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1 Introduction

The media landscape has evolved throughout history. From the press to radio, television and
the rise of the internet age, many past revolutions gave rise to concerns about news quality.
Nowadays, social media are under the spotlight. The idea that the online news market may
be worse than traditional media is puzzling as it arises in a highly competitive environment.
Standard theory would predict that competition enhances news precision. Has social media

metamorphosed the news market in a way that makes standard theory unapplicable?

While advertisement revenues and producers’ reduced cost of entry date back to more than a
century ago, online outlets brought something new: sharing. With social media, consumers play
an active role in spreading news’ article, raising their visibility, thereby producers’ advertisement
revenues. Hence, news producers behind ad-funded online outlets respond to new incentives.
Because of advertisement revenues, their articles now need to be shared online. In this sense,
the very presence of a news sharing network changes the effects of the previously existing market
environment. In this paper, I evaluate the performance of such ad-funded online outlets, focusing
on the incentives linked to sharing behaviors. Three dimensions of the market environment are
explored: the amount of private knowledge, the connectivity of the communication network and
the presence of competition. After studying the effects of the environment on the provision
of qualitative information, I question whether such outlets are welfare enhancing and propose

possible interventions.

I explore this question by introducing a general setup to represent the online news market.
The market is populated by consumers on one side and producers on the other. The agents
communicate about some state of the world. In addition to private signals, some consumers,
called influencers, come across news’ articles directly and can decide to share it on an exogenous
network to other consumers, called followers. Influencers care about sharing true news ; followers
read articles that influencers share and are not strategic. Given influencers’ sharing behavior,
producers decide on the quality of their outlet, i.e. the probability for an article from their outlet
to be true. Each producer publishes only one article. They do not chose articles’ content. They
only care about how many consumers view their article. While the number of influencers reading
a producer’s outlet is exogenous, the number of followers seeing their article is endogenous. The
producers’ incentive to invest thus results from the additional views a true article would bring
about as compared to a false piece of news, which would be shared less. When several producers
co-exist in the market, they compete through influencers to reach other consumers, as each

consumer is restricted to see only one article.

This model brings interesting insights. Even when consumers are not behavioral, the market
fails to deliver precise news. Therefore, incentives created by social media do not suffice to
induce qualitative online news, even in a market populated by rational and unbiased agents.
The market environment has counter intuitive effects on news quality: lack of private knowledge
is not substituted by better articles and the performance of a competitive market is tied to its

connectivity. Furthermore, the presence of news outlets has ambiguous welfare consequences,



that not all interventions can overcome. These four results can be further discussed.

First, ad-funded online outlets tend to fail when informative news would be the most benefi-
cial. News quality is less valuable for a producer in an environment with low private knowledge:
either because the consumers are not well-informed by their signals, or because the state of the
world is ez ante very uncertain. The former effect results from consumers having difficulties
distinguishing true news from false information, leading them to treat any news article very sim-
ilarly. The latter result follows from the producers’ benefits being greater when the most likely

state of the world realizes, pushing up the ex ante investment.

Second, competition can be detrimental; its effects depends on the network connectivity. For
any market structure, high connectivity negatively affects news quality. A monopolist’s incentive
to invest vanishes as the network gets very dense: one node sharing would reach almost all other
consumers. The monopolist can thus create false content and rely on a few influencers receiving
an erroneous private signal to reach many followers. This does not follow through in competitive
markets. Producers cannot rely on these few influencers anymore; they need to be sufficiently
shared in order to survive in the network. The tension between coexisting articles in the network

indeed forces producers to compete inside the network to reach followers through influencers.

Yet, the effect of competition is ambiguous. Indeed, splitting the market might be detrimental
to investment, since the cost of investment does not depend on the size of the market served.
For instance, in a network arranged in pair, a monopolist could potentially reach twice as many
followers has a duopolist who would serve half as many influencers. As the connectivity increases,
competition of information inside the network is more biting and pushes the producers to increase

their investments. Therefore, below a connectivity threshold, competition is detrimental.

Third, the welfare value of ad-funded online news is ambiguous. Any equilibrium is Pareto
inefficient. I consider different measures of consumers’ welfare to further the analysis. Enter-
tainment — the utility derived from sharing — increases with news quality. To capture the value
of information, I introduce an additional action, a bet, in which consumers must match the true
state of the world. For symmetric priors, the market fails to let influencers take better decisions.
This does not rely on the presence of competition or the timing of the game. A producer has
no incentive to outperform a consumers’ private signal. Hence, the influencers are always as well
off following their private signal. Followers, however, might take better decisions if the market

is competitive as the network tends to filter out false articles.

Introducing a cost to the bet allows to analyze whether online news pushes consumers towards
action. As expected, there exists a range of costs for which online news indeed helps agents
betting when it is beneficial. More suprisingly, there also exists a range of costs for which news
outlets are detrimental. When an article contradicts agents’ private signal, news outlets can
discourage consumers to take the bet. Because articles are not more precise than private signals,

more agents are wrong than right to opt out.

Fourth, I propose several interventions. The first one relates to flagging false articles be-

fore influencers decide to share it. This reduces the value of producing false information and



removes the bound placed on the news outlet’s precision. With flagging, news outlets let agents
take better decisions. Interestingly, competition dilutes the effect of flagging. Actually, for any
environment, there exists a level of flagging that makes competition detrimental. The second
intervention relates to certifying a news outlet’s quality. While this allows producers to inter-
nalize the effects of their investment on the influencers’ sharing strategy, news quality is still
bounded by the consumers’ private information. Finally, moving to subscription-based news
outlets has ambiguous welfare effects. The efficient level of investment in quality can be reached,

but consumers now need to pay for news that was previously financed by ads.

Related literature

I contribute to several strands of the literature. I particularly relate to theoretical works on news

markets, media economics and the spread of news in networks.

First, as to news markets, the existing theoretical literature accounts for the existence of
bad quality news in a competitive but unconnected world. Allcott and Gentzkow [2017] find
that uninformative news can survive if news quality is costly and if consumers cannot perfectly
infer accuracy or if they enjoy partisan news. My setup is similar in that quality is costly and
consumers cannot perfectly distinguish true from false articles. However, my mechanism does
not fundamentally rely on outlets’ quality being hidden. Furthermore, I introduce to such models

an explicit network of information sharing to catalyze the spread of information.

In such unconnected news markets, the ambiguous effects of competition between news
providers has been widely explored. Namely, Gentzkow and Shapiro [2008| find that compe-
tition is effective at reducing supply-driven biases, while its effects when demand-driven biases
are ambiguous. Consistently with this conclusion, other authors find that competition has am-
biguous effects when news consumers lack sophistication. For instance, Levy et al. [2017] study
how media companies can exploit consumers’ correlation neglect. They find that competition
reduces the producers’ ability to bias readers’ beliefs, but that diversity has a cost in terms of
optimal consumers’ responses. Hu and Li [2018] and Perego and Yuksel [2018| study how ratio-
nal inattention biases the provision of political information. Both find that competition inflates
disagreement. Chen and Suen [2016| also find that competition is detrimental to the accuracy
and clarity of news when readers endogenously allocate attention between outlets whose editors
are biased. Interestingly, my results on competition is not motivated by biases of either side of
the market.

Second, as to media economics, this paper relates in particular, to the influence of digital-
ization on media. Representative of this literature are the following papers. AndersonAnderson
[2012] combines empirical and theoretical insights to offer an overview of the ad-financed business
model in the internet age. Wilbur [2015] documents trends following digitalization for the mass
media and how their business models has evolved. Finally, Peitz and Reisinger [2015] review
various novel features resulting from new Internet media. I contribute to this literature by ex-

plicitly modelling one such new feature of online news market: shared content. I study its effects



on producers incentives and equilibrium outcomes.

Note that Peitz and Reisinger [2015] briefly discuss how sharing decision might affect available
content and link it to more general media biases. In this perspective, Hu [2021] studies the
impact of media regulation in the digital age and finds that government regulation is rendered
less effective by media biases inherent to the digital age. Because their model does not take into
account any communication network, their analysis does not study interventions targeting the
sharing behavior of consumers. My intervention evaluations, in contrast, only accounts for such

incentives resulting from consumers’ sharing decisions.

Third, as to news in networks, a connected world has rarely been the setup for news market
models in the literature. To the best of my knowledge, only Kranton and McAdams [2020] study
the effect of communication networks on the quality of information provided on the news market.
My model is largely inspired by the setup they propose. While Kranton and McAdams [2020]
give a compelling argument on how a network of consumer can change a producer’s investment
incentives, their mechanism abstracts from the role of competition. Furthermore, they do not
address welfare effects of market outcomes. A key contribution of this paper is the introduction

of competition and welfare considerations to the model.

Following the cascade literature!, the recent working paper Hsu et al. [2019] provide opti-
mal conditions on a signal’s precision for a cascade to occur when sharing is endogenous and
strategic. This could, in term, relate to a producer’s objective, although no producer is featured
in their setup. However, just as Kranton and McAdams [2020], Hsu et al. [2019] is set in an
uncompetitive world. Finally, recent works explore the particular setup of learning on social
media. Bowen et al. [2021] study learning via shared news and find that polarization emerges
when agents hold misconceptions about their friends’ sharing behavior. They find that news
aggregators help curb polarization. Neither of these papers addresses the effects of competition

between news providers in a connected world.

The remainder of the paper is organized as follow. The general model is presented in Section
2. Section 3 analyzes the equilibrium resulting from a monopoly and a duopoly respectively.
Section 4 proposes a framework to assess welfare. Section 5 evaluates possible interventions.
Section 6 concludes. Further extensions are provided in the Appendices A,B, D and E. Appendix

C presents the proofs omitted in the main text.

2 Model

2.1 Environment

The market is populated by news’ producers on one side and news’ consumers on the other.

Consumers learn about an unknown state of the world w € {0,1} through news articles and

! This literature is studies learning in networks when agents learn from actions. See Bikhchandani et al. [1992],
Banerjee [1992] for their seminal work.



private signals.2. There is a common prior across all agents, Pr(w = 0) = wy. All agents are

Bayesian.

I denote the set of news’ consumers N. All consumers receive an informative private signal
¢ = s about w.These signals are i.i.d. among consumers with Pr(¢ = wjw) = v for w = 0,1. I

further impose v > wy, so that consumers trust their private signal more than their prior.

In addition to private signals, the consumers can come across news articles in the following
ways: they can be exposed to it directly — in such a case they are called influencers and denoted
1; or they can read such news because an influencer shared it. If consumers are not influencers,
they are called followers and denoted f. All consumers are exposed to at most one article, but
some followers might be exposed to none. When I do not want to explicitly distinguish influencers

from followers, I denote the news’ consumers j.

The consumers are arranged on a regular network of degree d. Consumers are randomly
drawn to be influencers with probability . Hence, all consumers, regardless of their role, have
the same number of random neighbors d. The network allows followers to see articles shared by
neighboring influencers. A follower is not exposed to any news if none of its neighbors shared
content — either because the neighbors are not influencers or because they decided not to share.
If several neighbors shared content from different sources, the article that a followers ends up
seeing is determined stochastically. The probability with which the follower sees a given source is
proportional to the number of neighbors sharing this source relative to the number of neighbors

having shared any article. Thus, the probability that f sees a given article u is:
: , A
Pr(f sees u|A neighbors shared u, B neighbors shared) = 5

For instance, say four of f’s neighbors shared a piece of information, but only one of them
shared u, then, f sees u with probability one fourth, although f does see some piece of news

with probability one.

On the other side of the market, I consider a finite set of producers U. Each producer,
denoted by u, publishes exactly one article.* Each producer reaches an influencer with the same
exogenous probability Wbl' The producer chooses the overall quality of the news that is published.
However, he does not choose the article’s content, which is randomly determined. The content

of producer u’s article is denoted 7, = n.

Example. As a leading example throughout the exposition, I will consider vaccination. Vaccines
can either be safe (w = 0) or unsafe (w =1). News’ consumers receive private signals, for instance
through the number of their friends having suffered side effects after a shot. In addition, agents

can read articles about the risks linked to vaccines. Producers all report on vaccines risk.

2w denotes the outcome of w. For the remainder of the paper, random variables are denoted by greek letters,
while the outcomes of stochastic processes are denoted by latin letters.
3Therefore, I can abuse notation by also denoting articles by wu.



2.2 Timing, Objectives and Equilibrium Concept

All strategic interactions are assumed to be simultaneous.* The only strategic agents in this

setup are influencers and producers.

The producers choose the quality of their outlet to maximize their profits. The quality of
outlet u is defined as the probability of documenting the true state of the world, z,, := Pr(n, =
w|w) for w =0, 1. Producers derive revenue from advertisement, hence from the visibility of their
outlet. Their revenue is thus defined as the share of the network that sees their article °. Their
(total) cost is determined by cost function C. C' is common to all producers. I denote ¢ the
marginal cost function. I assume C increasing and strictly convex, i.e. ¢(z) >0 and ¢/(x) > 0.
Finally, I assume that without any investment in quality, the outlet produces uninformative

content, that is, z,, = 1/2. Furthermore, ¢(1/2) = 0.

Influencers like sharing true information and to dislike sharing false information. Accordingly,
they choose the probability with which they share an article. This can depend on the content
of the article they read and the private signal they received. The probability with which the
influencers share an article u whose content is n after having received private signal s is denoted
by Zyjn,s- Therefore, the influencers’ strategy is a vector: (2yjn,s) (un,s)eUx{0,1}2 € [0,1]4Y]. As
influencers want to share an article only when its content is truthful, they are assumed to
receive a positive payoff from sharing true information and a negative payoff when sharing false

information.® Influencers have the following payoff from sharing:”

) ) _ 1 ifn=w
u(sharing article with content nlw = w) =
-1 otherwise

They receive payoff 0 if they do not share.

I focus on Nash Equilibria. As will be clearly indicated, only some particular subset of all
NE will be discussed.

Following this game, we assume that a further non-strategic action takes place. Once the
strategic interactions are played out, consumers can take an action a € {0,1} to match the state
of the world. I think of this as a financial bet, but it can capture a wider range of utility
derived from information. This action can depend on the content of the article they read (if any)
and their private signal. I assume that this bet has price r. I represent the case in which the

consumers cannot opt out of this bet with r = 0. The benefits from matching the state of the

4Comparisons between equilibria for simultaneous and sequential games when wo = 1 /2 are provided in the
Appendix E

SIntuitively, the revenues are scaled for size population because they relate to advertisement revenues. One
might expect advertisers to be interested in the portion of the population a given news outlet is able to reach.
Furthermore, with this representation, the model becomes scale-free. Finally, it allows their profits to be bounded
below 1

5This assumption can represent the interests of truth-seeking consumers. Implicitly, it also accounts for
wider concerns such as reputation or attention. In fact, Appendix B assumes that influencers seek attention for
themselves. The results are qualitatively similar.

"In Appendix A, we consider a more general payoffs. Most of the results follow through, but additional
equilibria might appear.



world is assumed to be the same as their loss from a mismatch:

1 ifaj =w
uj(ajlw =w) =
-1  otherwise

Example. Producers reporting on vaccination risks only chose how many journalists to hire for
their outlets, but not what these journalists would report. The more journalists, the higher the
likelihood of reporting the true risks of vaccines. Furthermore, after sharing decision have been
made, and all uncertainty has resolved, all consumers take a bet about vaccines risk. We can
consider two bets: one from which consumers cannot opt out, for instance, whether or not to
vaccinate; and one from which consumers can opt out, e.g. whether to invest in a pharmaceutical

group, a homeopathy company, or not to invest at all.

2.3 Best Responses
2.3.1 Influencers’ Problem

Take an influencer 7 who received private signal s and read a news article from producer u having
content n. Let this influencer attribute prior probability z, to an article from u being true. Then,

the influencers expected utility from sharing is:

p(n, 5330, wo) + (1= p(n, 520, w0) ) (1)

where p(n, s;x,,wq) is i’s posterior on the probability that u published a true piece of informa-

tion.

A piece of news is true if it matches the state of the world. Hence, the posterior is the
probability that the state of the world is the one prescribed by the news, given what was writ-
ten in the news and what the consumers themselves experienced from the world. That is,

p(n, s; 2y, wo) = Pr(w =nln=n,s =s). Using Bayes’ rule, we find:

Priw=sln=nc = o) - Hggmntn e
Therefore:
P(0.020w0) = gty and (0. L% w0) = o )
p(1,0; 2y, wp) = (1_w0§21_fu%)£;;)0?&1_%) and p(1,1; 2y, wp) = (1-wo)yzu

wo (1) (1~2w)+(1-wo )yTu

As one would expect, all posteriors are increasing in x,. Furthermore, the probability for
a news to be true is higher if the influencer got a private signal that corresponds to what the
article reports. Finally, an article is believed more easily if it reports the most likely state of the

world: p(0,0;xy, wo) > p(1,1; 2y, wp) for wy > %



An influencer prefers sharing an article when its expected utility from doing so is greater
than the outside option 0. Therefore, i shares news n from producer u upon receiving signal s
when:

p(’l’l, S Loy UJO) 2 1/2
It follows that the best response to news’ content n =0 is:

(0,0) if x, <t
(b,0) if 2o = £,
(Zupo,0(@u)s 2501 (Ta)) =4 (1,0)  if 2y € (¢, %0)
(1,b) if @y =1
(1,1) if @y > 1o

y(1-wp)

for any be [0, 1], where éO = a (1=y)(1=wo) m

T -wg)rmg 20d f0 =

And the best response to news’ content n =1 is:

(0,0) ifmxy, <t
(b,0) ifax, =1t
(Zupo,0(@u)s 2401 (Ta)) =4 (1,0)  if 2y € (8, 1)
(1,b) ifxy =t
(1,1) ifzy>h

for any b € [0,1], where t; = @ (L-)wo and t; =

Ywo
—y)wo+y(1-wo) ywo+(1-7)(1-wo) *

For wqy € (1/2,7), t, > t; > to > t1: the influencers’ best response are weakly monotonic in
zy. Therefore, although 2, = (2u0,0, Zuj1,1, Zul0,1, 2uj1,0) 1S a four-dimensional object, its set of

undominated strategies can be represented on a line.

t t
Zu = (0,0,0,0) 70 (1,0,0,0) -} (1,1,0,0) tf) (1,1,1,0) tll (1,1,1,1)

I

u

[ . . . [
share: never ifn=s=0 ifn=s ifn=0orn=s always

Figure 1: Sharing Decisions of Influencers for Different Quality of News

In particular, 25, > 0 if and only if 25, =1 and 27, > 0 if and only if 2i; = 1. That is, one
shares an article reporting the opposite of their private signal only if one would be ready to share
this article, were it to report the same as their private signal. Furthermore, for wg # 1/2, zil >0
if and only if 25, =1 and 27, > 0 if and only if 25, = 1. That is, one shares an article reporting
the least likely state of the world only if one would be ready to share this article, were it to
report the most likely state of the world, given the same (dis)agreement with private signals. It
follows that the best response to an article published by producer u, z; (x), can be represented
on the line connecting (0,0,0,0) to (1,0,0,0) to (1,1,0,0) to (1,1,1,0) to (1,1,1,1). Figure 1

represents how sharing decisions is affected by different news quality, and the monotone aspect



of it; Figure 2 displays influencers’ best response. The same applies for each producer w.

(1,1,1,1) 1 zy(z)
(1’ 17 1’0) 1
(17 17070) 1
(1707 07 0) 1

e
(0307030) Iy Iy

iy ty to t1 1

Figure 2: Best Response of Influencers as a Function of

2.3.2 Producers’ Problem

Consider a producer u. Let Rj, take value 1 if consumer j sees producer u’s article. Assume
that u is facing influencers who have strategy z, while the other producers are investing x_y.

Then, the expected profits for producer v who invests to reach quality z,, is:

E(Z] Rjulxm z,X y)
[NV

- C(zy) = E(Rjulzy; 2,%x-u) — C(zy)

where the last equality follows from all consumers being ex ante identical.

The expected share of reader as a function of u’s investment in quality is found as follows. For
a random node to share the article from producer u requires: the consumer to be an influencer
— with probability b —, to come across u’s article — with probability [U|™' — and to share. The
probability to share z depends on the news content n and the private signal s. A random
influencer coming across news n will receive private signal s = w with probability v and s = —w
with probability 1 — . Thus the probability for a random node to share information content n
from producer u given state of the world w is:

b
Pujwn = ﬁ("y'zu\n,w + (1 - ’Y)zu|n,7w)

The ex ante probability that a consumer reads u’s article, whose content is n in state of the

world w represents the value of such article and is denoted V. If the producer was alone,

this would simply be:

Vijwn(2) = Pr(j influencer) + Pr(j follower A > 1 j’s neigh. shared) = b+ (1 - b)(1-(1 —pw’n)d)

However, when the news producer u is not alone in the market, it is not enough that a

followers’ neighbor shared w’s article; this followers also needs to see u against all other producers

10



—u’s articles. Therefore:
Vijwn(2) = Pr(j influencer) + Pr(j follower) Pr(> 1 j’s neigh. shared) Pr(j sees u against —u)

Pr(j sees u against —u) depends on the number of j’s neighbors having shared u against —u. The
number of j’s neighbors having shared —u depends on the content produced by other producers,
which we denote m := (mv)v%u. The ez ante probability that a consumer reads w’s article, whose

content is n in state of the world w, V,,, »(2) is then:
Vu|w,n(z) = E(R]u|w7 Tl) = ZE(R]u|w7 n, m) Pr(mlw)s

Where (see Appendix C):

i + (1 _ b) Pujw,n

E(Rjy|lw,n,m) =
& |U| Pujw,n t P—vujw,m

d
(]. - (1 _pu|w7n _p—u|w,m) )
denoting Dvjwm = Zy%upv\w,mv'

The probability for a follower to read information a has two factors. The former, pu‘wZﬂZ’llwm
represents the expected share of followers u would get, conditional on them being reached by any
news, whereas the latter factor 1—(1—pu|w’n —p_uhu’m)d represents the probability of news reaching
followers. It means that sharing affects the producer’s revenue through two channels: the size of
the total readership and the portion of readers viewing a given producers. For instance, if the
influencers of a producers’ competitor start sharing more often, the total readership increases
but the portion of the readership viewing said producer decreases. The relative strength of this
two effects depends on the connectivity of the network d. Both factors are however increasing
N pyjw,n- Hence, as long as true articles are shared more than false articles, i.e. zyyn 2 Zujn,—n;

true information is more visible, no matter the outcome of the competitor.

Finally, the expected portion fo the network reached given an investment x,, is:
E(Rjy|r) = wo[zuVijo,0(2) + (1 = 2u) Vyjo,1(2)] + (1 = wo) [ Va1 (2) + (1 = 24) V1 ,0(2)]
Because the profits are E(R;y|xy,) — C(2y), the maximization of profits implies:

z*(2) = ¢ (wo[ Voo = Va1 + (1= wo) [Viyr1 = Vapol) = ¢ (AVu(z;2-0))

Because ¢/(z) > 0, the equilibrium investment z*(z) is (weakly) increasing in AV, (z;2_y).
Thus, AV, (z) denotes producer u’s incentive to invest. Section 3 analyzes the function shape

under more restrictive assumptions.

SPr(mjw) = I1
0) = 1’1(1 —IQ).

Ty [Ty, 4w (1=2w). For instance, with two other producers in addition to u, Pr((0,1)|w =

Vi =W

11



3 Equilibrium

In this section, I restrict my attention to some specific assumptions about the agents setup so
to characterize possible equilibria. In particular, I consider a non-competitive environment with
asymmetric priors; and a competitive market with symmetric priors. I say that an environment
is competitive when followers are restricted to see less articles than the amount available on the
market. Indeed, in such case, producers are forced to compete through influencers to capture fol-
lowers’ views. Because in this setup, I restrict consumers to receive only one piece of information,

I analyze the effects of competition using a duopoly.

3.1 Equilibrium without Competition

Let us assume only one producer on the market. For clarity purposes, I omit the u indice in this

section.

We can rewrite explicitly the producer’s best response:

AV (2)[/(1-b) = wo[(1 -po1)?-(1 —Po,o)d] +(1-wo) [(1 ~-pro)?-(1 —p1,1)d]

wo(l —b(yz10+ (1 - fy)zl’l))d -(1- UJ(])(l -b(yz10+ (1 - w)zlyo))d
+ (1 —-wo)(1-b(yz01 + (1 - W)Zo,o))d —wo(1 - b(yz0,0 + (1 - 7)20,1))d

Let us now analyze the shape of such best-response:

Lemma 1. Shape of the Monopolist’s Best Response to Sharing

(1) x*(z) is strictly decreasing in zo1 and 21 .
(i1) x*(z) is single-peaked in zp o (respectively, z1 1), with local mazima 25 0z1,1 € (0;1].

(iii) There exists a non-empty set of priors W such that argmax, 2*(2) = {(1,21.1,0,0)} Ywg €
W and argmax, 2*(z) = {(200,0,0,0)} Ywgy € [0,1] - W

(iv) x*(z) is continuous in z.

Figure 3 and 4 illustrate the shape of the producer’s best response. Because the influencers’
strategy is not a unidimensional object, I illustrate the shape of the producer’s best-response on
the set of influencers’ undominated strategy. As before, I represent the influencers’ strategy on
a line and map the corresponding image as if the argument was unidimensional. The resulting
function is non-monotonic. Each hump shaped segment is explained by the effect of the network.
At first, when few agents are sharing, every additional share reaches an almost constant number
of additional followers; because the probability that this share occurs after having issued a true
article is higher, true information gains much more followers than false information — the best-
response is increasing. But when enough shares have occurred, any additional share is likely to

reach followers that would have been reached anyways; hence the marginal value of the share
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Figure 3: Producer’s Best Response, Zgg < T11 Figure 4: Producer’s Best Response, Zgp > T11

is decreasing, because of redundant path to followers in the network. Therefore, the number of
followers reached with a false article is increasing faster than those reached with true news; and
the best-response is decreasing. The two humps follow from the same mechanism applying in two
different cases: when news 0 is produced first, and then when news 1 is published. Subsequent to
this, the best response is decreasing. Agents there start sharing news that does not correspond
to their private signals. Therefore, the probability this concerns a false article is higher than
the probability that is applies to true information. It follows that false information accumulates
views faster than true news. The difference between the value of true and false information thus

decreases, making the best-response decreasing.

Now, recall that * > 1/2, as zero investment would lead to z = 1/2. Furthermore, t, <, <1/2.

Therefore, we can characterize the NE of the monopoly:

Proposition 1. There exists a unique Nash equilibrium. It displays positive investment and is
characterized by news’ quality x™ = max{min{z*(1,1,0,0),%}, min{z*(1,1,1,0),#}}

Proof. First, notice that any positive equilibrium investment has to achieve x < t;. Indeed, z = t;
is enough to insure that the producer’s news is always share, so that any additional investment
would increase costs without increasing benefits. Furthermore, note that even if no investment
occurs, sharing can occur. Indeed, faced to completely uninformative news’ outlet, agents will
still share an article whose content matches their private signal, because the private signal is
informative. Therefore, any equilibrium displays 29 = 21,1 = 1; and the equlibrium will occur on
the decreasing part of the producers’ best response. Furthermore, note that z*(1,1,1,1) = 1/2.
Indeed, if news gets systematically shared, the producer has no incentive to invest since true
news is treated as false news. Because the relevant portion of x*(z) is strictly decreasing, while
z2*(x) is weakly increasing, any intersection has to be unique. Because both best responses are

continuous and that in z = (0,0,0,0) the producer’s best response is above the value ensuring
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some sharing, while in z = (1,1,1,1), the producer’s best response is below the value ensuring
full sharing, the intersection must be unique. Therefore, a NE must exist and is unique.

Because the cost function will determine different levels for z*(1,1,0,0) and x*(1,1,1,0), we
need to understand how these values compare to o < t1. If 2*(1,1,0,0) < fg, from the shapes
of the best responses, we have z*(1,1,1,0) < z*(1,1,0,0) < #y < £; so that ™ = 2*(1,1,0,0).
Indeed, in such a case, because = < %y, the influencers will share an article only if its content
matches their private signal: z*(z™) = (1,1,0,0). This is also optimal for the producer, as, by
definition c(z™) = ¢(AV(1,1,0,0)). Furthermore, no other investment is optimal as c is strictly
increasing. The same reasoning applies for ¢y < 2*(1,1,1,0) < ;. Now, consider #y < x*(1,1,0,0)
but 2*(1,1,1,0) < fp. Then, 2™ = #;. Indeed, as z*(1,1,1,0) < fy < 2*(1,1,0,0), and because

x*(z) continuous, there must exist some 23, such that AV (1, 1,251,0)) = to. It is easy to

z

verify that this constitutes a NE. The same reasoning applies for #; < x*(1,1,1,0). O
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Figure 6: Investment Eq. with oM

. . M o_F
Figure 5: Investment Eq. with ™ =1 2*(1,1,1,0)

Figure 5 and 6 illustrate two cases. Figure 5 shows the equilibrium with x*(1,1,0,0) > ¢y >
x*(1,1,1,0). Figure 6 shows the equilibrium with ¢; > z*(1,1,1,0) > ¢.

There are several important points to note on these results. First, 2™ < max,{z*(2)}, so
that maximal veracity is never achievable. Furthermore, very high connectivity is generally bad

for investment. In fact:

Proposition 2. AV(z;d) is single peaked in d, i.e.: 3d: AV (z;d) 2 AV (z;d") > AV (z;d)Vd >
d'>d and AV (z;d) <AV (z;d") <AV (z;d)Vd > d > d

In particular notice that AV (2) — (2wg — 1)1 ,5950.21,=0 When d — co. This means that as
the network grows more connected, the producer’s incentive to invest vanishes. Take a complete
network for instance, that is a network in which every node is connected with every node. In
such a context, a monopolist would need to convince only a single influencer to share in order to

reach every single consumers.
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3.1.1 The role of the prior about the state of the world

An increase in the prior probability of witnessing a 0 state of the world has ambiguous effects,
although it generally leads to an increase in equilibrium investment for both marginal and sub-

stantial increases in wy.

First, we notice the following effects of wg on the agents’ best responses:

Lemma 2.

(1) wo as an ambiguous role on the influencers’ best response. The thresholds t, and to decrease
(1*7)2 1

e L =71 and

when wy increase while t; and ty increase with wy. In fact, t, € [

— — 2
to € [1/2,7] while t; € [1 —~,1/2] and t; € [, W]

(i) wo has a (weakly) positive effect on the producer’s incentive to invest. In fact, it has the
biggest effect in z = (1,0,0,0) while it has no strict effect in z = (0,0,0,0), z = (1,1,0,0)
and z=(1,1,1,1).

Proof. See Appendix C O

Notice that the producer’s incentive to invest increases with wg. Indeed, because influencers
are easier to convince if the article content corresponds to the most likely state of the world, true
news is always more beneficial to the producer when the state of the world is 0. Therefore, his

expected profits from a given investment increases when the most beneficial state becomes more

likely.

Because the requirement in order for influencers to share has an ambiguous reaction to a
change in wq, the overall effect is ambiguous. However, we can assess the condition under which

the overall equilibrium investment decreases in more uncertain situation.

Corollary 1. For any increase in wq, the inequalities detailed in Proposition 1 do not change,

so that the mazimal equilibrium investment z™ increases iff ™ #to.
Proof. See Appendix C OJ

Interestingly, a more certain state of the world generally leads to better provision of informa-
tion. It also means that the inefficiencies linked to monopolist revenues from ads are the highest
when quality information is the most useful: for very uncertain state of the world. A proper

setup to formally study such inefficiencies is introduced in Section 4.

3.2 Equilibrium with Competition

I now assume that two producers coexist on the market. However, for tractability purposes, I
restrict my attention to wp = 1/2. In this case, ¢, = ¢;, that I can now denote t; likewise, to = t1,

now denoted t. Therefore, the set of undominated strategy cannot necessarily be projected on
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a line. I thus select the undominated strategies z, such that z,00 = 2zy1,1 and zy 01 = 2yp1,0-
Because the both types of content are ex ante as likely, it is intuitive that both types of news’
content would be treated similarly. I denote the strategy upon receiving a news’ article congruent
with one’s private message by z,7; while the probability of sharing an article whose content is
opposite to one’s private signal is denoted z,p. Likewise, rather than pyg o = pyj1,1, I denote the
probability with which any article matching the state of the world is shared by p,7; pur becomes

the probability with which a false information is shared.

Let me denote the two competitors by v and v. We rewrite producer u’s best response given

v’s investment and sharing strategy z:
AV (z25) = (1=b)[23(2) S, + (1= 2(2)) 10, |

Where:

PuT PuF
S{BU #(1_(1_puT_pUT)d)_L(l_(l_qu_va)d)
PuT + DvT PuF + DoT

Pur Pur
Sl—azv = L(l - (1 — PuT _va)d) - L(l - (1 — PuF —va)d)
DPuT + DvF PuF + PoF

Because E(Rjulw = w,ny = w,n, = m) > E(Rj, = ljw = w,ny, = —w,n, = m), we know that
Sy, 20,81z, >0, so that AV, (z;2;) > 0.

The shape of AV, (z;2}) in z, is similar to the monopoly case:
Lemma 3. Shape of the duopolists’ best response to sharing
(i) ) (z;2y) is strictly decreasing in zyp.

(i) x(z;xy) is single-peaked in z,r; the function is mazimized for some zyr € (0;1].

(11i) For any x,, investment occurs as long as zyr > zyp, while x}(z;x4) = 1/2 for zyr = zyF

(v) x(z;2y) is continuous in zy,.
Proof. See Appendix C OJ

Furthermore, AV, (z; ;) also depends on z, and z,. In fact:

Lemma 4. (i) AV, (zy, 2y;y) relation with z, depends on d. For small d, it is decreasing for
any zy, zy. For large d, it is decreasing for z, such that p?z > purpur. (i) AVy(zu, 20} Ty) is

decreasing in T, for any zyx < zpx. (111) AVy(zy, 2v; Ty) 1S continuous in z, and x,.
Proof. See Appendix C O

I can now characterize the NE. I call symmetric equilibria any equilibrium in which z, = z, and

Ty = Tp. Note that in this case, AV, = AV,. I denote this common function AVD((ZT, 2F),T).
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Proposition 3. The only symmetric equilibrium features positive investment and is characterized

by news precision x = arg Minye/2,4] |AVD((1,O);33) - c(a:)‘

Proof. First note that any equilibrium news’ quality lies in [1/2,7]. Indeed, recall that AVP((0,0),z) =
AVP((1,1),2) = 0. Clearly, for any = > 7, ¢(z) > 0 = AVP(2*(z),z), which would be suboptimal

for the producer.
First I prove that a symmetric equilibrium exists. Then, I show it is unique.

Consider two cases:

1. If ¢(t) > AVP((1,0),1), then 3% € [1/2,%]: ¢(Z) = AV((1,0),%). Indeed, recall that c is
weakly increasing in z and AVP((1,0),x) strictly decreasing in 2. We also notice that
c(z) = AV((1,0),z) while ¢(z) = AV((1,0),Z). Because both ¢ and AV are continuous in
x, they must intersect on [1/2,¢]. Clearly, (Z,(1,0)) is a NE.

This equilibrium is unique. First notice that for z = (1,0), the intersection must be unique
given the shape of the respective best responses. Let us show that no other undominated
sharing rule can be consistent with an equilibrium in this case. A sharing rule (z,0) with
z < 1 would require x < 1/2, which is impossible. A sharing rule (1, z) with z > 0 would
require z > £. This cannot occur in equilibrium since, for any z € [0,1], AVP((1,2),%) <
AVP((1,2),2P) = c(2P) < (). Hence, c(t) > AVP((1,2),1), so that 2*((1,2),%) <t for

any z.

2. If ¢(t) < AVP((1,0),1), then 3zp € [0,1]: ¢(f) = AV((1,2r),t). Indeed, by assumption
c(t) < AVP((1,0);) and we know that c(#) > 0 = AVP((1,1);%). Because AVP(z;2) is

continuous in zp, there must exist such Zp. Because VP (z;x) is strictly decreasing in zp,

this equilibrium is unique.

]
x x
2" ()
E”
2D
D
1/2 1 v (z,x")
t
‘ _z
¢, AVP (0,0) (1,0) (1,1)

Figure 7: Illustration of a case for which z” € (1/2,)
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Figure 7 illustrates the first case of the proof, i.e. when c(f) > AVP((1,0),7). It means
that there exists an intersection between c(z) and AVP((1,0),z) in the interval (1/2,%) (left

panel). Now, given that —v invests 2”, v's best response crosses the influencers’ best response
in ((1,0),27)). Therefore, it is a NE.

z*(x)

Sl

y2 b

2R, )

IS

¢, AVD (0,0) 10) = T =

Figure 8: Illustration of a case for which z” =%

Figure 8 represents the second case of the proof, i.e. when ¢(f) < AVP((1,0),7). In this
case, c(x) lies completely on the left of AV ((1,0),2), without ever intersecting in the interval
x € (1/2,t) (left panel). Equivalently, u’s best response to z given that v invests x < ¢ does not
intersect the influencers’ best response z below ¢ (right panel). This means that there does not
exist a NE in which z* = (1,0). However, if zr > 0, AVP(2,z) is shifted to the left in the space
(AVP 2), so that it now crosses c¢(z) (left panel). Furthermore, because z’ increases to f, the
curve z*(z,z) is shifted downwards in the space (z,z) (right panel). Still, note that ((1,0),?)
is not an equilibrium as AVP?((1,0),%) > ¢(f). However, for 28 > 0, AVP(1,20),7) = c(f); we
found the NE.

While the symmetric equilibrium is unique, asymmetric equilibria still exist and are not

generally unique.

Remark 1. If the cost function is linear, there are no equilibrium with x, # z, and (z,,z,) €

(1/2,7) as long as ¢(x)’s slope is different from S.

Proof. Assume 2 € (1/2,7). Assume that there exists an x, > x,, with (z4,2,) € (1/2,7).
Then, ¢(xy) = AV, ((1,0),(1,0),2,) and c(xy) = AV,((1,0),(1,0),x,), so that c(xz,) — c(xy) =

S(xy — Ty), which is impossible if ¢ has a slope different from S. OJ

3.2.1 Effects of Competition

For cases to be comparable, we restrict our attention to the monopoly equilibrium with wg = 1/2.

We can now compare the symmetric equilibrium z” with 2. Depending on the parameters
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d, b, v, 2P > 2™ or 2P < M. We compare the two types of markets under the lights of

connectivity and signal precision in particular.

The Role of Connectivity

Because 2M (d) > 2P (d) if and only if AVM (2;d) > AVP(2,2P;d), we mainly focus on AVM (z;d)
and AVP(z,2P;d) in this section.

I begin by presenting two representative cases, d = 1 and d — oo, to illustrate the mechanism at
stake before formally proving the principal result. Take d = 1. Then, there is no real competition
of information inside the network. The network can be represented by isolated pairs of nodes,
and a producer reaches portion of followers exactly proportional to the number of influencers
who shares. Therefore, producers’ incentive to invest is proportional to the number of influencers
they would convince to share, as they would get exactly one more view from the one follower
connected to each "convinced influencer". Because the monopolist has initially access to more
influencers than the duopolists — 2 against 1 — his incentive to invest is higher by a factor of two.
We indeed have:

AVM(21) = (1-0)(2y - 1)(2r - 2zr) > (1 - b)5(2y-1)(2r - 2p) = AVP(2,2;1) Var>zp

Now take d — oo. This requires the network to be infinite. Because the finiteness of the
network is not essential to our specification, let us assume, for convenience, that |[N| — oo, and
that d grows as fast as |[N|. Having d - oo means that all nodes are connected to each other,
so that all followers are sure to be reached by at least one news as soon as the probability that
sharing occurs is positive, however arbitrarily small. For a monopolist, the incentive to invest
then vanishes, since having only one influencer (out of an infinity) sharing is enough for the
entire network to be reached. It is quite the opposite in a duopoly. Because in this case, the
competition of two coexisting information is all that matters for the producers, the incentive
for the producer is proportional to the ratio of his influencers sharing, to all sharing influencers,
which is positive and does not depend on d. We indeed have;

AVM(z;00) =0 < (l—b)% = AVP(z,2;00) as (1-¢)4>0Ve>0

The comparison between monopoly and duopoly investments’ thus relies on a tradeoff between
the two effect described above: on the one hand, as seen when d=1, because the quantity of
influencer a producer reaches is exogenous, competition gives less "seeds" (influencer) to each
producer; then the share of the network each producer could reach, even in the best case scenario,
is lower, and so becomes his incentive to invest. On the other hand, as seen when d — oo,
coexistence of competing news on the network itself pushes the producer to convince as many
influencers as possible, and not only a few seeds who can freely spread the news. Which of these

two forces dominates is linked to d.

Theorem 1. There exists a unique threshold d such that ™ (d) > zP(d) for all d < d and
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M (d) < 2P (d) for all d>d

Proof. Define DV (d) := AVY(z d) AVD(Z #d) | First, notice it that for d = 1, DV (d) > 0; however
for d - oo, DV (d) < 0. Therefore, there must exist some dy such that DV (dy) >0> DV (dy+1).
All that is left to do is to show that such dy is unique. This is the case because if DV (d;) >
DV (dy + 1) for some dy, then DV is decreasing for all subsequent d > d;. (See Appendix C for
the details). O

Note that the threshold d depends on the parameters b,~. As a rule of thumb, higher b and

lower ~ pushes d downward.

Remark 2. (Preliminary) A further increase in competition, beyond two producers, is either

always detrimental, or detrimental for sparser networks.

Proof. Take any competition with |U| competitors and a symmetric incentive to invest. Add one

producer u’. The difference in the incentive to invest between the two can be proportional to:

5t [y (- 1 ) - o (1 1 iy )]

_ [m PuT ( ~(1- PuT+Py/ 7 HP-uM )d) _ PuF ( —(1- PuT+Py! 7 HP-uM )d)]
PuT+Pu! T HP—uM [U]+1 PuF+Dy! 7 HP—uM [Ul+1

PuT+Py! p+P-uM [Ul+1 PuF+Dy! p+P—uM [U]+1

—(1- $)[ PuT ( —(1- PuT Py’ FHP-uM d) _ PuF (1 —(1- PuT +Py! FHP-uM )d)]}

Whose sign is positive in d = 1, meaning that the incentive to invest with |U|+ 1 producer is
smaller in the symmetric case than the incentive to invest with |U| producers. The expression’s

sign depends on the parameters for d — oo. O

The Role of Signal Precision

Proposition 4. (i) When the influencers get perfectly informative private signal, monopoly

yields higher investments than duopoly.

(i) When the influencers get perfectly uninformative private signal, neither a monopoly nor a

duopoly would feature any investment.

Proof. (i) When v — 1, note that the set of the influencers’ best response reduces to {(1,0)}.

Then, we have:

AV ((1,0):1) = (1-5) (1-(1-0)) > (1-b) bar(1~(1-b)) + (1-2) (1-(1-30)) = AV, ((1,0), ;1)

1-(1-b)¢ -
Because e = [0,1].

5)

(i) When ~v - %, pr = pr for any z, so that the incentive to invest vanishes on both types of
market: AVM(z; %) =0=AV,(z,x; %)

20



O

When the signal is perfectly informative, influencers only share true information. Then, the
monopolist has the highest possible incentive to invest: false information is worthless; with true
information, he reaches all the followers the network allows him to reach. For the duopolist, false
information is also worthless, but true information is less beneficial. Indeed, if the competitor
released true information, they together reach the same portion of followers as the monopolist,
but they split this audience in two; if the competitor released false information, the duopolist
gets the whole share of followers he reaches, but he reaches less followers than the competitor,

given that he is read by less influencers.

When the signal is perfectly uninformative, the result is very intuitive: as the private signal
is noisy, the agents are not able to tell true from false information, so that they treat both type of
news without accounting for their private signal. Because the game is simultaneous, the producer
does not internalize the effect of his investment on the consumers’ prior, so that no investment

is featured in equilibrium.

Numerically, it seems that if b or d are high, there exists a threshold (b, d) such that duopoly
is yielding a higher investment than monopoly for any private signal with precision ~y € [%,ﬁt].
Furthermore, as a rule of thumb, it appears that (b, d) exists as soon as bd ~ 4, roughly. Further

analysis is required.

4 Welfare

So far, I have only been interested in the market outcomes, as measured by investment. Welfare
has not been addressed. While the welfare criteria are introduced below, let us start by noting

that the market outcome is inefficient.

Proposition 5. Any equilibrium outcome on the news market with revenues derived from ads is

Pareto inefficient

Proof. Take the case of a monopoly, with equilibrium e* = (x*, z*). Define x°(z;€*) as the level
of news quality that makes a consumer whose sharing decision is z indifferent between (z¢,z)

and e*. Likewise, define zP(z;e*) as the level of news quality that insures to the producer

da?
0z

improvement since the consumer requires less investment to marginally increase their sharing

faced with sharing decision z the same revenue as e*. If % < 9 there is room for Pareto
than the producer is ready to offer for the same marginal increase in sharing. Now, using the
FOC of equilibrium, we know that 0 < % < oo while % — o0. The same reasoning applies to

duopolists. ]

9We abuse notation here in order to keep the intuition as clear as possible. While z is a vector, recall that,
when z increases, the consumers would first share the most likely congruent news, then any congruent news, then
the most likely news anyways, and then any news. Therefore, with 0z, we mean to designate a marginal change
in the sharing probability in the relevant dimension. So for instance if z—=(1,0,0,0), 9z is actually 9z1,1; if
z=1(0.5,0,0,0), then we mean 9zo,0.
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To analyze the welfare resulting from this game, I propose two approaches. The first one
relates to the entertainment purposes of possible sharing behavior. In this sense, only influencers
and producers are part of the analysis. The influencers’ decision to share an article depends on
the utility of sharing as defined above. However, this does not capture how informative the
article was. In particular, it does not allow us to judge whether agents are making, on average,
better choices. To address this question, I use the expected benefits from the financial bet
introduced above. This allows us to analyze whether, on average, agents are able to take better
decision; as well as whether the information contained in articles published in online outlets that
derive revenues from advertisement can motivate agents to take actions they would have opted
out from, were they informed only privately. Furthermore, this measure of welfare can reflect

followers’ well-being as well.

4.1 Framework of Analysis
4.1.1 Sharing utility

As developed above, the expect utility from sharing news’ content n after private signal s is
2p(n, s; 2y, wo) — 1. Therefore, the expected utility of an influencer reading an article from u and

who plays strategy z, is:

E(u(zu)) = (Z) zu|n,s(2p(na S5 Ly, wO) - 1) PI‘(?’L, 5)

= (Z) Zu|n,s|:xu Pr(slw=n)Pr(w=n)-(1-z,)Pr(sjw#n)Pr(w# n)]

For any strategy for which the influencers shares at least sometimes, this expected utility is

strictly increasing in .

It naturally follows that the utility of a random influencer is thus ¥, ﬁE(u(zu)), while the

ex ante utility of a random consumer is: Y, ﬁE(u(zu))

4.1.2 Consumers’ Bet

Conditional on participating to the bet, the consumers’ payoff structure of resembles that of
sharing. In particular, for influencers, the matching decision will follow the same threshold rule
as the sharing decision: the influencer will bet what is expressed in the article if the probability for
the true state of the world to correspond to the news is greater than 1/2. When p(n, s; 2, wo) =
1/2, the influencers are indifferent between betting the news’ content or its opposite. In order
to keep consistency, we assume the following tie rule!®: a;(n,s) = n is played with probability

Zu|n,5'11 By a slight abuse of notation, we refer to this strategy as z,,

0Because when indifferent between several strategies, by definition, their utility is equal among all strategies,
this assumption does not influence the welfare analysis.
HEormally, we define E(1La;=nin=n,c=s) = Zujn,s» 50 that E(Lg, tnjn=n,c=s) = 1 = Zujn,s-

22



Despite the similarity in strategies, there is a key difference with respect to sharing decision:
the influencer’s expected payoff with the bet is zero if and only if p(n, s;x,,wo) = 1/2, while it
is null for any p(n, s;x,,wp) < 1/2 when the influencer is bounded to choose between sharing or
the outside option 0. This difference influences the respective expected utilities and the role of

Z,, on it. Indeed, the expected utility from this betting strategy is:
E(ui(zy)) = Z(Qzums - 1)[xu Pr(sjw=n)Pr(w=n) - (1-x,)Pr(sjw#n)Pr(w # n)]
n,s

We now notice that this utility is not necessarily increasing in xz,. To understand this, we can
notice that an outlet that would systematically report an erroneous content, i.e. x, =0, would
lead to no sharing, and so no utility from it; while it would be perfectly informative as betting
the opposite than the article argues would always ensure to correctly match the state of the

world.

In addition, we need to define the betting decision of followers. All consumers share the same
preferences and priors; however, in competitive markets, the precision of articles received by
followers is higher than that of the outlets that issues them. Indeed, as true articles are shared
more, they have a higher probability to reach a follower than false articles. Under the assumption
that followers are sufficiently sophisticated to internalize the sharing behavior of influencers, they

start betting what is expressed by an article they would read for lower precision than influencers.

The decision rule can be defined implicitly as 25 _— 1 when the expected utility from betting
the news content is higher than that from betting the private signal.'? Consistently with the

f

action of influencers, we assume that followers play a¢(n,s) = n with probability Zuln.s
Hence, conditional on receiving some news’ article, the expected utility from the follower’s
strategy is:

pu\n,ner—um,m pu|—n,n+p—u|—n,m

> (22’5'”’8 - 1) [a:u Pr(m,s,w =n)—=dmn (1 - 2,)Pr(m, s,w # n) ——u=nn
(u,n,m,5)
where, as before, n is the content created by the producer seen u, while m denotes the outcome

for all other producers —u.

When receiving no news’ article, a follower, who trusts their private signal more than their
prior by assumption, will simply bet according to their private signal. Hence, conditional on not
receiving any news’ article, the expected utility from the follower’s strategy is simple 2y —1. This

happens with probability:

PI"(f sees Q) = Z Z (1 = Pujw,n —p_u|w’m)dPr(n\w)Pr(m|w) Pr(w)

w n,m

If agents cannot opt out of the bet, or if the bet has a free cost of entry r = 0, the expected

2That is:

2 1oy, z.Pr(m,slw=n)—24m"  Pr(w=n)-(1-2,)Pr(m,slw+ n)# Pr(w#mn)>0

uln,s Pu|n,ntP-uln,m n,ntP-ul-n,m
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benefits from the bet is defined for a random consumer as:

|_3| Y E(ui(zu)) + (1= 0)(2y - 1) Pr(f sees @)

+(1-b) > (221}:‘”75 - 1) |:xu Pr(m, sjw = n)pul#[l ~ (1= pup,n —p_u|n’m)d] Pr(w=n)

Puln,ntPuln,m
w,n,m,s

E(u(a)) =

- (1 - xu) Pr(m, s|w ?4 n)#[l - (1 ~ Puj-n,n _p—u\—n,m)d] Pr(w ?é n)

ntP_ul-n,m

To understand whether news drives agent to take a bet they would have otherwise opted
out from, consider a cost of entry r > 0. Agents participate to the bet if E(uj(a)) > r, where
E(u;(a)) incorporate a consumer’s role, and whether they encounter an article. The net benefits

are E(u;(a)) —r.

4.2 Welfare for symmetric priors

The framework proposed above makes welfare quantifiable for all agents. By design, the equi-
librium outcome for any type of actor is bounded between 0 and 1. Therefore, these values are

comparable without any need to resort to exogenous weighting factors.

In this section, I evaluate the welfare benefits from news production when wy = 1/2. and
compare different market structure. Furthermore, I discuss the potential benefits from competi-

tion.

First, I study whether the presence of news articles brings welfare to consumers by increasing

their expected gains from betting. This would allow consumers to take better decisions.

Proposition 6. When there is no state of the world ex ante more likely:

(i) Influencers are not brought to better decisions by news articles.

—\/7(1—7).

(ii) Followers take better decisions if and only if the market is competitive and zP > T

The maximal gain from the bet is still bounded by the precision of their private signal.
Proof. See Appendix C O

With wg = 1/2, the news quality in equilibrium is such that z* < ¢. Influencers are thus either
better off betting their private signal, or indifferent between betting their signal or the news
content. Therefore, news’ outlets are not improving on their choice. In a competitive market
however, followers might be better off following the news rather than their private signal. With
competition, true news is more visible as the network filters out false articles. This raises the
quality of the articles read by followers; if the news quality is sufficiently close to ¢, followers take

better decisions by trusting news’ articles.

The welfare consequences of competition can now be assessed more carefully, by comparing

consumers’ expected gains from betting in a monopoly and a duopoly.
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Theorem 2. (Preliminary) x” > 2™ is neither sufficient nor necessary for competition to be

welfare improving.
Proof. To appear in further versions O

When considering the total welfare effect of competition, both sides of the markets have
to be considered. Influencers are not made better off and their quantity does not change in
expectation. Followers might be better off if 2” is close enough to #; however, the number of
followers encountering an article might be affected by competition. As influencers share more
types of news, more followers come across possibly informative news, but the least informative
becomes the news, as the network fails to filter out wrong articles. Producers split their readership
while the total production cost doubles. Therefore, the effect of competition on welfare depends
on the level of news quality, the connectivity of the network and the ratio of influencers in the

population.

Finally, I study whether news’ outlets help consumers better decide whether to participate
to the bet.

Proposition 7. When there is no state of the world ex ante more likely, news’ outlets have

ambiguous welfare effects on the agents’ capacity to decide to enter the bet.

(i) if the entry cost for the bet is high, that is r € (rs,7], news outlets help influencers decide
whether to enter the bet;

(i) if the entry cost for the bet is low, that is r € [r,rs], news outlets reduce influencers’ capacity
to decide to enter the bet.

_ y(1-z) e = cE vz
wherez—?m—l,rs —2’7—1,7’—2m—1.
Similar thresholds exist for followers if the market is competitive and xP < T "1 5351177),
Proof. Again wg = 1/2. Let us compare the decision to enter the bet with and without news.
Without news, all consumers take the same action: they opt out of the bet if » > r; and enter
the bet for r < r;. With news, influencers would opt out for r > 7, enter following any news with

r <r and enter only for n = s with r <7 < 7. Their behavior changes only in the interval [r, 7].

e For r € (r5,7], news articles push agents to enter the bet. All agents with n = s place a
bet. Given any state of the world, there are yx agents receiving n = s corresponding to the
right state of the world, i.e. who win the bet; and (1 -~)(1 - ) influencers who lose the

bet. As yx > (1-+)(1-x), there are more winners than losers.

e For r € [r,rs], news articles discourage agents to enter the bet. All agents with n # s opt
out. Given any state of the world, there are (1 — )z agents receiving n # s who had the
wrong private signal so who are better off opting out; and (1 — z) influencers who are

worse off. As y(1-x) > (1-+)x, there are more losers than winners.
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Figure 9: Illustration of Proposition 7’s proof

4.3 Welfare for asymmetric priors

Corollary 2. In uncompetitive markets, for any prior on the state of the world:

(i) Consumers are brought to better decisions if x* > .

(i) The betting gains are still bounded by the precision of the private signal. In particular,
291
E(u](a)) € [2'7 -1 1_23(1_,},)]

5 Evaluation of Interventions

In this section, I study three feasible interventions and their potential welfare benefits. In partic-
ular, I wonder about the effects of flagging false information before it is shared; and in particular
its differential results in non-competitive and competitive markets. Furthermore, I question how
much can quality certification improve the outlets’ investment. Finally, I introduce a different

business model in which producers rely exclusively on subscriptions for their revenues.

5.1 Flagging

I wonder here how flagging false information helps the provision of information on the market. In
particular, let us assume that with some probability ¢, an information that does not correspond
to the state of the world would be flagged by the platform on which influencers share before
they decide whether to share. Because they care about truth only, such flagged information will
never be shared. Hence, we can see flagging as perfectly informative signals, substituting the
need for private signal. Therefore, one would expect this intervention to improve the outcome

by decreasing the value of false information.

Remark 3. The presence of flagging removes the bound placed on news quality from the preci-

sion of private information.
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Another interesting feature of flagging is that the marginal benefit of increasing the proba-
bility of being flagged depends on the market structure; in particular, when there is competition,
there are strategic consideration to take into accounts. On one hand, an increased g makes false
information relatively less valuable than true information; on the other hand, an increased ¢
might make one’s competitor more prone to being flagged, which in term decreases one’s incen-

tive to invest, as false information might be enough to survived faced to a flagged competitor.

To see this, let us rewrite the producers’ best responses in a monopoly and duopoly when

facing a probability ¢ that false information is flagged. For the monopolist it is proportional to:
AVM(z1q) = Vi - (1- @)V

with Vo =1-(1-pr)? and Vp =1 - (1 - pp)™.

For duopolists that behave symmetrically, it is proportional to:

AVP(z,219) = aVrr+ (1-2)[(1- Q) Vrr +4Vig| - 2(1-q)Ver - (1-2) (1-q)[ (1~ q) Vir +qVig]

with Vpp = —2L—(1- (1-pr)?), Vpp = 22— (1- (1 - EZ52E)4) and Vig = 1- (1 - BL)%; likewise

prt+p prt+p
Ve = —PE (Tl _T(l_PF+PT)d) V. — PTF F(l_(l_ )d) and V- _1_(1_pF)d
FT = pp+pr 2 P VEE T pppr PF)") Te = 2

To analyze the tradeoff described above, we study how AVM (2, 2;¢) - AVP(z,2;q) evolves

with g. As expected, we find that flagging is more efficient in a monopoly.
Proposition 8. (i) Flagging has a stronger effect in a monopoly than a duopoly

(ii) When flagging never occurs, q = 0, the tradeoff between monopoly and duopoly is modulated
by d as described above. When flagging systematically occurs, g = 1, monopoly yields higher

investments than duopoly.

G(AVM (z;q)—AVD(ZJﬂ]))

Proof. (i) In Appendix C we show that 5

>0

(ii) It is enough to replace in the above expressions ¢ with 0 and 1 respectively. With ¢ = 1,
we find: AVM(2:1) = AVP(z,2;1) = Vo —aVipp — (1 - 2) Vg > 0.

O

These results echo that on the role of signal precision. In fact, when ¢ = 1 just as when
~ =1, false information is useless. Now, recall that competition can be positive in that it forces
producers to survive in the network by convincing enough influencers to share, and this worsen
the value of false information. But if false information is useless anyways, this effect vanishes.
Only the negative effect of competition, that of reducing the number of viewers that can be

captured by the duopolists in the best case scenario, remains.

However, beyond this similarity, flagging information allows to substitute consumers (often

noisy) private signal. In this sense, it could force for news’ outlets to provide news that goes
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beyond consumers private information, and thus create informative content. Of course, this

conclusions ignore any type of partisanship or other distrust of flagging institutions.

5.2 Quality Certification

I now wonder how welfare could be improved upon if the consumers were observing the actual
quality of information. In terms of policy, this could for instance correspond to the role of a
third party institution in charge of certifying the average quality of a news source, or an average

fact checking score to be displayed on the online outlet.

To understand the implication of such a policy, we need to assume a sequential move game.
Appendix E presents the SPE of the monopoly when wy = 1/2. Because the outcome depends
on the shape of the total cost function C'(x), our analysis in this section requires some stricter
specification of the costs. Our strategy is to provide insights for C'(z) approximated by a third

degree polynomial.

However, in a sequential move game, the influencers’ best-responses would not change. There-
fore, the threshold on news’ quality for which they would share any type of information, regardless
of their private signal, does not change. This threshold is also the maximum achievable quality

in a sequential game, which is set by the consumers’ private information.

Remark 4. Observable news’ quality imposes the same bounds on outlets’ informativeness.

Note however that, if news’ quality improves, utility derived from the entertainment of sharing

might improve as well.

It is interesting to notice that while both flagging and quality certification seem to rely on
the same type of policy, and both relate to fact checking, their implications seem diametrically

opposed.

5.3 Subscription-Based Revenues

Given the financial bet specified above, one could see the expected utility that consumers gain
from more precise information as their willingness to pay for information. Therefore, a question
naturally arises: can we do better if the revenues were not extracted from advertisement? In
particular, would a business model that allows the producer to internalize the value of information
for the consumer decrease inefficiencies? The obvious candidate is to allow the producers to

charge consumers as a function of the news quality. I call this transfer subscription.

I have not yet fully characterize the conditions under which a news market with subscription
based-revenue outperforms the case in which the producer profits are derived from the number
of views. However, I propose the following setup. We move to a sequential game in which x is
first decided by the producers, before being observed by influencers; furthermore, the producer

proposes a price t(z) to access to the news. Upon observing news quality z, influencers decide
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whether to access to the information at price ¢(x). If they do, as before, they decide whether to

share the news given their private signal.

In equilibrium, the marginal cost of investment for the producer equates the marginal value for
the consumer; therefore, we can reach a Pareto optimal outcome in this framework. This comes at
the cost of losing advertisement revenues. Assuming that such advertisement creates a surplus
for the society, it is not clear which business model should be preferred. In particular, could
the loss in advertisement revenue be compensated by an increased in efficiency? I thus wonder
whether the total welfare in a news market working on subscriptions is greater than welfare with
the ad-based outcome. This would imply that, under some redistribution between producers and
consumers, the news market with subscription-based revenues is a Pareto improvement from the
market with advertisement revenues. My preliminary results — to be presented here soon — seem
to indicate that the total welfare in a monopoly with ad-based revenue can be achieved through

a business model with subscriptions.

6 Conclusion

In this paper, I evaluate how good ad-based online news market can get. I find that, without
any interventions, they tend to be highly inefficient. First, news quality on a topic is bounded
by the amount of external knowledge existing on this topic. In particular, high news quality is
achieved only when the topic documented is already well known: either because the outcome
about this topic is rather certain; or because consumers are privately informed about it. This
result from the incentive created by sharing behaviors. Indeed, all that matters to producer is
the amount of sharing. But influencers rely on their knowledge to judge whether a content is
worth sharing. Hence, convincing influencers to share is very easy when they are ill-informed.
This further implies that producers’ investment in news quality is more valuable when the more
likely state of the world is realized, as influencers are more ready to share news documenting an
expected state of the world then. Thus, a more uncertain topic would lead to lower investment

that more certain issues for which news is hardly needed.

I additionally show that competition does not necessarily lead to better news quality. By
comparing the outcomes of a monopoly and a duopoly, we conclude that neither market structure
dominates the other. Rather, they complete each other: monopoly does well where duopoly fails.
Overall, monopoly is preferable in less dense networks composed of agents with a good capacity
to discern true from false information. This result puts into light important forces appearing with
competition. In essence, the competition operates inside the network: by constraining the free
spread of news through the network, the producers needs to convince enough, and not only a few,
influencers. This reduces the value of false information, as it would barely survive in the network
while competing with true information. On the one hand, competition reduces the value of true
information, as it would not reach as many consumers even if it is shared enough. Because,
for news, the cost of production is independent on the size of the market served, competition

might be detrimental to news quality. This shows the limits of competition as a mean towards
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efficiency.

Finally, I show that the news market based on advertisement revenue is inefficient in the
Pareto sense. I provide a framework to study welfare considerations. I find that online news
market might create value from entertainment but are generally bad at being informative. I
evaluate three possible interventions to improve upon informativeness. Flagging false information
helps by reducing the value of false information. However, this intervention is less efficient in
competitive markets, where strategic interactions between competitors have to be taken into
account. Finally, I propose an alternative business model in which the producers’ unique source
of revenue is consumers’ subscriptions. Although I do not characterize the conditions under
which subscription-based outlets outperform markets in which the revenues are derived from
ads, I believe this business model comparison to be tractable and compelling enough to open

ways to more complete analysis.

Note that I introduce in the appendix an alternative objective for the influencers, and study
its consequences. In particular, I assume that influencers only seek attention, not truth, which
creates a trade-off between visibility and trustworthiness of the news they want to share. Because,
qualitatively, the results in the monopoly are similar to those obtained with the naive influencers’
objective function, we keep this extension in the appendix. However, the inherent tradeoff
between attention and truthfulness is an interesting feature, which promises exciting ventures

for this project.

I think of this analysis as attractive because it gives consumers an endogenous control over
information flow but not on news content; furthermore, distortions that are inherent to a social
network should be essential in underlining the differences between social media and other his-
torical instances of ad-based business models for news. The central role of competition in this
paper is reflected by its predominance in online outlets, as well as online networks. This allows
my analysis to put in perspective the limits of ad-based online news market as a reliable source

of information.
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Appendix

A. Asymmetric Loss From Sharing

A.1 Best Response

In this section of the appendix, we generalize the results derived in the main text for more general
payoffs from sharing. In particular, while we restrict the benefit from sharing true news to 1, we

consider a loss £ when false news is shared. The influencers’ payoff thus becomes:

) ) ) 1 ifn=w
u(sharing article with content njw = w) =
—¢  otherwise

This changes the influencers’ best-response. In particular, it modifies the thresholds according

to which they start sharing different news content after their private signal. We can redefine:

o MDOw) o (-w)

-0 (1 =~)(1=wp) +ywo 0 £y(1—wp) + (1 =7)wo
. (1 - y)wo 0 {ywo

-l (1 —=~y)wp + (1 —wp) ! Lywo + (1 =) (1 —wp)

The producers’ best response does not change.

A.2 Equilibrium without Competition

The Nash equilibria might change. In particular, because the thresholds can now be all above or
all below the no investment quality 1/2, the two best responses might cross in many ways. We

define zgg := ¥ (20,0,0,0,0); 211 = 2*(1,21,1,0,0) } and xpo := 2*(1,0,0,0); 271 :== 2*(1,1,0,0).

. Proposition 1. A If either 1/2 > fli; or both zgg < Zg and 11 < ﬁ, then there is a unique set
of equilibria with zero investment and z™ = 1/2. Otherwise, an equilibrium exists with positive

imvestment, which is determined as follows:

o oM = max{ag0, 5} if x11 <,

o oM = max{x7y,t{}} if t] <a11 and 27 <t

o oM = max{t§, min{z*(1,1,1,0),#}} otherwise.

Proof. First notice that any positive equilibrium investment has to lie within [ié,f{]. Indeed, it
is easy to see that for any z < t§, no news is ever shared so that the producer has no incentive
to invest; likewise, x = ff is enough to insure that the producer’s news is always share, so that
investing more than this does not increase the producer’s benefit.

It follows that, if 1/2 > %, the producer will never want to invest more than 1/2 — intuitively, the
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producer’s best response lies above the influencers’ best response. If xpg < 2_56 and x71 < tly, it is
too costly for the producer to invest more than 1/2, as for any sharing strategy z, the marginal
benefit from investing x > 1/2 is lower than its marginal cost — intuitively, the producer’s best
response lies below the influencers’ best response. Indeed, we know that x < té cannot be an
equilibrium. For any z € [t§,£¢1), by definition 20 = ¢ 1(AV (20,0,0,0,0)) > c(AV(2*(z)) so
that c(z) > c(t§) > c(wn0) > c(AV(2*(x)). Likewise, for € [tl1,15), as 211 < tf1, we have c(z) >
c(tlr) > e(x11) 2 «(AV (2" (x)). For any z >, c(x) > e(f5) > c(max{zoo, 211 }) > c(AV (2" (x))
Now, let us understand what happens if positive investment is possible. If x77 < tf1, as argued
above, the investment has to be such that z € [ﬁ,ﬂl). Because xgy > ié, and x*(z) continuous,
there there must exist some zg, such that ¢ 1(AV(24,0,0,0)) = gg. If 2350 < Eé, the maximal
investment equilibrium is thus Eg; otherwise, xpg is an equilibrium as xgg € [Zé, tf1) and by
definition, ¢(zpp) = AV(1,0,0,0), and leads to more investment. A similar reasoning applies to
211 > tl1 and 271 < t_é.

Finally, if 217 > t¢1 and 271 > fg, because x*(z) is decreasing in zp; and 219, and contiunous,
there must exist a 2’ > #§ and a 2’ = (1,1, 201, 210) such that c¢(2’) = AV(2'). It is easy to verify
that max{t§, min{z*(1,1,1,0),#}} yield the highest z on [t§,¢1] such that c(z') = AV (z). O

The consequences on the comparative statistics are overall the same. We can note:

. Corollary 1.A Take any increase in wy.

e For a marginal increase, the inequalities detailed in Proposition 1.A do not change, so that

the mazimal equilibrium investment =™ increases iff x™ # toy and ™ # to,

e For bigger increases, the mazimal equilibrium investment ™ increases iff ™ # too, =M #

1

tor and ¢ is steep enough, i.e. ¢ ' is such that, for any wh > wo, x11 > tin implies

=1 /
r11 > tll'

Proof. See Appendix C O

A.2 Equilibrium with Competition

We now must define more possible cases for the equilibrium with competition. We define ;" :=

max, .z, ((zy7,0),) and 2 = 2*((1,0), (0,0);0)

. Additional Equilibria (i) There always exist a set of equilibria with zero investment x. €
[0,1/2]Vve K.

(i1) If 1/2 < t* and min, 7, > (ﬁ), there exists a set of equilibria in which exactly one producer
m’fé

invests ™ = max{t’), min{# }, and the other does not invest.

Proof.

(1) 22(((0,0),2-),2_,) € [0,min{1/2,£°}] and zy7(24) = 2or(2y) = 0 for 2, € [0, min{1/2,*}].
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(ii) Notice that for p_,x = z_y = 0, AVy(2,2-y) = (1 - b) [(1 - 1/2bt")? - (1 - 1/2b¢°)¢], which
corresponds to the monopoly case up to 1/2, which is accounted for when defining z,.
Furthermore, it is a best response for —v to not invest if z_, = (0,0), which is a best
response if , € [0, min{1/2,¢}].

Define 2? ‘= arg max,,, {AV((ZT,O),Z_L/Z)} and zP = AV(E{?,;E).

. Proposition 3. A If1/2< t* and t' < TP, there exists a symmetric equilibrium that features

positive investment and xP = arg min, e 7] ‘AVD((L 0);z) - c(x)‘

Proof. First note that any equilibrium investment bigger than 1/2 has to lie in [t/,#¢]. Indeed,
recall that AVP((0,0),z) = AVP((1,1),2) = 0. Hence, clearly, for any = < min{t’,z} or
x> max{t’,1/2}, c¢(x) > 0= AVP(2*(z),z), which would be suboptimal for the producer.

Given 1/2 < t* and t! < zP, different parameters allow for three cases:

1. Ife(t’) < AVP((1,0),t°) and AVP((1,0),") < (), then 37 € [t*,#']: ¢(Z) = AV((1,0), ).
Indeed, recall that ¢ is weakly increasing in z and AVP((1,0),z) strictly decreasing in z.
Clearly, (z,(1,0)) is a NE.

It is the symmetric NE which leads to the highest investment. Indeed, assume there exists

another symmetric equilibrium with investment z’ > 2”. As argued above, z’ € {t,#'}.

For 2’ = t* > P to be part of an equilibrium, there must exist a 2’ = (1, 2},) with 2 > 0
such that VP (2',2") = ¢(t). Tt is impossible, because ¢(t*) > c¢(z”) = AVP((1,0),27) >
AVP((1,0),t) > AVP((1, 2r),t") Yzp > 0, where the last inequality uses that AVP (z; )

is decreasing in zp.

2. If ¢(tY) > AVP((1,0),t), then 327 € [2R,1]: (") = AV (27,t"). Indeed, by assumption
AVP((ZR0);t%) > c(t*) > AVP((1,0);t%), and AVP(2;) is continuous and decreasing
on [P 1]. Clearly, (¢, (27,0)) is a NE.

3. If ¢(t%) < AVP((1,0),%), then 3zp € [0,1]: (') = AV((1, Zr),t"). Indeed, by assumption
AVP((0,0);29) = 0 < e(tY) < AVP((1,0);t"), and AVP(z; ) is continuous and decreasing
in zp. Clearly, (%, (1,%r)) is a NE.

Furthermore, we can distinguish equilibria with respect to their stability.

. Additional Corollary z” is the only stable equilibrium with symmetric positive investment.

Proof. First if 1/2 > t*, AVP(z,t") > ' for any z. Because AVP(Zp,z) is continuous and in-
creasing on [0, 7], we know that, given any x, ¢ }(AVP(z,t%)) crosses 2 (x) only once. So for

any xg, there is a unique ', 2*(z"). We pick the z( that leads to equilibrium zg, 2*(zg), which
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must be unique.

If P > t* > 1/2, then given any z = t, ¢"'/(AVP(2,2)) crosses z}(z) twice: once for some
2 < Zp with AVP (2, 2)) = ¢(t*); and once afterwards. The slope of AVP(z,2)) in 25, < zr < 1
is strictly increasing. The investment required for influencers to share upon receiving congru-
ent private signal with probability 2/ is equal to t! with slope 0. Therefore, the equilibrium
(t*, (#7:,0)) cannot be stable. In particular, any stable equilibrium must have z,, z, > 2.
Finally, we prove that z” is the only stable equilibrium with symmetric investment by not-

ing that x, = z, = #* implies z, = 2z, > 27.. Indeed, any equilibrium investment x* requires

AVy(zy, zv; ) = AVy(2y, zu; 2*). Now, because aaAZV“ # —%ATV“ for every zy,z, > 2., the unique

Zu, 7, supporting 2P must be defined by AV (z,x); therefore, z, = z,. O]

Finally, we wonder about other asymmetric equilibria and find:

. Remark 1.A (i) If #™ < t', the unique equilibrium is that featuring no investment. (ii) If
P <t <™, the only equilibria with positive investment have one producer investing ™ while
the other does not invest. (iii) If 0 > tf = 2™, the only equilibria with positive investment for
both producers feature zP = t*. (i) If the cost function is linear, there are no equilibrium with

Ty # Ty and (zy,1,) € (t5, 1) as long as c(x)’s slope is different from S.

Proof. (i) ™ < t* means that, even if the network is free of competition, there is no sharing rule
that could convince a producer to invest. Therefore, no investment can occur.

(ii) ZP < t’ means that there does not exist a symmetric equilibrium with positive investment,
ie. Vzu,t' > AVy(2y, z4;t"). Furthermore, no other equilibrium with positive investment can
exist. By using Corollary ??’s proof, z, = z, if x, =z, 80 2y, # 2, is inconsistent with z, < z,.
Finally, z, < z, and x, = t’ < x, cannot be an equilibrium as t* > AV, (zy, zu; t°) > AVy (24, 205 o)
for z, > 2y Ty > T

(iii) t* = 2™ implies that AV, (zy, 2v; %) < AVy(24,(0,0);0) < t¢ for any z,. Hence z, cannot
exceed t¢. As the same applies to z,, both producers must be investing the minimum ¢ if
they do invest. Furthermore, x, = x, implies z, = 2, (iv) Assume z” ¢ (zz,t_g). Assume
that there exists an , > ,,, with (zy,z,) € (¢/,#%). Then, c(z,) = AV,((1,0),(1,0),z,) and
c(zy) = AV,((1,0),(1,0),xy), so that c¢(xy) — c(xy) = S(xy — ), which is impossible if ¢ has a
slope different from S.

If 2P € {t!,#°}, then for any x.,, c(z,) # AVy((1,0), (1,0),2,) so there cannot be any equilibrium

where both producer invest away from the minimum. O

Because the following comparison between monopoly and duopoly focuses on the producers’

best-responses, all results follow through.
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B. Attention-Seeking Influencers

In this part of the appendix, we explore an extension of the benchmark monopolisitic model
with wo, 20,0 = 21,1 = 27 and 291 = 210 = 2r. We try to understand the effect of attention-
seeking influencers on the producer incentives. In particular, we assume that influencers do not
intrinsically care whether the news they share is true or false; but they do care about receiving
good feedback about it, e.g. a lot of likes. Hence, there is a potential trade-off between visibility
and veracity of a news. For the rest of this section, we assume that all influencers are attention-

seekers.

B.1 The Attention-Seeker Problem

We assume that influencers, contrary to producers, cannot observe the actual number of followers
they reach; however, they can observe how many followers reacted to their shared post, as,
typically, social media feature some sort of feedbacks, be it comments, likes, or reshares. We
focus on positive reactions, that we call likes, and assume that followers like a post if they receive
a private signal consistent with it. In the context exposed previously, it means that followers
receive a binary signal indicating whether the information is true or false, and like only if they

receive a positive signal — regardless of the prior probability for news to be true.

As before, influencers simultaneously choose whether to share the piece of news issued by v,
given their private signal s;. Influencers decide to share if the amount of likes they expect to
collect with their post exceeds a threshold 7 < d. It can be interpreted as the value of an outside

option — e.g. posting another type of article would yield 7 likes — or, simply, the cost of sharing.

For consistency, we still denote Ry; the random variable which is one if f sees the post from
i. As before, a follower sees only one post. If more than one neighbor shared a post, the follower

sees the post from one random sharing neighbor, with uniform probability, that is:
. 1
Pr(Ry; = 1| s neighbors of f shared) = —
s

where s is the outcome of the random variable S counting the number of f’s neighbors who

shared.

Define the random variable Ly; which is one if f likes the post shared by i. Recall that s; is

the random private signal that a follower receives. Then:

PT(Lfi = 1) = PT(Lﬁ = 1|Rfi = 1)P7’(Rﬁ = 1) = Pr(s]c = T)P?“(Rfi = 1)

An influencer expects a different amount of likes for true and false information because, if
read, true news gets more likes than false information. The expected number of likes also depends
on the visibility of the news, which in turn depends on the sharing decisions of all neighbors of

each followers. Define n as the random variable counting the number of shares from f’s neighbors,
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excluding 7. The expected number of likes ¢ gets from sharing a piece of information which is

X € {T, F} is thus:

E| > Ly =1X|=dPr(f is a follower)Pr(sys = T|X)E(L|X)
feNi S+1

Now recall, upon reading a piece of news, influencer i, too, gets a private signal about the
truthfulness of the news, whose precision is v. As before, all influencers have a common prior
x, about the probability for producer v to release true information. Let p,(s;;x,) denote i’s
posterior upon receiving signal s;. Then, an influencer decides to share a piece of information if
and only if:

1

GlT)* (1= pulsia)d(1 =01 - DE( g IF) > 7

pulsizz)d(1 - b)7E

Notice that the influencers’ utility now depends on more than the producers’ investment; it
also depends on the behavior of other influencers. In particular, because influencers compete
for likes, which occur only upon being seen, they would prefer a situation in which they are the
only sharer. If true information is shared more, then this coordination concern would make them
less prone to share true news; however, true information also brings more likes. Thus, there is a

trade-off between visibility and veracity.

B.2 Influencer Best Response in a Monopoly

In this section, we focus on symmetric strategies z; = z Vi and, by a slight misuse of language,
we call best-response the pair of functions (z}.(z),zj(z)) which maps z into [0,1] such that
2*(x,2"(x)) = 2*(2).13 Hence, given any investment x, we look at the subset of strategies which

can be consistent with a symmetric equilibrium on the influencers’ side.

As usual, px denotes the probability that a news that is X gets shared. Then, n ~ B(px,d—1)

We can rewrite:

E( S Ly = 1|X) =d(1-b)Pr(ss= T|X)di(1 - (1-px)%)
feN; PX

Thus, the expected number of like is:
1-b 1-b
po(siiw)y—— (1= (1 =pr)?) + (1= pu(si;20)) (1 - y)—(1 = (1 - pr)“)
pr pr
Proposition 9. For any z, z7.(z) > z5.(z).

Proof. By contradiction, suppose that z}.(z) > z7.(x), so that pp > pp. For this to be sustainable,

13Technically, each influencer’s best response would be a pair of (I +1)-dimensional function, that each maps z
and z_; into [0, 1], with I the random variable counting the number of influencers, and whose expectation is bN.
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we need E(#likes|s; = T') < 7 < E(#likes|s; = F'). However, this happens only when:

v . pr (1-(1-pp)?h
d
-y (A-(1-pr)?9) PF
Because % > 1, we need (1—(1p—TpT)d) (1_(11)_1fp)d) > 1. Because f(x) = m is an increasing
function, it means pr > pp, a contradiction. O

Corollary 3. E( # likes | X) is increasing in py(si;x), for any s; e {T,F}, X € {T,F}.

Proof. Tt is enough to notice that, since pr > pp:

pr (1-(1-pr)? o1
d
(1-(1-pr)?) PF
so that the coefficient of p,(sy;x) is positive. O]

Theorem 3.

(1) For any T <0, z7(x;7) = zp(x;7) = 1 if and only if x > (7).

(ii) For any 7> (1—-~)d(1-0b), 25.(x;7) = 2;,(x;7) = 0 if and only if v < z(T).
(iii) For any T € [11,72], 27(x;7) =1, 25(2;7) = 0 if only if x € [x1(7), z2(7)].

Where:

6(0) = L= (1=0)1], ma(b) = 551 - (1=0(1-7))"], ma(b) = 5521 = (1= 09)]

15~ 1+(1-b(1-7))?

And, given T = (11:?)(1—’7))‘1—(1—17’7)‘“
. ~ T—(1-7)d _ 1-~y 7=(1-7)d(1-b) _ a-y)r = T
) =m0 20 = a0 (D) = ayma ey 227 = smaya

Proof. The details can be found in Appendix C.

(i) Given 7 <4, if > &(7), it is easy to verify that always sharing is a best response, i.e.
E(# likes |T,z_; = (1,1)) > E(# likes |F,z_; = (1,1)) > 7. For proving the converse, recall
that 17(12%)(1 is decreasing in p. Suppose there exists another p’ < b that is sustained in
equilibrium. Then, E(# likes |F,p’ < b) > E(# likes |F,p = b) > 7 so that ¢ would have an

incentive to deviate towards p; = 1.

(ii) Likewise, given 7 > (1-+)d(1-b), if x < z(7), then even d(1-b)[p(T,x)v+(1-p(T,z))(1-
v)] likes are not enough for anyone to share, so that (0,0) is a the best response to any p

given x and 7.

(iii) Again, we can simply verify that, given 7 € [11, 2], if x € [21(7),22(7)] and every —i influ-
encer is sharing only when they receive a positive signal, E(# likes |T') > 7 > E(# likes |F).
Any z_; p > 0 would lower the E(# likes |F') further away from 7, making i set z; p = 0;

any z_; 7 < 1 would increase the E(# likes |T") further away from 7, making ¢ set z; 7 = 1.
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Corollary 4.

(i) For any T <~0, if v > &(7), zr(z,2_1;7) = zp(x,2_4;7) = 1 is the only best response for

any (non symmetric) vector of influencers —i 4 i’s actions.

(ii) For any T > (1 -~)d, if v < (1), 2r(x,2_1;7) = zp(x,2_3;7) = 0 is the only best response

or any (non symmetric) vector of influencers —t £1’s actions.
for any ( ymmetric) vector of infl £1i’s act

Proof. Again, it is enough to recall that the number of likes is decreasing in the probability for

another influencer to share ]
T
1 1
43@%
™
00 (1—p)(§(b)711/)(/(lfl)) To T

Figure 10: Illustration of 2, (z;7) with b=0.2,7=0.75,d =5

Corollary 5. Define 2,5 as the restriction of z to pure strategies. For any (x,7), z,,(x;7) either

does not exist or is unique.

Proof. Consider the parameter space (7,x). Theorem 3 describes three subsets of best-responses
that do not intersect. No other pure strategies is sustainable, as, by proposition 9, (0, 1) is never

a best-response. O

Figure 10 illustrates the different region of pure strategy best-responses in space (7, x). First,
one can notice that for some values of 7, the investment of the producer has no effect on the
sharing decision of influencers. If 7 is too low, influencers are not very demanding in terms of
likes, so that they are always willing to share. If 7 is too high, influencers are too demanding in

terms of likes, and they never share any information.

For intermediate values of 7, however, the symmetric best-response of influencers is fairly
similar to that studied in the benchmark model. To understand so, let us fix a particular value
for 7; we want to understand z* as a function of x. This means fixing one value of 7 on Figure 10

and translating the different areas in term of z. This results in Figure 11, which illustrates the
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x
Always Share
ol "2 75)
Share only
if S; = T
) p A/
Never Share
‘ i
(0,0) (1,0) (1.1)

Figure 11: Ilustration of z*(x;7) in 7= 752 with b=0.2,7=0.75,d = 5

symmetric best-response z*(z) for 7 = 1522

. Notice that, for this particular 7, 1 = 1 -y and
2o = 7. It means that, for x between 1 — v and +, the symmetric best-response of attention

seeking influencers exactly corresponds to that of naive influencers in the benchmark model.

However, for = ¢ [1--,v], attention-seekers’ best response changes. Say the producer invests
exactly 1 —+. In the benchmark model, upon receiving a positive private signal, influencers
were indifferent between sharing or not, as the probability the news was true in such a case was
exactly one half. But now, attention seekers’ strategies are substitutes; therefore, upon receiving
a positive private signal, they can be indifferent between sharing or not only for one particular
sharing strategies of the other influencers. This latter strategy is the unique only symmetric
best-response to x. For z (%) <z <1-7, 2} is strictly increasing in z'4; for & (%) >x >,

* s . . . . 15
27 is strictly increasing in

Because, in a monopoly, the best-response of attention-seeking influencer is fairly similar to
that of naive influencers for the right value of 7, similar equilibrium results are to be expecting.

Of course, studying attention-seeking objective in a duopoly should prove more insightful.

14 2% is implicitly determined by:

7’1+7’2L_1—(1—b(17«,)ZT)d
T __ Tz 1 po
(I-7)(1-2) Tiirs b 1-(1-byzg)d
2 1-b o

152% is implicitly determined by:
Tit+Te b 1-(1-b(1-y)-byzp)?
(I1-y)z 2 1-b .
b
-b

r-y(l - 3;) T T1+T2 1-(1-by-b(1-7)zfp)9
2 1+%’YZF




C. Proofs and computations

2.3.2 The Producers’ Best Responses

Multinomial: the Distribution of an Outcome conditional on the Sum of a Subset

of Outcomes

Consider a random vector X ~ Multi(n,p) of dimension k. By definition, we have:

n!

B _ _ a_ b _ _ n-a-b___ "
Pr(Xi=a,X2=0)=p1"p2"(1-p1 - p2) abl(n—a-b)

Now, because each trial is independent, we have that X; + Xo ~ B(p1 + p2,n). Hence:

n!

Pr(Xi+Xo=5)=(p1+p2)°’(1-p1 —p2)" ' ———
sl(n—s)!

Therefore, we find the following conditional distribution:

Pr(X)=a,Xo=5-a)
PT‘(Xl +X2 = S)

!

~ p1ep2° (1 -p1 —p2)n_sm _ p"pete s
(1 +p2)5(1—p1—p2)"_5#13)1 (p1+p2)* al(s-a)!

P?"(Xl = a]Xl +X2 = S) =

Note that it can be rewritten as:

PT(Xl = a]Xl +X2 = 8) =

p1ip2° s! _ ( p1 )a( P2 )S_“ s!
(p1 +p2)s~ 2 al(s—a)! P+ po P+ po al(s—a)!

Hence, the conditional random variable Xi|x,+x, ~ B (n, plzfm )

The Probability of Being Read by a Follower (as a Producer)

First, note that:

d
Pr(follower sees v) = Z Pr(follower sees v and s neighbors shared)
5=0

d
=Y Pr(follower sees v | s shares)Pr(s shares)
s=0
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Now, we also have:
d

Pr(follower sees v | s shares) = " Pr(follower sees v and v neighbors shared v | s shares)

v=s
d

= > Pr(follower sees v | v and s)Pr(v shares of v | s shares)
u=s

Finally, using the conditional probability derived above, we rewrite the probability for a
follower to see a piece of news n from producer a, given b produced m and the state of the world

is w, as:

d s v Pujw,n v Pojw,m o s! d d!
2 : 2 : - : : ] (pu|w,n+pv|w,m)s(1_pu|w,n_pv|w,m) ° ] |
! si(d-s)!

Pujw,n T Pojw,m Pulw,n T Pojw,m V!(S - V)

where pyjy, and pyjy ., are the probability that a neighbor shares a piece of news from a, b,

Pujw,n

given it is true. Defining f(v) as the pmf of a B(s ), we simplify the latter expression

by:

)
Pujw,ntPv|lw,m

d q 51 el s
- + - _
S; s (pu|w,n pv|w,m) ( Pujw,n pv|w,m) S1(d—s)! I;)Vf(l/)

d
=2
s=1

d! Pujw,n

S
S'(d - 3)' Pujwn T Pojw,m

®» | =

d-
(pu|w,n + pv|w,m)s(1 = Pujw,n ~ pv|w,m) 3

d d!
Z (pu|w,n + pv|w,m)s(1 = Pu|w,n ~ pv|w,m)dism

Pujw,n t Pojw,m s=1

Pujw,n

- J - d!
o Puwn (Z(puw,n + pv|w,m)s(1 ~ Pujw,n ~ pv|w,m) SS'(d——S)'

_pu\w,n + pv\w,m s=0
0 d-0 d!
_(pu|w,n +pv\w,m) (1 ~ Pujw,n _pv|w,m) 0'(d _ 0)|

p K
uhon (1 - (1 ~ Pujw,n _pv\w,m)d)

Pulw,n T Pojw,m

We conclude by writing:

Pujw,n

Pr(Rj, = llw,n,m) = ab + (1 -(1 =~ Pujw,n —pv\w,m)d)

Pulw,n T Pojw,m
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3 Equilibrium
3.1 Equilibrium without Competition
Shape of Monopolist Best Response in z: Lemma 1

(i) Because ¢ !(z) is increasing in z by assumption, x*(z) is decreasing in zp; and z; ¢ iff

AV (z) is decreasing in zp 1 and 21 9. Now, we have:

0AV(z) 1

= —dy(1- wo)(l - b(yzp1 + (1 —'y)))d_l + dwo'y(l -b(y+(1 —’y)zo,l))d_l <0
820’1 1-b

Where the last inequality comes from - > s 2 1. The derivation is similar for 21 .

1-v l —w,

(ii) Again, it suffices to show that AV (z) is single peaked in zpo and z;;. We call single
peaked a function which admits a single maximum point; therefore, any non-constant
concave function f(x) defined on a closed interval is single-peaked. Hence, we can simply

show that AV (z)’s first derivative is decreasing in 2z and 21 1.

For 29,0, we have:

0AV(z) 1 d-1 d-1
( ) -d(1-~)(1- wo)(l—b(l—’y)zojo)) +dw0’y(1—b’yzo70)
020,0 1- b
Whose sign is ambiguous. It is positive for zg ¢ = 0 and decreasing in 2g o since % <

and decreases with zg o

The derivation is similar for 21 1.

The effects of wg: Lemma 2 and Corollary 1

(i) It is easy to verify that 8t° <0, gfuo <0, 35)1 >0, gE > (0. The intervals are the values of

tns for wp = 1/2 and wg = 'y

(ii) Again, it is easy to verify that Emv(z) >0as (1-b(yz1,0+ (1-7)2, 1)) —(1-b(yz01+(1-
d
7)2070)) >0 and (1 —b(yz11 + (1 - 7)2170)) - (1 - b(vz0,0 + (1 - 7)2071)) >0

Because from Lemma 2, 09 and 271, t;, ¥(1,1,1,0)and ¢; are increasing in wo, it is easy to see

that ™ decreases with an increase in wy if and only if 2™ =¢t, or 2™ = ¢,
y Yo

3.2 Equilibrium with Competition
Shape of Duopolist Best Response in z,: Lemma 3

(i) If zyr > zup, pur > Pur so that Sy, > 0 and Si_,, > 0. Therefore, AV, (z;2,) > 0 and
i (z20) = Y AVy(z;20)) > 1/2 as c(x) > iff 2 > 1/2 by assumption. If z,7 = zup,
AV, (z;2,) =0 so that x) (z;x,) €[0,1/2].
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(i) Because ¢!(z) is increasing in x by assumption, z(z; x,) is decreasing in z,r iff AV, (z;z,)

is decreasing in z,r. Now, we have:

0AVu(ziz0) =(1-b) ( 95, +(1- )aSl_m“ ) <0 because 05k, <0, 9514, <0
8ZuF ZuF 8ZuF ZuF aZuF
Indeed,
0S, 1 (1-9) d vy d )
— = =b v — (1~ l_u — Po -—F(1- 1_u )
Dzur 5 [p T((pUT+pUT)2( ( Pur — P T)) (qu +va)2( ( Pur — D T) )

1-7)pur - PuF -
QTP (g P () 1)]
DPuT + DuT DPuF + DuT

1-(1-z)4 .
=) 22) is

Which is a sum of negative terms. Indeed, the first term is negative because
_(1_\d
decreasing in x and p,7 > pyr. We know that 1%—2@ is decreasing in x because:

81—(1—35)‘1
812 = d(1-2) 22 -22(1-(1-2)7) = (l—x)d_lx(daz+2(1—x))—2x <z(-z+2)-2x <0
x

where the first inequality follows from (1-z)%*((d-2)z+2) being decreasing in d so that

among all d, d = 1 maximizes the expression.

1-
an d( -V)Pur < _dPuF
PuT+DPuT PuF+DyvT

The second term is negative as (1-pyr—por )t < (1=pur—por)® '
The last inequality holds because:

(1= V)pur (pur + por) = YPur (Pur + Por) = Purpur (1 = 27) + por((1 = ¥)pur = YPur)

is the sum of two negative terms; indeed: 1 -2y <0 and
1 1 9 9
(L=)pur = 1pur = 5B[(1=7) (v + (1=7)2ur) =71 =7+ y2ur) | = 50[(1=7)* =7 J2ur <0

Replacing p,r by p,r above, we can conclude that 651 =2 <0

(iii) Again, it suffices to show that AV, (z;x,) is single-peaked in z,p. In particular, we show

that S,, and Si_,, are concave in z,p for z,r € [0,1]. Consider S,,. We have:

Pur Pur
Sz, = ————— (1= (1= pur —por —— (1= (1 = pur —por
‘ puT+va( ( “ ! ) ) qu""va( ( “ ! ) )
Pur PuT PuF
=" ((1=pur —pur)? = (1 = pur - por)?) + ( -~ - )(1_(1_qu_va)d)
PuT + DuT PuT + PvT PuF t DuT

We know that pguﬁ and (1 - (1= pur - pUT)d) are both strictly increasing and weakly

concave in z,p. From the analysis of the monopolist’s best response, we also know that

((1 — pur = por)® = (1 = pur — va)d) is single-peaked. As the product of weakly concave

PuT _ PuF
PuT+PuT PuF+DvT

functions is weakly concave, all that is left to do is to show that is single
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peaked. We have:

va(%b(2'Y_1)zuT)

PuT _ PuFr va(puT_qu) T T
PuT +PoT PuF+tDuT _ (puT+va)(qu+va) _ (Eb’yzuT*’p’UT)(§b(1_7)ZuT+p’UT)
Ozyr Ozyr Ozyr

va[%b(Q’Y - D) (30?1 =) zur® + 2bpurzar + por?) = (506*7(1 = 7)2ur + Sbpur) 36(27 - 1)2’uT]
) (Pur + por)*(Pur + pur)?

Por3b(27 - 1)[pUT - 162y (1- V)ZuTZ]
) 2(pur + pur)*(Pur + Pot)?

Which is positive for z,7 = 0 and decreases with z,7.

1paQ 8‘51*11)
The same applies to o

Shape of Duopolist Best Response in z, and x,: Lemma /

(i) For d = 2, gf:; and 85921;;,, are decreasing in z,x for X =T, F. We have:

85:% - PuT
ava (puT + pUT)2

+ %Fﬁ_L—me[l - (1 — PuF _va)d*1(1 + (d_ 1)(qu +va))] <0

[1- (= pur =)™ (14 (@ = Dpur + o))

If —%ﬁ‘—;ﬁ( — (pur +va)2) > %;’jj—;w)g( — (pur +va)2) which is ensured by p,7 > pur. The

: aslfzv 16
same applies for Tpr

When d — oo, the expression is determined by the sign of — 2 which is

PuT + PuF
(Pur+p0r)?  (PuF+PoT
negative for p2,. > Likewise, S is decreasing in for p? . >

g Dir > PuFPuT- ewise, S1_, is decreasing in z,x for p}p > PuFPuT-

(ii) It is enough to prove that S, — S1-,, < 0. We have:

va_Sl—xu = et (1_(1_puT_va)d)_pu—F(l_(l_qu_va)d)

PuT tPvT PuF+DuT
— g (1= (L= pur = por)®) + 5228 (1= (1= pur = por))
= Goron) (e 7o) (por = por = (1 = pur = Por) “(Pur + Por) + (1 = Pur = Por)  (Put + Pot))

= Gurrmer) rarmor) (por = por = (1= pur = por)  (Pur + por) + (1 = pur = por ) (Pur + pur))

Let us define « such that pyr + pur = a(pur + Por) + (1 = @) (Pur + pur); therefore p,p + pyr =

1Notice that a similar inequality holds for d = 3. From numerical insights, the difference is expected to be
increasing then decreasing in d.
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(1= ) (pur + por) + (Pur + pur). Because (1 -z)? is convex, we have:

(1 = pur = Por) (pur + por) + (1 = pur = pur)* (Pur + Por)
— (1= pur = por) (pur + Por) = (1 = pur — por)* (pur + por)
< a(1=pur = pur) (pur + por) + (1 = @) (1 = pur — por)* (Pur + Por)
+ (1= a)(1 = pur = por)* (Pur + por) + (1 = pur = por)*(Pur + Por)
= (1= pur = Por) (pur + Por) = (1 = pur = Por)  (Pur + por) =0

Therefore the second factor of the first term of the sum is lower than the second factor of
the second term of the sum, which is itself negative. If the first factor of the first term is greater

than the first factor of the second term, we are done. And indeed, if p,x < pyx, we have:

Pur N PuF
piT + puT(PoT + PoF) + PoTPuF pZF + purF (PoT + PuF) + DoTDoF

PorPoF (Put = Pur) > PuTPur (Put = Pur) = ParPuF — PuTPor

3.2.1 The role of Connectivity
Shape of AVM(z:d) - AVP(z,z;d) in d: Theorem 1

We want to show that DV (d) > DV (d+1) = DV (d+1) > DV(d +2). For readability, let us

define for this proof:

x l+x pT
61=1—— Coy = C3 =
2 2 pr +PF

Note that ¢; >0, ¢ > 0 and c3’s sign depends on z and x.

- X

We begin by rewriting the assumption DV (d) - DV (d+1) >0 as:

—er (L-pr)— (1= pr) ™) sea (1= pr) - (1= pr)* e ((1 - 2rge ) - (1 - 2rgee )™ 5 0

+ d +
~e1 ((L=pr)?pr) + e2 (L~ pr)'pr) + c3 ((1 - 2pF) . 2pF) >0

Therefore, defining for readability again:

A:=c1 ((1-pr)ipr) - §es ((1 - ’%)d p—TgpF)

B:=ca((1-pr)?pr) + 53 ((1 - B2Pr )d p—T;pF)

DV (d+1)-DV(d) <0 is equivalent to B > A. Notice that B >0 because when c3 > 0 makes B

a sum of positive term, and when c¢3 <0 A is a sum of positive term so that B > A > 0.

Likewise we develop DV (d+2) - DV (d+1) as:

d
—c1 (L =pr)'pr(1-pr)) + 2 (1 - pr)pr(1 - pr)) +c3 ((1 - ;pF) bz ;pF %(1 -pr+1 —pF))
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Therefore:

DV(d+1)-DV(d+2)=-(1-pr)A+(1-pr)B>0
where the last inequality follows from pr > pp
5 Evaluation of Intervention
5.1 Flagging
Differential effect of flagging with or without competition: Proposition 8

We define the difference of incentive to invest with flagging FDV (2, x;q) = AVM (2;¢)-AVP (2, x:q).

Let us first rewrite:

OFDV(z,x;
# =Vr+ (1 - :L‘)VTF - (1 - ZE)VT@ —axVpr - 2(1 - I)(l - q)VFF + (1 - l‘)(l - 2Q)VF®
To prove that this derivative is positive, we show that % > 0, so that %&Z’x;q) >
MD%M We then move to show that %(z’x;q) >0

q z=1/2 q x=1/2

02FDV (z,x;

To show that 509 ) 5 0, we rewrite:
qox

O?’FDV (z,x;q) ~
0qox -

—Vrr +Vrg — Ver + 2(1 - Q)VFF — (1 - Qq)VF@

= e (17 (L)) 0 (10 ) - (1 (1 ey
#(1-q)(1- -pp)") - (1-20)(1- (1= 50)")
=g+ (1= PEPE) = (1= BE) = (1= q)(1 - pp)? + (1 - 29)(1 - B )

= q[L+ (1-pr)? - 2(1 - B) "]+ [(1- 232y = (1= BE) = (1= pp) + (1= )]

Now, this expression is the sum of two positive terms. Indeed:

e the first term is increasing in pg so that 1+(1—pp)d—2(1—p§)d >1+(1-pp)d-2(1- p—2F)d| . 0
pr=
e the second term is increasing in pr so that (1 - EL5PE)? — (1 - BL)Y — (1 - pp)d + (1-BE)4 >
(1= EEPE) = (L= By = (Lo pp) e (L= =0
pr=pr

92(AVM (219)-AVP (z239) )

We can thus conclude that 40z >0
Let us now show that %{Y’xm 12 > 0. We can rewrite:
xr=
OFDV (z,x;q) 1 1 1 1
_ 7 =Vi+=-Vrp—=Vrg—=Vrr—-(1-4q)V; —(1-2q)V;
94 =1/ F+2 TF 5 T 5 rr—(1-q) FF+2( ) Vrg
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Noting that Vpp = %Vp, we get:

OFDV(z,x; 1+
M| (1) —Vr - qVrg +—[VTF Ver = Vrg + Vig]
dq x=1/2 2
= [552Vi - qVig ] + 5 [ 222 (1= (1 - ey ) 4 (1= BE)D - (1- 2R )]

Again, this is the sum of two positive terms.
e The first term is positive as 1—;‘1 > q and VF > Vpg. Note that the term is strictly positive
for pp > 0.

e It is more cumbersome to show that the second term is positive. We show that it is non-
decreasing in d and then show it is weakly positive for d = 1.To show that it is non-decreasing

in d, we proceed by induction. For ease of notation, let us define for this proof:

E(d) = e (1 - (1= 232y t) & (1= )T = (1 - )

PT+PF

Then,

E'(d) —E(d+ 1) - §T+§£ pT+pF(1 pT;pF )d + pTT(l _ %)d _ pr(l _ pTF)d

:IJ_QT[(l pT)d (1 T+pF)] %[(1 pF)d (1 T+pF)]

=A =B

Therefore E(d)-E(d+1) <0 for A < B. We want to show that if E(d) it is non-decreasing
at some d’, then it is non-decreasing for all subsequent d > d’. The inductive step requires
us to show that for A< B, E(d+1) - E(d+2) <0. This is indeed the case as:

B(d+1) = B(d+2) = B [(1- B)(1 = B) = (1= BEEYI(1L - B) + (1= 22 ) B )
(15101 -5) ~ (1 -y 5) + (1 By )]
)A-(1-2)B

Pr
2
_p
-a-g

Because (1-5%) < (1-2F) and A >0, we do have: A< B = (1-5)A < (1-£F)B. Finally,
it is easy to verify that for d =1, A= B, so that E(1) - E(2) =0. 7
OF DV (z,x;q)

Oq
pr > 0, which concludes our proof.

ZOforanprZOandaFL(zzq)

12 a0 > ( for any
xr=

z=1/2

We can thus conclude

"Note that if A >0 and pr > pr, A< B = (1- PL)A > (1-EBL)B. Therefore, the term is strictly increasing for
any d > 2, pr > pr.
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B Attention-Seeking Influencers
B.1 Influencer Best Response in Monopoly
The Probability of Being Read by a Follower (as an Influencer)

Because we take the perspective of a given influencer ¢, we now define the random variable

S~ B(d-1,px) as the number of times i’s followers’ neighbors’ have shared, in addition to i.

5(511)- §%<px>8<1—px>d-1ﬂ%
1 dzl )s+1(1_pX)d-s_l(SH)!(cfl!_s_1)!
d—i(px) (1-px)+ ~'(dd! 5
dL ﬁ: px)g(l—px)d‘gﬁ—(px)o(l—px)d Ooc'id'
-1 (1)

where 5 =s+ 1.

Proof of Proposition 9

1. E( #likes)|s; = T) < 7 < E( Hlikes)|s; = T) = 1£; < iy 2
We have:

Po(T32) 02 (1=(1-pr) L)+ (1o (T ) (1-p) 2 (1= (1-p)?) < pu(Fs ) p— (1~ (1-pr) ) + (1-po (2
pr PF pr

[pv(T§xv) —pU(F;xv)]pi(l—(l—pT)d) < [pv(T§ xv)—pv(F;ZCU)](l—p)i(l—(1—pF)d)
pr PF
P (1= (=) < (1= )21 (1=pr))

2. f(x)= m is an increasing function. We have:

si n(af )—si n(l—(l—x)d—xdu_x)dl
& oz z€(0,1) & (1—(1—x)d)2

) =sign (1-(1- ) —zd(1 - x)d_l)

Now, g(z) := (1 - 2)? - zd(1-2)%! <1 over € [0,1]. Indeed, g(0) = 1,9(1) = 0, and g

strictly decreasing in-between. Indeed,

99
ox

= (d-1)(1-2)"[(1-2) - (1+2(d-1))] = (d=1)(1 - 2)"*[-2d] <0
z€[0,1]
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Finally note that f is continuous on [0,1]. Indeed: f(0) = é and f(1)=1.

Proof of Theorem 3

(i)

(if)

(iii)

If every other influencers always share, pr = pr = b Then, the expected number of likes

upon receiving a false signal is:

[p(Fi)p+ (1= p(Fa)) (1= )15 (1- (1 b))

Which is higher than 7 iff:
5y~ (1=p)

Fiz) >
p(F;x) 291

Given that p(F;x) = (1(_1’)_)—2)@%, this happens iff:

x >

-(1-p)o
p_ T-(1-p)d _ ()
2p-1 T
Note that because 7 < pd, Z(7) < 1; for 7 < (1 - p)d, Z(7) < 0, so that the condition is
always fulfilled.

If every other influencers never share, pr = pr = 0. Then, the expected number of likes

upon receiving a true signal is:

[p(T52)p+ (1= p(T,2))(1 - p)]d(1-b)

Which is lower than 7 iff: .
s~ (1-p)

T;x) <
p(T; ) 291

Given that p(T;x) = m, this happens iff:

1-p 7= (L-p)d(1-b) _

xSZp—l d(1-b) -7 (1)

Note that because 7 > (1 - p)d(1-0b), z(7) > 0; for 7 > pd(1 -b), Z(7) > 1, so that the

condition is always fulfilled.

If every other influencers share only upon receiving a positive signal, pr = 1,pr = 0. Then,

1 also only shares upon receiving a positive signal iff:
p(Ts) 0 (1-p(T, ) Uy > 5 () G0 1 (1 p( ) ) O

Which is possible only if 7 € [71,72]. Note that if 7€ {7,702}, 21 = 22 € {0,1}.

Replace p(T;x) and p(F;xz) by the adequate expression to find the range 1, xs.
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C. Second Period Bet with w, # 1/2

Because the followers are not necessarily exposed to an article, we define n € {@,0,1}. Further-
more, the identity of the news producer also matters. We define a random variable describing the
identity of the producer whose news’ article a follower is exposed to; to economize on notation, we
denote both the r.V. and its outcome by e, with e € {@, a,b}. Finally, we note p(n, s, e; x4, z, wo)

the followers’ posterior probability with which the followers believe the news’ content to be true.

Following the analysis of the influencer’s problem, the follower’s optimal action given her

information set is a(n, s) = [n = Ly s wizw,zw0)<1/2-

If a follower sees some news article, he only sees one piece of information, drawn at random
from their sharing neighborhood. This means that he can never observe how many neighbors
shared, and thus cannot perfectly infer the distribution of their private signal. However, he
accounts for the fact that one type of content might be more visible than another, and that one

producer might be more shared than another.

Upon observing a piece of news n # @ from producer e = u, and receiving a private signal s,

the followers’ posteriors on the news’ truthfulness are:

Pr(nu=n,s=slw=n) Pr(e=u,n,#@|n=n,w=n) Pr(w=n)
Y w Pr(nu=n,s=slw=w) Pr(e=u,n.#3|n=n,w=w) Pr(w=w)

Pr(w=n|n, =n,s=s,e=u) =

Now, Pr(e = u,n, # @lw = n) as to be expected over possible news’ content for all others

producers. As before, we denote m the vector outcome of —u’s news’ content. We find:

Pujw,n

Pr(e=u,n, # Qlw=w) = Z Pr(m) (1 = (1= Pyjuw,n +p—u|w,m)d)

Pujw,n T P—ujw,m
where Pr(m) and p_yj,,, are defined as in the main text.

We thus find:

Pr(s=slw=n)E(R s |w=n,n=n,5=5)Ty
5 Pr(s=sl=w)E( Ry wmw,m=n,o=s) Pr(n=nfo=w)

p(n787w;xu7z7w0) =

Where E(Ry|lw=n,m=n,6=5) =1~ (1-p,s)? in the case of a monopoly.

Notice that even in the symmetric equilibrium, where ., = 2y, and py),, s = P_yjn,s, the above
expression still needs to account for the presence of two potential sources of information. In
particular, the follower accounts for the fact that there should be a higher probability for a true

information to reach her in equilibrium.

When no news is shared in the follower’s neighborhood, he does not know which content has
been published. However, it can still be informative. Say for instance that z is such that agents

never share with 1 = 1 and always share with n = 0. Then, not seeing any information means

n=1.
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Her posterior about the state of the world upon not seeing any information, i.e. =@ is:

Pr( no shares |w=0) Pr(w=0)
> Pr(no shares |w=w) Pr(w=w)

Pr(w = 0| no neighbor shared) =
Now, noting m’ the set of outcome describing all producers v, we have:

Pr(no shares |w =0) = ) Pr(no shares |n=m/,w =0)Pr(n=m')
m/

We find:
Pr(slwzo)[Zm(l_pv\O,m)d Pr(m)]wo

Pr(w=0n=2,5=5)= Y Pr(slw=w)[Zp, (1=pyjo,m )% Pr(m) | Pr(w=w)

Notice that if we assume z to be such that both types of information are treated the same by
the influencers, then the follower’s posterior is simply wo, because pyjo,0 = Pyj1,1 and Pyjo,1 = Puj1,0-

As in the main text, seeing no shares in such a case is uninformative.

The followers’ strategy directly follows from this.
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D. Equilibria with Sequential Moves

In this part, we solve the model presented in section ?? with wg = 1/2 and 20,0 = Zuf1,1 = 2T,
Zu/0,0 = Zu|1,1 = ZF, as a sequential game. In particular, we assume the following timing:
t=1 Producers v simultaneously choose their precision level Pr(news v T) = x,,.

* Network is formed. One piece of news per producer is issued. Influencers receive a private

signal about the piece of news’ truthfulness.
t=2 Influencers ¢ simultaneously choose
Note that, as the influencer plays last, their problem does not change. x is now the actual

investment and not their prior about it; and the best-response is now their contigent strategy.

Nothing else changes. Thus, we will only analyze the choice of the producer in the first period.

6.0.1 Monopoly

Now, the producer is internalizing his effect on influencers’ action. Because their strategy is not

smooth, the producer’s consider different cases. Recall that the producer wants to maximize:
AV (z(x)) - Vr(z) - C(x)
o [f restricted to x < 1 -+, any investment would be costly without yielding benefits, so he

would pick z =0 and get 0 benefits.

o If restricted to = > ~y, any extra investment from ~ would be fruitless, so £ — + and no

x > 7 can be part of an SPE.
o If restricted to x € (1 -7,7),

— If there exists a 2™ such that AV (1,0) = ¢(z™"), then the producer would pick =™’
and have benefits 1 — (1= b)[z™ (1 - by)% + (1 - 2™ (1 = b(1 - ~))4] - C(2™M")

— Otherwise, no z € (1-7,7)

e = =1-+ would be consistent with an equilibrium if 27.(1 - ) is such that
1-(1=0)[zM (1 =by)?+ (1 - 2™)(1-b(1-~))%] - C(1-7~) >0, which would be the ben-
efits

e = =+ would be consistent with an equilibrium if 27,(y) = 1; the benefits would be
1-(1-b)" - C(y).

Note that if there exists 2™’ > 1 -~ such that AV (1,0) = c(a?M/), x =1-+ cannot be part of

a SPE, since in 1 -+ there is a deviation to 2’ > 1 -~ — at 1 -+ marginal benefits are higher than
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marginal cost. Furthermore, with such 2™ existing, we know that AV (z* (™)) - C(zM) > 0.

Indeed, by assuming free entry and because c¢ is increasing, we know that:

AV (= (&™) = C(aM) = fox AV (* (&™) = e(z)da > 0

We thus specify the possible SPE as follows:

o If there exists 2™ € (1 -~,7) such that AV (1,0) = ¢(z™")

— IfV(1,1)-V(1,0) > C(y)-C(2™"), then the SPE are such that the producer invests

v and the influencers set (27.(z), 2p(z)) =

(0,0) ifx<l-~
(a,0) ifx=1-v
(1,0) ifze(l-7,7)
(1,1) if x>y

— IfV(1,1)-V(1,0) < C(y) - C(z™"), then the SPE are such that the producer invests

.Z‘M

(0,0) ifx<l-v
(a,0) ifx=1-v

" and the influencers set (z7(x), 2p(2)) =4 (1,0) if xe(l-,7)

(1,a) ifx=x
(1,1) ifx>~y

— I V(1,1) = V(1,0) < C(y) - C(z™") then both set of SPE described above exist

e If there exists no such 2

— If AV(1,0) > ¢(z) Yo € (1 -7,7), then the SPE are such that the producer invests 7

and the influencers set (27.(z),25(x)) =

(0,0) ifx<l-~v
(a,0) ifx=1-v
(1,0) ifxe(l-7,7)
(1,1) if 2>y

— If AV(1,0) <e(x) Vo e (1 -7,7), there exists two set of SPE:

(0,0) ifx<l-v
(a1,0) ifzx=1-~

* The producer invests 1—y and the influencers set (27.(x), 25-(2)) =1 (1,0) if x e (1-7,7)

for all as and with a; such that

(1,&2) lfIL‘Z’}/
(1,1) ifx>~y

1= (1=-0)[a™ (1=t + (1-2M)(1-b(1-7))"]-C(1-7) 20
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0,0)
al,O)

1,az)
1,1)

(
(
* The producer invests 0 and the influencers set (27.(x), 2. (x)) = 1 (1,0)
(
(

for all ag and with a; such that
1= (1=b)[zM (1=by)?+ (1=2M)(1-b(1-7))"]-C(1-7) <0
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