] +¢,

19 Analogously, we can consider an alternative specification where the consumer gains more utility from better-
matched ads, which does not change the results. We chose the current setting because there is more evidence that
consumers dislike advertising rather than enjoying seeing an ad.
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where a is the advertising choice. Analogously to the rest of our analysis, under behavioral ad
targeting the firm offers personalized ads to each consumer, a = 6, whereas under contextual ad
targeting the ads can only depend on the media content choice, a = E,(6), which is the expected
consumer type among consumers who consume the media content. We make the following assump-
tions on f to reflect the idea that the consumer prefers better-matched ads but places the majority

of the weight on the media content.

Assumption 1. The advertising disutility function satisfies the following conditions:

(1). f(a,@) increases in |a — 0|; (2). f(0,60) =0; (3). f(a,0) < M.

In this assumption, M represents an upper bound for ad disutility. The empirical literature
on ad avoidance suggests that the advertising volume leads to ad avoidance, but the evidence
remains limited on the ad content playing a major role in driving content consumption (Wilbur,
2016; Brynjolfsson et al., 2024). Hence, with the same level of advertising volume, it is reasonable
to expect that the upper bound M is small relative to | — #|. To understand why we need
this assumption, consider an extreme case in which consumers place a very high weight on the
advertising disutility term. Suppose the firm chooses niche content x = 0. None of the type
0 consumers consume the content, whereas mainstream consumers consume it as long as their
idiosyncratic term is positive. Under this unrealistic strategy profile, the optimal ad choice is 1/2
because only mainstream consumers consume the media content in equilibrium. The expected
disutility term is 0 for mainstream consumers but large for niche consumers. The difference in the
advertising disutility term more than compensates the difference in the media consumption term,
1/2 — |x — 0] + €. Such strategic implications can overrule our mechanism in the main model.

Under behavioral ad targeting, the equilibrium is the same as the main model because the firm
can perfectly infer consumer type and thus show perfectly matched ads. The case of contextual
targeting is more complex. The reason for this is that under contextual ad targeting, each con-
sumer’s strategy now depends not only on the firm’s strategy and her own type but also on the
other consumers’ actions. The following proposition shows that our main qualitative insight from

earlier analysis holds:
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Proposition 8. Suppose € ~ U[—1/2,1/2]. There exists M > 0 such that the consumer’s choice
of niche content is privacy-reducing over the choice of mainstream content and that all the main

insights of the monopoly case hold qualitatively if M < M.

6.3 General Oligopolistic Case (More Than Two Firms)

In this section, we extend the monopoly and duopoly model to a case with a fixed set of media
firms. Consistent with the duopoly case, we consider firm-specific idiosyncratic error terms that are
independent and come from U[—1/2,1/2]. Suppose that we have K > 2 firms. In Web Appendix|3]
we derive the closed-form conditional probabilities of consumer’s content choice given type, for any
given number of firms at each position (Ny, M, N1). We note that the signal becomes exponentially
sharp from the content choice as the number of firms offering content x increases. In particular,
as shown in Web Appendix [3] with L firms at position x, the probability that a consumer of type
§ = x chooses a media firm at another position is upper bounded by (1/2)*. This indicates that
with a very large number of firms at each position, the amount of inference firms can make under
behavioral and contextual targeting becomes identical. However, since we have the closed-form
probabilities, we can computationally examine the equilibrium in cases with more than two firms.
Through extensive simulations with K = 3,4 (e.g., Figure @ in the Web Appendix , we establish
the same insight: there is no set of parameters under which the equilibrium under behavioral

targeting is more polarizing than that under contextual targeting.

6.4 Endogenous Entry

In principle, privacy regulation might influence not just the content strategies of existing firms but
also the number of firms operating in equilibrium. In this extension, we endogenize the number
of firms, so that the equilibrium number of firms may change following a ban on behavioral ad
targeting. To this end, we assume that there is a fixed entry cost ¢ > 0 for each firm, and there
are enough potential entrants such that new firms will always enter the market as long as they can
make a non-negative profit. When the entry cost ¢ is too large, no firm operates in equilibrium,

and the problem becomes uninteresting. Further, given that we have studied the monopoly and
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duopoly case in our main model, in this extension, we assume that c is small enough such that there
is at least one firm at each position z = 0,1/2,1. In line with our baseline model, we maintain the
assumption that each firm can only pick one positionﬂ

Although our discrete modeling framework is sufficient for a small number of firms, it does not
capture the complexities of a large market. The fundamental reason is that with 3 positions, firms
cannot differentiate enough. This implies that the probability of a type-6 consumer consuming
content at position x # 6 will exponentially decrease with more firms at a position, which in turn
implies that contextual targeting will be identical to behavioral targeting, two properties at odds
with the empirical reality of media markets. Therefore, we consider a position-specific rather than
firm-specific idiosyncratic term in this section@ Lastly, we make a technical assumption on the
number of firms in this extension: there is a continuum of firms rather than an integer number of
firms. This assumption simplifies the analyses and has been adopted in seminal papers studying
market entry (Hopenhayn| 1992; Melitz, 2003)@

In equilibrium, free entry and market clearing imply that each firm makes zero profits. Following
privacy regulation, each consumer becomes less valuable to advertisers because uncertainty about
the consumer’s type leads to worse ad-matching quality, resulting in a lower total number of firms.
Therefore, we will compare equilibrium outcomes with and without privacy regulation by the share

of niche firms in each. We have the following result.

Proposition 9. The consumer’s choice of niche content is privacy-reducing over the choice of
mainstream content. The ratio of the number of niche firms to the number of mainstream firms is

higher under contextual ad targeting than under behavioral ad targeting.

As the proposition shows, the main insight in the main model extends to the case with en-
dogenous entry when there are more firms and when the equilibrium number of firms depends

endogenously on the privacy policy. Put differently, we find that with endogenous entry and pri-

20Tf a firm offers multiple products at different positions, then each product can be viewed as a separate “firm” in
this setting.

210ur qualitative insight that the equilibrium under contextual ad targeting is at least as polarizing as that under
behavioral ad targeting still holds under the position-specific idiosyncratic term in the duopoly case, as in the main
model.

22Including the integrality constraint in the model does not provide any relevant economic insights.
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vacy regulation, mainstream firms represent a smaller slice of a smaller pie. As a result, the decrease

in the provision of centrist news is strengthened compared to the exogenous case.

7 Conclusion

The increased use of behavioral ad targeting by websites has heightened concerns by consumer
privacy advocates and regulators. In this paper, we study the consequences of privacy regulations
in the media landscape and ask the following question: how does a privacy regulation affect the
equilibrium strategies of media firms in terms of ideological positioning and content polarization?
We theoretically examine this question by building a model of product positioning and consumer
demand. In our model, media firms choose their ideological positioning and create content, and
consumers select their preferred content based on their ideology and idiosyncratic shocks. De-
pending on the eyeballs media firms generate, these firms extract advertising revenue based on the
expected efficacy of their ads.

To examine the impact of privacy regulations, we focus on two primary information environ-
ments: behavioral and contextual ad targeting. Under behavioral ad targeting, media firms can
perfectly track consumers and target their ads, reflecting the case without privacy regulation. In
contrast, under contezrtual ad targeting, media firms cannot track readers and are therefore lim-
ited to tailoring ads to content, relying on the information contained in consumers’ self-selection
into the media firm’s content. We show that banning behavioral ad targeting incentivizes media
firms to shift towards niche (or polarizing) content strategies to improve their ability to draw in-
ferences about consumers. In monopoly, this holds even when the increase in content polarization
decreases total demand and consumer utility from content consumption. In duopoly, we document
a stronger shift toward content polarization due to privacy regulation, though this shift does not
reduce consumer utility from content consumption.

The findings of this study shed light on the complex connection between privacy and polariza-
tion. In recent years, many in the press have underscored the pivotal role played by increasingly
precise personalization and behavioral ad targeting in the surge of political polarization within

the United States. This perspective posits that hyper-personalization due to the lack of privacy
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regulation led to the creation of echo chambers and increased polarization. However, our research
presents an alternative reversed link between privacy and content polarization. In our model, the
inability to personalize content compels firms to use their content strategy as a targeting strategy
that relies on consumers’ self-selection into content. This strategic shift creates a unique incentive
for producing more partisan content in both monopoly and duopoly scenarios.

Our paper contributes to the literature in several ways. First, we identify a counter-intuitive and
theoretically robust link between privacy and polarization. We show that a privacy regulation leads
to greater content polarization in equilibrium when media firms monetize based on advertising, even
when content polarization reduces total demand and consumer utility from content consumption.
Therefore, our paper identifies the firm’s inference motive as another driver of content polarization
beyond consumer demand and highlights the unintended consequences of privacy regulations in
media markets. Second, we bring a novel inference-based framework to study the equilibrium
effects of privacy regulation. In particular, our framework suggests that by limiting what firms know
about consumers, privacy regulations shift firms’ focus to what they want to know about consumers,
thereby creating an incentive to use content strategies as means for more accurate inference. Put
differently, we stress an important shift from viewing content polarization as a mere reflection of
consumers’ preexisting preferences, which is the case with personalization. Under contextual ad
targeting, content consumed can become more extreme and polarized than consumers’ preexisting
preferences. Lastly, our paper offers important implications for managers and policymakers. In
particular, we present the equilibrium effect of privacy regulations in media markets as a function
of interpretable model parameters. We show that privacy regulations can have an unintended
consequence of increased content polarization. Further, we propose that investments that increase
content quality can mitigate the negative effects of privacy regulations on content polarization.

Nevertheless, our paper has certain limitations. First, we focused on discrete consumer types for
tractability and interpretability reasons. Future research can extend our framework to a continuous
setting. Second, in order to highlight the media firm’s problem, we did not explicitly model the
advertising marketplace. One could endogenize the advertising marketplace and obtain new insights

for the advertising side of the market. Finally, our paper abstracted away from the dynamics
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between content polarization and opinion polarization. Future research could incorporate these

dynamics and examine their long-run equilibrium.
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Appendix

Proof of Lemmal[ll Let p; denote the posterior probability of # = j conditional on the information
Z, that is, p; = P(0 = j | Z). Now, we write the optimal ad choice as follows:

max E [M(q;0) | Z] = max [1-9E[(a—6)*|T]]

1 2
11— <P0a2 + p1/2 (a - 2) +pi(a — 1)2>]

The first-order condition is —~ (2poa + 2p1/2 (a — %) + 2pi(a — 1)) = 0, which results in a* =
Pt _ pig | 7). n

= max
a

Proof of Corollary[1. The media firm’s profit maximization problem is the following:
max D(z) - E[M(a;0) | Z] =max D(z) - E[M(a™;0) | Z]

=max D(z) - E [1 —v(a* — 0)* | Z]

xT

=maxD(z) (1 —~yE [(E[0 | Z] — 0)* | Z])

xT

=max D(z) - [1 —vVar(0|Z)]

T

Proof of Lemma[Z One can see that consumers whose type matches exactly the media firm’s loca-
tion will consume for sure. So, we just need to determine whether other consumers prefer consuming

the content to the outside option.

42



1. Mainstream content strategy x = 1/2: The demand from mainstream consumers is 1 — 2\.
Consider a type 0 consumer. Her utility from consuming the content is U(1/2;0) = e. She will
consume the content if and only if her consumption utility is greater than that of the outside
option, i.e., € > 0. Therefore, the consumption probability is P(e > 0) = 1 — F'(0). Hence,
the demand from type 0 consumers is A\[1 — F'(0)]. By symmetry, the demand from type 1
consumers is also A[1 — F'(0)]. In sum, the total demand is 1 —2A+2A[1 — F(0)] = 1 —-2F(0)\.

2. Niche content strategy x = 0: The demand from type 0 consumers is A and the demand
from type 1 consumers is 0. Consider a type 1/2 consumer. Her utility from consuming
the content is U(0,1/2) = e. She will consume the content if and only if € > 0, her utility
from the outside option. By the same argument in the previous case, one can see that
the demand from type 1/2 consumers is (1 — 2A)[1 — F(0)]. In sum, the total demand is
A+ (1=2)N)[1-F(0)]=1-F(0)+[2F(0) — 1]A.

3. Niche content strategy x = 1: It is symmetric to the previous z = 0 case.

Proof of Proposition[I Under behavioral ad targeting, the match between the ad and the consumer
type is always 1. Therefore, the media firm chooses the content strategy that leads to the highest
demand. According to Lemma [2] a mainstream positioning generates a higher demand than niche
content does if and only if 1 — 2F(0)A > 1 — F(0) + [2F(0) — 1]A < [4F(0) — 1]A > F(0). [ ]

Proof of Lemma[3. Due to the symmetry between the two types of niche content, we only need to
compare Privacy({0}) and Privacy({1/2}).

1. Mainstream content x = 1/2. According to Lemma the demand from type 0 and from type
1 consumers are identical. So, E[f|z =1/2] =1/2.

Privacy({1/2)) = B[(6 ~ 1/2?z = 1/2) = L . 2. ;AF;(OO))}
2. Niche content z = 0.

Privacy({0}) =E[#?*|z = 0] — E[f|z = 0]
2
[1—F(0)](1—2)) 1)2 B { [1-F0O)]d-2\) 1}

TA+[1-FO)]1 =2\ S
1 1= F(0)](1—2\)A
T4 A+ 1= F(0)](1=2))}2

1— F(0) + 2F(0) —1]A 2
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Therefore, Privacy({0}) < Privacy({1/2})
1 [1—F(0)](1—2X\)A 1 Al = F(0)]
4 A+ [1=F0)]1 =20} "2 1-2XF(0)

SA+ A1 =20)F(0) +2X(1 = 2M)[1 — F(0)] + X2+ [1 — F(0)]>(1 — 2))2 >

N |

The LHS is greater than A+\(1—2X)F(0)+A(1—2A)[1—F(0)]+A? = A\(2— ). Since A € (1/3,1/2)
and A\(2 — \) increases in A for A < 1, we have the LHS > A(2 - X) > 1/3(2—-1/3) =5/9 > 1/2.
Therefore, Privacy({0}) < Privacy({1/2}) always holds. By definition, niche content is privacy-

reducing over mainstream content. |

Proof of Proposition |3 Consider contextual ad targeting. By symmetry, we only need to compare

the firm’s expected profits from type-0 niche content strategy and mainstream content strategy.

79(0) > 1°(1/2) & D(0) - [1 — yVar(d|z = 0)] > D(1/2) - [1 — yVar(f|z = 1/2)]
D(1/2)/D(0) — 1
Var(6|z = 1/2)D(1/2)/D(0) — Var(6]z = 0)

m

="

s >

Since D(1/2) > D(0) and Var[f|x = 0] < Var[f|z = 1/2], we have ™ > 0. So, the media
firm chooses niche content strategy if v > <™ and mainstream content strategy if v < 4™ under
contextual ad targeting. Lastly, we show that 4™, which can be expressed as 4{F(0) + [1 —
4F(0)]AH1 — F(0) + [2F(0) — 1]JA}/{[1 — F(0)]A[1 — 2F(0) 4+ 4F(0)A]}, decreases in A.

(1) If F(0) < 1/4, then 4{1 — F(0) + [2F(0) — 1]A} in the numerator decreases in A while
[1 — F(0)][1 — 2F(0) + 4F(0)\] in the denominator increases in A\. One can also see that the
remaining part of 4™ {F(0) + [1 — 4F(0)]A\}/A = F(0)/A + 1 — 4F(0), decreases in A.

(2) If 1/4 < F(0) < 1/2, then both F(0)+ [1 —4F(0)]\ and 1 — F(0) 4+ [2F(0) — 1]\ decreases in
A. So, the numerator of 4" decreases in A. One can see that the denominator of v increases
in A

(3) If F(0) > 1/2, then 4{F(0)+[1—4F(0)]A} in the numerator decreases in A while [1—F'(0)][1—
2F(0) +4F(0))] in the denominator increases in A\. One can also see that the remaining part
of Y™ {1 — F(0)+ [2F(0) — 1]A\}/A=[1 — F(0)]/A 4+ 2F(0) — 1, decreases in .

|

Proof of Proposition[3 We first compute the consumer welfare for each content strategy.

1. Mainstream content strategy = = 1/2: The consumer welfare is (1 — 2A)[1/2 4+ E[e]] + 2[1 —
F(0)|]\E[ele > 0] =1/2 — A+ 2[1 — F(0)]\E[e|e > 0].

2. Niche content strategy © = 0: The consumer welfare is A[1/2+E[e]]+[1—F(0)](1—2X)E[e|e >
0] =X/2+[1—F(0)](1 —2X)E[e|e > 0].
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3. Niche content strategy = = 1: It is symmetric to the previous x = 0 case.

Niche content strategy leads to lower consumer welfare if and only if

A2+ [1—F(0)](1—2\E[ele > 0] < 1/2 -+ 2[1 — F(0)]\Ee|e > 0]
. 1-2[1— F(0)E[e|e > 0]
A< A=
TASAT 3R~ F(0)E[ele > 0]
In addition, A > 1/3 & 2[1 — F(0)]E[e|e > 0] > 0, which holds for any distribution of e. [ ]

Proof of Proposition [, We first simplify the demand in Lemma [ when e ~ U[—1/2,1/2].
Corollary 4. Suppose € ~ U[—1/2,1/2]. The demand under each possible equilibrium is:

1. Under (0,1) strategy profile, Firm 1’s total demand is 3/8 + A\/4. Among them, \ are type 0
consumers and 3/8 — 3\/4 are mainstream consumers. Firm 2’s total demand is 3/8 + \/4.

Among them, \ are type 1 consumers and 3/8 — 3\/4 are mainstream consumers.

2. Under (1/2,1/2) strategy profile, each firm’s total demand is 1/2—\/4. Among them, 1/2— X

are mainstream consumers, 3\/8 are type 0 consumers, and 3\/8 are type 1 consumers.

3. Under (0,1/2) strategy profile, Firm 1’s total demand is 1/8 + 5\/8. Among them, TA\/8
are type 0 consumers and (1 — 2\)/8 are mainstream consumers. Firm 2’s total demand is
7/8 —9\/8. Among them, \/8 are type 0 consumers, g(l —2\) are type 1/2 consumers, and

/2 are type 1 consumers.

Now consider the equilibrium strategy under behavioral ad targeting. Under behavioral ad
targeting, the advertising revenue per consumer is 1. So, each firm’s profit equals its total demand.

Suppose the equilibrium is (0,1/2). Firm 1 will deviate from 2 = 0 to x = 1/2 if and only if:
1/2—=X/4>1/8+5\/8= A< X =3/7 (6)
Firm 2 will deviate from = = 1/2 to = = 1 if and only if:
3/8 4 A\/4>T/8—9A/8 & A >\ =4/11 (7)

From the above conditions and noting that A\; < A2, one can see that (0,1/2) will never be an
equilibrium.

Now suppose the equilibrium is (1/2,1/2). Equation @ implies that the firm will deviate to 0
or 1if A > Ag. Similarly, if the equilibrium is (0,1), Equation implies that the firm will deviate
to 1/2 if A < A1

In sum, the equilibrium is (1/2,1/2) if A < Ay, (1/2,1/2) or (0,1) if Ay < A < Ag, and (0,1) if
A > Ao [
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Proof of Proposition[5 We first characterize the equilibrium ad choices and profits for each firm

under contextual ad targeting.

1. Under (1/2,1/2) strategy profile, by symmetry, a = E(f) = 1/2. Var(d) = E[f — E(0)]? =
3A/[4(2 = N)].
2—-A A
n(1/2,1/2) = D(1/2,1/2) - [1 - Var(6)] = = > ~ 212
2. Under (0,1) strategy profile, by symmetry, we only need to consider firm 1. Firm 2’s ad
choice will be 1 — a;, and firm 2’s profit will be identical to firm 1’s. We have a; = E(0) =
3(1 — 2))/[2(3 4+ 2\)], Var(0) = E[§ — E(0)]?> = 6A(1 — 2)X)/(3 + 2))2.

(0.1 =D(0, 1)1~ Var(e)) = 250 A

3. Under (0,1/2) strategy profile, consider firm 1 first. We have a; = E(0) = E1(0) = (1 —
20)/[2(1 + 5))], Vary(6) = E1[0 — E1(0)]? = TA(1 — 2))/[4(1 + 5))2].
145X TyA(1 —2))

m1(0,1/2) =D1(0,1/2) - [L = yVan (0)] = —g= — o =3

Consider firm 2 then. We have as = E2(0) = (7—6))/[2(7—9))], Vary () = Es[0 — Ez(0)]? =
(35X — 54X2) /[4(7 — 9N)2].
7—9X (35 — 54)2)

m2(0,1/2) =D2(0,1/2) - [L = yVary(0)] = —g= — —o g3

Suppose the equilibrium is (0,1/2). Firm 1 will deviate from = 0 to x = 1/2 if and only if:

28(1 + 5X)

1/2,1/2 1/2 b= (N — Nt
An immediate implication is that this deviation never happens if A > Ao.
Firm 2 will deviate from = = 1/2 to = = 1 if and only if@
/ 442X + 3)(7 — 9A
7(0,1) > m3(0,1/2) & v >~% = (A — ) (22 + 3)( ) (9)

A(—540A% + 460 — 63)

An immediate implication is that deviation always happens if A > Alﬁ Therefore, (0,1/2) may
only be an equilibrium if A < A;. Now suppose A < A;. In this case, we have shown that firm 1

23Firm 2 has a stronger incentive to deviate to & = 1 rather than & = 0 to soften competition. So, we only need to
consider its deviation to = = 1.
240ne can check that 44(2X + 3)(7 — 9\) /[A(—540A% + 460X\ — 63)] > 0 for X € (1/3,1/2).

46



will deviate if v < 4% and firm 2 will deviate if v > 4%. Some calculation yields that there exists
a unique A\g € (1/3, 1) such that v% < (>)9% if A < (>)Ao. Therefore, at least one deviation
happens and (0,1/2) will not be an equilibrium if A\ > A\g. There is no deviation and (0,1/2) is an
equilibrium if A < Ag and 7% < y < 4%

Now suppose the equilibrium is (1/2,1/2). Equation implies that the firm will deviate to 0
or 1 if v > 4%, which may hold if A < X\ and always holds if A > X\y. Similarly, if the equilibrium
is (0,1), Equation (9) implies that the firm will deviate to 1/2 if v < ~% . which may hold if A < Ay
and never holds if A > A;. Therefore, (0,1) is an equilibrium if A > A; or if A < A & v > ~%.
(1/2,1/2) is an equilibrium if A < Ay & v < 7%

We summarize the equilibria in Table [

Table 1: Complete equilibria under behavioral and contextual ad targeting in duopoly.

Equilibrium Under

Condition Behavioral Ad Targeting Contextual Ad Targeting
1/3 <A< M & v <min{y? 4%} (1/2,1/2) (1/2,1/2)
1/3<A< A&yt <y<y? (1/2,1/2) (0,1/2)
Ao <A< &t <y <At (1/2,1/2) (1/2,1/2) or (0,1)
1/3 <A <X & v > max{y% 4%} (1/2,1/2) (0,1)
Mo <A <A< A2 &y <Ay? (1/2,1/2) or (0,1) (1/2,1/2) or (0,1)
M <A< A &y >t (1/2,1/2) or (0,1) (0,1)
A > A (0,1) (0,1)
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Online Appendix for Privacy and Polarization: An
Inference-Based Framework

1 Ad Revenue Under a Competitive Auction Environment

In the main text, we consider a case where the media firm chooses each ad and extracts the match
value as revenue. In reality, however, the media firm does not often have this level of control over
ad allocation because advertising slots are sold through auctions where advertisers compete for
impressions. These auctions are generally sold by ad intermediaries and platforms such as Google
Ads, and the intermediary collects an « proportion (e.g., 30%) of the total revenue extracted from
advertisers. In this section, we show that if the media firm delegates this decision to an auctioneer
and allows ads to compete in an auction environment, the model setup remains unchanged.
Auction Environment: Suppose there is a large number of infinitesimal ad campaigns located
on [0,1] who compete in an auction environment. Following the convention of this literature, the
auctioneer runs a standard auction, such as a second- or first-price auction. We focus on the
second-price auction in our analysis here, but one can show the revenue equivalence for the case of
first-price (Myerson, 1981]).

Advertisers’ Bidding Behavior: Each ad a receives value 1 — 7y(a — #)? from being shown to a
type-0 consumer. However, advertisers do not necessarily know the consumer’s type and need to
form beliefs about it given the information available. As such, their ex-ante value of an impression
given information Z about that impression is E[1 —v(a — #)? | Z]. Under behavioral targeting, this
ex-ante valuation is 1 — y(a — )2 because the advertiser knows the consumer’s type 6. However,
under contextual targeting, the ex-ante valuation for an impression is 1 —YE[(a—#)? | x| because the
information available is only the consumer’s content choice x. Because advertisers are competing in
a second-price auction where truth-telling is the equilibrium bidding behavior, each ad a submits
the bid 1 — YE[(a — 6)? | Z] depending on the information available.

Expected Ad Revenue: In a second-price auction with infinitesimal ad campaigns, the impression
is allocated to the ad with the highest bid, that is, a* = argmax, 1 — YE[(a — §)? | Z]. One could
easily use the main property of variance and show that a* = E[f | Z] (a formal proof is provided in
Lemma. Because there are multiple bidders at a*, the auctioneer can extract all the value as the
total ad revenue for the impression with information Z under the second-price auction. We define

the firm’s ad revenue for an impression with information Z as AdRev(Z) as follows:

AdRev(Z) = (1 — ) (1 —E [(E[e | 2] — 6)? | I])
=(l—a)(l—~Var(d|1)),

where (1 — «) is the share of total revenue that is collected by the media firm.



Media Firm’s Profit Maximization: Based on the ad revenue collected through auctions in
a setting where the media firm does not have full control over ad allocation, the firm’s profit

maximization problem can be written as follows:

max D(z)AdRev(Z)

xT

It is easy to show that this maximization problem is equivalent to the one we use in the main
text as shown in Corollary Therefore, the media firm’s full control over ad allocation is not a
requirement for our main results and we will arrive at the same insights if advertisers can self-select
into impressions in an auction environment.

In light of this equivalence, one could view the value of inference from the point-of-view of
advertisers in a market environment. If consumers’ self-selection into content provides sharper
inference about the consumer type, this information will be reflected in advertisers’ bids, which

translates into higher revenues for the media firm.

2 Proofs

Proof of Lemmal[f} There are three candidate equilibria: (0,1/2), (1/2,1/2), (0,1).

1. Under (0,1) strategy profile, the demands for type 0 and type 1 content are symmetric. So,
we only need to examine type 0 content. Each consumer will choose type 0 content if and
only if her utility from type 0 content is positive (higher than the outside option) and higher
than her utility from type 1 content.

One can see that all type 0 consumers will choose type 0 content. Now consider type 1/2
consumers. A mainstream consumer will consume one of the contents if and only if her utility
from at least one content is positive. By symmetry, her overall probabilities of choosing type

0 and type 1 content are identical.

P(a mainstream consumer chooses type 0 content)

- P(max{eg, €1} > 0)

independznce of €;

.[1 = Pleo < 0)P(e1 < 0)

[1 - F(0)%]

N =N =N =

In sum, the demand of type 0 content from type 0 consumers is A and from type 1/2 consumers
is [1 — F(0)?](1 — 2X)/2. The total demand of type 0 content is A + [1 — F(0)?](1 — 2))/2.

2. Under (1/2, 1/2) strategy profile, one can see that all mainstream consumers will consume

the content by one of the media firms. The demands from type 0 and type 1 consumers are



symmetric. Consider type 0 consumers. She will consume the content by one of the firms
if and only if her utility from at least one content is positive. By symmetry, her overall

probabilities of choosing either mainstream content are identical.

P(a type 0 consumer chooses firm 1)

1
=3 P(max{€1/2v 61/2'} > 0)
independence of €; 1
dep d: f € 5[1_P(€1/2§0)‘P(61/2/SO)]
_1=F(0?

2

In sum, the demand of either firm from mainstream consumers is (1 — 2X)/2, from type 0
consumers is [I — F(0)?]\/2, and from type 1 consumers is %)\. The total demand of
either firm is (1 — 2\)/2 4 [1 — F(0)%])\/2.

. Under (0, 1/2) strategy profile, consider first the demand for type 0 content. Since a type 0
consumer’s utility from consuming type 0 content is always positive, we only need to compare

her utility from type 0 and type 1/2 contents.

P(a type 0 consumer chooses type 0 content)
= P(1/2+60 > 0+61/2)
= P(€1/2 <€+ 1/2)

EO+1/2
/ / 61/2 d€1/2f(€0)d€0
1/2

1/2
=1-F(0)+ F(eo +1/2) f(eo)deo
—1/2
) 0
1ntegra1:by parts 1 / F(Eo)f(€0 + 1/2)d60
~1/2

A type 1/2 consumer will choose type 0 content if and only if her utility of consuming it is
positive and higher than her utility of consuming mainstream content. Since her utility of
consuming mainstream content is always positive, we only need the condition that her utility

of consuming type 0 content is higher than her utility of consuming mainstream content.

P(a type 1/2 consumer chooses type 0 content)
P(O+e >1/2+¢€2)
= P(eo > €19 +1/2)

(

ymmetry p €172 > €0 +1/2)



=1-P(eyjp <e+1/2)
0

1-— [1 — F(eo)f(E() + 1/2)d60]
-1/2

prevzous case

0

- / Fl(eo) f(eo + 1/2)deg

—-1/2

Therefore, the demand of type 0 content from type 0 consumers is A[1 f 1 /2 fleo +
1/2)dep) and from type 1/2 consumers is (1 2)) f 12 F (e0)f(eo+1/2)deg. The total demand
of of type 0 content is A[1 f 12 F fleo+1/2)deg] + (1 —2X) fEI/Z F(eo)f(eo + 1/2)deo.

Consider now the demand for type 1 / 2 content.

P(a type 0 consumer chooses type 1/2 content)

= 1 — P(a type 0 consumer chooses type 0 content)
0

= F(Go)f(Eo + 1/2)d€0
-1/2

P(a type 1/2 consumer chooses type 1/2 content)
= 1— P(a type 1/2 consumer chooses type 0 content)

0
= 1—/ F(eo)f(eo + 1/2)deg

—-1/2

P(a type 1 consumer chooses type 1/2 content)
=PU(1/2,1) > 0)
= P(e1/2 > 0)
=1- F(0)

Therefore, the demand of type 1/2 content from type 0 consumers is A fEl /2 F(eo)f(eo +
1/2)deg, from type 1/2 consumers is (1 — 2A)[1 — f_01/2 F(eo) f(eo + 1/2)dep], and from type
1 consumers is [1 — F(0)]A. The total demand of type 1/2 content is )‘f£)1/2 F(eo) f(eo +
1/2)deo + (1= 2))[1 = [°) ,, F(eo) f(eo + 1/2)deo] + [1 — F(O)].

Proof of Proposition[6. We first compute the consumer utility from content consumption for each

possible equilibrium strategy profile.



1. Under (0,1) strategy profile, the consumer utility from consuming each firm’s content is:

A1/2+ E[eo]) + (3/8 —3A/4)E[eoleo > 0 and €y > €]
5—A

=A/2+ (3/8 - 3M/4) - 5/18 = — =

Hence, the total consumer utility from content consumption is 2(5 — \)/18 = (5 — \)/9.

2. Under (1/2,1/2) strategy profile, the consumer utility from consuming each firm’s content is:
1—2)\ 1— F(0)
(1/2 + Eleyalerjo > €1y2]) + 2(4
_1-20 305 811
-3 418 24

))\E[El/2|€1/2 > 0 and €1/2 > 61/2/]

Hence, the total consumer utility from content consumption is 2(6 — 7\)/24 = (6 — 7\)/12.

3. Under (0,1/2) strategy profile, the consumer utility from consuming firm 1’s content is:

A 1—-2X
§(1/2+E[60|60+1/2>€1/2])+ Eleoleo > 0 and eg > 1/2 + €1 9]
AL L e 1 24 19)

S8 221 8 3 48

The consumer utility from consuming firm 2’s content is:

A (1 —2)\
gE[€1/2|€1/2 >0 and €179 > 1/2+ €] + g(l/Q + Ele1jal€1/2 > 1/2 + €9)+
A
§E[61/2|€1/2 > 0]
A1 T(1—2)) A1 35— 62\
AN A A A e b
8 3 + 8 (1/2+1/3) + 2 4 48

Hence, the total consumer utility from content consumption is (24 19\)/48+ (35— 62))/48 =
(37 — 43))/48.

The total consumer utility from content consumption under (0,1) strategy profile is higher than that
under (0,1/2) strategy profile if and only if 2-(5—\) /18 > (37—43)\) /48 < X > 31/113, which always
holds. The total consumer utility from content consumption under (0,1/2) strategy profile is higher
than that under (1/2,1/2) strategy profile if and only if (37 —43))/48 > 2(8 — 11\)/24 & X\ > —5,
which always holds. u

Proof of Proposition[7]. We consider two cases:

1. The base utility v < 1/2 : In this case, the consumer may not consume the content even
if the content location perfectly match the consumer type. In addition, the consumer never

consumes the content if the content location is on the opposite end of the consumer’s location.



(a) Monopoly
We first summarize the demand for a monopoly by choosing a particular content.
Suppose the monopoly chooses niche content strategy = = OE| One can show that the
demand from type 0 consumer is A(1/2 + v), from type 1/2 consumer is (1 — 2A)v, and
from type 1 consumer is 0. Hence, the total demand is A\(1/2 + v) + (1 — 2\)v.
Suppose the monopoly chooses mainstream content strategy = 1/2. One can show that
the demand from type 0 consumer is Av, from type 1/2 consumer is (1 — 2X\)(1/2 + v),
and from type 1 consumer is Av. Hence, the total demand is (1 — 2A)(1/2 4 v) + 2\v.

D(0) < D(1/2) & A< 320
Consequently, the monopoly chooses mainstream positioning under behavioral ad tar-
geting if and only if A < 1/(3 — 2v).

Now let us study the equilibrium under contextual ad targeting. We restrict the attention
to the case where 1/3 < XA < 1/(3 — 2v) because niche positioning gives the firm higher
demand and better inference if A > 1/(3—2v) whereas mainstream positioning dominates
niche positioning if A < 1/3.

Some calculations yield that Var(f|z = 0) = v(1 —2X\)(Av+\/2)/[4(\/2 — A +v)?] and
Var(f|x =1/2) = Av/(1 4+ 2v — 2X). Niche positioning gives the firm better inference if

and only if Var(0|z = 0) < Var(f|z = 1/2), which always hold for A € (1/3,1/(3 —2v)).
The monopoly prefers niche position to mainstream position if:

Teon (T = 0) > Teon(z = 1/2)
<D(0)[1 —~yVar(0)lz =0) > D(1/2)[1 — yVar(f|z = 1/2)]
16[1 + A(2v — 3)]
Av[223(1 — 20)2(1 + 2v) + 4dv(—1 + 2v + 8v2) + A2 (—1 + 10v + 4v? — 40v3) — 4(—4 + v2 + 203)]

<> >

Denote the threshold as 4. One can show that v decreases in A and increases in UE|

Now consider consumer utility from content consumption. Denote the consumer utility

from content consumption given content strategy x as CW(x). We have:

CW(1/2) =(1 =2ME[v+¢€lv+¢e > 0]P(v+e€>0)+
2X\E[v —1/2+¢€lv—1/24+€>0]P(v —1/2+¢€>0)

_ 2
¢ 2>\)(2v+1/2) o
CW(0) =AE[v + €lv+¢e>0]P(v+e>0)+

(I1-2)NE[v—1/2+¢€v—-1/2+€>0]P(v—1/24¢€¢>0)

!The case where z = 1 is symmetric to this case. We only need to consider one of these cases.
2Observe that v™ can be negative for small v. In that case, we let 4™ = 0 for convenience.



A +1/2)2 (1 —2Xp?
B 2 + 2

Niche content strategy leads to lower consumer welfare if: CW(0) < Cw(1/2) & X <

A=

(v+1/4)/(=v% + 3v + 1/4). One can see that X > 1/3.

(b) Duopoly
We first compute the demand given different strategy profiles.

i.

ii.

iil.

Under (0,1) strategy profile, the demand for type 0 content:

From 6 = 0 consumers: A\P(v+¢ > 0) = A(v + 1/2).

From 6 = 1/2 consumers: (1/2)(1 — 2\)P(max{v —1/2+ep,v —1/24+ ¢} > 0) =
(1 —2))(20 —v?)/2.

From 6 =1 consumers: 0.

Total demand: A(v + 1/2) + (1 — 2X)(2v — v?)/2.

The demand for type 1 content is symmetric.

Under (1/2, 1/2) strategy profile, the demand for type 1/2 content:

From ¢ = 0/1 consumers: (1/2)AP(max{v — 1/2 + €1/5,v — 1/2 4+ €/} > 0) =
A(2v —v?) /2.

From 6 = 1/2 consumers: (1/2)(1—2A)P(max{v+e; /9, v+e€1/o} > 0) = (1-2X)[1—
(1/2 —v)?]/2.

Total demand: A(2v — v?) + (1 —2\)[1 — (1/2 — v)?]/2.

Under (0,1/2) strategy profile, the demand for type 0 content:

From 6 = 0 consumers: AP(v+¢p >0 and v+eg > v —1/2+¢5) = AMv/2+5/8).
From 6 = 1/2 consumers: (1/2)AP(v—1/2+¢ >0and v —1/2+ ¢ > v+€1)2) =
(1—2)\) (v —v?)/2.

From 6 =1 consumers: 0.

Total demand: A(v/2+5/8) + (1 — 2\)(v — v?)/2.

The demand for type 1/2 content:

From 6 = 0 consumers: (v — v?)/2.

From 6 = 1/2 consumers: (1 —2X)(v/2+5/8).

From ¢ = 1 consumers: AP(v —1/2 + ¢/ > 0) = Av.
Total demand: A(v —v?)/2+ (1 — 2)\)(v/2 + 5/8) + Av.

Consider the equilibrium under behavioral ad targeting. Suppose (0,1/2) is an

equilibrium. Firm 1 will deviate from x = 0 to x = 1/2 if and only if:

M20 — v?) + (1—2)\)[1—2(1/2—12)2] S AMo/2 4 5/8) + (1—2)\)2(2)—1;2)
3 1
SA<h = T T (S 3T



Firm 2 will deviate from = = 1/2 to « = 1 if and only if:

Mo+1/2) + (1 —2)\);21)—1)2) - /\(v;v2)

ahs A e 5 — dv + 4?
U7 4 T 120 + 1202

+ (1 —-2X)(v/2+5/8)+ Av

One can see that A1 and A9 increases in v. One can also show that there exists
v < 7/25 such that A\; < A2 when v < v < 1/2. Therefore, (0,1/2) will never be an
equilibrium if v < v < 1/2. We assume that v < v < 1/2 in subsequent analyses.
Now suppose the equilibrium is (1/2,1/2). One can see that the firm will deviate to
0 or 1 if A > Ao. Similarly, if the equilibrium is (0,1), the firm will deviate to 1/2 if
A< A

In sum, the equilibrium is (1/2,1/2) if A < Ay, (1/2,1/2) or (0,1) if Ay < A < Ag,
and (0,1) if A > Aa.

Now consider the equilibrium under contextual ad targeting.

We first characterize the equilibrium ad choices and profits for each firm.

A. Under (1/2,1/2) strategy profile
By symmetry, a = E(0) = 1/2. Var(f) = Av(2 —v)/[3 + 4v — 4v? + \(4v? — 6)].

7(1/2,1/2) =D(1/2,1/2) - [1 — yVar(6)]
(1=2)[1 = (1/2=v)*] ~A(2v—2?)

=\(2v —v?) + 5 1

B. Under (0,1) strategy profile
By symmetry, we only need to consider firm 1. Firm 2’s ad choice will be 1 —ay,

and firm 2’s profit will be identical to firm 1’s.

_ 1-2))(2v—02)/2 (v+1/2)A
Var(f) = %(v+l/(2))\+(1—2)\)(2)v/—v2)/2 (WH1/2)A(1—2)\) (2v—02) /2"

m(0,1) =D(0,1) - [1 — yVar(0)]
1 3(1=20)2v—vH)(v+1/2)A
4(v+1/2)A+ (1 —20)(20 — v?)/2

=(v 4 1/2)A+ (1 —2)) (20 —v?) /2 — v
C. Under (0,1/2) strategy profile
Consider firm 1 first.

1 (1—=2\)(v—v?)/2 (v/245/8)A
T AW/245/8)A+ (1 =2\ (v—1v2)/2 (v/2+5/8)A+ (1 —2\)(v—12)/2’

Var1 (9)

7T1(0, 1/2) :Dl (0, 1/2) . [1 — nyarl(Q)]



+§)A+ (1—2X\)(v—?) 21 =20 (v —0?)(v/2 4+ 5/8)A

1
8 2 T4 w0/2+5/3)A+ (1 — 2N (v — v2)/2

=(

N <

Consider firm 2 then.

(1—2X(v/2+5/8)

1 v (1-2X(v/2+5/8)1 Av
D5(0,1/2) 4 Dy(0,1/2) 2

Vars(0) = 002 2T hh0,1/2)

1)2.

m2(0,1/2) =D2(0,1/2) - [1 — vVara(6)]
YAU[—15 — Tv + 4v? + 6A(5 — 3v + 40?)]
[5+4v — 2X(5 — 2v + 202)]? I

1
:§[5 +4v — 2X(5 — 2v + 20%)][1 +

Suppose the equilibrium is (0,1/2). One can show that there exists a v? such that

firm 1 will deviate from z = 0 to = 1/2 if and only if:
7(1/2,1/2) > 71(0,1/2) & v < ~¢

Moreover, v¢ increases in v for v € (0,1/2) and A € (1/3,1/2). Given that 1/3 < \ <
1/2 and 0 < v < 1/2, we have 7% > 0 < (3 —/5)/4 <wv < 1/2and 1/3 < A < \a.
An immediate implication is that this deviation never happens if A > As.

One can show that there exists a 4% such that firm 2 will deviate from z = 1/2 to
x =1 if and only ifﬂ

7(0,1) > 7m(0,1/2) < v > ¥

Moreover, given that 1/3 < A < 1/2 and 0 < v < 1/2, we have 7¢ < 0 < A\ <
A < 1/2. An immediate implication is that deviation always happens if A > A;. So,
(0,1/2) may only be an equilibrium if A < A;. Now suppose A < A;. In this case, we
have shown that firm 1 will deviate if v < 4% and firm 2 will deviate if v > ¢ .
Now suppose the equilibrium is (1/2,1/2). One can see that the firm will deviate to
0 or 1 if v > 4% which may hold if A < Ay and always holds if A > Xy. Similarly,
if the equilibrium is (0,1), the firm will deviate to 1/2 if v < 4%, which may hold if
A < A1 and never holds if A > Aq.

Since 4 > max{y%,~v%}, Yo € (v,1/2),\ € (1/3,1/2), Let us define v¢ by
min{~?, ’yd/}l[/\</\1] + fydlp\lg/\</\2]. We have that the equilibrium under contextual
ad targeting is more polarized than that under behavioral ad targeting if v > ¢
and 1/3 < A < Ag. Moreover, v%" < ~4™ for all A € (1/3, \p).

3Firm 2 has a stronger incentive to deviate to z = 1 rather than = = 0 to soften competition. So, we only need to
consider its deviation to z = 1.



2. The base utility v > 1/2 : In this case, the consumer always derives a non-negative utility
from consuming the content if the content location perfectly matches the consumer type.
In addition, the consumer may consume the content even if the content location is on the
opposite end of the consumer’s location. One can show that 7 > 5/6. The analyses are similar

to the previous case.

Proof of Proposition[§. Based on the analyses of the main model, we need to show here that the
additional utility term and the strategic choice of the consumers do not change the relative size of
Var(f|x = 0) and Var(f|x = 1/2). We consider M < 1/2.

1. Suppose z = 0. Consider type # = 0 consumer first. We have U(z,0) > 1/2 — M + . Hence,

P(a type 0 consumer consumes the content)
> P(1/2 — M +¢ > 0)
=Ple>M—1/2)
=1-F(M—-1/2)
—1-M

Now consider type § = 1/2 consumer.

P(a type 1/2 consumer consumes the content)
P(1/2—1/2—0+¢>0)
=1/2

IN

P(a type 1/2 consumer consumes the content)
> P(1/2—1/2 — M +¢ > 0)

=1/2-M
Therefore,

Var(0|x =0, M)
= E[0?|z = 0, M] — E[f|z = 0, M?
1 P(a type 1/2 consumer consumes)(1 — 2\)

4 P(a type 1/2 consumer consumes)(1 — 2X) + P(a type 0 consumer consumes)\

—_

P(a type 1/2 consumer consumes)(1 — 2))

2 P(a type 1/2 consumer consumes)(1 — 2)) + P(a type 0 consumer consumes)\
1 P(a type 1/2 consumer consumes)(1 — 2\)

4 P(a type 1/2 consumer consumes)(1 — 2)) + P(a type 0 consumer consumes)\

10



P(a type 0 consumer consumes)\

P(a type 1/2 consumer consumes)(1 — 2)) + P(a type 0 consumer consumes)\

Sl s0-2y A
TAZA =20+ (1= MAE - M)(1—2)) + A
j}} F(1—2X0)A

AN+ 31 —2))]2

=Var(f|z =0, M = 0),

which is the conditional variance in the base model.

2. Suppose x = 1/2. Similarly, we can show that in this case, Var(f|x = 1/2, M) is greater
than or equal to an expression that converges to the conditional variance in the base model
as M — 0. According to Lemma |3 Var(f|xz = 1/2) > Var(f|z = 0) in the base model.
Therefore, there exists M > 0 such that Var(f|z = 1/2, M) > Var(f|z = 0, M), for any
M < M. In such cases, the consumer’s choice of niche content is privacy-reducing over the
choice of mainstream content by definition. The same arguments as the ones in the main

model imply that all the main insights of the monopoly case hold qualitatively if M < M.

Proof of Proposition[d We first show that the equilibrium number of firms located at x = 0, Ny
equals the equilibrium number of firms located at z = 1, N;. Denote the equilibrium number of
firms located at x = 1/2 by N;/5. One can see that the expected ad revenues for firms located in
the same position are the same. Denoted the expected ad revenue for a firm located at x as r(x).

Suppose that Ny # Ni. Without loss of generality, we assume that Ng > Ny > 0. It implies
that each of the N; firms located at x = 1 obtains a zero profit, r(1) — ¢ = 0. One can see that
r(0) - No = r(1) - N1, which implies r(0) < r(1). But then, we have r(0) —c < r(1) —c = 0. It
will not be an equilibrium because a firm located at x = 0 would earn a negative profit and would
deviate by exiting the market. Consequently, Ny = N; in equilibrium.

Now we compare the equilibrium Var(f|z = 0) with Var(f|z = 1/2).

P(€1/2 <€0+1/2

60+1/2
F(0) +/ / / f(e1y2)dersa f(e0)deo
1/2

1/2

= 1—F(O)—|—/1/2F(eo+1/2) (€0)deg

=17/8,

11



= P(eo > €172 +1/2)
WY Pley sy > €0+ 1/2)
= 1—P(61/2<60+1/2)

premous case 1 _ 7/8 _ 1/8

Privacy({0})
=Var[f|z = 0]
=E[0*|x = 0] — E[f|z = 0]?

1, ) 1 2
=(5)° PO =1/2lr=0)+1 -P(9—1|x—0)—{2-P(a—1/2\:c—0)+1.P(0—1\x—0)}

P(z=0l0 = 1/2)P(0 = 1/2)
P(z =00 = 1/2)P(0 = 1/2) + P(z = 0]0 = 0)P(6 = 0)

(
1
1
1 (z=0[ =1/2)P(0 = 1/2)
5
1
1
1
1

+1-0-

2
Px:mezumpw:um+P@:ow=mm9=m+1”}
1(1—2x) 1 [ 1(1—2))

1
5(

Ta—2x0+Ix 4
(1-2))(2+ 3/\)
(1+5A2)

1—2)) + £X

P(z=1/2/0=0) = P(0+ €15 > 1/2 + €))
= P(x=0l0=1/2)
=1/8
P(x=1/2[0=1/2) = P(1/2+ €13 > 0460 & 1/2+ €179 > 0+ €1)
= P(1/2 + €1/ > max{ep,€1})
= Pleyjp > 0) 14 P(eyj2 <0 & 1/2+ €15 > max{eg, €1})

1/2+61/2
-1/2J-1/2

= 19/24,

where the cdf of max{eg, €1}, Fin(m) = P(max{eg,e1} <m)
=P(60§m&61§m)

independence

P(60 S m)P(el S m)
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= (m+1/2)% VYm € (=1/2,1/2),
so, the pdf of max{eg, €1}, f(m)= F, (m)=2(m+1/2), Vm € (—1/2,1/2).

Privacy({1/2})
=Var[f|z = 1/2]
=E[(6 — 1/2)*|z = 1/2]
=(1/2)? - P(0 = 0|z = 1/2) + -(1/2)* - P(§ = 1|z = 1/2)
=2-(1/2)* - P(0 = 0|z = 1/2)
P(z =1/2/0 = 0)P(0 = 0)

1
2 Plx=1/200=0PO=0)+P(x=1/210 =1)P(6 =1)+ P(z = 1/2|0 = 1/2)P(0 = 1/2)
1 Pz =1/2/6 = 0)P(8 = 0)
T2 2P(z=1/2[0=0)P(0 =0)+ P(z =1/2/0 = 1/2)P(6 = 1/2)
1 A
T2 2.+ 3(1-2)
2
38 — 64

Privacy({0}) < Privacy({1/2})

1(1—2))(2+3)) 3\
4 (1+5)2) 38 — 64
Sg(N) = —84X3 + 2842 + 178\ — 76 > 0 (10)

Note that ¢'(\) = —252A2 + 568\ + 178, ¢”(\) = —504\ +568. One can see that g”(\) > 0 because
A < 1/2. Since ¢'(1/3) > 0, ¢'(A) > 0, VA € (1/3,1/2). Since g(1/3) > 0, g(\) > 0, VA € (1/3,1/2).
Condition always holds. Therefore, Privacy({0}) < Privacy({1/2}): the consumer’s choice
of niche content is privacy-reducing over the choice of mainstream content.

We now show that the ratio of the number of niche firms to the number of mainstream firms is
higher under contextual ad targeting than under behavioral ad targeting.

Denote the number of niche firms located at x = 0 under behavioral ad targeting by N§, the
number of mainstream firms located at z = 1/2 under behavioral ad targeting by N{’ 20 the number
of niche firms located at x = 0 under contextual ad targeting by N§, and the number of mainstream
firms located at x = 1/2 under contextual ad targeting by N7 /2

The market clearing condition implies that in equilibrium,

13



| D 1/2)[1 — fyPrivacy{l/QH/Nf/Q —c=0

_ nb/nb . _1—yPrivacy{0 b /b
= NG/Nijy = Ng/Nyjy - 177%;32(2%/%} > Ng/Ny )5 u

3 Extension with K > 2 Firms

Lemma 5. Suppose there are M mainstream firms and No and Ny niche firms at ideological
positions © = 0 and x = 1, respectively. The probability of a type-0 consumer choosing a media

firm at position x is presented in the table below:

Conditional Probability Value
Pl=010=0) 1(No > 0) [1 — (M > 0) (/2% (I () i)
Plz=1/2]60=0) (M > 0)(1/2)% M (1 () ks )
Plx=1|60=0) 0
Plx=0]60=1/2) 1(No > 0) o (1/2) MMM (o N (Not iy )
Plx=1/210=1/2) 1(M>0)[1—1(No+ Ny > 0)(1/2)No+M N (00N (Nofy k)|
Plz=1]6=1/2) 1Ny > 0) b (1/2) oMM (YoM (Not )
Plx=0|60=1) 0
Plz=1/2|0=1) (M > 0)(1/2)M (S0 () ki)
Pla=1]0=1) 1(No > 0) (1 - 1M > 0)(1/2)" M (S (1) ki)

Proof. Let €§a:) denote the idiosyncratic term for the j* firm at position x. We know that all
idiosyncratic terms are independently drawn from U[—1/2,1/2].

We consider all three cases for 6.

1. Case § = 0: We know that a consumer with # = 0 will never choose z = 1, because U(x =

1;0 = 0) < 0. So the choice is between Ny niche firms at position x = 0 and M mainstream
(0)
) J

eg /? from choosing the firm at z = 1/2. As such, the consumer chooses a mainstream firm

if there is at least one element in {62(1/2) M is greater than all elements in {1/2 + 650)}?[:01.

firms. The consumer receives utility 1/2 + € from choosing the firm at = 0, and utility

We know that if any SRS 0, there is a zero probability of a mainstream media firm being

J
. . 0
chosen. So for a mainstream firm to be chosen, we require all eg- )

which has a probability of (1/2)N0. In that event, the mainstream firm k has a chance to

’s to come from [—1/2,0],
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be chosen by the consumer only if e( ? U[0,1/2], i.e., the upper half of the uniform
distribution. For any event where the error k out of M firms come from U[0,1/2] (i.e., M —k
firms with error from U[—1/2,0]), the probability of one of these k values being the highest
is k/(k 4+ Np). We can characterize all such events with a Binomial distribution B(M,1/2),
where the success probability refers to the error term being drawn from the upper half of

U[—1/2,1/2]. Therefore, we can write:

M k
P(z=1/2|6=0)=(1/2)" (Z( >1/2 1/2)M_kNo+k:)
M

= (/2™ Y Gj) No’i,g)

k=1

Based on the probability above, we can define the following probability:

M
Ple=0]0=0)=1-(1/2)" (Z (A;f) Noklk>

k=1

. Case 8 = 1: This case is conceptually the same as § = 0, but the difference is in the number
of firms at position x = 1. We can use the logic presented in the case above to arrive at the

following conditional probabilities:

Pz=0]0=1)=0

M
Ple=1/2|0=1)= 1/2N1+M<Z( >N1+k)

M
— _ _ N1+M
Plz=1]0=1)=1-(1/2) Zl< >N1+k>

. Case 6 = 1/2: In this case, it is possible that the consumer chooses any niche type. The
consumer receives utility 1/2+ ez(.l/ ? from choosing any mainstream firm. On the other hand,
the consumer receives utility eéo) or eg-l) from choosing firms at each niche position. Using
the logic from previous cases, we can write the following probability for the union of events

where consumer of type 6 = 1/2 chooses either the firm at z =0 or x = 1:

No+N1
Ple=0vae=1]6=1/2)=(1/2)" < 3 <N02N1>(1/2)k(1/2)N0+N1k]\/j_k>

k=1
No+N-
— (1/2)No+M+N: OZ "(No+ N1\ K
o k) M+k
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The probability above is for the event where the consumer either chooses x = 0 or x = 1.
Since the errors are independently drawn, the probability of choosing each niche position is
proportional to the number of firms in that niche position. Hence, we can write the following

probabilities for all three events:

No+N1
Ny Ny + Ny k
P@:“'@:W:M“/”N”M%(Z< : >M+k>
k

(1))

No+N1
Ple=110=1/2) = 1 (1/2)N0M N ( 3 <No + N1>

No + Ny port k M +

N——— =

No+Np
No+ Ny k
P(mzl/g|9:1/2):1—(1/2)N0+M+N1(Z< k )M+I<:
k=1

We now use the results from Lemma [5| to examine the equilibrium for cases with K > 2 media
firms. Since we have a closed-form expression for conditional content choice probabilities, we can
compute demand, conditional variance, and the total profit for each player in a (Ny, M, N7) strategy
profile under both contextual and behavioral targeting for a fixed set of A and «. This means that
for a fixed set of A and ~y, we can enumerate over all (Ny, M, N1) and assess if that strategy profile
is an equilibrium by checking whether a player has an incentive to deviate. We know that the
total number of profiles such that No + M + N; = K is equal to (K;ﬂ), highlighting that the
computational complexity of finding equilibria grows polynomially in the number of firms for fixed
values of A and ~.

We adopt this computational approach for K = 3 and K = 4 cases, and use a grid of 86 A
values in [0.33,0.50] with a 0.002 precision, and 61 ~ values in [0, 3] with a 0.05 precision. Figure
[6] shows the cases in the parameter space where the equilibrium under contextual ad targeting is
more, equally, and less polarizing than the equilibrium under behavioral ad targeting, for K = 3
(in Figure and for K = 4 (in Figure . We call an equilibrium more polarizing if there
is a higher proportion of firms in niche positions. Red points in these figures show the regions
where the equilibrium is more polarizing under contextual ad targeting compared to behavioral ad
targeting. This is the same as shaded region in Figure As shown in both Figures and [6D)]
our qualitative insight holds in these cases: under all possible combinations of (\,~) in our grid
search, the equilibrium under contextual ad targeting is at least as polarizing as the equilibrium

under behavioral ad targeting.
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Group - Contextual More Polarizing - Equally Polarizing Group -+ Contextual More Polarizing- Equally Polarizing

34 § 34
27 i 21
. .
0 0 !
035 0.40 0.45 050 035 0.40 0.5 050
A A
(a) Case with 3 Firms (K = 3) (b) Case with 4 Firms (K = 4)

Figure 6: Comparison of equilibrium under contextual and behavioral ad targeting in cases with
more than two firms when e ~ U[—1/2,1/2].

Note: Points in gray refer to cases where the equilibrium is equally polarizing under behavioral and contextual ad
targeting. Red stars refer to cases where the equilibrium under contextual ad targeting is more polarizing that that
under behavioral ad targeting (i.e., higher proportion of niche firms).
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