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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.
Yet, in the last decade, the rise in competition was accompanied by a decrease in media trust.!
Understanding the effect of social media on the provision of information is important as the
prevalence of online news is growing; the majority of American and European adults include
online outlets to their media diet.? Observers increasingly fear market segmentation: this could
result in a two-tier market where only those paying for articles would be well-informed. Is
there hope for the ad-funded outlets to provide quality news, so that even free articles would be
informative? Should competition be encouraged or has social media metamorphosed the news

market in a way that makes standard theory inapplicable?

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, 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 news outlets,
focusing on the incentives linked to sharing behaviors. Three dimensions of the market envi-
ronment 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 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 are
concerned with some state of the world, for instance, whether vaccines are effective or not. All
consumers observe a private signal, e.g. whether a vaccinated friend has developed the illness.
In addition, some consumers, called seeds, come across news articles about vaccination directly
and can decide to share it on an exogenous network to other consumers, called followers. Seeds
care about sharing true news; followers read articles that seeds share, they are not part of the

strategic interaction.

An article is a signal whose realization is informative about the state of the world. Given
seeds’ sharing behavior, producers decide on the quality of their outlet, i.e. the precision of the
signal they send. Producers choose neither the state of the world on which to report nor the news

realization, only the probability for the realization to correspond to the state of the world. In

See e.g. survey from Gallup,
2See Pew Research Center, ;
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other words, producers only choose how many journalists to hire for their outlets, not what these
journalists report; the more journalists, the higher the likelihood of reporting the true efficacy
of vaccines. Each producer publishes one article about the same underlying state of the world,
vaccine efficacy in this example, and only cares about how many consumers view their article.
While the number of seeds reading a producer’s outlet is exogenous, the number of followers
seeing their article is endogenous. When several producers co-exist in the market, they compete

through seeds 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. Thus, incentives created by social media do not suffice to induce high
quality online news, even in a market populated by rational and unbiased agents. The business
model based on advertisement revenues is flawed both because of the way it shapes producers’
investment and because seeds imperfectly channel all information. The market environment then
has counter intuitive effects on news quality: a lack of private knowledge is not substituted by
more informative articles; the influence of competition on news quality is tied to the connectivity
of the social network on which news are shared. Furthermore, the presence of news outlets has

ambiguous welfare consequences, that not all interventions can overcome.

These results rely on two key mechanisms. First, the producers’ incentive to invest in news
quality is determined by the difference between the value of a true and a false article. Private
knowledge, connectivity and competition all affect the value of true articles differently than that
of false news, thus inefficiently modulating the producers’ response to the market environment.
Second, the market is shaped by consumers’ sharing decision, which is determined by their private
knowledge. Consumers’ private knowledge thus bounds news quality. Below, I discuss in more

detail how these two mechanisms drive all four main results.

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 ex ante very uncertain. As private signals get noisier, the value of a true article decreases
while that of false information increases: consumers struggle distinguishing true and false news,
leading them to treat any news article very similarly. As one state of the world becomes more
likely, investing in news quality gets more attractive for producers, since the difference between
the value of true and false information is greater when the most likely state of the world realizes.

These leads producers’ incentives to be misaligned with the consumers’ need.

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

to survive in the network. In this sense, competition decreases the value of a false article. This



force thus pushes the producers towards more investment.

Yet, the effect of competition is ambiguous. There is indeed a second opposite effect of
competition. Splitting the market might be detrimental to investment, since the cost of news
quality does not depend on the size of the market served. By accessing less initial seeds, the
producer cannot reach as many followers, even if his articles was shared by all seeds reading
it. Competition decreases the value of a true article. The strength of these forces depend on
the network degree: as connectivity increases, producers have access to more and more followers
while competition inside the network becomes more biting. Therefore, competition is detrimental

below a connectivity threshold.

Third, the welfare value of ad-funded online news is ambiguous. Any equilibrium is Pareto
inefficient. To go beyond the Pareto criterion, I consider different aspects of consumers’ welfare.
Entertainment — 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. Agents are brought to better decision by news outlets if their expected

utility from betting increases after having observed a news article.

Generally, the market fails to let seeds take better decisions. This does not rely on the
presence of competition or the timing of the game; but on the central channeling role of the
seeds. Producers have no incentive to publish more precise articles than the consumers’ private
signals, since this would suffice to being shared all the time. Therefore, the news quality is
bounded by the consumers’ knowledge and, for symmetric priors, seeds are always as well off by
trusting their private signal for the bet. Followers, however, might take better decisions if the
market is competitive: as the network tends to filter out false articles, the articles they end up
seeing might be more precise than their private signal. Still, their utility from betting is bounded

by their private signal.

Studying the decision to enter this bet at a cost allows to analyze whether online news pushes
consumers towards action. Unsurprisingly, there exists a range of costs for which online news
indeed helps agents enter the bet when it is beneficial. More surprisingly, under mild conditions,
there also exists a range of costs for which news outlets are detrimental. By creating noise to
consumers’ private signals, news outlets too often discourage consumers to enter the bet, as more
agents are wrong than right to opt out of the action. The existence a range of entry cost making
the mere presence of news outlets detrimental again results from the bound placed by consumers’

private knowledge on news quality.

Fourth, I analyze the effects of fact checking. I distinguish between flagging, fact checking
articles before they are shared; and quality certification, fact checking past articles from news
outlets in order to assess the outlets quality. The former has substantial effects on welfare by
removing the bound placed on news quality; the second might marginally improve the news
quality but does not remove the bound from private knowledge, hence it does not significantly

affect welfare.

Flagging reduces the value of producing false information by improving the seeds’ private



knowledge. Interestingly, competition dilutes the effect of flagging. Actually, for any environ-
ment, there exists a level of flagging that makes competition detrimental. Indeed, flagging, like
competition, reduces the value of false information; however, unlike competition, it does not
decrease the value of true information. Flagging can then be seen as a substitute for competi-
tion: any outcome from competition is actually reproducible in uncompetitive markets through
flagging. Certifying news outlets’ quality allows producers to internalize the effects of their in-
vestment on the seeds’ sharing strategy; however, the best outcome for producers is still to be
shared all the time, which happens when they match consumers’ private knowledge. Therefore,

news quality is still bounded by the consumers’ private knowledge.

The paper is organized as follows. Related literature is discussed in the remainder of this
section. The general model is presented in Section 2. Section 3 analyzes the equilibrium resulting
from a monopoly and a duopoly respectively; in particular, it assesses the role of the market
environment and competitiveness on the outcome. Section 4 proposes a framework to assess
welfare and analyzes it accordingly. Section 5 evaluates the effect of fact checking. Section 6
discusses the robustness of results and Section 7 concludes. Further extensions are provided in

the Appendices A,B and C. Appendix D presents the proofs omitted in the main text.

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 with 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 digi-
talization on media. Representative of this literature are the following papers. Anderson [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 explicitly
modeling 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 optimal
conditions on a signal’s precision for a cascade to occur when sharing is endogenous and strategic.
This could, in turn, 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.

3This literature is studies learning in networks when agents learn from actions. See Bikhchandani et al. [1992],
Banerjee [1992] for their seminal work.



2 Model

2.1 Environment

The market is populated by news producers and news consumers. Consumers learn about an
unknown state of the world w € {0,1} through news articles and private signals.* There is a

common prior across all agents, Pr(w =0) = wg. All agents are Bayesian.

I denote the set of news consumers I, which can be finite or infinite. All consumers receive
an informative binary private signal s about w. These signals are i.i.d. among consumers with
Pr(s = w|w) = for w =0, 1. T further impose v > wp, 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 initial seeds and denoted
1; or they can read such news because a seed shared it. If consumers are not seeds, 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 seeds 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 seeds with probability b. 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 seeds. A follower sees no article if none of its neighbors shared content — either
because none of the neighbors are seeds or because none of the seeds decided to share. If several
neighbors shared content from different sources, the article that a follower f ends up seeing is
determined stochastically. Any of f’s sharing neighbor has the same probability to be seen.
Therefore, 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. In other words, the probability that f sees a given article k is:
: , A
Pr(f sees k|A neighbors shared k, B neighbors shared) = B

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

one.

On the other side of the market, I consider a finite set of producers K. Each producer,
denoted by k, publishes exactly one article.” FEach producer reaches a seed with the same

exogenous probability %. The producer chooses the overall quality of the news that is published.

4w denotes the outcome of w. For the remainder of the paper, the distinction between random variables and
their outcome is not made at long as it is clear from the context.

®In a regular network, all nodes have the same number of connections. Note this assumption is not fundamental
to the analysis, but greatly simplifies the notation. The extension to non-regular networks is discussed in Section 6.

5T abuse notation by denoting K both the set of producers and its cardinality

"Therefore, I can abuse notation by also denoting articles by k.



However, he does not choose the article’s content, which is randomly determined. The content
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Figure 1: Illustration of a possible outcome on the news market

Figure 1 depicts the environment described with two producers. Dark colored nodes are
seeds; for the illustration, assume all articles are shared. Light colored nodes are followers who
see a given producer with probability one. Hatched colored nodes are followers whose source is
determined at random — neutrally hatched nodes see each producer with probability 1/2, hatched
nodes with a hue see the given producer with probability 2/3.

2.2 Timing, Objectives and Equilibrium Concept

All strategic interactions are assumed to be simultaneous.® The only agents active in the game

are initial seeds and producers.

The producers choose the quality of their outlet to maximize their profits. The quality or
precision of outlet k is defined as the probability of documenting the true state of the world,
qr = Pr(n = wlw) 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. ¢(q) >0
and ¢’(¢) > 0. Finally, I assume that without any investment in quality, the outlet produces

uninformative news, that is, g = 1/2. Furthermore, ¢(1/2) = 0.

Seeds like sharing true information and dislike sharing false information. Accordingly, they

choose the probability with which they share an article. This can depend on the content that

8Equilibria of the sequential game when wq = 1 /2 are provided in the Appendix C

9Intuitively, 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



the article they read reports and whether it corresponds to the private signal they received. The
article’s reported content, i.e. the realization of the news signal, is denoted n; the congruence
with the private signal is denoted S = +,— where S = + if the news content is the same as the
seed’s private signal, and S = — otherwise.!? The probability with which a seed shares an article
from producer k£ whose content is n is denoted by zg),, . Therefore, the seeds’ strategy is a vector:
(2Sin,k) (S,n,k)ef+,-}x{0,1}xK - As seeds 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.!! Seeds have the following payoff from sharing:'?

_ _ ' 1 ifn=w
u(sharing article reporting nlw = w) =
-1 otherwise

They receive payoff 0 if they do not share.

I focus on Nash Equilibria.

2.3 Best Responses

For ease of exposition, I derive the best-responses of initial seeds and producers for wy = 1/2. 1
then provide the best-response for general wg in a dedicated paragraph; details can be found in

Appendix D.

2.3.1 Seeds’ Problem

Take a seed who received private signal s and read a news article reporting n. Then, the seeds

expected utility from sharing is:

p(n,s) + (1 —p(n,s))(—l) =2p(n,s) -1

where p(n,s) is i’s posterior on the probability that the producer published a true article.

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):= Pr(w =n|n,s). Let seeds attribute prior probability ¢i to an article from & being true.
Recall wg = 1/2. Using Bayes’ rule:

Pr(n,slw=n) Pr(w=n) _ Pr(w=n) Pr(s|lw=n)qx
Pr(n,s) > w Pr(w=w) Pr(s|lw=w) Pr(n|w=w)

Pr(w=n|n,s) =

The outcome of the private signal is s € {0,1} while the congruence is S € {+,-}. For instance s = 1 is a
positive signal towards n being true if n = 1, and a negative signal towards the article being true if n = 0. If
additionally w =1, s =1 and S = + are said to be correct while they would be wrong if w = 0.

"This 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 seeds seek attention for themselves.
Their best-response is qualitatively similar.

12In Appendix A, I consider more general payoffs. Most results follow through, but additional equilibria might
appear.



Therefore:

- - vq _ _ (1-v)q
p(0,0) =p(L,1) = o=ihmy and  p(0,1) =p(1,0) = G5t
As one would expect, all posteriors are increasing in q;. A seed shares an article when its
expected utility from doing so is greater than the outside option 0. Therefore, i shares news n

from producer k upon receiving signal s when:
p(n,s) >1/2

Since no state of the world is ex-ante more likely, any realization of the news is as likely;
therefore, the reported content is only relevant in conjunction with private signals, p(0,s) =
p(1,-s). In other words, accounting for the possible (dis)agreement between private signal and
news article is sufficient, and the subscript n can be omitted from the seeds’ strategy. The
identity of the news’ producer being irrelevant to seeds beyond g, the subscript k is omitted as

well. The seeds’ best-response is summarized by z = (24, 2_) and is characterized as follows:

(070) if qr <1

(6’0) if kaz
(23(ar), 2" (qr)) = 1 (1,0) if g € (¢, 7)
(1,6) if qk:f

(1,1) if g >t

for any e € [0,1], where t = (1 —~) and ¢ = .

Since t < t, the seeds’ best response are weakly monotonic in g: z* > 2. In other words,
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. Hence, when ¢ increases,
the ex-ante probability for a node to share increases. Therefore, although the strategy z is multi-
dimensional, the set of undominated z can be represented on a line.!® Figure 2 represents how
sharing decisions is affected by different news quality, and the monotone aspect of it; Figure 3

displays seeds’ best-response to news’ quality ¢x. The same applies for any k.

2* = (0,0) (1,0) (1,1)
share: never iff $=+ always

-1 |
— |+

dk

Figure 2: Sharing Decisions of Seeds for Different News Quality

13Formally7 2k = (24]0,k»> 241,k 2|0,k Z-|1,k )3 for wo = 1/2, it is undominated to treat any news content the same
WaY: Zyok = Z+|1,ks 2-[0,k = Z—|1,k- FOT qr =1, any 2o,k # 2415 Would alsoibe undominated; however, setting
2400,k = Z+]1, leads to an equivalent analysis. The same applies to z- for gi = ¢.

10
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Figure 3: Best Response of Seeds as a Function of gy,

Best-response for general wy

For wg > 1/2, the news realization n matters in the beliefs that the article is true since a news
reporting the most likely state of the world is more probable to be true: p(0,s) > p(1,-s).

However, conditional on reading a given news content n, the seeds’ best-response are as before:

(e,0) ifgp=t,
(Z:\n(Qk)7zi\n(q]€)) = (170) if gi, € (tnat_n)
(1, 6) if qr = t_n
(1,1) if gx >ty

_ (1-v) Pr(w#n)
(1-7) Pr(w#n)+y Pr(w=n)

_ v Pr(w#n)
~Pr(w#n)+(1-v) Pr(w=n)"

for any e € [0, 1], where ¢, and £,

Because t, < t; < tp < {1, the seeds’ best response are again weakly monotonic in gi; the set
: : * * * * * M
of undominated strategies z* = (z+|0, 2 2 Z—u) can be represented on a line for any wq < 7.

t t
- (0000 0 (1,000 1 11,00 © @10 1@

share: never Vifn=0AS=+" if S=+ Vifn=0vS=+" always

Figure 4: Sharing Decisions of Seeds for Different News Quality

Notice that zgw > zguz 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.

2.3.2 Producers’ Problem

Consider a producer k. Let Ry take value 1 if a consumer sees producer k’s article. Assume that
k is facing seeds who have strategy z, while the other producers £ are investing qy. Then, the

expected profits for producer k who invests to reach quality g is:

E(Rklgr; 2z, a¢) — C(qr)

The expected share of reader as a function of k’s investment in quality is found as follows.

11



For a random node to share the article from producer k, one needs: the consumer to be a seed
— with probability b —, to come across k’s article — with probability 1/K — and to share. The
probability to share, z, depends on whether the news article corresponds to the private signal,
which depends on whether k produced a true or false article. Recall that wg = 1/2 so that the
news realization n is irrelevant beyond its (dis)agreement with private signals. Seeds receive
a private signal corresponding to the state of the world with probability ~y; this private signal
corresponds to the news’ content S = + if the news content is true, and it is not congruent S = —

if the news content is false. Hence:
b b
pr, = }(’m +(1-9)z-) and ppg, = e+ (1=7)z)

The ez ante probability that a consumer reads k’s article, which reports a true/false content
— denoted X =T, F—,'* represents the value of such article for producer k; it is denoted Vx,. If

producer k£ has no competitor, the probability to be read by publishing a news X is simply:

Vx, (2) :== Pr(j seed) + Pr(j follower A > 1 j’s neigh. shared) = b+ (1 - b)(l -(1 —pXk)d)

However, when producer k is not alone on the market, it is not enough that a follower’s
neighbor shared k’s article; this follower also needs to see k against all other producers £’s

articles. Therefore:
Vx, (2) :== Pr(j seed) + Pr(j follower) Pr(>1 j’s neigh. shared) Pr(j sees k against /)

Pr(j sees k against ¢) depends on the number of f’s neighbors having shared k against . The
number of f’s neighbors having shared ¢ depends on the content produced by other producers,
which we denote Yy := (Y])14.

The ex ante probability that a consumer reads k’s article, which is X =T, F', Vx, (2), is then:

b p
Vi, (2) = Vi, Pr(Ye) = o2 + 2 (1-b) =5 (1= (1~ px, —py,)*) Pr(¥p) ¥
Y, Y, DX, T Dy,

where Vy,y, is the value for £ of producing an article that is X = T, F' when other producers
have published articles which are true or false as described in Y;; and denoting py, = .. Py;,
with Y; =T, F.

The probability for a follower to read information k given the other articles Yy has two factors.

PX,,

X, TPY,

being reached by any news, whereas the latter factor 1-(1-px, —py, )d represents the probability

The former, 5 represents the expected share of followers k would get, conditional on them
of any news to reach 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 producer.

For instance, if the seeds of a producers’ competitor start sharing more often, the total readership

1_X is the alternative, so X = T means -X = F' and conversely
Bpr(Yelw) = [Miv,=7 @e - Ty, ¢ (1 = g¢). For instance, with two other producers £, Pr(7T, F') = 1 (1 - g2).
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increases but the portion of the readership seeing that producer decreases. The relative strength
of these two effects depends on the connectivity of the network d. Both factors are however
increasing in px, . Hence, as long as true articles are shared more than false articles, i.e. z, > z_,

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

Finally, the expected portion of the network reached given an investment gy, is:
E(Rylar) = axVr, (2) + (1 - )V, (2)
Because the profits are E(Rg|qr) — C(qx), the maximization of profits implies:

ai(2) = (Vi = Vi) = ¢ (AVi(25 q0))

Because ¢'(q) > 0, the equilibrium investment ¢*(2) is (weakly) increasing in AVj(z;zy).
Thus, AV (z) denotes producer k’s incentive to invest. Intuitively, it corresponds to the addi-
tional number of views the producer gets in expectation from producing a true rather than a

false article. Section 3 analyzes the function shape for one and two producers.

Best-response for general wg

For wgy > 1/2, in addition to the veracity of a news article, its realization n matters, as n = 0
tends to be shared more px|o . > px|1.x- In other words, the value of producing a X =T, F article
also depends on the state of the world. The analysis of the producers’ problem is however very

similar:

E(Rklgr) = wolax Vrjor(2) + (1 = qx) Vep k(2)] + (1 = wo) [grVrp k(2) + (1 = ak) Vo (2)]

where Vi, ;. is the value of a X =T, I article reporting content n.16

Finally, the best-response is:

q(2) = C_l(WO[VTm,k = V) + (1 =wo) [V i — Vi e]) = N (AVi(z39-1))

Intuitively, Vo — Vpp i corresponds to the additional number of views the producer gets in
expectation from producing a true rather than a false article when the most likely state of the

world realizes, w = 0; while Vpy = Vo correspond to the same concept for w = 1.

3 Equilibrium

In this section, I characterize possible equilibria in both a non-competitive and a competitive

market. I say that a market is competitive when consumers are see less articles than the amount

Similarly as above, Vxn,x(2) = & + Xy (1 - b) —Xlmk (1-(1-pxin,k —py‘m,g)d)Pr(Y|w), where

K PX|n,ktPY|m, €

m := (my)«k is defined implicitly by Y given X and n, e.g. X =T,n =0 means w=0,s0 Y; =T < m; = 0.
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available on the market. In such case, producers are indeed forced to compete through seeds
in order to capture followers’ views. Because this setup restricts consumers to receive only one
piece of information, I analyze the outcome from a monopoly and a duopoly respectively. I study
the equilibrium on each market with symmetric prior wg = 1/2. For the monopoly, I furthermore

characterize the equilibrium and discuss the role of the environment for general wy.

3.1 Equilibrium without Competition

Consider a market with only one producer. For clarity purposes, I omit the k£ index in this

section. The monopolist’s incentive to invest is denoted AVj;(z) and can be rewritten explicitly:
AVi(2) = (1=0) [(1=pr)? = (L= pr)7]

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

Lemma 1. The monopolist’s best-response to sharing q*(z) is single-peaked in z.., with maximum

z € (0;1]; it is strictly decreasing in z—. q*(z) is continuous in z.

Proof. See Appendix D. O

1/2 -+

0,0) (20 (1,0) (1,1)

Figure 5: Producer’s Best Response

Figure 5 illustrates the shape of the producer’s best response. Because the seeds’ strategy
is not a unidimensional object, I illustrate the shape of the producer’s best-response on the
set of seeds’ undominated strategy. As before, I represent the seeds’ strategy on a line and
map the corresponding image as if the argument was unidimensional. The resulting function is
non-monotonic. The hump shape is explained by the effect of the network. At first, when the
probability for agents to share is low, every additional node sharing 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 would occur, any increase in the probability
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of sharing would lead to shares which are likely to reach followers that would have been reached
anyways; the marginal value of the probability of sharing is decreasing, because of redundant
path to followers in the network. Therefore, the number of followers reached with a false article,
that is rarely shared, is increasing faster with z, than the number of followers reached with true
news; and the best-response is decreasing. Subsequently, the best response is decreasing. On the
decreasing segment, agents start sharing news that does not correspond to their private signals.
Therefore, the probability that this concerns a false article is higher than the probability that it
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 no investment would lead to ¢ = 1/2. Furthermore, t < 1/2.

Therefore, we can characterize the Nash equilibrium of the monopoly.

Proposition 1. There exists a Nash equilibrium. Any equilibrium displays positive investment

and is uniquely characterized by news quality ¢y, = min{g*(1,0),t}
Proof. See Appendix D. O

The sketch of the proof is as follows. An intersection of ¢*(2) and z*(q) exists because both
best responses are continuous and that in z = (0,0) the producer’s best response is above the
value ensuring some sharing, while in z = (1,1) the producer’s best response is below the value
ensuring full sharing. The intersection in the space (¢, (24, 2-)) is unique because any equilibrium
displays z; = 1; so that any intersection would occur on the decreasing part of the producers’
best response, while the seeds’ best-response is weakly increasing.!” The point of intersection
depends on the parameters; it can occur on the vertical part of the seeds’ best-response, then

q*(1,0) < t; or on the horizontal part of the seeds’ best response, then ¢*(1,0) > t.

Figure 6 shows the equilibrium with ¢*(1,0) < ¢. Figure 7 shows the equilibrium with
¢*(1,0) > t. Notice that Proposition 1 implies that ¢, < max.{¢*(z)}. As in Kranton and
McAdams [2020|, the highest investment that a producer would be willing to pay is never

achieved.

Below, I derive the corresponding results for general wg in order to describe the role of
the environment on the equilibrium outcome, in particular, connectivity and private knowledge,

through both prior and precision of private signal.

Characterization for general wy

The producer’s best-response for general wy is very similar to that for wy = 1/2. In particular,
with AV (z) = wo [(1 —pF|1)d -(1 —pT‘O)d] +(1-wp) [(1 —pF|0)d -(1 —pT|1)d], the shape of the
monopolist’s best-response is as before given any realization of content n. The characterization

of the equilibrium follows.

17Technically, for g3y = t, any z_p # z_; is undominated, so there would exist equilibria with z_jg # z_;. I
abstract from this technicality as all results follow through.
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Figure 6: Equilibrium with ¢}, = ¢*(1,0) Figure 7: Equilibrium with ¢y, =¢

Corollary 1.
e The monopolist’s best-response q*(z) is single-peaked in Ziln, with local mazima z, € (0;1];

it 1s strictly decreasing in Zjn-s q*(z) is continuous in z.

e There exists a unique Nash equilibrium. It displays positive investment and is characterized

by news quality ¢y, = max{min{q*(1,0),%}, min{q*(1,1,1,0),%1}}.
Proof. See Appendix D. O

Figures illustrating the producers’ best response and the equilibrium are provided in Ap-
pendix D. The intuition behind the characterization of the equilibrium is as before. However,
when wy > 1/2, there are two horizontal and vertical parts of the seeds’ best-response for a
potential crossing. The inequalities describing the conditions for intersection on the different
parts are summarized by the min and max operators as characterized in Corollary 1. Detailed

explanations can be found in Appendix D.

Below, I explore the role of the market environment on the equilibrium outcome. The results
apply for general wy, but, when possible, intuitions are kept general for either wy = 1/2 or
wo > 1 / 2.

3.1.1 The Role of Connectivity

High connectivity is generally detrimental to investment. In fact:

Lemma 2. For any sharing behavior z, the monopolist’s incentive to invest is single peaked in
d; that is, there exists a threshold d so that AVy(2) is increasing for any d < d and decreasing
for any d > d.

Proof. See Appendix D O
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In particular notice that as soon as z; > 0,'® AV(z;d) - 0 as d - co. This means that as the
network grows more connected, the producer’s incentive to invest vanishes. This insight echoes
Kranton and McAdams [2020]’s Proposition 3. To illustrate this point, consider a complete
network, that is a network in which every consumer is connected with every other consumer.
In such a context, a monopolist would need only a single share in order to reach every single
consumers on the market; therefore, the monopolist can reach as many consumers by publishing
a false article, than with true information, as long as one seed receives a different private signal
than the others.

3.1.2 Role of Private Knowledge

Private knowledge encompasses two parameters: the prior about the state of the world, wp;
and the precision of private signals, . These represent respectively how ex-ante uncertain the
documented topic is, and how well-informed agents privately are. Through different channels,

both of these parameters have a similar effect on the producer’s incentive to invest.

Proposition 2. A decrease in private knowledge implies a decrease in the producer’s incentive

to invest. In particular, for any undominated z, AVyi(2) is increasing in both v and wy.
Proof. See Appendix D O

Intuitively, when + is low, consumers are not good at distinguishing true from false articles;
hence, false information tends to be shared almost as often as true information. The value of a
true article is low while that of a false article is high. Therefore, the incentive for the producer

to invest is low, as publishing a true article would not raise his visibility by a lot.

The channel through which ex-ante uncertainty affects the incentive to invest is different.
Because seeds share more often if the article content corresponds to the most likely state of
the world, the difference of value between true and false news is greater when the most likely
state of the world realizes. Hence, investment is more beneficial to the producer when w = 0.
The expected profits from any given investment thus increases when the most beneficial state

becomes more likely.

Proposition 2 does not specify the effect of private knowledge on the equilibrium outcome.
Indeed, v and wq also affect the seeds’ best-response. However, the equilibrium outcome is
generally affected by a change in private knowledge in the same way as the producer’s incentive

to invest.

Corollary 2. Generally, a decrease in private knowledge implies a decrease in the equilibrium

mvestment. In particular:
(1) qy; increases with .

(ii) qy; increases with wo if and only if gy, # to.

8 Technically, Zijn > 0 for both n = 0,1 is required.

17



Proof. See Appendix D O

Interestingly, a lack of private knowledge tends not to be compensated for by the market.
Indeed, a decrease in private knowledge generally leads to worse information provision. Hence,
the online news market fails exactly when it is the most needed: when the state of the world is
very uncertain, either because of little prior knowledge, or because of poorly informative private
signals. This seems to indicate that the inefficiencies from the market structure, and in particular

from the fact that online outlets derive revenues from advertisement, can be very problematic.

Another source of inefficiency linked to private knowledge appears from the strategic inter-

action, and in particular, from the seeds’ imperfect knowledge.

Remark 1. In equilibrium, ¢y, < t;. Therefore, news quality is bounded by agent’s private

knowledge wqy and .

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. Because of tractability concerns, results
are provided only for wy = 1/2. Let the two competitors be denoted by k and ¢. The producer

k’s best response given {’s investment and sharing strategy z can be rewritten:
AVi(z3q0) = (1-0) [VTk - VFk] =(1- b)[QZ(VTkTg - VFkTZ) +(1- QZ)(VTkFe - VFkFg)]

Where:

pXk d
Vx,y, = ———(1-(1-px, —pv,)

For any article published by ¢, whether true or false Y =T, F', the visibility of k is higher for
true articles than for false news, i.e. Vr,y, > Vg,y,. Therefore, AVj(2x;2¢,¢;) > 0. In particular,
the incentive to invest is strictly positive as long as true news is shared more often than false

news, i.e. for any 27, > zp,; it is null for 27, = 2p, .
The shape of AVj(z; ze,qe) in 2 is similar to the monopoly case; however, k’s best-response
also depends on the sharing behavior of seeds reached be /, as well as £’s investment.
Lemma 3. Duopolist k’s best-response is as follows:
(1) q; (zx; ze,qe) is single-peaked in z7, with mazimum 2z, € (0;1]; it is strictly decreasing in 2, .

(11) q; (zk; 20, qe) relation with zp depends on d. For small d, it is decreasing in z¢. For large d,

. . . . 2
it is decreasing in z¢ for pg, > PT,PF, -
(iii) q; (zk; 20, qe) s decreasing in x¢ for any zx, > zx, -

() q; (2k; 20,q0) is continuous in zy, z¢ and xy.
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Proof. See Appendix D O

As before, the best-response of producer k in non-monotonic to his own seeds’ sharing zy.
Interestingly, if the sharing pattern is the same for either producer, their investment are strategic

substitutes.

I can now characterize the NE. I call symmetric equilibria any equilibrium in which z; = zy
and g = q¢. In this case, AVy = AV,. T denote this common function AVp((zr, zr),q), and omit

the producers’ indices on the seeds’ best response z.

Proposition 3. The only symmetric equilibrium features positive investment and is characterized

by news precision qp, = arg Minge(y/2,] ‘AVD((L 0); q) - c(q)‘.

Proof. See Appendix D O

The proof of existence is similar to that of the monopoly case. There are two cases to

distinguish, as illustrated on Figure 8 and Figure 9.

xT €T

2" (x)

|
L
+

1/2 |

I+

Figure 8: Illustration of a case for which ¢}, € (1/2,1)

When ¢(t) > AVp((1,0),t), as in Figure 8, there exists an intersection between ¢(g) and
AVp((1,0),q) in the interval (1/2,t] (left panel). Given that ¢ invests ¢j,, k’s best response

crosses the seeds’ best response in ((1,0),q},)). Therefore, this intersection is a NE.

When ¢(t) < AVp((1,0),t), as in in Figure 9, ¢(q) lies completely on the left of AVp((1,0),q),
without ever intersecting in the interval ¢ € (1/2,%) (left panel). Equivalently, k’s best response
to z given that ¢ invests gy < t intersects the seeds’ best response z above ¢ (right panel). This
means that there does not exist a symmetric NE in which z* = (1,0). However, if zp > 0,
AVp(z,q) is shifted to the left in the space (AVp,q), so that it now crosses c¢(q) (left panel).
Furthermore, because ¢, increases to t, the curve ¢;(z,q¢) is shifted downwards in the space
(#,qx) (right panel). For some zr >0, AVp((1,2r),t) = c(t), so that ¢}, = .
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While the symmetric equilibrium is unique, asymmetric equilibria generally exist and are not

unique.

Remark 2. Let S := %(1 —by)?+ %(1 -b(1-7))4-(1- %b)d. If the marginal cost function is
linear with slope different than S, there are no equilibria with g # g, and (g, qe) € (1/2,7).

Proof. Assume ¢, € (1/2,7). Assume that there exists an gx > g/, with (qx, g¢) € (1/2,7). Then,

C(Qk) = AVk((lv 0)7 (17 O)a q@) and C(Qﬁ) = AW((L 0)7 (L 0)7 C_Zk;), so that C(Qk) - C(Qﬁ) = S(Qk - QK)v
which is impossible if ¢ has a slope different from S. 0

3.3 Effects of Competition

The symmetric equilibrium ¢}, is compared to g3,. For cases to be comparable, let wy = 1/2. 1
confront the two types of markets in terms of connectivity and signal precision. Furthermore,
qy 2 qp only if AViyr(z) > AVp(z,q}); therefore, I focus on AVys(z) and AVp(z,q},) in this

section.

3.3.1 The Role of Connectivity

The comparison between monopoly and duopoly depends on the connectivity of the network.
Indeed, the presence of a competitor has an ambiguous effect on a producer’s incentive to invest:
on the one hand, investment might increase because each follower is harder to reach, so that
the producer needs to be sufficiently shared; on the other hand, news quality might decrease
because each producer reaches fewer seeds, so that fewer followers can be reached. In other
words, by making the number of shares more important, competition decreases the value of
false information; by reducing the producers’ potential readership, it decreases the value of true

information.
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The strength of both of these forces depends on the connectivity. In a very connected network,
each seed is connected to most followers, so that a producer can reach almost all followers even
when a competitor is present. In a sparsely connected network, each follower is unlikely to be
connected to several seeds, so that the probability to reach a follower is almost independent
from the other competitor’s outcome. Therefore, competition should lead to lower investment in
sparse network, but would be beneficial to news quality in dense networks. Theorem 1 formalizes
this; in particular, there is a unique threshold for a network connectivity that determines which

of the two forces dominate.

Theorem 1. There exists a unique threshold d such that ¢i;(d) > ¢}(d) for all d < d and
qir(d) < gh(d) for alld>d

Proof. Define DV (d) := AVM(Z;d)l__AbVD(Z’q;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 (dp) >0 > DV (dp+1).
All that is left to do is to show that such dy is unique. This is the case because if DV (dy) >
DV (d; + 1) for some dj, then DV is decreasing for all subsequent d > d;. See Appendix D for

technical details. O

To further illustrate the two mechanisms at hand, I consider a few specific instances. Take
d = 1. Figure 10 depicts such a network with 12 nodes. On the left panel, the producer, was
his investment sufficient to make all seeds share, would reach four additional nodes; on the right
panel, the same producer who now shares the market with a competitor can, at best, reach only
two followers. Therefore, his incentive to invest when a competitor is present is half that of the

case with no competition.
Figure 10: Possible followers reached with one vs. two producer(s) on the market

This insight applies in any network with d = 1. Indeed, the number of followers a produce can
reach is linearly proportional to the number of seeds who share content. Therefore, the producers’
incentive to invest is linearly proportional to the additional number of seeds who share when
publishing a true article: for each additional share, the producers expect one additional view from

a follower. Because a monopolist exogenously reaches twice as many seeds as each duopolist, a
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duopolist’s incentive to invest is half that of a monopolist:

AVar(z;1)=(1-0)(2y-1)(2z4 —2-) > (1 - b)%(Z’y— D)(ze —2-) =AVp(z,q;1) Vzye> 2o

As the network’s connectivity grows, this force vanishes, while the intensity of the competition
increases. Figure 11 underlines how the strength of competition is made greater by a denser
network. In the part of the network depicted, the node in the center happens to be a follower
surrounded by seeds reading different articles. Most nodes reached by producer 1 (in red) do not
share, as represented by a grey circle. In a network where d = 4, producer 1 still has one chance
out of two to reach the central node; with d = 8, his chances are only 1 out of 4 given the same

sharing pattern.

® ¢ © NN
0

L

Figure 11: Probability of reaching a follower with d =4 vs. d=8

This insight continues to apply as d grows. Take d — oo such that that all nodes are connected
to each other.!? All followers will be reached by an article as soon as the probability of sharing
is not null, however arbitrarily small. For a monopolist, the incentive to invest vanishes, since
only one seed sharing suffices to reach the entirety of the network. It is quite the opposite in a
duopoly. The probability to reach a follower depends on the decision of every seed. Hence, the
incentive to invest is proportional to the ratio of additional seeds of his sharing, to all sharing
seeds:

AVyr(z;00) =0< (1 —b)w = AVp(z,q;00) since (1-e)? -0 Ve >0
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Remark 3. A further increase in competition, beyond two producers, is either always detrimen-

tal, or detrimental for sparser networks.

Proof. Take any competition with K competitors and a symmetric incentive to invest. Add one
producer k’. The difference in the incentive to invest between the K and K + 1 is positive in

d = 1 and has a sign which depends on the parameters for d — oo. See Appendix D for the

9This requires the network to be infinite. Because the finiteness of the network is not essential to the specifi-
cation, let us assume, for convenience, that |I| - co, and that d grows as fast as |I|.
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computation. O

3.3.2 The Role of Signal Precision

Remark 4.

(i) When the seeds get perfectly informative private signal, monopoly yields higher invest-

ments than duopoly.

(ii) When the seeds get perfectly uninformative private signal, the incentive to invest vanishes

for both a monopoly and a duopoly.

Proof. 1t suffices to derive the value of AVjs(z) - AVp(z) for v — 1 and v — % Computations
can be found in Appendix D. O

When the signal is perfectly informative, seeds only share true information. Then, the mo-
nopolist 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
would have, but they split this audience in two; if the competitor released false information,
the duopolist gets the whole share of followers reached, but he reaches fewer followers than the

monopolist would have since he is read by fewer seeds.

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, for b and d high enough, there exists a threshold for v such that duopoly is
yielding a higher investment than monopoly for any private signal with lower precision. It
indicates that a higher signal precision has stronger effects in a monopoly than in a duopoly.
Intuitively, when the signal precision is high, consumers are relatively good at distinguishing true
from false articles; therefore, very few seeds are sharing false news, and the monopolist cannot rely
on them to reach enough followers. Therefore, the positive effect of competition, that making
followers harder to reach, is marginal; while its negative effect, that reducing the number of

followers who are reachable, is still significant. Overall, competition is then detrimental.

The example below details some numerical applications.

Example. Consider the sign of AVy; — AVp as a function of . In the competitive case, the
incentive for one producer to invest is influenced by the competitor’s investment. In a symmetric
equilibrium, a change in v indirectly influences AVp through ¢7,. In this example, I only consider

the direct effects.?? In particular, throughout the example, I consider q; = 0.6 and study k’s best

20Considering indirect effects would require to specify a marginal cost function.
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response. Furthermore, I assume z* = (1,0) for both producers. I report the threshold for -
above which AVy; — AVp > 0. For any  greater than the threshold reported, the incentive to
invest in a monopoly is greater. I consider three level of broadcast reach and connectivity. The

thresholds rounded to three digits are reported in Table 1.

b=0.25|0=05 | b=0.75
d=5 - - 0.612
d=10 - 0.820 0.914
d=201| 0.811 0.941 0.964

Table 1: Private signal precision thresholds with g7, = 0.6

Note that the thresholds reported are all above g7, = 0.6, which is consistent with z* = (1,0).
No threshold reported means that no matter the signal precision, monopoly creates a bigger
incentive to invest than competition. Echoing Theorem 1, Table 1 illustrates how duopoly leads

to a higher incentive to invest for a bigger range of signal precision as d and b increase.

4 Welfare

So far, I have only been interested in the market outcomes, as measured by investment. Welfare

has not been addressed.

First, I note that the market outcome is inefficient.

Proposition 4. 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* = (¢*, 2*). Define ¢°(z;¢e*) as the level
of news quality that makes a consumer whose sharing decision is z indifferent between (¢¢, z) and
e*. Likewise, define ¢P(z;e*) as the level of news quality that ensures to the producer faced with
sharing decision z the same revenue as e*. If % < % 21 there is room for Pareto improvement
since consumers require less investment to marginally increase their sharing than the producer
is ready to offer for the same marginal increase in sharing. Now, the FOC of equilibrium imply
0< % < oo while % — oo. The same reasoning applies to duopolists. O

To analyze the welfare resulting from the production of news, I propose two approaches. The
first one relates to the entertainment purpose of possible sharing behavior. In this sense, only
seeds and producers are part of the analysis. The seeds’ decision to share an article depends

on the utility of sharing as defined above. However, this does not capture how informative the

article is. In particular, it does not allow to judge whether agents are making, on average, better

21WWe abuse notation here in order to keep the intuition as clear as possible. While z is a vector, recall that,
when ¢ 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 9z, I mean to designate a marginal change
in the sharing probability in the relevant dimension. So for instance if z—=(1,0,0,0), dz is actually dz,; if
z=(0.5,0,0,0), then we mean Oz,g.
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choices. To address this question, I introduce an additional action to be taken by all news’
consumers after the strategic interactions have unfolded. This permits 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 accounts for followers’ well-being.

4.1 Framework of Analysis

Once the game is played out, I assume that a further action takes place: all consumers can chose
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 private signal
they receive and on the content of the article they read (if any). I assume that this bet has entry
price r, and that consumers might decide to opt out of the bet after having observed their signal
and the news article (if any). I represent the case in which the consumers cannot opt out of this
action with r = 0. The benefits from matching the state of the world is assumed to be the same
as their loss from a mismatch:
1 if aj =w

uj(alw = w) =
-1 otherwise

From the consumer perspective, I study three different utilities: the utility derived by seeds
from sharing, the utility derived by any consumer from betting and the utility derived by any
consumer from choosing to enter the bet. I refer to the utility from sharing as u;(z) and to the
utility from betting as u;(a), while the utility from entering the bet also depends on the betting

price r.
Lemma 4. The relevant expected utilities are as follows:
e Seeds’ expected utility from sharing is:

1
E(ui(z)) = S;k23|n,k[Qk Pr(X,w=n)~-(1-q)Pr(-X,w# n)]g

e Seeds betting a(n,s) =n with probability ZSn,k have expected utility:

E(ui(a) = Y (2asjus~ Do Pr(Xow =n) = (1= ) Pr(X,w 2 n) |-
Sn.k

f

Sin have expected utility:

Upon reading some news, followers betting n with probability z

> (2%“—1)[%”“Pr(m,s,w:n)—u—qk)'wPr(m,s,wn)]

PTin,kTPY|m,-k PFin,kTPY|m,-k
m,S,n,k

e Consumers’ expected utility from entering the bet is: E (max{u;j(a) —7;0})
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Proof. See Appendix D. O

Recall that, S = + iff n = s and S = — otherwise. Therefore, Pr(+,w =n) = yPr(w = n) and
Pr(-,w=n)=(1-7)Pr(w=n).?

The seeds’ expected utility from sharing news reporting n after private signal s is 2p(n, s) -1,
as shown in Section 2.3.1. To find their expected utility from sharing, it suffices to incorporate
their decision to share or not, zg, x, and the probability for the news of producer k to report n

after private signal s. Note that the utility from sharing of a random consumer is bE(u;(z)).

Because of the similarity in payoff structure, the seeds’ betting decision follows the same
threshold rule as their sharing decision: they bet that the state of the world is the one reported
in the article if the probability for the true state of the world to correspond to the news, p(n,s),
is greater than 1/2. Therefore a(n,s) =n is played with probability zs|n.23 By a slight abuse of

notation, I refer to this betting strategy as zg,, as well.

Remark 5. For any strategy with zg, , > 0 for some (S, n, k), the expected utility from sharing

is strictly increasing in ¢x; the expected utility from betting is not.

Despite the similarity in strategies, the expected utility from sharing and betting are different.
This occurs because seeds are constraint not to share if they do not believe the news content,
while they can still bet their private signal rather than the news in such a case. For instance,
an outlet that would systematically report an erroneous content, i.e. xj = 0, would lead to no
sharing and so a null utility from sharing; but it would be perfectly informative: betting the
opposite than the article reports would always ensure to correctly match the state of the world,

thus granting the maximal possible utility from betting.

Notice that followers can bet according to a different strategy than seeds. All consumers
have the same preferences and priors; however, in competitive markets, the precision of articles
received by followers is higher than that of the outlets which issue them. Indeed, the network
filters out false articles: true articles are shared more, so they reach followers with higher prob-

ability. Internalizing this effect, followers require less precision from the outlet in order to start

betting what the news reports. The decision rule can be defined implicitly as Z§(|n x = 1 when
the expected utility from betting the news content is higher than that from betting the private
signal.?4

The expected utility from betting of a consumer taken at random can be defined by accounting

for the probability for the consumer to assume the role of either a seed or a follower; and, upon

221 jkewise, Y is implicitly determined by m and w. So for instance, take n = w = 0, then m = 0 would lead to
Y =T and -Y = F, while m =1 would mean Y = F' and -Y =T.

ZFormally, E(Loznjn,s) = Zsjn- When p(n,s) = 1/2, the seeds are indifferent between betting the news content
or its opposite. The tie rule was chosen in order to keep consistency. Because when indifferent between several
strategies, by definition, their utility is equal among all strategies, this assumption does not influence the welfare
analysis.

241 e. a follower bets article content n by producer k after receiving a private signal X = T, F' with probability:

PT|n,k
PT|n,kTPY|m,~k

PF|n,k

Pr(u:n)—(l—qk)Pr(X,—Y\uJ#n)m Pr(w#n)] >0

Zﬁqn,k =1, [Qk Pr(X, m|w =n)

26



being a follower, for the endogenous probability to read an article.??

To understand whether news drives agent to take a bet from which they would have otherwise
opted out, I allow consumers to chose whether to enter the bet after observing (n,s). They opt
out from it if its expecting value, as described by u;(a), is lower than the cost of entry r > 0.
Again, this depends on the content reported in the news they read (if any) and its congruence

with their private signal.

4.2 Welfare for symmetric priors

Throughout this section, I assume wy = 1/2. Accordingly, I evaluate whether the presence of
news outlets has welfare benefits for consumers and I discuss the effect of competition on total

welfare.

Theorem 2. When no state of the world is ex ante more likely, the existence of news outlets has
ambiguous effects on consumers’ welfare:

(i) For seeds, the presence of news outlets does not improve their betting decision and is detri-
mental to their capacity to enter the bet for a non-zero measure set of r. It is beneficial to
their expected utility from sharing.

(i) For followers, the presence of news outlets does not improve the betting decision and is

detrimental to their capacity to enter the bet for a non-zero measure set of r if the market

is not competitive or if the competitive symmetric investment qj, < VRV w
Proof. See Appendix D. O

As seeds cannot derive utility from sharing without any articles to share, the presence of news
outlets has a positive effect on seeds’ sharing utility. This relates to a concept of entertainment:
news consumers might be entertained by ad-funded online news outlets. The other results from

Theorem 2 show how consumers might however not be informed by such outlets.

With wg = 1/2, the news quality in any equilibrium is such that ¢* <. Seeds 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 other words, the presence

of news outlets does not bring seeds to better decisions.

Followers, however, might benefit from competition. In a competitive market, true news
is more visible to followers as the network filters out false articles. This raises the quality of

the articles perceived by followers, which might become more precise than the followers’ private

7= “/(1*7)'

signal. The quality of news reaching followers is exactly v for qJ, = T

Note that, although articles reaching are true more often than ¢*, the quality of news per-

ceived by followers is still bounded by ~.

ZFormally, conditional on being a follower, the expected utility from betting is:

d
> {(2w—1>(1—px‘n,k Py ) Prm )+ (25, —1)[quTky,k Pr(X, myw =) - (1-ak)Vi, v, Pr(x,m,wm]}

m,X,n,k
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Lemma 5. In a competitive market, the utility from betting for followers upon receive some news

is bounded by the precision of their private signal. In particular, E(us(a)|seeing some article) e
[2v-1L3(2y-1)].

Proof. See Appendix D. O

The upper bound is found by computing E(uy(a)) for ¢}, = v and 2* = (1,0). Indeed, the

network is the best at filtering out false information for zg = 0.

Theorem 2 also shows how the presence of news outlets can be detrimental to news consumers,
even if they are fully Bayesian. Intuitively, for low to moderate entry costs r, consumers would
enter the bet without the presence of any news outlets, as their private signal is informative
enough to justify the cost r. However, upon reading a news article whose content disagrees with
their private signal, consumers are too uncertain about the state of the world to enter the bet.
Now, because the news outlets are more noisy than the private signals, consumers are more often

wrongly than rightly dissuaded.

Note that for moderate to high entry costs r, the presence of news outlets can be beneficial.
In Lemma 6, I further characterize the cases in which news outlets are beneficial or detrimental
to consumers’ ability to enter the bet.
Lemma 6.

(i) News’ outlets are for seeds’ capacity to enter the bet: beneficial for r € [rs,T], detrimental

for re[r,rs), and neutral otherwise. These effects are strict for q* <.

(ii) For followers: the same applies for uncompetitive market; similar thresholds r' and 7 exist

if the market is competitive with symmetric investment q7, < %511_7); and news outlets
are never detrimental otherwise.
; _ y(1-q) e =9 17— vq _
With 1= 25 gymi=mg ~ 1i7s =27~ 17 = 25y |
Proof. See Appendix D. O

The proof compares the behavior of consumers with and without the presence of news for
any 7. In particular, for r € [r, 7], seeds only participate to the bet if n = s. If, without an article,
they would not have participated to the bet, the information transmitted thanks to news outlets
is beneficial, as most seeds being prompted to participate are placing the right bet. However, if
without an article, they would have participated to the bet, then the information transmitted
thanks to news outlets is detrimental. Indeed, in such a case, the article is wrong more often than
the private signal, so most seeds who opted out should have placed a bet. Figure 12 illustrates

this intuition.

The same reasoning applies to followers. However, in a competitive market, the quality
of information perceived by followers can be greater than the precision of the individual news

outlets. Therefore, ¢* <« is not sufficient for the articles read by followers to be more noisy than
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Figure 12: Illustration of Lemma 6’s proof

their private signal. Furthermore, the values of r that make followers change their behavior after

having received a news article has to account for the quality of the news they perceive.?

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

consumers’ expected gains from betting in a monopoly and a duopoly.

Proposition 5. [rrespective of the aspect of consumer welfare considered, competition can hinder

total welfare even if g, > q);-
Proof. See Appendix D O

When considering the total welfare effect of competition, both sides of the markets have to
be considered. Seeds are not made better off and their quantity does not change in expectation.
Followers might be better off if ¢J, is close enough to ¢; however, the number of followers en-
countering an article might be affected by competition. As seeds 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 seeds in the population.

4.3 Welfare for asymmetric priors

When the prior about the state of the world wy is different from 1/2, the quality of the news
is bounded by private knowledge. It means that the article published by news outlets might
be more precise than private signals. However, generally, the insights from Section 4.2 are still

applicable: the presence of news outlets have ambiguous effects on consumers’ welfare.

Xy v(1-9)Vry 1 = Xy vdVry
- and 7Fo=2——=Y Iy
Y(1-0)Vry +(1-7)aVry YqVry +(1-7)aVpry

26In particular, ' = 2
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Corollary 3. In uncompetitive markets, for any prior on the state of the world wqy < 7y:
(i) Consumers are brought to better decisions iff ¢* > .

(i) The gains from betting are still bounded by the precision of the private signal. In particular,
L 291
E(u;(a)) € [27 - 1 iy |

Proof. (i) follows from Theorem 2; for (ii), see Appendix D. O

This results echoes Theorem 2: the expected gains from the bet are restricted by the con-
sumers’ private knowledge. The bound is derived by considering a prior so strong that agents

are indifferent between betting their private signal and their prior.

If the bet has an entry cost r, as in the symmetric prior case, the presence of news outlets

has ambiguous effects on the capacity for consumers to enter the bet.

Corollary 4. In uncompetitive markets, for any prior on the state of the world wqg <y, and any
equilibrium outcome gy, < max {7, W%}:
(i) There exists a non-zero measure interval for r for which news outlets reduce consumers’

capacity to decide to enter the bet.

(i) The outlets effect on consumers’ capacity to enter the bet can be non-monotonic in .

Proof. The analysis is similar to Lemma 6. See Appendix D for the computations. OJ

5 Fact Checking

In this section, I study the effect of fact checking when applied to articles or to outlets. Applied
to articles, I study how flagging false information affects welfare and its differential effect on
news quality in non-competitive and competitive markets. Applied to news outlets, I question

how much can quality certification improve producers investment.

5.1 Flagging

I wonder how flagging false information helps the provision of information on the market. In
particular, let us assume that with some probability p, an information that does not correspond
to the state of the world would be flagged by the platform on which seeds 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 6. 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 p makes false
information relatively less valuable than true information; on the other hand, an increased p
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 p that false information is flagged. For the monopolist it is proportional to:
VT - (1 - p) VF
For duopolists that behave symmetrically, it is proportional to:

Vrr +(1-¢)[(1 = p)Vrr + pVrg| - q(1 = p)Ver - (1 - ) (1= p)[(1 - p)VEr + pVrg]

with Vx4 denoting the value of publishing a X = T, F' article when the competitor has been
flagged, that is, Vxgz=1-(1- ”TX)d.

To analyze the tradeoff described above, I study how AV, (z,q; p) - AVp(z,q; p) evolves with
p. I find that flagging is more efficient in a monopoly.

Proposition 6.

AV (2p)=AVD (2,4:p))
M 5 D >0

(i) Flagging has a stronger effect in monopolies than in duopolies; i.e.

(i) For any environment, there exists a level of flagging that makes competition detrimental;
i.e. V(7,b,d),3p" : AV (z;0") > AVp(z,q};p"), where the inequality is strict for any posi-
tive probability of sharing, zr > 0.

Proof. See Appendix D. O

Proposition 6 underlines how intervening is more difficult in competitive news markets. First,
the same intervention has a stronger effect on a monopolist than on duopolists. Intuitively, com-
petition dilutes the effect of flagging because of the strategic interaction between producers’
investment. If flagging occurs more often, the value for any producer of publishing false informa-
tion decreases; however, for a duopolist, it is more likely that the competitor has been flagged,

and thus not to have to compete in the network in order to reach followers.

To make this intuition more tangible, consider the two forces discussed to put into perspective
Theorem 1. Recall that the effect of competition on news quality depends on the connectivity of
the network because of the trade-off between two forces: on the one hand, followers are harder
to reach; on the other hand, the potential readership is reduced. Now, flagging false articles
makes followers harder to reach anyways, with or without competition. Therefore, the benefits
of competition are less and less relevant as flagging increases; the negative effect of competition
however remains, since the maximum number of readers that can be reached is independent of

the flagging probability.
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The second result from Proposition 6 shows that competition is always detrimental to the
incentive to invest if flagging occurs often enough. Therefore, one can think of this intervention as
a substitute for encouraging a change in the market structure towards more competitive markets.

In fact, any market outcome from competition is reproducible though flagging.

Corollary 5. Any outcome q5, > qj; s reproducible in a monopoly with some level of flagging
p'; e 3p" AV (25 p") = AVp(2,¢5;0).

Proof. Follows from Proposition 6; see Appendix D for details. O

Proposition 6 and Corollary 5 both use the following element: if all false articles are flagged,
p = 1, monopoly yields higher incentive to invest than duopoly. This echoes Remark 4 as both
p =1 and v = 1 make false information worthless. As explained above, competition can be positive
in that it worsens the value of false information; but if false information is useless anyways, only
the reduction of the readership remains. More generally, flagging can be seen as a substitute for
consumers’ private signal. Interestingly, flagging forces outlets to provide news that goes beyond

consumers private knowledge, and thus to create informative content.

Remark 7. When false articles are flagged, news quality is not bounded by private knowledge

anymore.

While these conclusions rely on a setup that ignores any type of partisanship and distrust of
the flagging institutions, they still underline the importance of flagging to counteract the weak

incentives created by the business model of ad-funded online news outlets.

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 C presents the SPE of the monopoly when wy = 1/2. The outcome depends on the
shape of the total cost function C'(g).

However, in a sequential move game, the seeds’ best-responses would not change. Therefore,
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 knowledge.

Remark 8. Even when observable, news quality is bounded by private knowledge: ¢* < ¢;.

Therefore, the presence of news outlets still has ambiguous effects on consumers welfare.

2TSuch initiatives already exist, such as or
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As emphasized in Remark 8, most results from Section 4 still apply when the quality of news

outlets is observable. In particular, Theorem 2, Lemma 5 and 6, and Corollary 3 and 4 all apply.

Interestingly, both flagging and quality certification rely on the same type of policy: fact
checking; yet, they have very different implications. This indicates that a major barrier to high
quality online news is consumers’ limited private knowledge; improving consumers’ trust in news
outlets is not sufficient to correct for the inefficiency generated by a business model in which

revenues are generated from visibility.

6 Discussion

Most of the results exposed in this paper rely on the two following insights: the producers’
incentive to invest is determined by the difference between the value of true and false articles
and the consumers’ private knowledge bounds news quality. These insights are robust to many

extensions of the model.

6.1 Different setup

The setup studied so far analyzes a simplistic market in which all consumers are identical. All
have the same number of neighbors, the same probability of being a seed, the same amount of
private knowledge. These assumptions make my analysis more transparent; below, I show that

it does not drive any of my results.

6.1.1 Irregular Networks & Seeds’ Selection

The setup assumes a regular network, in which every node has exactly d neighbors and has
the same probability b to be a seeds. Relaxing these assumptions would be inconsequential
to the results as long as seeds’ are not targeted, that is, as long as there is no strategic com-
ponent to the seeds’ identity. Denote Vx(d;) the probability that a node j with degree d;
is reached by the producer producing a X = T, F article. This would be defined as before.
Given any network with degree distribution ¢(d;), the producer’s incentive to invest is sim-
ply X4, 0(d;j) [Vr(d;) - Vr(d;)]. This allows for the probability of being a seed to be degree-
specific; denoting this probability b(d;), and taking a monopolist best-response for exposition
ease, Vx(d;) = b(;?) +(1-0(d;)) (1 -(1 —pX)dj). All results would follow through. Details are
provided in Appendix D.

6.1.2 Heterogenous signal precision

Consider that consumers receive private signals according to different signal precision ;. Most
results would directly apply. The seeds’ problem would not significantly change: it would be
precision-specific — possibly seed-specific. For producers, the probability to be shared after

publishing a X =T, F' article would incorporate the heterogeneity of signal precision; denoting
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¥ (;) the proportion of seeds with signal precision ~;, the probability to be shared becomes:
px = % > w(’y,-)(’yizg +(1- fyz-)zs) where S = + for Y =T. The analysis would then be directly
applicable.

Note that the news quality in such a context would be bounded by the highest signal precision.
Therefore, nodes whose signal precision is noisier would benefit from the presence of news outlets;
results from Section 4 would then be mitigated to account for the distribution . In particular, a
low proportion of nodes with maximal signal precision would make the presence of news outlets
more beneficial if the bound is reached; however, the bound would be less likely to be reached
as the producers’ could rely on the large proportion of nodes with noisier private signals to be

shared.

There would not be such a trade-off if signal precision was to differ between seeds and
followers. In particular, if the seeds’ private information was more precise than that of followers,
the presence of news outlets would more often be beneficial to followers. In the opposite case,
news outlets would likely be uninformative to both seeds and followers. In any case, the benefits

from news outlets are still bounded by agents private knowledge.

6.2 Different Objectives

The model I analyze considers agents whose objectives are straightforward and, potentially, sim-
plistic. While such assumptions offer tractability and clarity, one might wonder to which extend
the results are robust to further considerations. Below, I explore how the main mechanisms at

play would carry through in richer context.

6.2.1 Seeds’ Problem
Strategic Considerations

In the appendix, I propose two extensions for the seeds’ objectives. Appendix A studies the
market outcomes for more general payoff structure; while more equilibria might exist, most
insights carry through. In particular, I assume that sharing false news entails a different loss
than the benefits of sharing true news. When the loss from sharing a false article is greater
than the benefits from sharing true information, seeds are more demanding in terms of news
quality in order to share; therefore, the producers has to be more precise than private knowledge.
Consumers are more then brought to better decision more easily; news quality is still bounded,
and the bound is still a function of private knowledge. Furthermore, all results pertaining to
producers’ incentive to invest directly follow through since producers’ best-response is unaffected

by the seeds’ problem.

Appendix B characterizes the best-response of seeds seeking likes rather than truth. The
problem is more complex and less tractable; however, seeds’ best-response have a similar shape:
it is weakly monotonic in news’ quality; true information is still shared more often than false

articles. In particular, I assume that seeds share if they expected the number of likes from their
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post to be higher than an exogenous threshold 7; followers are behavioral, in that they like the
article they see if its content correspond to their private signal. Then, true articles bring about
more likes than false articles, so that seeds might want to share news only if it correspond to
their private signal. This depends on how many likes they require to share, and how likely it is
that their neighbor will see their post over that of another seed. However, for reasonable 7, there
still exists a level of news quality that would induce them to always share, which depends on
the precision of their private knowledge. Therefore, private knowledge still bounds news quality.

Again, all results about producers’ incentive to invest directly apply.

Behavioral Biases € Partisanship

Consumers’ behavioral biases are expected to worsen the market outcome. Consider for instance
confirmation bias as modeled in Rabin and Schrag [1999]: with some probability consumers
misinterpret the news content if it disagrees with their private signal; they would then share it
as if it was congruent with their private signal. Confirmation bias would not affect the seeds’
best-response but would lead both true and false information to be shared more often. The value
of false information would then increase faster than that of true information: more agents receive
contradicting information when an article is false, increasing the probability for false articles to
be shared faster. Eventually, for any environment and sharing pattern, confirmation bias would

lower the producers’ incentive to invest.

Another cognitive bias that could worsen the outcome is a taste for sensationalism. If con-
sumers’ payoff is affected by both the veracity and the sensationalism of the news, seeds are
expected to be less demanding in terms of news quality to be willing to share news that is
not congruent with their private signal. Sharing a false article in such a case would indeed
be perceived less damageable because of their taste for sensationalism. This would reduce the
value of the upper bound placed on news quality, while leaving the producers’ incentive to invest

unchanged. Appendix D proposes a payoff structure to model such a mechanism.

Finally, partisan consumers’ could be modeled as seeds sharing a given news content regardless
of the realization of their private signal. The expected effects of this type of partisanship would
be similar to the effects of confirmation bias. Instead of any node having a probability to
misinterpret the news and share when they should not have, there is a probability for any node
to be partisan and sharing when others would not have. From the producers’ perspective, the
value of false information increases more than the value of true information and investment is

less attractive.

6.2.2 Producers’ Problem
Beyond Visibility

How would the producers’ problem be affected if news quality mattered beyond visibility? Pro-

ducers might indeed get further benefits from being a reputable source of information. Such a
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setup would not affect the effect that the environment and competitiveness of the market would
have on producers’ incentives. The bound placed on news quality could be removed, although

this would not necessarily occur.

In Appendix D, I propose two frameworks to consider these effects. The underlying intuition
is as follows. Assume that these benefits from reputation continuously depend on the level of
news quality. The producers’ incentive to invest would be shifted upwards; News quality would
thus increase in equilibrium. Whether the bound is removed depends on the marginal value
of reputation benefits and the marginal cost function: if the marginal value of reputation is
lower than the marginal cost of the news quality at the bound, then all results follow through.
Otherwise, producers invest until the marginal cost of news quality equated marginal benefits
from reputation. Assume that these benefits from reputation discretely depend on the level of
news quality: either they occur or they do not. As the producers’ reputation benefits would not
be affected by an increase in news’ quality at the margin, producers’ incentive to invest remain
unaffected. Whether news quality increases in equilibrium depends on the level of quality required

to benefit from reputation, as well as the total profits.

Subscription-Based Revenues

Would a business model that allows the producers to internalize the value of information of
consumers decrease inefficiencies? While the game studied in this paper is not set to explore this
question in details, it can still underline an interesting tradeoff. Let producers derive their rev-
enues from subscription rather than advertisement. One could see the betting gains from reading
news as opposed to relying on private signals as consumers’ willingness to pay for information,
i.e. willingness to pay for subscription. With subscription, the marginal cost of investment for
the producer equates the marginal value of information for the consumer, in equilibrium; there-
fore, there are no Pareto inefficiencies on this front. However, 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.

7 Conclusion

In this paper, I evaluate the performance of ad-funded online news outlets. I find that, without
any intervention, they tend to be highly inefficient. First, news quality is bounded by the amount
of private knowledge existing on the topic. The market does not compensate for a lack of private
knowledge. High news quality is thus achievable 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. The incentive created by sharing behaviors are a first cause
for this result. Producers only care about being shared; as seeds rely on their knowledge to
judge whether a content is worth sharing, having them share is not demanding when they are

ill-informed. The second cause is the higher value of investment when the more likely state of
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the world realizes. Indeed, seeds are then more ready to share news documenting an expected
state of the world. Thus, uncertain topics generate a lesser incentive to invest than topics for

which information is less needed.

I additionally show that competition does not necessarily lead to better news quality. By
comparing the outcomes of a monopoly and a duopoly, I conclude that monopoly is preferable in
sparser networks populated by well-informed agents. This result puts into light two important
forces appearing with competition. On the one hand, followers are harder to reach. This reduces
the value of false information, as false articles would barely survive in the network when compet-
ing with true news. On the other hand, fewer followers can be reached. This reduces the value
of true information, as an article shared by all seeds reading it would still reach few followers.
When the network is sparse, the latter force dominates, making competition detrimental to news

quality. This shows the limits of competition as a mean towards efficiency.

Furthermore, any online news market based on advertisement revenue is Pareto inefficient.
I provide a framework to study welfare and find that online news outlets create value from
entertainment but are not necessarily informative. In particular, the existence of online news
rarely bring news consumers to take better decision; even when it does, their gain from it are still
bounded by the precision of their private information. Furthermore, the presence of online news
can be detrimental to Bayesian consumers, as it might discourage them from taking a costly and
risky action that would have actually been beneficial to them. A range of entry cost that makes

online news detrimental generally exist.

Finally, I discuss how fact checking could improve news informativeness. Flagging false arti-
cles reduces their value, thus incentivizing producers to publish true articles more often. Because
flagging substitutes private information, news quality is not bounded by private knowledge any-
more. However, flagging is less efficient in competitive markets; actually, if false articles are
flagged sufficiently often, competition is detrimental to news quality in any market environment.
Therefore, one can substitute the positive effects of competition with flagging. To the contrary,
allowing consumers to observe the quality of news outlets, for instance through a certification
from an external institution, would not remove the bound placed on news quality by private

knowledge.

This analysis is attractive because it gives consumers an endogenous control over information
flow but not over news content. Furthermore, distortions that are inherent to a social network
should be essential in underlining the differences between social media and other historical in-
stances 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. My analysis is robust
to many extensions and puts into perspective the limits of the business model of ad-funded online
news outlets; under such business models, the information provided online cannot be reliable,

even when all news consumers are rational and unbiased.
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Appendix

A Asymmetric Loss From Sharing

A.1 Best Response

In this section of the appendix, I characterize the results derived in Section 3 for more general
payoffs from sharing. In particular, while I restrict the benefit from sharing true news to 1, I

consider a loss A when false news is shared. The seeds’ payoff thus becomes:

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

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

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

A A=) -w) P Ay(1 - wo)
DTANA =) (A —wo) +ywe 0 Ay(L—wo) + (1 -y)w
A A(1 - 7y)wo A Aywo

TIXA-wo+y(T—wo) 1 Mo+ (T-7)(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 best-responses of seeds and producers might
cross in many ways. We define ¢ := ¢*(25)0,0,0,0); ¢r = ¢*(1,251,0,0)} and go := ¢*(1,0,0,0);
G¢1:=q*(1,1,0,0).

Proposition 1.A. If either1/2 > fi‘; or both qy < ES‘ and ¢ < ii\: then there is a unique equilibrium
with zero investment and gy, = 1/2. Otherwise, an equilibrium with positive investment exists,
which is determined as follows:
* — o t)\ y gl < t)\
® gy maX{QOa_o} if u <tf,
o ot = S AN A = < A
qyy = max{qi,t1}} if t <21 and 71 <1
e ¢}, = max{fy, min{q*(1,1,1,0),£}}} otherwise.
In essence, the proof considers all possible crossing given the shape of the respective best-

responses. Intuitively, the seeds’ best-response is not assumed to be above the producer’s best-

response in z = (0,0,0,0) anymore, which allows for more possible crossings.
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Remark 1.A. In equilibrium, gy, < f{‘, Therefore, news quality is still bounded by agent’s private

knowledge wqg and .

The consequences on the comparative statistics are overall the same. In particular, all results
pertaining to the effect of a parameter on the producer’s incentive to invest can directly be

applied as the producer’s best-response is identical in this extension. Note the following change:

Corollary 2.A. Tuoke 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 qy, increases iff gy, # ty and gy, # to

e For bigger increases, the mazimal equilibrium investment qy, increases iff gy, # to, @iy # to

1

and ¢ is steep enough, i.e. ¢! is such that, for any wh > wo, ¢* >t implies ' >t

Proof. See Appendix D O

A.3 Equilibrium with Competition

As in the monopoly, new equilibria might appear when seeds’ best-response depends on \. Let
qr, = maxz,, q;((21,,0);0) and G = ¢*((1,0),(0,0);0)
Remark (Additional). There might exist other Nash Equilibria.

(i) For t*>1/2 always exist a set of equilibria with zero investment x € [0,1/2]Vk € K.

(i) If 1/2 <t and miny, G, > (t"), there exists a set of equilibria in which ezactly one producer

invests ¢, = max{t"), min{G,,, '}, and the other does not invest.

Define zp := argmax,,, {AV((ZT,O),E/\)} and gp = AV(Z{FJ,E)‘).

Proposition 3.A. If 1/2 < t and t < Jp, there exists a symmetric equilibrium that features

positive investment and qf, = arg minqe[ﬂ,t‘k] ‘AVD((l, 0); q) - c(q)‘.

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

Corollary (Additional). ¢j, is the only equilibrium with symmetric positive investment that is

stable for the interaction between seeds and producers .

Finally, I wonder about other asymmetric equilibria and find:

Remark 2.A. (i) If G, <t", the unique equilibrium is that featuring no investment.

(i) If gp < t* < G, the only equilibria with positive investment have one producer investing gm
while the other does not invest.

(ii) If gp > t* = g, the only equilibria with positive investment for both producers feature ap = .
(iv) If the cost function is linear, there are no equilibrium with q # q¢ and (z,xe) € (1, 1) as

long as c(q)’s slope is different from S.

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

best-responses, all results follow through.

40



B Attention-Seeking Seeds

In this appendix, I explore an extension of the model with wg = 1/2 and symmetric behavior for
all seeds’ z, = 2y = z. I assume that seeds 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. I

characterize the best response of attention-seeking seeds to news quality q.

B.1 The Attention-Seeker Problem

I assume that seeds, 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 re-shares. I focus on positive
reactions, that I 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 that can agree or disagree with the news, and like only if their private signal is congruent

with the news — regardless of the prior probability for news to be true.

As before, seeds simultaneously choose whether to share the piece of news issued by ¢, given
their private signal s. Seeds 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, I still denote Ry; the random variable which is one if f sees the post from 1.
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‘(LfZ' = 1) = PT(Lﬁ = 1|Rfi = 1)PT‘(RfZ' = 1) = PT‘(S = +)PT(Rf7; = 1)

An seed 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,

excluding 7. The expected number of likes i gets from sharing a piece of information which is
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X € {T, F} is thus:
1
E Z Lyg; = 1|X =dPr(f is a follower) Pr(S = +|X)E(—‘X)
feN; P+1

Now recall, upon reading a piece of news, seed i, too, gets a private signal about the truth-
fulness of the news, whose precision is 7. As before, all seeds have a common prior z; about
the probability for producer k to release true information. Let p(n,s) denote i’s posterior upon
receiving signal s and reading news n. Then, a seed decides to share a piece of information if
and only if:

1 1
p(n, 5)d(1 —b)yE(m‘T) + (1= p(n,$))d(1 - b)(1 —V)E(m F) >7

Notice that the seeds’ utility now depends on more than the producers’ investment; it also
depends on the behavior of other seeds. In particular, because seeds 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 Seeds’ Best Response

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

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

As usual, px denotes the probability that a X = T, F' news gets shared. Then, n ~ B(px,d—1)

We can rewrite:

IE( > Ly = 1|X) =d(1-b)Pr(S = +|X)di(1 - (1 —pX)d)
feN; 19'¢

Thus, the expected number of like is:
1-b d 1-b d
p(n,)y——(1-(1-pr)*) + (1 =p(n,5))(1 -7)——(1- (1 -pr)?)
pr PF

Lemma 7. For any q, 23(q) > 2% (q).

Corollary 6. E( # likes |X) is increasing in p(n,s), for any S € {+,-}, X e {T,F}.

_(1_ d
Proof. It is enough to notice that, since pp > pp: (1—(1p—TpT)d) a (;;)F) ) 5 1 so that the coefficient

Z8Technically, each seed’s best response would be a pair of (I + 1)-dimensional function, that each maps ¢ and
z_; into [0, 1], with I the random variable counting the number of seeds, and whose expectation is bI.
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of p(n,s) is positive.
I can now characterize the symmetric best-response of attention-seeking seeds

Proposition 7.
(1) For any T <0, zi(q;7) =2(¢;7) = 1 if and only if ¢ > ¢(7).
(ii) For any 7> (1-~)d(1-0), 2i(q;7) = 22(q;7) =0 if and only if g < q(7).
(11i) For any T € [11,72], 23(q;7) =1,22(q;7) =0 if only if g € [q1(T),q2(7)].

Where:
5(b) = FE1-(1-0)"], 7u(b) = F1-(1-b(1-7))", 72(b) = F2[1- (1-7)]

-1+ (1-b(1-7))

And, given Q = (i:%(lfv))df(lfbv)d;

A 7—(1-7v)d 1-v 7—(1-7)d(1-b 1-9)Q
A(r) = 55 =5 o) = 5 S () = ighaa @) = seraaw

Corollary 7.
(i) For any 7 <~9, if ¢>4(7), 2:(q,2_4;7) = 2-(q,z_1;7) = 1 is the only best response for any
(non symmetric) vector of seeds —i #i’s actions.
(ii) For any 7> (1-7)d, if ¢ < q(7), 2:(¢,2-1;7) = 2-(q,2-3;7) = 0 is the only best response for

any (non symmetric) vector of seeds —i #1i’s actions.

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

another seed to share O
T
1 1
&
&
™
% (1-7)0(b) 71 ~d(l D) T T

Figure 13: Illustration of z,,(q;7) with b=0.2,7=0.75,d =5

Corollary 8. Define zps as the restriction of z to pure strategies. For any (q,7), z,s(q;T) either

does not exist or is unique.
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Proof. Consider the parameter space (7,q). Theorem 7 describes three subsets of best-responses
that do not intersect. No other pure strategies is sustainable, as, by proposition 77, (0,1) is

never a best-response. O

Figure 13 illustrates the different region of pure strategy best-responses in space (7, q). First,
one can notice that for some values of 7, the investment of the producer has no effect on the
sharing decision of seeds. If 7 is too low, seeds are not very demanding in terms of likes, so that
they are always willing to share. If 7 is too high, seeds are too demanding in terms of likes, and

they never share any information.

x
Always Share
- (@ P52
Share only
if S; = T
Z A/
Never Share
‘ :
(0,0) (1,0) (1,1)

Figure 14: Tllustration of z*(¢;7) in 7 = 252 with b=0.2,7=0.75,d = 5

For intermediate values of 7, however, the symmetric best-response of seeds 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 q. This means fixing one value of 7 on Figure 13
and translating the different areas in term of z. This results in Figure 14, which illustrates the

symmetric best-response z*(q) for 7 = 152

. Notice that, for this particular 7, ¢y = 1 -~ and
g2 = 7. It means that, for ¢ between 1-+ and ~y, the symmetric best-response of attention seeking

seeds exactly corresponds to that of naive seeds in the benchmark model.

However, for g ¢ [1-,7], attention-seekers’ best response changes. Say the producer invests
exactly 1 — . In the benchmark model, upon receiving a positive private signal, seeds 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 seeds. This latter strategy is the unique only symmetric best-
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response to g. For ¢ (ﬁTW

strictly increasing in g 3°

) <q<1-+7, 27 is strictly increasing in ¢;?° for

q

(

T1+72
2

)>q>7, z¥ is

The best-response of attention-seeking seed is thus fairly similar to that of naive seeds for

the right value of 7. The problem of seeds as studied in the main text can thus be thought of as

a simplification of more complex preferences.

29 _x

30

zy is implicitly determined by:

TitT2 b 1—(1—5(1—'7)z+)d
g _ 2 1% .
1-v)(1-q) Ttz b 1-(1=byz4)d
2 1-b =

27 is implicitly determined by:

Ti+72 b _ lf(lfb(lf'y)fbwz,)d
(1 — 7)q ~ 2 1-b 1+%z,
1- T T b 1-(1-by-b(1-v)z_)%
7(1-a) ERi=i 12



C Equilibria with Sequential Moves

In this appendix, I solve the model presented in Section 2 with wo =1/2, K =1 and 2,9 = z,); =

21, Z_|0 = Z_|1 = ZF, as a sequential game. In particular, I assume the following timing:

t=1 Producers k simultaneously choose their precision level Pr(news k is T) = xy.

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

t=2 Seeds i simultaneously choose whether to share the article they read.

Note that, as the seeds play last, their problem does not change. ¢ is now the actual in-
vestment and not their prior about it; and the best-response is now their contingent strategy.

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

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

smooth, the producer’s consider different cases. Recall that the producer wants to maximize:
qAV (2(q)) +Vr(2(q)) - C(q)

Because the existence of some SPE might rely on the particular tie rule chosen when the
seeds’ are indifferent between sharing or not, I always take the tie rule the most advantageous

to investment.

Any other level of news quality than 1/2,2/,,7 where z%, = ¢7' (AV(1,0)) is suboptimal.

Now for z,, # 1/2, 1/2 cannot be part of a SPE. Indeed, because c is increasing, we know that:

dhyAV(1,0)~Clah) = [ AV(1,0)~e(g)dg 2 0

Furthermore, if ¢}, > 7, then ¢}, cannot be part of any SPE. Otherwise, the total profits have

to be compared in ¢}, and .

For clarity concerns, I only characterize the producer’s investment prescribed in the SPE:

o If ¢y <
- IfV(1,1) -V(1,0) > C(v) - C(q);), then the SPE prescribe such that the producer
invests 7.

- IfV(1,1) -V(1,0) < C(v) - C(q),), then the SPE prescribe such that the producer

invests ¢}.

- IfV(1,1) -V (1,0) = C(v) - C(q);) then both investments described above are part
of an SPE.

e If ¢}, >, then the SPE prescribe that the producer invests .
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D Proofs and computations

D 2.3.2 The Producers’ Problem

Multinomzaal: the Distribution of an Outcome conditional on a Sum 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)

P?"(Xl = a]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)!

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

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

d
Pr(follower sees k | s shares) = > Pr(follower sees k and v neighbors shared k | s shares)
d
=Y Pr(follower sees k | v and s)Pr(v shares of k | s shares)

Finally, using the conditional probability derived above, we rewrite the probability for a
follower to see a piece of news n from producer k which is X, given £ produced m which is Y,

as:

S PXin.k Y PY|m,¢ T sl d d!
55 _( | ) ( 7 ) ! 1 (X kDY m,0)” (LD X =Py ) oy
s=1v=0 S \PXn,k T PY|m,¢ DPX|nk + PY|m,e vi(s-v)! NTFRT

where pxi, . and py|, ¢ are the probability that a neighbor shares a piece of news from k,/,
PXin,k

77’X|n,k+Py\m,g)’ we Simplify the latter

given it is true/false. Defining f(v) as the pmf of a B(s

expression by:

d
1 s d-s
E : - 1- -
Z S(pX|n,k +PY|m,1z) ( PX|n,k pY|m,€) '(d ) & E, vf(v)

d! PX|n,k
s!(d - 3)' PX|nk T PY|m,e

m|)—n

d-s
pX|n,k: + pY|m7€)S(1 ~DPX|nk ~ pY|m,€)

PX|n,k _ d!
= S (Pxnk + Pyime)* (L= DXk = Pypme) =
PX|nk t PY|m,t 321 i e I . sl(d - s)!

ank —d'
| (Z(pxnk+pyme) (1= pxppk— PY|m£) Si(d—9)]

pX\nk+pY|m€ s=0

d!
0 d-0
—(PX\n,k +pY\m,Z) (1 ~PX|n,k _lemuf) O!(d—O)!)

PX|n,k d
- Xk (1 -(1 ~PX|nk —PY|m,e) )
DXink t PY|m,t

We conclude by writing:

b PXin,k
Pr(Rk = 1|w7nam) = E + n (1 - (]- ~PX|n,k _pY\m,K)d)

PX|nk T PY|m.e
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D 3 Equilibrium
D 3.1 Equilibrium without Competition
Lemma 1: shape of monopolist best-response € interpretation

e Because ¢71(+) is, by assumption, increasing in its argument, ¢*(z) is increasing (resp. de-

creasing) in zg), iff AV (z) is increasing (resp. decreasing) in zg),,. Now, we have:

— I 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 in x.

Hence, it suffices to show that AV (z)’s first derivative is decreasing in z,,,.

For z,)p, we have:

8AV z 1 d-1 _
8—()_ =—d(1-v)(1- wo)(l -b(1- 7)7:0,0)) + dw07(1 - b’yzo70)
ZHO 1-b
Whose sign is ambiguous. It is positive for 2,9 = 0 and decreasing in z, since
1—2211)?—33}00,0 <1 and decreases with z,

The derivation is similar for z;.

— AV/(z)’s first derivative w.r.t. to z_jg, is negative. Indeed:

0AV(z) 1 d-1 d-1
—( )—=—d’y(l—wo)(l—b(vzm+(1—fy))) +dw07(1—b(7+(1—7)zo’1)) <0
62’071 1-b
Where the last inequality comes from %= > %2~ > 1. The derivation is similar for
Y 1-wo
Z_|1.

e For any given zgj,, AV(z) is a polynomial function of zgy,, so it is continuous within
each segment zg, € (0,1). The function is also continuous between segments. Indeed,
lim 1 AV(2) =lim; o AV(2) and lim; |, 1 AV(2) = lim; o AV (2).

In addition, note that the global maximum is in z = (1,2,0,0) for some priors, and in
z = {(%,0,0,0)} for all other priors. Indeed, for wg = 7, o > q1, while for wg = 1/2, Gy < q1-
Figure 15 and 16 illustrate the shape of the producer’s best response. Again, I represent the
seeds’ 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 as in the main text. 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.

Furthermore, Figure 17 and 18 illustrate two cases. Figure 6 shows the equilibrium with
q*(1,1,0,0) > tg > ¢*(1,1,1,0). Figure 7 shows the equilibrium with #; > ¢*(1,1,1,0) > .
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Figure 17: Equilibrium with ¢}, = ¢*(1,0) Figure 18: Equilibrium with ¢y, = ¢

Proposition 1: characterization of the monopoly equilibrium

First, notice that any positive equilibrium investment has to achieve ¢ < ¢;. Indeed, g = 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 290 = 21,1 = 1; and the equlibrium will occur on
the decreasing part of the producers’ best response. Furthermore, note that ¢*(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 ¢*(z) is strictly decreasing, while
2*(q) 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 exist. Therefore, a NE must exist and is unique.

Because the cost function will determine different levels for ¢*(1,1,0,0) and ¢*(1,1,1,0), we
need to understand how these values compare to ¢y < ¢1. If ¢*(1,1,0,0) < g, from the shapes
of the best responses, we have ¢*(1,1,1,0) < ¢*(1,1,0,0) < ¢p < ¢ so that g;; = ¢*(1,1,0,0).
Indeed, in such a case, because g}, < to, the seeds will share an article only if its content matches
their private signal: 2*(qy;) = (1,1,0,0). This is also optimal for the producer, as, by definition
c(qys) = ¢(AV(1,1,0,0)). Furthermore, no other investment is optimal as c is strictly increas-
ing. The same reasoning applies for #y < ¢*(1,1,1,0) < ;. Now, consider g < ¢*(1,1,0,0) but
¢*(1,1,1,0) < tg. Then, ¢, = to. Indeed, as ¢*(1,1,1,0) <ty < ¢*(1,1,0,0), and because ¢*(z)
continuous, there must exist some 23, such that AV (d, 1,251,0)) = to. It is easy to verify

that this constitutes a NE. The same reasoning applies for ¢; < ¢*(1,1,1,0).

When wg = 1/2, to = t1, so that the characterization simplifies to ¢;, = min{g*(1,0),%}.

Lemma 2: the role of connectivity

AV (z) is single-peaked in d because it is the weighted sum of two hump-shaped single-peaked
function of d. Indeed, f(d) := (1 —pF|1)d -(1 —pT|0)d is single peaked as f(d+ 1) - f(d) =
—prp (1 - pF|1)d +prp (1 —pT|1)d whose sign depends on d. It is positive for d = 0 and negative
for d big enough. Furthermore, f(d+1) - f(d) <0 = f(d+2) - f(d+1) <0. The same applies

to (1-ppp)? = (1= prp)?.

Proposition 2 and Corollary 2: the effects of private knowledge

Recall that AV(z) = wo ((1-prn)?=(1-prp)?) = (1 = wo) ((1 - prp)? = (1-prp)?), with
PX|n = b (’YZs|n +(1- ’y)z_X|n). Therefore:

OAV (2)

* 5 20as zy0— 2.1 20 and 2,1 — 29 20.

OAV
° T(()Z) >0 as (]_ —pF|1)d — (1 —pplo)d >0 and (1 _pT|1)d - (1 _pT|0)d > 0.

Where the derivative is null only for z = (0,0,0,0) and z = (1,1,1,1).
Furthermore, v and wgy have the following effects on the seeds’ best-response:

oty oty dto oty
[ 8_’7<0’ a—’y<0,a—’y>0,m>0

ot, dty ot ot
e <0, Dwg < 0,—8w0 > (),—awO > 0.

Therefore, ¢y, unambiguously increases with v. For wp, as ¢*(1,1,0,0) and ¢*(1,1,1,0) are
weakly increasing in wg; no increase in wg would change the inequalities detailed in Proposition 1.

Therefore, ¢}, increases iff ¢}, # to.
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D 3.2 Equilibrium with Competition
Lemma 3: shape of duopolist best-response

(i) Because ¢ 1(-) is, by assumption, increasing in its argument, ¢*(z) is increasing (resp. de-

creasing) in zx, iff AV (zx;2¢,qr) is increasing (resp. decreasing) in zx,. Now, we have:

— I show that V7, vy, — Vi y, is concave in zg, for zg, € [0,1] and any Y =T, F. We have:

Vv, - Viy, = ————(1-(1-p1, - pv,)") - ————(1 - (1 - pr, —pv;)
pbT, ( d d
=———((1-pr _pY) _(1_pT _pY)
ka+p)/é( k 4 k 4 )

pTy, PR, d
+ - 1-(1-pr, -py,)
(ka +Dy, DEF, +pn)( i ¢ )

We know that ——t— and (1 -(1-pp, - pyg)d) are both strictly increasing and weakly

PTy, TPY,
concave in zr, . From the analysis of the monopolist’s best response, we also know that
((1 - DR, — DY, Y- (1- PT, — DY, )d) is single-peaked. As the product of weakly concave

PT, PRy
PT +PY,  PF,tPY,

functions is weakly concave, all that is left to do is to show that

single peaked. We have:

1
pT, PR, py, (P1, —PF;,) Py, (36(2y-1)zqy )
pr oy, PEtpy, n oty ) (PE tey,) O (5bver ey, ) (50(1-7)zn, +py,)
(‘3sz (‘3sz 8sz

Py 3627 = DY = 7)2n.2 + 3bov,2m, +pv®) = (30%9(1 = 7)2m, + $bpy; ) 36(27 = 1) 21,
) (o1, +01,)* (PR, + Pv,)?

Py 3b(27 = )by, - §0*7(1 - 7)2,?]
) 2(pr, + v, )2 (PR, +p1,)?

Which is positive in z7, = 0 and decreases with 27, .

— For zp, , we have:

OAV (213 24, qe) = (1-b) (Pr(Yg)aVT’“Y" - VFkYZ) <0

8ZFk asz
Indeed,
Vi, = Viy, _ 1 [ ( (1-7) d g d
kL kY o plpy, | ———= (-1 -pr-py) - ————(1-(1-pp,-p
0zp, 2 [ (kaJrPYe)Q( A=pr=pw)) (kaJrPYe)Z( (-, =pr.)')

(1-9)pr, d YPF, 0
+d——E(1-pp, —py,) " —d——"—(1-pp, - py,)* ")
ka +pY[ ka +p§/g

_(1_r\d
Which is a sum of negative terms. Indeed, the first term is negative because 1(916—2@
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1-(1-z)¢

—7—— is decreasing in z because:

is decreasing in = and pr, > pr,. We know that

a1—(1—a:)d

x2

e 2t = d(1-2) T 22 -22(1-(1-2)?) = (l—x)d_lx(dx+2(1—ac))—2x <z(-x+2)-22<0

where the first inequality follows from (1 — x)d_l((d -2)x + 2) being decreasing in d

so that among all d, d = 1 maximizes the expression.

(1-v)p1, YPFy,
PT,+PY, — PF,*PY,’

The second term is negative as (1-p7, —py, -1 < (1-pr,—py, )41 and
The last inequality holds because:

(1-p1. (PR, + Pv,) — WE, (1, + Pv,) = PEPT, (1= 27) + Dy, (1 = 7)p1,, — VPR,)

is the sum of two negative terms; indeed: 1 -2y <0 and
1 1 9 9
(L=-7pr=pr = SH[(1=7)(r+ (1=7)20) =y (1=7+725)] = 58 (1-7)-7"]zp, <0

. 10)% -V . . .
(ii) For d =2, W is decreasing in zy, for Y =T, F. We have:
4

Vry, = Viy, DT, d-1
== - 1-(1-pn -py, 1+ (d-1)(pr. +py,
py, (ka+pYe)2[ (-pn ) L+ (@-Dlom+p0)
PF, d-1
+————— 1= (1=pp, —py,)" (1 +(d-1)(pr, +pv,))| <0
(ka+p}/l)2|: k £ ( k 4 )]
I —([)T;%Z)Q( - (p1, +pyz)2) > (PF:*'%@)Q( - (pr, +pyé)2) which is ensured by pr, 2ka.31

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

(pr,+py,)? (PR, +PY,
negative for p%e > PFPT, -

(iii) It is enough to prove that (VTsz - VFsz) - (VTk £~ Vr, Fe) < 0. This expression can be

rewritten:

(1= (1-pr, —pp)*) - 52— (1= (1 = pr, —p1)%)

PTL+PT, PR tPT,
- % (1-(-pz, -pr)?) + % (1-(-pr, -pr)?)
=lor +pr)T(’;Tk+pFl) (pr, =01, = (L =pry, = p1,) (01, +DR,) + (1 =Py = i) (P, +11,))
- (kaerTjﬂ';F”sz) (pr, —p1, = (L= pE, = p1,) (0F + PR + (1= PR, —PE) (PR, +11,))

Let us define a such that pr, +prp, = a(pr, +p1,) + (1 - )(pE, + PF,); therefore pg, +pr, =

31Notice 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-a)(pr, +p1,) + 2(pF, +pr,). Because (1-2)¢ is convex, we have:

(1-p1, - pr,) (1, +p1,) + (1= PR, — P7,) (PP, + DF,)
- (1-pn, —pn) (01 +pR) - (L= pr, - pR) (P + Py)
<a(l-pn, —pr,) o, + 1) + (1= )1 - pr, - pp,) (o1, +P1,)
+(1-a)(L-pr, - p1,) (pr, +pr,) +a(1-pg, - pR,) " (PF, +PF,)
- (1-p1, - p1,) (P, +pR,) - (1= pE, - PR,) (PE, + P13, =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:

pr, N PE,
v, + 01, (P, + PR,) + PR, P+ PR (T, + DE,) + PT,PR,

2 2
pr,pr,(PTy, — PF,) > P1.PF,(PT}, — PF,) = DT, PF, — PT,PE,

As in the monopoly case, for any given zx,, AV (zx;2¢,qe) is a polynomial function of
zx, and is also continuous between segments, as liszk—d AV (z) = Iiszk S0 AV (215 20, qu-

Furthermore, AV (zx; 24, q¢) is also polynomial function of zy and xy, so it is continuous.

Proposition 3: characterization of the duopoly symmetric equilibrium

First note that any equilibrium news quality lies in [1/2,%]. Indeed, recall that AVp((0,0),q) =
AVp((1,1),q) = 0. Clearly, for any ¢ > ¢, ¢(q) > 0= AVp(2*(¢),q), 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.

2.

If ¢(t) > AVp((1,0),t), then 3q € [1/2,t]: ¢(q) = AV ((1,0),q). Indeed, recall that c is
weakly increasing in ¢ and AVp((1,0),q) strictly decreasing in q. We also notice that
c(q) = AV((1,0),G) while ¢(q) = AV ((1,0),q). Because both ¢ and AV are continuous in
q, they must intersect on [1/2,t]. Clearly, (g, (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 ¢ < 1/2, which is impossible. A sharing rule (1,z) with z > 0 would
require ¢ > t. This cannot occur in equilibrium since, for any z € [0,1], AVp((1,2),?) <
AVp((1,2),q}5) = c(qp) < e(t). Hence, c(t) > AVp((1,2),t), so that ¢*((1,z),t) <t for

any z.

If ¢(t) < AVp((1,0),t), then 3zp € [0,1]: ¢(t) = AV((1,2F),t). Indeed, by assumption

o4



c(t) < AVp((1,0);t) and we know that ¢(t) > 0 = AVp((1,1);t). Because AVp(z;q) is
continuous in zp, there must exist such Zp. Because Vp(z;q) is strictly decreasing in zp,

this equilibrium is unique.

D 3.3 Effects of Competition

Theorem 1: shape of AVy(z) - AVp(z,q) in d

Given DV (d) = 2uEDBVDE6A) o want to show that DV(d) > DV(d+1) = DV(d +1) >
DV (d+2). For readability, let us define for this proof:

44 _1+g _pr
Cl—l—— Cy) = —— C3 = -
2 2 pr+ DR

Note that ¢; > 0, ¢ > 0 and ¢3’s sign depends on z and gq.

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

—c ((1 _pT)d _ (1 _pT)d+1)+CQ ((1 _PF)d— (1 _PF)d+1)+C3 ((1 _ ]L2pp)d_ (1 _ %)dﬂ) 50

+ d +
—e1 (1=pr)'pr) + e2 (L= pr)pr) +e3 ((1 - 2pF) . 2pF) >0

Therefore, defining for readability again:
A= ((1 - )d ) _1 (1 _ PTHPF )d PTHPF
€1 pr)pr)—3¢€3 5 5

B:=cy ((1-pr)'pr) + 53 ((1 - ’LQPF)CI 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 c3 <0 A is a sum of positive term so that B > A > 0.

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

_pr +pF)de+pF1

_Cl((l_pT)de(l_PT))+CQ((1_pF)dPF(1_pF))+C3((1 5 5 5(1—pT+1—pF))

Therefore:
DV(d+1)-DV(d+2)=-(1-pr)A+(1-pr)B>0

where the last inequality follows from pr > pp
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Remark 3: beyond two competitors

The difference in the incentive to invest between competition with K and K + 1 producers is

proportional to:

ZYPT(Y){[L(l—(l—ka;fYk )d)_ PF, (1_(1_ka‘;§7Y7k )d)]

PTy, tPY_, PF,tPY_,
_ PTy, _(1- PTy *PTy YPY g \d\ PFy, 1-(1- Py ¥Pu/ THPY_ i \d ]
q[quk*'pk’T*'pY,k ( ( K+1 ) ) PR DT, +DY. ( ( K+1 ) )

PTy, P tPF, ,+PY F PT tDF, ,+PY
-(1- q)[p—TkerFﬁPYk(l (1-—* i £) ) kaerF:erYk(l—(l—_ k i £) )]}

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

sign depends on the parameters for d — oco.

Remark 4: the role of signal precision

(i) When v — 1, note that the set of the seeds’ best response reduces to {(1,0)}. Then:
AVir(z) = (1-b)(1~ (1= > (1-0)5¢(1 - (1-b)") + (1= ¢)(1 - (1~ 50)") = AVp(z,q)

1-(1-0)* 1 q
Because (1) > Vqe[0,1].

(i) When ~v — %, pr = pr for any z, so that the incentive to invest vanishes on both types of
market: AVys(z) =0=AVp(z;q)

D 4 Welfare
D 4.2 Framework of Analysis
Lemma 4: Consumers’ expected utility

e Conditional on receiving news n after private signal s, accounting for the optimal decision
whether to share or not, the utility from sharing is max{2p(n, s) - 1;0}; now 2p(n,s) -1 >
0= zgp, 1 > 0 where X =T iff n = s. Therefore, max{2p(n,s) - 1;0} = zs‘nk(?p(n, s)-1).
The expected utility from sharing is thus: Y % Ysn zs‘n,k(Qp(n,s) - l)Pr(n,s). Note
that suming over possible s is equivalent to suming over possible X as X,n and s,n are
isomorphic. The final expression is fund by plugging the expression for p(n, s) and Pr(n, s)

in the sum.

e Conditional on receiving news n after private signal s, accounting for the optimal decision
to bet, the utility from sharing is max{2p(n,s)—1;1-2p(n, s)} where the former argument
expresses the expected gain from betting a = n and the latter, the expected gain from
betting a # n. As before, 2p(n,s) —1>0 = Zgjn,k = 1; therefore, it is optimal for seeds to
bet a = n after (n,s) with the same probability as they share n after (n,s). If zg, 1 =0,
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they bet a # n and get 1-2p(n,s); when 1> zg), ,, > 0 they are indifferent as p(n,s) = 1/2.
Therefore, max{2p(n,s) - 1;1-2p(n,s)} = (225|n’k - 1) (2p(n, s) - 1). As before, the final
expression for the expected utility of seeds from betting is found by plugging he expression
for p(n,s) and Pr(n, s) into: Y, % Ysn (2zs|n’k - 1) (2p(n, s) - 1) Pr(n,s).

Followers, conditional on receiving some news, account for the higher probability to be

reached by a true news because of the filtering effect of the network. If there is no competi-
tion, the expression for their expected utility from betting is the same as seeds. Otherwise,

P ( _ | k’) _ Pr(n,s|lw=n) Pr(see k over -klw=n)Pr(w=n) _ q, Pr(T) ¥y Pr(see T over Y ) Pr(w=n)
riw =nin,s, - Pr(n,s,sees k) T Y Pr(njw=w) Pr(X) Yy Pr(sees X over Y )Pr(w=w)

and their utility is found as max{2Pr(w = n|n, s, k) - 1;1 - 2Pr(w = n|n, s, k) }.

Note that upon receiving no news, followers simply bet their private signal and get 2v -1

in expectation.

e Upon each possible outcome (n,s), consumers do not enter if u;j(aln,s) <r.

D 4.2 Welfare for symmetric priors
Theorem 2, Lemma 5 and Corollary 3: outlets’ influence on betting decisions

Consider wg = 1/2.

(i) The expected utility of a seed who would always follow the news article is:
>sqPr(s=n)-(1-q)Pr(s+mn), which is smaller or equal to (2y-1) for any g <~. If the
influence follows the news article only when n = s, then it is equivalent to always following

the private signal. ¢* <~y so seeds are always as well off following their private signal.

(ii) Conditional on receiving a news article n, without competition, the expected utility from
a follower is the same as the expected utility from the seed; hence follower are always. as
well of betting their private signal in a market without competition.

In a competitive market, consider a follower receiving a signal different than the article
they read. If the follower is better off following the news in this case, then the presence of
news outlets allows him to take better decision. A follower’s expected utility from betting

the content of a news article conditional on receiving one with n # s is:

5 [a01=2) Ptk = )P - (1 gy Pl )L
m P1,, + PV, PFR, TPy,

where Y = T when m = w and Y = F for m # w Because the equilibrium is symmetric,
PT, = PT, = % and pr, = pF, = %. Therefore, the value for the expected utility of a follower

receiving n # s when the news quality is q is:

By (@l + ) = [#(1-15 = (==L ]+ [a0 =01 =9) Lo~ (1= )%
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Which is maximized, given any ¢, at z* is such that pp = by; pp = b(1 —~). Then:

2(1-7)—(1-¢)> (A=) )=y (1-7)b 2(1-7)=(1-¢)2
B(uy(a)ln + 5) = @000 | q oy (W)(l_g)b ) _ @0 aary)

The follower is better off following the article rather than his private signal when this
expected utility is greater than 0, which requires q%fll_ﬂ.

The follower’s maximal utility is still bounded by v because ¢ < . In particular, for ¢ =y
and z* = (1,0), 2/ = (1,1) so that the expected utility of a follower conditional on receiving

some news is:
L, _pr ) ( PE 1) _3
s+—2L—)—-(1- LE_ 4 2) =% -1
q (2 PTHPF ( q) pPr+pr 2 2 (27 )
Consider any wg in an uncompetitive environment.

(i) As in equilibrium, ¢* can be greater than -, consumers can be made better off by betting
the news article content: Y., (X4 (¢Pr(s=n)-(1-¢)Pr(s#n))Pr(w=w)) > 2y -1 iff
q>.

(ii) Consider ¢* € (v,%1]. Then, z,o = 2,1 = 2_j9 = 1. The expected utility of a seed — or of a
follower conditional on seeing a news article — is:

E(u;) Z (225‘,1 - 1)[qPr(X) Pr(w=n)-(1-q)Pr(-X)Pr(w#+ n)]
Xn

= [qywo - (1= q)(1 =) (L = wo) ] + [av(1 —wo) = (1 = ) (L = v)wo ] + [q(1 = ¥)wo = (1= g)(1 = ~)(1-

Note that this equality is also valid for z,; > 0; Indeed z,; >0 = ¢* = #; but t; Pr(F) Pr(w =
n) - (1= )Pr(T)Pr(w # n) = 0. Therefore,

E(u;) =2y -1+2(q(1 - y)wo = (1 - g)y(1 - wo))
<2y =1+2(t1(1 —vy)wo — (1 —#1)y(1 —wp))
29(1-7)

=2y-1+ 2wg -1
T S - g P Y
27(1-7)
<2y-1+ ———=(2vy-1
= +’y2+(1—7)2( 71
2v(1 -
-29(1-7)
Where the last inequality follows from
g A G G D G0 o (i 1 >0
dwo ('yw0+(1—’y)(1—w0)) (’YwO"'(l_’Y)(l_wO))

Theorem 2 and Corollary 4: outlets’ influence on entering the bet

Consider 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 > r; and enter
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the bet for r < r;. With news, seeds would opt out for r > 7, enter following any news with r <r

and enter only for n = s with r < < 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 vq agents receiving n = s corresponding to the
right state of the world, i.e. who win the bet; and (1-+)(1-¢) seeds who lose the bet. As

vq > (1-7)(1-q), 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 —v)q agents receiving n # s who had the
wrong private signal so who are better off opting out; and v(1-¢) seeds who are worse off.

As y(1-¢q) > (1 -)q, there are more losers than winners.

Consider any wp in an uncompetitive environment. Consumers might decide to enter the
bet conditional on the private signal content’s they receive. Let rs be the bet price that makes
consumers indifferent between betting or not, were they to only observe their private signal s.
Then:

Ywo ~ 7(1 - wo)
2'yw0 +(1=79)(1 -wo) 1> 2'y(l —wp) + (1 =y)wp

Furthermore, let r, be the bet price that makes consumers indifferent between betting or not

ro = —1:7'1

when receiving signal s and news content n # s. Then:

1y =2 (1 - q)wg 1 s omax{y(1 - q)(1 - wo); (1 - 7)quwo}

~ (1 -q)wo + (1-7)q(1 - wo) (1 -¢q)(1 —wo) + (1 -)quwo

_1:£1

Finally, let 75 be the bet price that makes consumers indifferent between betting or not when

receiving signal s and news content n = s. Then:

q(1 = wo) _

— YqWo -1=7
¥q(1 = wo) + (1 =) (1~ q)wo

S w1 -0 —w)

1>2

Now, r, < rg <7, for both s = 0,1; furthermore, as in the proof of Lemma 6, conditional on
receiving a signal s, consumers are expected to be worse at deciding whether to enter the bet for

r€[r,,rs] for s =0 and for s = 1 and ¢}, < t,; and better for r € [ry, 7s].

One must thus determine the relative order of the different thresholds, and compare the gains

and losses from the presence of outlets for each case.

o If ¢ <wy, then ry <7 <71 <ry<rg<7g. Then, for r € [ry;70], the presence of news outlets
does not change the consumers decision to enter the bet if s = 1 but dissuades them to
enter for s =0 # 1 = n. This dissuasion happens with probability v(1-¢) for w = 0 and with
probability (1-+)q for w = 1. The total expected effect is thus —y(1-¢)wo+(1-7)g(1-wp) <

0 for any equilibrium ¢ < t;.

2
o Ifge [wo; m], then r; <7 <1y <7 <rg<7o. Then, for r € [F1;7], the presence
of news outlets does not change the consumers decision to enter the bet if s = 1 but as

before dissuades to many of them to enter for s =0+ 1 =n.
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o Ifg> W‘)iwo)% thenr; <ry<r <rp <7 <7p. Then, for r € [ry;r;], the presence of news
outlets dissuades consumers to enter for any s # n. This creates a loss for s = w, which
happens with probability v(1 - ¢) for either w = w; and a gain for s # w, which happens
with probability (1 —+)g for either w = w. The total expected effect is thus negative as
long as g < 7.

Finally notice how, for instance for ¢ < wqp, the presence of news outlets is positive for

re[ry,71] and r € [rg, 7] but negative for r € [ry;70], while 71 <1y < 7.

Proposition 5: effect of competition on total welfare

e About the expected utility from sharing: taking d — oo, the difference in profits is —2C'(¢p)
while the difference in expected utility from sharing is ¢py— (1 -¢qp)7y. There exists a cost

function C(q) such that 2C(gp) > gpy - (1 = gp)~, for instance C(q) = %.

e About the expected utility from betting: Consider a cost function such that ¢}, < ¢, <

1A

2v-1
presence of a second news outlet. The difference in total revenues from producers is:

. Then, by Theorem 2, neither seeds nor followers are made better off by the

g(1-q) [(1-pr)?+ (1 -pp)t-2(1 - 225er)]

The total cost of production doubles. For d - o the revenues are the same, so that any

cost function C(q) would surpass that the total gain in revenues.
The same applies to the utility from entering the bet for r <r and r > 7.
D 5 Evaluation of Intervention
D 5.1 Flagging
Proposition 6 and Corollary 5: effect of flagging with or without competition

Let the difference of incentive to invest with flagging be FDV (z,¢; p) = AV (z; p)-AVp(2,q; p).

Let us first rewrite:

OFDV(z,q;

% =Vr+ (1 - Q)VTF - (1 - q)VTg -qVpr - 2(1 - q)(l - Q)VFF + (1 - (])(1 — QP)VFQ
To prove that this derivative is positive, I show that —82Fg:)/8(;,q;p) > 0, so that —8FD\g£z,q;p) >
MLW‘ I then move to show that E’FLE)Z’W))| > 0.

q=1/2 q=1/2

9?FDV (2,4:p)

To show that Dpd

> 0, let us rewrite:
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9°FDV (z,q;
8p(§q 9G0) Vi + Vi Vier +2(1 = p)Virr — (1 = 20)Vig

= gt (1= (= 2y ) (1= (- By = i (1 (- By
+(1-p)(1- (1 -pr)?) - (1-2p)(1- (1 - B0))
=+ (1= PR - (1= ) (1= p)(1 = pp) + (1-2p)(1 - B )

= p[1+ (L-pp)® =20 = B [ [(1- Byt = (1= B )T (1= pr) o+ (1 B )]

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

e the first term is increasing in p so that 1+(1—pp)d—2(1—p7F)d >1+(1-pp)d-2(1- %)d| - 0
PF=

e the second term is increasing in pr so that (1 - PLPE)? — (1 - BL) — (1 - pp)d+ (1 - BE)E >

(1-emee)d o (-2t (1-pp)d+ (1-2) =0
PT=PF

02( AV (23p)-AVp (2,q;
We can thus conclude that ( (= glaq p(24 p)) >0

> 0. We can rewrite:
q=1/2

Let us now show that WLW‘

OFDV (z,q; p)

1 1 1 1
Vit Vir - ~Vig — ~Vier — (L= p)Vir + ~(1 - 2p)V;
ap ‘q=1/2 FEQVIF = o VTe = 5 VFT (1-p) FF+2( P)Vrg

Noting that Vpp = %VF, we get:

OFDV (z,q;p) [ (1+p) 1
ap |q=1/2 = 5 Ve —pVrg | + 5 [VTF Ver = Vg + VF@]
= [%VF—pVFQ]+%[gg;gi(l_(l_i’%)d)+(1_1)2_T)d_(1_p7F)d:|

Again, this is the sum of two positive terms.

e The first term is positive as HTP > p and Vp > Vpg. Note that the term is strictly positive

for pr > 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:

B(d) = Fbe(1- (1= 232y t) & (1= 7y - (1= )

PT+PF
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Then,

E(d) —E(d+ 1) — _i?;i? pT‘;pF(l _ pT;pF )d+ pTT(l _ p2_T)d_ pr(l _ pTF)d

= 5 () - (- ey [ - ) - (1 ]

=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 = ) = (1= BEEYI(1L - BF) + (1= P22 ) B )
- (1= B (1= ) - (1= By ) + (1= PP ) (1)

- (1-2)A-(1-2)B

[S—

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. 32

OF DV (2,49;0) OF DV (2,q;0)
p 112 > 0 for any pp > 0 and — 112
pr > 0, which concludes the proof of the stronger effect of flagging in a monopoly.

We can thus conclude > ( for any

To show that there exists a level of flagging that makes competition detrimental to the
producers’ incentive to invest, it is enough to note that AV, (z; p) is continuous in p and that with
p=1, AVy(z;1) > AVp(z,q;1) since AVy(2;1) = AVp(z,q;1) =V —qVpr — (1= q) Vg > 0. To
show that any outcome ¢, > ¢}, is reproducible in a monopoly, notice AVp(z,¢;1) > AVp(z,¢;0).

D 6 Discussion
Irregular Networks and Seeds’ Selection

Denote AV'(d;) the producer’s incentive to invest in a regular network of degree d; as derived
in the main text. Let AV/(J) be the producer’s incentive to invest in a network with degree
distribution §. AV'(d;) is continuous in d;; hence, there exists a representative degree d such that
AV(d) = Y.4;0(dj)AV(d;). The equilibria can be characterized applying Proposition 1 and 3
with d = d. The role of private knowledge is qualitatively the same for every AV (d;), hence for
AV (6): Proposition 2 and Corollary 2 apply. The role of connectivity on the producer’s incentive
to invest can be assessed in terms of d. The effects of competition through connectivity also carry
through as AVjs(d;) — AVp(d;), is continuous in dj; hence, there exists a representative degree
d such that AVir(d) - AVas(d) = Ty, 5(dj)(AvM(dj) - AVDV(dj)). All other results directly
apply.

32Note that if A >0 and pr > pr, A< B = (1- PL)A > (1-EL)B. Therefore, the term is strictly increasing for
any d > 2, pr > pr.
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Behavioral Biases and Partisanship

Consider confirmation bias. When S = —, with probability €, seeds misinterpret the news content
and believe it corresponds to their private signal. Then, the probability for an article to be shared
becomes: pr = %[(’y +(1- 7)e)z+ +(1-9)(1- e)z_] and pp = %[(fye +(1 —fy))z+ +9(1- e)z_].
The analysis would then be directly applicable. For instance, take a monopoly. aAaLe(Z) =—d(zs -
2)(y(1=pp)T -1-y(1-pr)*) <0as z, -2 >0,y <1-vand (1 -pp)** < (1-pp)*.
The same applies to the duopoly case.

Consider sensationalism. Seeds are assumed to enjoy sharing an article that is not congruent
with their private signal because of their taste for sensationalism. In particular, assume that

they get a utility premium from such a share of e. Their payoff from sharing is then:

. . 1+elg-—_ ifn=w
u(sharing article njw = w, S) =
—1+elg-_ otherwise

It follows that their expected utility from sharing when S = - is 2p(n,s) - 1 +¢, so that z_, >0
_ (1-€)y Pr(w#n)
~ (1-€)yPr(w#n)+e(1-v) Pr(w=n) "

if ¢g>t, =1, Therefore, the news quality is now bounded by ¢; and

t~1 < 51.
Beyond Vistbility

Consider that news quality affects reputation benefits continuously. In particular, assume that
the producers revenues can be written E(Rg|q) + vq. Then the best-response of the producer
would be: §*(2) = ¢ (AV(2) +v) > ¢ (AV(2)) = ¢*(2). However, to understand whether news
quality could surpass t1, one needs to understand whether the producers’ best-response might lie
completely above the seeds’ best-response. This would occur if ¢ 1(v) = ¢ (AV((1,1)) +v) >
;. When this is the case, the equilibrium news quality is ¢™'(v); otherwise, one can apply
Proposition 1 and 3 with §*(2) = ¢} (AV(2) +v).

Consider that news quality affects reputation benefits discretely. In particular, assume that
the producers revenues can be written E(Rj|q) + v1455. Then the best-response of neither side
of the market would be affected. However, if ¢* < g, the producer would invest g iff E(Rx|7) +
v=C(q) >E(Rklg") +v-C(q").

D A Asymmetric Loss From Sharing

Proposition 1.A: characterization of the equilibrium without competition

First notice that any positive equilibrium investment has to lie within [23‘7 t_{‘] Indeed, it is easy
to see that for any ¢ < gé, no news is ever shared so that the producer has no incentive to invest;
likewise, g = t_i\ 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.
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It follows that, if 1/2 > fi‘, the producer will never want to invest more than 1/2 — intuitively,
the producer’s best response lies above the seeds’ best response. If ¢y < g} and ¢ < ﬁ{‘, it
is too costly for the producer to invest more than 1/2, as for any sharing strategy z, the
marginal benefit from investing ¢ > 1/2 is lower than its marginal cost — intuitively, the pro-
ducer’s best response lies below the seeds’ best response. Indeed, we know that ¢ < t())‘ cannot
be an equilibrium. For any ¢ € [£),1}), by definition gy = ¢ *(AV (20,0,0,0,0)) > c(AV(2*(q))
so that c(q) > c(t)) > c(q@) > c(AV(2*(q)). Likewise, for q € [t,%)), as @1 < 7, we have
e(g) 2 () > (i) 2 o(AV(2*(q)). Forany g2 &), c(q) 2 () > c(max{do, 41 }) 2 c(AV (2" (q))
Now, let us understand what happens if positive investment is possible. If ¢; < ﬁ‘, as argued
above, the investment has to be such that q € [ty,7). Because ¢y > £, and ¢*(z) continuous,
there there must exist some z}|0 such that c‘l(AV(z}‘O,O,O,O)) = EE}. If ¢o < Q’}, the maximal
investment equilibrium is thus gé; otherwise, ¢p is an equilibrium as xgg € [tg,ﬁ) and by defini-
tion, ¢(qo) = AV(1,0,0,0), and leads to more investment. A similar reasoning applies to ¢ > zi‘
and §; <8).

Finally, if ¢1 > 21\ and ¢ > t%‘, because ¢*(z) is decreasing in z_|p and z_|;, and continuous, there
must exist a ¢’ > ) and a 2’ = (1, 1, 2.9, 2-)1) such that c(q") = AV(2'). Tt is easy to verify that
max{#), min{q*(1,1,1,0),£}} yield the highest ¢ on [t},%}] such that c¢(q") = AV (2').

Additional Remark: existence of other equilibria

(i) 2;((0,0),2-k,q-) € [0,min{1/2,t"}] and 21, (qr) = 2r, (qx) = 0 for g € [0, min{1/2,t"}].

(ii) Notice that for px_j = ¢_ = 0, AVi(z,q-x) = (1 -b) [(1 - 1/2bt*)* - (1 - 1/2b¢")¢], which
corresponds to the monopoly case up to 1/2, which is accounted for when defining gy.
Furthermore, it is a best response for —k to not invest if z_; = (0,0), which is a best

response if g € [0, min{1/2,£*}].

Proposition 3.A: characterization of the equilibrium with competition

First note that any equilibrium investment bigger than 1/2 has to lie in [t*,*]. Indeed, recall that
AVp((0,0),q) = AVp((1,1),q) = 0. Hence, clearly, for any ¢ < min{t*,g} or ¢ > max{t*,1/2},
c(q) >0=AVp(2*(q),q), which would be suboptimal for the producer.

Given 1/2 <t and t} < gp, different parameters allow for two cases:

1. Ife(t*) < AVp((1,0),£") and AVp((1,0),2) < c(), then 3G € [t*, 11]: ¢(§) = AV((1,0),§).
Indeed, recall that ¢ is weakly increasing in ¢ and AVp((1,0),q) strictly decreasing in g.
Clearly, (g, (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 ¢’ > ¢},. As argued above, ¢’ € {t},#}.

For ¢’ = #* > ¢}, to be part of an equilibrium, there must exist a 2’ = (1,2},) with 2 > 0
such that Vp(2',¢") = ¢(#"). Tt is impossible, because c¢(t) > ¢(q5) = AVp((1,0),q}) >
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AVp((1,0),2)) > AVp((1,zr), 1) Vzr > 0, where the last inequality uses that AVp(z;q)

is decreasing in zp.

2. If ¢(t)) > AVp((1,0),t"), then 327 € [’71?, 1]: ¢(t*) = AV (z7,t"). Indeed, by assumption
AVp((ZR,0);tY) > c(t*) > AVp((1,0);¢*), and AVp(2;q) is continuous and decreasing on
[2R,1]. Clearly, (£}, (27,0)) is a NE.

3. If ¢(#") < AVp((1,0),#"), then 3zp € [0,1]: ¢(#) = AVp((1,Z2F),t*). Indeed, by as-
sumption AVp((0,0);}) = 0 < ¢(#) < AVp((1,0);t}), and AVp(z;q) is continuous and
decreasing in zp. Clearly, (£, (1,%r)) is a NE.

Additional Corollary and Remark 2.A: discussion of other equilibria

About the equilibria’s stability:

First if 1/2 > t¢, AVp(z,t") > t! for any 2. Because AVp(Zr,q) is continuous and increasing on
[0, Z7], we know that, given any ¢, ¢ 1 (AVp(z, 1)) crosses z;(q) only once. So for any qo, there
is a unique ¢', 2% (¢"). We pick the ¢ that leads to equilibrium qo, 2*(qo), which must be unique.
If gp > t* > 1/2, then given any ¢ = t*, ¢ "' (AVp(z,q)) crosses 2 (q) twice: once for some 2 < Zp
with AVp (2%, q)) = c(t}); and once afterwards. The slope of AVp(z,q)) in 25 < Zr < 1 is strictly
increasing. The investment required for seeds to share upon receiving congruent private signal
with probability z/. is equal to t* with slope 0. Therefore, the equilibrium (¢, (27,0)) cannot
be stable. In particular, any stable equilibrium must have zj, zy > 2.

Finally, we prove that g7, is the only stable equilibrium with symmetric investment by noting that
gk = q¢ = ¢* implies zj, = zp > 2. Indeed, any equilibrium investment ¢* requires AV, (2, z¢;¢*) =

AVy(zk, z¢;q*). Now, because aﬁ;}:’“ * —% for every zj, z¢ > 27, the unique zy, z; supporting

qp must be defined by AV (z,q); therefore, 2z, = z,.

About other asymmetric equilibria (1) Gm < 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) gp <t means that there does not exist a symmetric equilibrium with positive investment,
le. Vazp,tt > AVk(zk,zk;f‘). Furthermore, no other equilibrium with positive investment can
exist. By using the proof of the Additional Corollary above, zx = zy if qx = qo, S0 2K # 2
is inconsistent with ¢ < . Finally, 2z < 2z; and ¢, = ¢t < ¢ cannot be an equilibrium as
t* > AV (zi, 215 1) > AV (21, 223 0) for zx > 21 qp > .

(iil) t* = ¢ implies that AVi(zk, 2x;q0) < AVi(zk, (0,0);0) < t* for any z;,. Hence zj cannot
exceed . As the same applies to g, both producers must be investing the minimum ¢* if
they do invest. Furthermore, x, = ¢ implies z; = z,. (iv) Assume gqj, € (t*, ). Assume
that there exists an g, > q¢, with (qz,1¢) € (¢),). Then, ¢(q) = AVi((1,0),(1,0),q) and
c(qe) = AVp((1,0),(1,0),qr), so that ¢(qr) — c¢(qe) = S(qx — q¢), which is impossible if ¢ has a
slope different from S.

If g5 € {t}, T}, then for any g/, c(qr) # AVi((1,0),(1,0),g) so there cannot be any equilibrium

where both producer invest away from the minimum.
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D B Attention-Seeking Seeds
B.2 Seeds’ Best Response
The Probability of Being Read by a Follower (as an Seed)

Because we take the perspective of a given seed i, 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.

d-1 _
( ) ZO%(pX)S(l_pX)d_l_Ss!(Ezd_11_)!s)!
1« d!

- Z )5“(1—px)d_s_l(s+1);(d_s—1)!

d d!
Z(px) (1-px)*® ~'(d B

)dOd

X 5=1
d 51 d-3 d! 01
52:: PX) ( —pX) m—(p)() ( —PXx oldl

[1 (1-px)?]

Q‘\ Q‘\ &‘
—_ p—

where 5 =s+ 1.

Lemma 7: true news are shared more

By contradiction, suppose that z7.(q) > 27.(¢), so that pr > pp. For this to be sustainable, we
need E(#likes|s; = T') < 7 < E(#likes|s; = F'). However, this happens only when:

v . pr (1-(1-pp)?h
(1-(1-pr)?) PF

Indeed, we have:
pe(T;33@)’71—_()(1—(1—pT)d)+(1—pz(T; $e))(1—7)1—_l)(1—(1—PF)d) <pe(F; xe)’Yi(1—(1—pT)d)+(1—pe(F; 7))
pr PF pr
[pe(T; w0) - pe(F; we)]vi(l ~(L=pr)?) < [pe(T;20) = pe(F;30)](1 - V)L(l - (1-pr)?)
pr PF

v]%(l C(1-pr)Y) <1 —wi(l (-

Because 1 > 1, we need (1—(f§9T)d) (1_(127_§F)d) > 1. Now f(2) = q=55ya is an increasing

function; indeed, we have:

of  sien 1-(1-2)¢-2d(1-z)%!
blg“(a:c 2 (0, 1))_5g ( (1-(1-2)d)>

) = sign (1 —(1-2)4-zd(1- x)d_l)
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Now,

g(z) =1 -2z)-2d(1-2)T"' <1 over z € [0,1]. Indeed, g(0) =1,g(1) =0, and g strictly

decreasing in-between, since:
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B lgoy = (- DA [(A-2) = (L+2(d-1))] = (@-D)(1-2)"*[-ed) <O

As f is continuous on [0,1] with f(0) =% and f(1) =1, f is indeed increasing.

Therefore, we conclude that pr > pp, a contradiction.

Proposition 7: characterization of the seeds’ best-response

(i)

(iii)

Given 7 < 4, if ¢ > G(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. Indeed, if every other seeds
always share, pr = pp = b, then the expected number of likes upon receiving a false signal
is:

[P(F; )y + (1= p(F,0)) (1= 7)1 (1 (1))

T _(1-
Which is higher than 7 iff: p(F;q) > %(_17) Given that p(F;q) = (1(_1;)%, this happens
iff ¢ > %M = §(7). Because 7 <74, 4(7) < 1; for 7 < (1-7)4, G(7) <0, the condition

is always fulfilled.
For proving the converse, recall that #
other 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.

is decreasing in p. Suppose there exists an-

Likewise, given 7 > (1-7)d(1-b), if ¢ < ¢(7), then even d(1-b)[p(T’, ¢)v+(1-p(T, q))(1-7)]
likes are not enough for anyone to share, so that (0,0) is a the best response to any p given
q and 7. Indeed, if every other seeds never share, pr = pp = 0. Then, the expected number

of likes upon receiving a true signal is:

[p(T59)y+ (1 =p(T,q))(1-7)]d(1-b)

T _ 1_
Which is lower than 7 iff: p(T;q) < %flp) ma
-y 7=(1-vy)d(1-b) _

ST A - q(7). Because 7 > (1-7)d(1-1b), g(7) > 0; for 7 >
~vd(1-10), ¢(7) > 1, the condition is always fulfilled.

Given that p(T;q) = this

happens iff g <

Again, we can simply verify that, given 7 € [71,72], if ¢ € [q1(7),¢2(7)] and every —i seed
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 i set z; 7 = 1.

Indeed, if every other seeds share only upon receiving a positive signal, pr = 1,pr = 0.

Then, i also only shares upon receiving a positive signal iff:

p(T:) U (11, ) O > 7> p(Fg) G (1p(Fg)) U
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Which is possible only if 7 € [11,72]. Note that if 7€ {m, 72}, ¢1 = g2 € {0,1}.

Replace p(T;q) and p(F;q) by the adequate expression to find the range ¢, go.
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