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People seek to learn about world events, but often also what others know about
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accurate in reporting events and equally clear in conveying their reports. This
occurs even though people would demand different accuracies and clarities. The
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1 Introduction

People seek information to learn about world events, but often also what others know
about those events—for instance, to respond to each other’s actions. Political protesters
look for mutually known news that can catalyze rallies. Stock traders look for information
others may not know, so as to anticipate price swings. Friends may simply look for topics
of common interest to have meaningful conversations. Shared knowledge matters in many
economic and social settings and is influenced by mass media (Chwe (2013)). Indeed,
“significant market events generally occur only if there is similar thinking among large
groups of people, and the news media are essential vehicles for the spread of ideas.”
(Shiller (2015), p. 101) Recognizing that news sources help people learn not only facts,
but also others’ beliefs about those facts, is then crucial for understanding information
markets in environments where people may care about coordinating their actions with

others.

Prominent research has studied how the desires to learn facts and others’ beliefs,
stemming from coordination motives, shape the demand for information. However, it has
treated the sources of information as exogenous. Thus, little is known about how those
desires affect the supply of information. To fill this gap, in this paper we endogenize
the information supply in a full-fledged competitive market. We emphasize an aspect
that sets information apart from other commodities: It consumes attention while being
consumed. Since attention can be “monetized”—usually by selling it to advertisers—it

is a key revenue source for information providers, who fiercely compete for it.!

We offer two sets of results. First, competition for attention leads to a homogeneous
supply of information: News sources are equally accurate in reporting events and equally
clear in conveying their reports. This happens even when consumers would value ac-
cessing heterogeneous sources. The type of supplied information depends on a subtle
interaction between the cost structure of producing information and the consumers’ fact-
and belief-learning desires. Second, despite perfect competition the supply of informa-
tion can be inefficient. We ascribe this inefficiency to two causes specific to information
markets: The role of information sources as devices to learn others’ beliefs and the role

of attention as the “currency” whereby consumers pay for information.

To model the consumers’ fact- and belief-learning desires, we follow the paradigm of

coordination games with incomplete information developed by Morris and Shin (2002),

IThe importance of competition for attention when it comes to information sources has been stressed
by many scholars across disciplines, including Simon (1971), Benkler (2006), Lanham (2006), Sunstein
(2009), Anderson and De Palma (2012), Davenport and Beck (2013), Webster (2014), and Wu (2017).



Angeletos and Pavan (2007), and Hellwig and Veldkamp (2009). For example, consider a
society of identical agents—the information consumers—who have to choose which policy
to support. Each assigns a weight 1 — v to supporting the best policy, which depends on
some unknown state of the world (the ‘facts’), and a weight v to supporting what others
support. Hereafter, we refer to v as the coordination motive: v > 0 reflects strategic
complementarities and can be interpreted as conformism, while v < 0 reflects strategic
substitutabilities and can be interpreted as anti-conformism. Each agent wants to learn
the state as well as the beliefs of others about it in order to predict their choices according

to their coordination motive.

The consumers have access to multiple sources of information, broadly interpreted
as traditional and online news outlets, social media, blogs, etc.? Realistically, they may
interpret each source differently, which may lead to miscoordination. To model this,
we follow Dewan and Myatt (2008, 2012) and Myatt and Wallace (2012). Each source
produces a signal about the state that has some source-specific noise, which captures the
signal’s accuracy: A smaller noise means that the signal contains better information about
the state. A consumer observes a source’s signal with some additional individual-specific
noise. If this noise is smaller, it means that she understands better the source’s content.
This jointly depends on the source’s clarity—mnamely, how easily it conveys its content—
and how much costly attention the consumer pays to it. Concretely, a newspaper may
publish an in-depth (accurate) or superficial (inaccurate) report on some proposed policy
and may write it in plain English (clear) or technical jargon (unclear). Given this, how
much the consumers understand the report depends on how much attention they devote
to it.

Our model endogenizes the quantity of information sources and their choice of accu-
racy and clarity. Each source is a distinct profit-maximizing supplier. Revenues come
only from attention, where its marginal dollar value may depend on the amount of at-
tention a source receives and on its accuracy and clarity. We shut down the usual price
revenues to better understand the competition for attention, which seems understudied

yet important in the Internet era.® In the spirit of perfect competition, entry is free and

2?7, Gentzkow and Shapiro (2011), Webster (2014), and Kennedy and Prat (2019) find that many
people get their news from multiple sources.

3A zero price for accessing information may be optimal for some news outlets, which are similar to
two-sided platforms. This seems the case for online outlets facing a strong demand for advertising (?).
According to Webster (2014), “advertising now supports much of the world’s media, both online and
off” Newman et al. (2017) find that an overwhelming majority of people does not pay for online news.
For an analysis of information pricing see, e.g., Admati and Pfleiderer (1986, 1990), Sarvary (2011),
Babaioff et al. (2012), Bergemann and Bonatti (2015), Hérner and Skrzypacz (2016), and Bergemann
et al. (2018).



sources act non-strategically.* Upon entering, each source commits to the accuracy and
clarity of its signal. Higher accuracy and clarity cost more to produce. We call each
accuracy-clarity pair a type. After the sources enter, the consumers observe their types,
allocate attention, update beliefs based on their signals, and choose their actions. Given

how consumers allocate attention, in equilibrium all sources have to make zero profits.

Our first contribution is to characterize the competitive equilibrium and its depen-
dence on the coordination motive v. Generically, in equilibrium all sources supply the
same signal type. This homogeneity arises even though, at least for small enough -,
multiple signal types would receive attention if supplied.® Nonetheless, the properties
of how the consumers allocate attention render one type always more profitable than
all the others. As more—possibly different—sources enter the market, each receives less
attention, forcing all but the most profitable type out of business. This type depends on
~ and a specific measure of production cost: roughly, on the cost of producing a signal
type per unit of its accuracy (i.e., content) normalized by its clarity. Depending on how
this measure changes with clarity, the equilibrium type becomes clearer as agents’ desire
to coordinate with others increases ( 7y rises), or it always has the highest feasible clarity
independently of . The equilibrium accuracy depends on 7 only through its effect on
clarity—for instance, if being clearer requires to be less accurate. The equilibrium type
does not depend on other aspects of the consumers, such as their attention cost or prior
knowledge about the state. These only determine how much attention they are willing

to pay overall and so to the equilibrium quantity of sources.

Our results qualify and sometimes overturn the literature’s predictions on where con-
sumers get their information. Fixing its sources, Dewan and Myatt (2008, 2012) and
Myatt and Wallace (2012) showed that, as v falls, the consumers shift attention from the
clearest sources to the opaque ones. The former always receive positive attention, but the
latter may receive more attention for low enough ~. This is because clearer content tends
to be interpreted more similarly and so it becomes more public among its consumers.
Intuitively, public information is less worthy of costly attention for consumers who want
to match the state but not the actions of others. As a result, opaque sources—which are
more private—receive more attention as v falls. In short, we find that the endogeneity

of supply can magnify the attention reallocation mechanism identified in the literature.

4Tt is certainly worth studying industry structures other than perfect competition. This is, however,
an important starting point for comparing other markets with information markets and for isolating
inefficiencies specific to the latter. Also, news markets—especially in the broad sense used here—tend
to be fairly competitive (see Footnote 12).

>Consistent with this result, Boczkowski (2010) argues that “the rise of homogenization in the news
has led to a state of affairs that neither journalists nor consumers like but feel powerless to alter.” (p. 6)



At the same time, we highlight that this mechanisms is only half of the story, the other
half being the cost structure of producing information. This can overturn the literature
prediction that the consumers’ information set always involves the clearest signals (and
possibly others) and that it depends on ~. In fact, in some environments the equilibrium

supply may involve only the lowest feasible clarity; for others, it can be independent of ~.

Our analysis also offers some broader insights. First, competition for attention need
not promote the sources offering the highest return to attention, here measured by clarity.
This challenges the common wisdom (Davenport and Beck (2013)) that in the “attention
economy” higher clarity is always better. In fact, it can hurt attention revenues and help
unclear sources. We highlight how this depends on the consumers’ coordination motive.
A second insight relates to the ongoing transition from hard (accurate but unclear) to soft
(clear but inaccurate) news. Our results suggest that stronger social conformism (i.e.,
higher «) and innovations in news production might be drivers of this phenomenon—
not scarcer attention per se. Our emphasis on clarity contrasts with other studies of
information markets (e.g., Sarvary (2011)), which focus on accuracy because they ignore
the consumers’ belief-learning desires. A third insight is to draw a distinction between
quantity and diversity of information sources, where competition for attention pushes
towards abundance but homogeneity. This echoes Webster’s (2014) point that “the media
marketplace [is] less diverse than its sheer numerical abundance might suggest” (p. 16)
and “competition doesn’t do much to improve the diversity of news products.” (p. 58)
This should not be confused with the variety of news topics, which can be explained by

people’s interests. Our analysis can be viewed as focusing on one specific topic.

Our second contribution is to unveil market inefficiencies due to the very nature of
information being the traded good—as opposed to lack of competition, for instance. It
is well known that payoff interdependences between consumers can distort the demand
for information (Morris and Shin (2002), Angeletos and Pavan (2007), Pavan (2014)).
We show how these distortions shape the supply of information. More importantly, we
find that even if the information demand is undistorted, the competitive equilibrium can
be Pareto inefficient. Efficiency holds if the equilibrium clarity is at the highest feasible
level; if not, shifting supply to clearer types can improve welfare. We investigate how
supply-side policies can do so by incentivizing entrants to choose specific signal types.

These complement the demand-side policies studied by Angeletos and Pavan (2009).

Our analysis identifies two distinctive culprits of market inefficiencies. One is the con-
sumers’ coordination motive, which adds to information sources the role of coordination

devices and, depending on its sign, can favor inefficiently low clarity. The second is the



unique fact that, in contrast to other commodities, attention can become the “currency”
whereby consumers pay for information. Unlike the frictionless price mechanism, costly
attention does not adjust freely to allow the trading sides to internalize costs and benefits
of producing information. This seems a general point that matters for all contexts where

people get news “for free” in exchange for their attention.

Related Literature. A rich literature studies information in Gaussian-quadratic games
where agents care about coordination. Morris and Shin (2002) stress the role of infor-
mation as a coordination device and show that more accurate public information can
decrease welfare, as it may lead agents to react less to informative private signals. An-
geletos and Pavan (2007) study how the use and social value of information depend on
the coordination motive.® In these papers the agents do not choose which information

to acquire.

Subsequent research has endogenized information acquisition. Hellwig and Veldkamp
(2009) show that it inherits the strategic motives from the underlying coordination game.
Colombo et al. (2014) study the effect of coordination motives on efficiency in the acqui-
sition and use of information and the social value of free public information when private
information is costly. Myatt and Wallace (2012) allow information sources to differ in
accuracy and clarity and characterize the resulting rich patterns of attention allocation.
Pavan (2014) studies how this attention allocation can be inefficient. All these papers
assume exogenous and heterogeneous sources. We call this assumption into question by
finding that competition for attention pushes towards a homogeneous information sup-
ply. This literature has also shown that decentralized information acquisition need not

serve social interests; we show that its supply need not either.

Few papers endogenize information sources in coordination games; none analyze com-
petitive information markets and their efficiency. The closest papers to ours are Dewan
and Myatt (2008, 2012).” In these models the number of sources and their accuracy
are fixed, each can choose its clarity, and there is no cost of producing signals. Thus,
even though their sources compete for attention, their model is not suited to study how
such competition ultimately shapes the information supply in a full-fledged market, tak-
ing into account the costs and benefits of information. By contrast, we show when the
competitive-equilibrium clarity is increasing in v and how this depends on the cost struc-

ture of producing information. Finally, by considering production costs, we are able to

CFor earlier seminal studies of inefficiencies related to information in markets, see Vives (1988) and
related papers in Vives (2010).

"Other papers include Cornand and Heinemann (2008), Myatt and Wallace (2014), and Chahrour
(2014). For a review of the broader literature on information design see Bergemann and Morris (2019).



define and analyze the efficiency of information markets.

A vast literature has studied the phenomenon of media bias and its political-economy
consequences.® Media bias refers to the deliberate and systematic distortion of infor-
mation, so it is different and complementary to the focus of the present study. The
idea of competition for attention and the distinction between accuracy and clarity are
mostly absent from that literature, which asks whether competition—broadly defined—
promotes media independence, timeliness, and unbiasedness. An exception is Chen and
Suen (2017), who study a model of news markets where each outlet’s owner chooses accu-
racy to attract attention and its editor chooses a reporting bias that trades off pursuing
her agenda and helping readers make informed decisions. Their readers do not care about

coordination, thereby removing the key belief-learning motive studied here.

2 A Model of Information Markets

2.1 Information Demand

To model the demand for information we use the framework of Dewan and Myatt (2008,
2012) and Myatt and Wallace (2012) (hereafter, DMW). There is a unit mass of ex-
ante identical agents, the information consumers, indexed by ¢ € [0,1], who play a

simultaneous-move game. The timeline of each consumer’s decisions is as follows:

1. Consumer £ chooses a vector of attention allocations z, € R}, where n is the number
of available information sources and z; the amount of attention ¢ pays to source i.

2. Consumer ¢ observes a vector of signals x, € R", one from each source. Each x;
provides information about the underlying state of the world 6. The informativeness
of these signals depends on z, as explained below.

3. Consumer ¢ chooses a signal-contingent action a, € R. The function 4, : R” — R

describes this action for each realization of z,.

Consumer ¢’s payoff depends on how close a, is to # and to the average action in the

population, denoted by @ = fol aydl, and on the attention cost, C'(z):
w = —(1 =) (ar = 0)* = v(ag —a)* = C(z). (1)

The parameter v captures each consumer’s desire to align (v > 0) or misalign (v < 0) her

behavior with others relative to matching the state. We refer to these as the coordination

8See Gentzkow and Shapiro (2008) and Prat and Stromberg (2013) for literature reviews.



and fundamental motives, which drive how much the consumers care about learning the
facts (i.e., ) relative to others’ beliefs. As usual, v < 1 ensures that best replies are
not explosive (Angeletos and Pavan (2007)). The cost of acquiring information, C'(z),

depends only on the total amount of attention allocated, not on how it is divided between

Clz) = ¢ (Z Zl'g> ,

where ¢ : R — R is strictly increasing, continuously differentiable, and convex. That

sources:

is, the marginal cost of attention is the same between sources and its return may differ
between them, but this will be captured by specific properties of each source introduced

later.

The consumers have a common prior about the state, given by 6 ~ N(0, x3). DMW
assume a diffuse prior with zero precision. While this is without loss of generality for

their analysis, we need a proper prior for our welfare analysis to be well defined.

We now describe the information sources formally. Each signal z;, is of the form

2
Ty =0+ n;+ey, wheren; ~ N(0,k7) and gy ~ N (O, §—1> ,
Zil

where the noise terms are independently distributed across consumers and sources. The
interpretation is that each source ¢ comes with some “sender” noise 7; that captures
the quality or accuracy of an underlying signal T; = 6 + n;. This accuracy is measured
by the precision 1/k?. If consumer ¢ pays attention to source 4, he does so imperfectly
due to the “receiver” noise g, i.e., by observing x;; = T; + €;. This noise reflects the
precision of the communication between source ¢ and consumer ¢. This jointly depends
on the clarity, 1/£2, with which source i conveys its information and on the attention that
consumer /£ pays to it, z;. Intuitively, we can think of z; as how much time consumer
¢ listens to source 7: The longer she listens, the better she understands the message ;.
Choosing z; = 0 means ignoring source i, as z;; becomes pure noise.” Along these lines,
we can think of clarity 1/£? as the return, in terms of content extraction, of each unit

of attention.

Fixing the available sources, the demand for information that each faces is given by
how much attention it receives from the consumers. This is pinned down by the Perfect
Bayesian equilibrium of the game among the consumers, which DMW characterize and

will be reviewed in Section 3. We refer to it as the consumer equilibrium.

9To avoid ambiguity, when k; falls we will say that signal i “becomes more accurate.” Similarly,
when &; falls we will say that signal ¢ “becomes more clear.”



2.2 Information Supply

We depart from DMW by endogenizing the supply of information in a full-fledged compet-

itive market. We first describe the general setup and then discuss its main assumptions.

Information production works as follows. Each source is a distinct supplier that can

)

produce one unit of the good “information,” namely, a signal with some accuracy and
clarity. We can interpret accuracy as a reporting style (summary vs. in depth report) and
clarity as a communication technology (broadcast vs. print).!? Each source can choose
among multiple levels of accuracy and clarity and each accuracy-clarity pair defines a
signal type. For tractability, there are finitely many types, indexed by t = 1,...,T,
with k; > 0 and & > 0 for all ¢. Producing a signal of type t costs h(k, &) > 0,
but communicating it has zero marginal cost—a typical cost structure for information
goods in the digital age (Hamilton (2004)). More accurate and clear signals cost more
to produce: h is strictly decreasing in k; and &. For simplicity, h(k, &) # h(ky, &) if
t # t'. Each source can choose to not produce information at no cost. We refer to a

source producing a signal of type t as a t-source.

Each source gets its revenues from the attention it captures and we assume that it

cannot charge a price for information. Given this, source i’s profit from producing a

1
r (/0 Zipdl Kvtagt) - h(/‘ﬁt,ft)-

We only assume that r(|k, &) is strictly increasing and r(0|k, &) = 0 for all ¢.

signal of type t is

To define the notion of perfect competition and equilibrium in the overall market, we
assume that there is an arbitrarily large number of potential sources and that entry and
exit are free. When making its decisions, each source takes as given the existing sources
and the consumers’ behavior as described by the consumer equilibrium. A source enters
and chooses to produce a signal of type t if and only if this is profitable. Let the number
of t-sources be ¢;. We say that q° = (¢5, ..., q5%) is a competitive equilibrium if, given q°,
no active source wants to exit and no new source wants to enter, for every type of signals.

Characterizing such equilibria is the goal of this paper.
Discussion of the Model

Our setup aims to capture two key aspects of information supply: Information sources

10We are agnostic on which technology is clearer. This is ultimately an empirical question and may
depend on the type of news (for example, financial vs. general interest), which of the human senses the
technologies rely on, and their fleeting or permanent nature. The importance of news technologies is
emphasized by Prat and Stromberg (2013), Webster (2014), and Newman et al. (2017).



compete with each other and attracting attention is central to this competition.!* To
do this in the cleanest way, we assume perfect competition and that the sources earn
revenues only from attention, thereby shutting down price revenues. Regarding the lat-
ter, while price competition has been extensively studied, competition for attention has
not. Yet, many outlets supply news for free and rely on attention to make money from
advertisement. Suppliers may also compete in prices, of course. This can add a trade-off
between price and attention revenues (as in Crampes et al. (2009)), which may obfuscate
our paper’s main points. Also, the discreteness of the “price cost” of acquiring an infor-
mation source can lead to multiplicity of consumer equilibria as in Hellwig and Veldkamp

(2009). A study of these interesting issues is beyond the scope of this paper.

Although it is certainly worth considering other industry structures, perfect com-
petition is an important starting point. First, it is a useful benchmark for comparing
information markets with other markets. One of our goals is to study whether informa-
tion markets are efficient and how this depends on the nature of information as a good
and on the consumers’ coordination motive. Perfect competition lets us isolate the effects
of these features from other expected inefficiencies that might arise, for example, due to
lack of competition. Second, even though in reality news markets are not perfectly com-
petitive, they tend to be fairly competitive—at least in developed countries.'? Also, we
interpret information sources broadly, including traditional news outlets as well as online
outlets, social media, blogs, etc. In this respect, Webster (2014) argues that “perhaps

the most astonishing thing about digital media is their numerical abundance.”

In terms of the sources’ objective, note that, when choosing their signal, they have
no information about the state and no preference over which consumer attends to which
source or how she uses information. One interpretation is that they supply information to
attract “eye balls” and sell them to advertisers. Monotonicity of the revenue function r is
intuitive: The more time consumers spend attending a source, the more ads it can show
them, and the more it can charge to advertisers.!®> Except for this minimal property, r
can be quite general. For instance, a non-linear » may capture that the price advertisers
pay varies with how much attention a source gets. This price can result as an equilibrium

in the ads market, which we leave implicit, and can depend on the attention other sources

UThese are key aspects of the “attention economy” according to Davenport and Beck (2013) and
Webster (2014).

12Kennedy and Prat (2019) find concentration indices of news markets that are fairly small relative
to usual standards (see also Noam (2009)).

13Webster (2014), Ch. 4, describes measures that media use to assess audiences which are consistent
with this story. Davenport and Beck (2013) describe the “stickiness” of online news outlets—namely,
their ability to grab and keep attention—as the time spent on a site and the number of visits and viewed
pages per person.
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get. In this model, however, any change in supply (i.e., q) affects the attention received by
all types of sources (see Lemma 1). Given this, the assumption here is that the attention
received by t-sources is a sufficient statistic to determine its value for advertisers. This
value—and so r—may also depend on a source’s accuracy and clarity: More ads may
clutter a web page, lowering its clarity, or compete for time with content in a documentary

show, lowering its accuracy.

3 Attention Allocation

We briefly review how the consumers allocate their attention, as shown by DMW. As
standard in this literature, DMW focus on linear symmetric equilibria—so we drop the
subscript ¢ from z, and A,. DMW show that there is a unique consumer equilibrium that
satisfies symmetry and linearity. Lemma 1 characterizes it, slightly extending DMW’s

arguments to account for the quantity of each type of sources.

Lemma 1 (Attention Allocation). Fiz q = (q1,...,q9r). If ¢ > 0, the equilibrium

allocation of attention to each t-source satisfies

_ &max{K(q) — &0}
(1 —=7)r7

where K(q) has the following properties: (i) it is a continuous function of q; (i) it

z(q)

(2)

decreases strictly as the coordination motive or the prior precision rises; (iii) for every t,
it decreases as the accuracy or the quantity of t-sources rises (strictly if z(q) > 0); (iv)
for every t, it is non-monotonic in the clarity of t-sources; (v) it converges to zero as the

prior becomes infinitely precise (i.e., lim,2 K(q)=0).

DMW provide intuition for the properties of K(q), except of course its dependence
on the quantity of sources and the prior. Intuitively, the more sources enter the market,
the harder it is for each to attract attention. Also, if consumers can know more about
the state from their prior, they will pay less attention to each source: An informative
prior weakens their incentives to acquire new information to learn about the state and it

already helps them infer others’ beliefs.!*

Therefore, the prior has to be sufficiently imprecise for some source to receive attention

(property (v)). We make the stronger assumption that each source type has a chance of

14 Consumers’ paying attention to all sources of either type is clearly driven by the symmetry of
the model. Although this is in part at odds with reality, some evidence shows significant overlaps in
audiences across news sources (Gentzkow and Shapiro (2011), Webster (2014), Newman et al. (2017)).
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receiving enough attention to make positive profits. Define

H (ke &) = T_l(h(/ft, &)kt &) (3)

We can interpret H(r¢, &) as the production cost of t-sources denominated in units of at-

tention, taking into account the ability of ¢-sources to monetize attention (i.e., r(+|x¢, &)).

Assumption 1 (Strong Demand). The consumers’ prior satisfies

H
ke > 4/c(0) 1%7%— 5(:7/;250 forall t=1,...,T.
t

This condition is akin to assuming that the intercept of a demand curve is large enough to
induce positive trade in equilibrium. To see this, suppose only t-sources can be produced
(i.e., gqv = 0 for ¢’ # t). One can show (see equation (11) in Appendix A) that as ¢; — 0,
K(q) converges to the upper bound

Assumption 1 ensures that for every ¢
( &(K — &)
r 2
(1 —7)Ki

That is, the consumers are willing to pay enough attention to t-sources for the first

Kt, §t> > h(k, &).

entrants to earn a profit.

For future reference, we review another property of the attention allocation. As
the coordination motive v increases, the consumers shift attention towards the clearest
sources from the unclear ones (Myatt and Wallace (2012), Proposition 5). This reflects
the former’s comparative advantage as coordination devices.!> As the consumers pay
more attention to source 7, they interpret its content more similarly: x;; and x;» become
more correlated (corr(zy, ziw|f) = :ﬁ%ff/zz) This content then becomes more public,
helping coordination. Clearer sources are easier to interpret and so get more attention
as 7y rises. That unclear sources have an advantage when the consumers don’t want to
coordinate with others may seem counterintuitive, but it has a simple logic that relies
on attention being costly. Each consumer now wants to respond in opposite directions
to public information suggesting, for instance, that € is high and thus everybody else’s
action is high. As a result, such information barely moves her action and so has little

value. By contrast, an unclear source conveys less information about others’ actions

15That clear sources are better coordination devices seems to be a general property that holds beyond
the Gaussian framework considered here (see Chwe (2013)).
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(i.e., it is more private). Thus, the consumer responds more to its content about 0,
which renders acquiring it worth the cost. Note that even though accuracy affects the
correlation between x; and x;, it is not the main driver of how the consumers shift

attention as v rises.

4 Equilibrium Supply of Information

4.1 Entry Decisions

Consider now the decision of information sources to enter the market and which signal

type to produce. Recalling (3), for every q a new t-source enters if and only if

2i(q+1,9-¢) > H(ki, &),

where q_; is the vector excluding ¢;. This immediately implies the following.

Lemma 2. q° is a competitive equilibrium if and only if, for all t =1,...,T, we have
Zt(qfa qe—t) > H("itvgt) when qf >0 and Zt(Qf + 17 qe—t) < H("itugt)'

These conditions characterize all equilibria, but are inconvenient to use with discrete
quantities. As usual, one more entry can cause profits to jump strictly below zero. To
avoid such issues, textbook analysis of competitive markets typically assumes that each
supplier is small so that equilibria can be characterized by zero-profit conditions. We
can adopt a similar approach by letting ¢; be a real number for all t. The interpretation
is again that each source is small relative to the whole market, which is consistent with

the idea of perfect competition. Given this, the equilibrium conditions become
qf>0:>Zt(qf7qit):H("€t7£t)7 tzl?"wT? (4)
qt >Qf:>2t<qt7qit) <H</€t7£t>7 t= 17"'7T' (5)

This transition to continuous quantities should be viewed as just a convenient way
to avoid integer problems. However, some readers may detect a conceptual issue with
respect to DMW’s setup: Since each source provides an independent signal, allowing
their number to grow arbitrarily could eventually lead the consumers to fully learn the
state. We avoid this issue and maintain the spirit of the model by appropriately rescaling
accuracies in the transition to the continuum. Given this, 1/k2 can be viewed as the rate
at which t-sources entering the market contribute to the amount of content they provide

to the consumers. We present the details in Appendix B.
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4.2 Type and Quantity of Information and the Role of Coordi-

nation Motives

We can now characterize the equilibrium supply of information. Our goal is to shed light
on how it depends on the sources’ characteristics and the consumers’ preferences—in par-
ticular, their coordination motive. These preferences are reflected in specific properties of
the attention functions, which, importantly, are derived (not assumed) from primitives

about how agents use information in a variety of social and economic contexts.

Using expression (2), we have that z;(¢:,q-—+) > H(k¢, &) if and only if

H (ki &
K(@ 2 m(.0 =6+ (1- )20
Define
m(y) = min m(y,t) and T(y)=arg min m(y,1). (6)

Proposition 1. For every vy, there exists a competitive equilibrium q°. The equilibrium
satisfies the following properties: (i) q¢f =0 fort & T(~); (i) q° # 0 and solves
2

C, Z qt lit,gt + Z t’é-t = ]-a (7)

teT () teT (v

and () if T(vy) = {t¢}, there exists a unique qf. that solves (7).

The intuition is simple. Profitable source types attract more entrants, which lowers K(q)
and so the attention revenues of every source in the market. Eventually, this battle for
attention forces all but the the most competitive source types (i.e., those in T'(vy)) out of

business. We explain shortly what determines this relative competitiveness.

Interestingly, only one source type is supplied in equilibrium. Indeed, T'(y) contains
only one element, generically, with respect to «. This supply homogeneity occurs even
though every type can, a priori, attract enough attention to be profitable (Assump-
tion 1). Moreover, at least for small -y, multiple types would receive attention if provided
(Lemma 1). Yet, some types receive more attention and so are more profitable and draw
more entrants. Put differently, one source type dominates the market not because the
consumers do not want to attend to other sources, but because competition renders these

other types unprofitable.

Turning to the equilibrium dependence on the consumer’s preferences, we first show

that for the coordination motive to matter, clarity must vary across source types. Note

that if & = & but 1’7 &) (17”25“) by condition (6) no source will ever choose type
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t' in equilibrium. The quantity % is simply the average cost—in attention units—
of producing accuracy 1/x?, holding clarity fixed. Thus, it measures how efficient a
t-source is at producing content. As a result, if sources can use only accuracy to attract
attention, the most efficient type at producing content wins the whole market. This type
is independent of y—even though accuracy affects the correlation of signals between

consumers and so their ability to coordinate.

Corollary 1 (Competition via Accuracy). Suppose all source types have the same clarity
(i.e., & = & for all t). Then, only the types that minimize the average cost of accuracy
are supplied: For all 7,

o ] H(:‘it,f) . . H("itﬂg)
T(y) = {t TR t/i?}.%Tm?,}'

A higher «y reduces the equilibrium total accuracy (i.e., 3 cp ) q¢ /K2 )10

The total accuracy measures how much content is supplied overall. It falls as v rises

because this reduces the consumers’ willingness to pay attention and, therefore, how

many sources the market can sustain in equilibrium. Note that if the average cost %
is well behaved, the equilibrium type is again unique, generically. For instance, this is

the case if h;(/";g) is strictly monotonic or U-shaped in .

When clarity differs across types of sources, it opens a channel for the coordination
motive to affect the equilibrium type. To examine this, we need some preliminary obser-
vations. By the logic of Corollary 1, we can assume that every t € T with clarity 1/£7 is
associated with a unique accuracy level 1/[x(&)]? (i.e., the feasible level that minimizes
b)Yy We call 1/[k(€)]2 the efficient accuracy for clarity 1/£2. Using this, define

1/K2?
H(k(&),&)
&/1R(&)]1*

The denominator of H is the ratio of the efficient accuracy and the (square root of the)

ﬁ(ft) =

clarity of t-sources. This measures how much content they provide, adjusted by how
accessible it is. Thus, H (&) is the efficient average cost—in attention units—of the

clarity-adjusted content of t-sources. For simplicity, suppose H (&) # H (&) if & # &

16This last part follows from observing that, by Proposition 1, q° must satisfy

2
’ H Kt, te H K, te
( 1(//{;) 3 q> [(1 —fwef é/mgé) (1+ W q)] - 1. (8)

teT(v)

Since a higher + increases the left-hand side of this equation, it must lead to a lower ZteT('y) Z—’Z.
t
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Proposition 2. In equilibrium, all sources supply the clearest type of signals for every =y if
and only if this type minimizes the efficient average cost of clarity-adjusted content H (&).

Otherwise, as 7y rises, the equilibrium sources supply types with higher ]:I(ft).”

This result uncovers a tight and general relation between the information-production
costs—as measured by H—and the coordination motive in determining the equilibrium

type of sources.

Whether a higher v leads to a higher equilibrium accuracy or clarity depends on finer

properties of the information-production costs. We start from the equilibrium clarity.

Corollary 2 (Coordination Motive and Equilibrium Clarity).

Case 1: Suppose clearer signal types cost more to produce: I:[(&) < ﬁ(ft/) if and only if
& > &y In equilibrium, the sources supply clearer signals as 7y rises. They all supply the
least (most) clear signal for ~y sufficiently small (large).'8

Case 2: Suppose clearer signal types cost less to produce: f[(ft) < f[(&/) if and only if

& < & In equilibrium, all sources supply the clearest signal for every .

To gain intuition, recall that to coordinate their actions with others, the consumers
want to observe the same information as others (Hellwig and Veldkamp (2009)). Clearer
sources help in this endeavor, as they make it easier to extract a given content. Thus,
clearer sources earn larger attention revenues at the expense of less clear sources as 7
rises. But this is only half of the story. It turns out that if clearer sources are cheaper
to produce (according to H ), they are also more profitable for every ~, so they always
win the whole market. By contrast, if higher clarity costs more to produce (according
to H ), the consumers have to value it sufficiently (i.e., v has to be sufficiently large) for
clearer sources to be the most profitable. For smaller v, instead, less clear sources will
control the whole market since the consumers do not seek sources that help them know

what others know.

It may be puzzling that low-clarity sources can win the competition for attention.
After all, they offer a low return to attention and can never fully steal attention from
high-clarity sources (see DMW). But the effect of v in conjunction with the cost H helps
explain this puzzle and highlights that the role of information sources as coordination
devices is important to understand their supply. That the least clear type of sources can
dominate the whole market is also in sharp contrast with DMW’s prediction that agents

always consume some high-clarity information.

17The proof takes care of the non-generic cases with multiple possible equilibrium types.

8Note that & > & implies ﬁ(ft) < H’(ft/) if & > & implies h{;’iﬁf&f))]&;) < }a(/ﬁig(fét),’)ﬁg/), for instance.

Again, the proof takes care of the non-generic cases with multiple possible equilibrium types.
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The monotonicity properties of the efficient, adjusted, average cost H are ultimately
an empirical question. Since His expressed in attention units, our theory also emphasizes
taking into account how the ability to monetize attention depends on accuracy and clarity.
To build intuition, suppose there exists an intrinsic production trade-off between accuracy
and clarity, namely, the efficient accuracy falls as clarity rises (i.e., k(§) is decreasing in
€).19 Concretely, each news source may be reporting on the desirability of some public
policy. On the one hand, they may want to convey whether the policy is desirable in
simple and accessible words (high clarity), which requires to leave out details about the
policy itself (low accuracy). On the other hand, they can publish an in-depth report
explaining all arguments in favor and against the policy (high accuracy), which however
requires rich data, intricate graphs, technical jargon, and subtle logics (low clarity). In
this case, H is decreasing if and only if the efficient accuracy falls sufficiently fast as clarity

rises. Thus, if the accuracy-clarity trade-off is not too severe, H should be increasing.

A production trade-off between accuracy and clarity opens a channel for the coor-
dination motive to also affect the equilibrium accuracy of the information sources. By
contrast, if for instance the production cost were separable between accuracy and clarity,

the equilibrium accuracy would always be independent of .

Corollary 3 (Coordination Motive and Equilibrium Accuracy). Suppose the efficient
accuracy is decreasing in clarity (i.e., k(§) is decreasing in &).

Case 1: If clearer signal types cost more to produce according to H , then in equilibrium
the sources supply less accurate signals as vy rises.

Case 2: If clearer signal types cost less to produce according to H, then in equilibrium all

sources supply a low-accuracy signal, independently of .

Abstracting from details, high-clarity-low-accuracy and low-clarity-high-accuracy sources
may resemble what the news industry calls “soft” and “hard” news. The last decades have
seen much discussion that soft news has been replacing hard news. One cause may be
that the consumers’ attention has become scarcer, which may penalize hard news. Our
model suggests another story—here the attention cost does not affect the equilibrium
type of sources (as shown below). The demise of hard news may be due to rising social
conformism (i.e., 7) or technological changes lowering the efficient average cost of soft

news.

Finally, the equilibrium type of sources does not depend on the consumers’ prior and

19A sufficient condition for this is that the marginal cost of increasing accuracy (i.e., lowering k) rises
sufficiently fast as we increase clarity (i.e., lower £): If H is differentiable, this sufficient condition is

Hye(r, &) > — 2258 for all (s, €).
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attention cost. These aspects affect their overall willingness to pay attention to acquire
information, not how to divide attention between sources. Indeed, expression (7) implies

the following.

Corollary 4. Fiz any equilibrium selection that involves a unique type t¢ for all y. Then,

¢S falls as the prior becomes more precise or the marginal attention cost uniformly rises.?

5 Inefficiencies in Information Markets

5.1 Undistorted Demand for Information

Our goal is to understand whether information markets exhibit some specific inefficien-
cies. They can certainly exhibit inefficiencies common with other markets, caused for
instance by a lack of competition. Ruling out standard inefficiencies by considering per-

fect competition as a benchmark allows us to focus on our goal.

Payoff interdependencies between consumers of information can already distort its
demand. For fixed sources (i.e., q), Angeletos and Pavan (2007) and Pavan (2014)
characterize these distortions by comparing how the consumers actually acquire and
use information and the acquisition and use that would maximize their ex-ante utility.
This criterion takes as constraint that information cannot be transferred between con-
sumers. Their characterization uses a general quadratic payoff function u(ay,a,0,0),
where 02 = fol la, — @)?dl is the action dispersion in the population. Appendix A.1 lists
the assumptions on 4 common in the literature, which subsume « in (1) and other appli-
cations (e.g., Morris and Shin (2002)). While @ and u are strategically equivalent, they
can cause different distortions. Section 5.2 reviews the possible distortions and shows

how they affect the overall market outcome.

We start from a more novel question: If the demand exhibits no distortions, will the
resulting competitive equilibrium q®* be efficient? That is, starting from q**, does there
exist q that increases either the consumers’ expected payoff or the profit of some source,
without reducing the payoff of any other party? The demand is undistorted if and only
if the partial derivatives of @ satisfy U, = —Ugg, Uas = 0, Uye = 0, and 45(0,0,0,0) =0
(see Section 5.2 and Angeletos and Pavan (2007) and Pavan (2014)). For instance, this

is the case for v in (1).

20In the case of competition via accuracy (Corollary 1), the equilibrium total accuracy (i.e.,
2 teT () qf /k?) falls as 1/k3 rises or ¢/ uniformly rises (see expression (8)).
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Proposition 3. Suppose the acquisition and use of information is undistorted. If in the
competitive equilibrium all sources choose the clearest signal type, then the equilibrium is
Pareto efficient.

The argument proceeds as follows. By Lemma 4 in the appendix, under undistorted
demand we can express the consumers’ expected payoff (up to a constant and positive

scalar multiplication) as

Vig) = —K(a)vcd(Z(q))—c(Z(a)),

where Z(q) = 3./_, ¢:z(q) and K(q) and 2/(q) are calculated as in Lemma 1 setting
equal to v* = —ﬁ Intuitively, V(q) takes this simple form because, even if q in-
volves different quantities of different types of sources, the optimal allocation of attention
equates the benefits and costs of attending to them. Using this and recalling that at q**
all sources make zero profits, we consider the problem?!

max V(q) s.t. q[r(z(q)|ke, &) — h(ke, &) >0, t=1,...,T.

T
q€eRy

Note that V' is decreasing in K(q) and in the total attention paid by the consumers, Z(q).
Competitive pressures already minimize K(q), that is, K (q®*) < K(q) for all q # 0 that
satisfy the profit constraints. If g** also minimizes Z(q) subject to all constraints, q°* is
efficient. The key step of the proof is the following. Suppose the clearest type is the most
profitable, but q involves positive supply of other types, which also earn non-negative
profits. It is then possible to shift supply towards the clearest type and, in so doing,
reduce Z(q) without violating the profit constraints. Thus, in this case the market forces

and the welfare goals are aligned.

Perhaps surprisingly, this alignment can fail despite perfect competition.

Proposition 4. Suppose the acquisition and use of information is undistorted. Also,
suppose the equilibrium type of sources t* is not the clearest (§ < &ex for some t € T).
Then, everything else equal, the equilibrium is not Pareto efficient provided that & and

d(0) are sufficiently small.

Intuitively, under these conditions there is a way to shift supply from ¢“*-sources to t-
sources that reduces the consumers’ total attention while ensuring non-negative profits.
This is non-trivial because the shift does not involve simply a marginal change in q**,

which would cause t**-sources to earn negative profits.

21This problem has a solution because w;(q) and z;(q) are continuous functions for every t. Moreover,
since z:(q) is strictly decreasing in ¢; when z;(q) > 0, we can restrict attention to ¢; € [0,g,] for some
q; < +oo for every t. Existence of a solution follows by standard compactness and continuity arguments.
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Thus, despite perfect competition and undistorted demand, information markets can
be inefficient. We ascribe this to two distinctive causes. The first is that information
sources can serve as coordination devices, which matters for the consumers’ belief-learning
motive. Indeed, the equilibrium can be inefficient only if this motive is sufficiently weak
so that they prefer unclear sources. The second cause is that costly attention becomes the
“currency” whereby consumers pay for information. This is a key difference from standard
markets where consumers pay with “money” through the frictionless price mechanism.
The friction represented by the attention cost may be viewed as an unavoidable exter-
nality imposed on information consumers by its suppliers, who do not always internalize
it. These causes are fundamentally different from the drivers of inefficient entry usually

emphasized in the industrial-organization literature.??

This role of attention as the currency of information markets can be further under-
stood with the following observation. In our model, entrants of type ¢ essentially generate
a horizontal supply curve of level h(ky, &) (akin to a constant marginal cost of production
for society). Therefore, if they faced a standard demand curve, the competitive equilib-
ria would be efficient. This is because the price mechanism would convey to the trading
sides the social marginal cost and benefit of the traded good. The ability of information
sources to monetize attention, however, can be seen as giving rise to a non-standard

demand schedule, which we show causes inefficiency.

5.2 Distorted Demand for Information

We now consider settings where the demand for information is distorted. Angeletos and
Pavan (2007) and Pavan (2014) classify the distortions as follows and discuss applications

where they arise:

e complete-information externalities (CIE): Even under complete information, each con-

sumer may not internalize how her action affects everybody else. Their equilibrium action

. — i1,(0,0,0,0 — i .
rule is a(f) = 7 + v, where v = —“?(—A) and 7 = ——"2—_ The first-best action rule
o Hilan (0,0,0,0)+7iz(0,0 S%G)Jruaa
3 * — 37% * Tk _ﬁa )y, +ﬁﬁ 1Yy * aae‘i‘aﬁe
satisfies a*(0) = 7* + v*0, where 7* = e and v = —tertat

e socially optimal degree of coordination (SOC): Under incomplete information, each
consumer may not internalize how aligning her action with others’ affects dispersion

(i.e., Var[a — a]) and non-fundamental volatility (i.e., Var[a — «*]). To fix this, the

22Tn contrast to this paper, classic IO theories ascribe inefficient entry to the fact that firms are
not price-takers, incur fixed set-up costs (scale economies), and serve consumers with heterogeneous
tastes (Dixit and Stiglitz (1977); Mankiw and Whinston (1986); Anderson et al. (1995)). In Anderson
and Coate (2005), the result that broadcasters supply programs inefficiently depends—among other
things—on their having market power and acting strategically.
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first-best action strategy A* requires to use the coordination weight

ﬁaa + 211(16 + aﬁ
Uqq + Ugo

=1

I

while the consumers use v = —ZLE A standard assumption is that v* < 1.23

e social aversion to dispersion (SAD): By assumption, the dispersion o has a non-
strategic effect on the consumers’ payoff, so they do not take it into account when al-
locating attention. A standard assumption is that the social preference for dispersion,

measured by 4, + Uy, iS nNegative.

Importantly, these distortions arise from the consumer’s preferences. Hence, their exis-

tence and effects apply for every set of available information sources.

The next result characterizes how these distortions affect the supply of information.
Let q° be the equilibrium under the distorted acquisition and use of information (i.e.,
those driven by « and «y). Let q** be the equilibrium under the first-best acquisition and

use of information (i.e., those driven by a*, v*, and ).

Proposition 5. Suppose both q° and q°* involve only one source type in positive supply.
(1) CIE distortions do not affect the equilibrium type of sources (i.e., t¢ =t generically
when v =~* and t,, = 0). Moreover, ¢i& > g5 if and only if |[v*| > |v|.

(2) SAD distortions do not affect the equilibrium type of sources (i.e., t¢ =t generically
when o« = o and vy = ~*). Moreover, ¢ > ¢ if and only if Uy, < 0.

(8) SOC distortions can affect the equilibrium type of sources (given « = a* and t,o = 0).
In this case, if v < ~* (resp. v > ~*), then H(&e) < H(Eer) (resp. H(Ee) > H(&e)). If
instead t° = t°, then ¢ < qp. if and only if v < v*.

Part (1) and (2) follow from the characterization of the attention allocation in Ap-
pendix A.1 (g is obtained by replacing («, v, gq) With (a*, 7", Ueq + o). Intuitively,
when |v*| > |v| or 4y, < 0 the first-best use of information involves a stronger incentive
to acquire information, either to respond more to the state or to reduce dispersion. This
stronger demand would render entry profitable for more sources. Part (3) follows from
Proposition 2 and can be illustrated by Case 1 in Corollary 2. The case of t* = t**
follows from applying equation (7) when only ¢ and g+ are positive and by noting that
m(y) = m(y*) if t¢ = t°*. Intuitively, when all sources are of the same type, a stronger
coordination motive induces the consumers to let their action depend more on their com-
mon prior and less on their signals. This renders information less valuable, depressing

its demand and so its supply.

23 Another standard assumption is that tieq + 20ag + Uga < 0 and Gieq + G < 0, which ensure that
the first-best attention allocation is unique and bounded (see Pavan (2014)).
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Supply-side Policies Tackling Demand Distortions

A distorted demand can add inefficiencies to the competitive equilibrium—even when
only the clearest type of sources is supplied. This raises the question of whether policies
aimed at the supply of information (i.e., q) can improve welfare. For instance, subsidies or
quotas may be used to redirect entrants to produce specific signal types.?* To provide an
answer, we characterize how marginal changes in q affect the consumers’ expected payoft
under a distorted demand, denoted by V4. We focus on the case of linear attention cost

for tractability.

We consider each kind of distortion separately.

Proposition 6. Suppose the demand ezhibits only CIE distortions (i.e., v = v* and
Uy = 0) and t-sources can Tecez've attention at q (i.e., K(q) > &). If v < v*, then
6‘/ (q) >0. Ifv>v* then ) > 0 if and only if t-sources are sufficiently clear.

Intuitively, if the planner would like the consumers to respond more to the state (i.e.,
v* > v), adding more sources of any type is always useful. This is because the consumers
will spread their attention more thinly across the larger number of sources, that is, they
will pay less attention to all sources. This in turn decreases the publicity of each signal
and renders the signals from each source less correlated between consumers. As a result,
it becomes harder for the consumers to coordinate their actions, which incentivizes them
to use their information to respond more to the state. Put differently, the consumers
benefit from an overload of their attention channel. If instead the planner would like the
consumers to respond less to the state (i.e., v* < v), then only adding sufficiently clear
sources improves welfare. Such sources facilitate the extraction of information for each
unit of attention and thus help the consumers to coordinate their action to the others’

actions, therefore responding less to the state.

Proposition 7. Suppose the demand exhibits only SOC distortions (i.e., o« = a* and

Uye = 0) and t-sources can receive attention at q (i.e., K(q) > &). [f7 < 7%, then
Vi(q)
T

only if t-sources are sufficiently unclear.

> 0 if and only if t-sources are sufficiently clear. If v > v*, then 2 ( > 0 if and

Intuitively, if the planner cares more about coordination than the consumers do (y* > =),
adding more sources that are sufficiently clear and possibly eliminate sources that are
sufficiently unclear helps because clearer sources allow the consumers to better coordinate

with each other. The intuition is reversed for the case of 7 > ~*.

24 Angeletos and Pavan (2009) study policies that can remove distortions in the demand for informa-
tion.
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Proposition 8. Suppose the demand exhibits only SAD distortions (i.e., o« = a* and

v =) and t-sources can receive attention at q (i.e., K(q) > &). There exists Uy, > 0

with the following property. If t,, < Uyy, then %ng) > 0 if and only if t-sources are
d
sufficiently clear. If sy > Uyy, then 8‘3—(}5") > 0 if and only if t-sources are sufficiently

unclear.

Intuitively, if dispersion harms consumer welfare (or does not benefit it enough), then
adding more sources that are sufficiently clear and possibly eliminating sources that are
sufficiently unclear helps because clearer sources result in more correlated information
among consumers, leading to more correlated actions and so less dispersion. The opposite

holds when more dispersion benefits welfare.

Propositions 6-8 only consider local interventions involving a single type of sources.
Nonetheless, they suggest how supply-side policies may improve the welfare of informa-
tion consumers. One thing to keep in mind is that, starting from q¢, promoting the choice
of t-signals may require interventions in support of other types of sources already in the
market. This is because the new t-sources will steal attention from the existing sources,
thereby possibly pushing some out of business. If instead welfare-improving policies call
for reducing the quantity of the equilibrium type of sources, doing so also increases their

profits.

It is worth noting an important difference between markets with distorted and undis-
torted demand for information. In the latter case, the consumers’ marginal value for
one extra entrant is positive independently of its type and the existing supply (see the
proof of Proposition 3). By contrast, that marginal value can be negative under distorted
demand. Of course, we know that in strategic settings more information does not always
lead to better outcomes. Our results go beyond this point by identifying which type of

information improves outcomes.

6 Concluding Remarks

Information sources serve two roles: They allow agents to learn about relevant events
as well as about others’ knowledge of those events, which is essential for responding to
strategic externalities in social and economic contexts. We show how these two roles affect
information markets when suppliers compete for consumers’ attention. Competition
pushes towards a homogenization of information—not in terms of topics, but in terms of
how accurately and clearly each topic is delivered. This is driven by a subtle interaction

between the consumers’ desire to coordinate and the cost of producing information. Also,
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information markets can be inefficient when attention becomes the “currency” whereby
consumers pay for information. This cause of inefficiency is distinct from distortions in

the demand for information and suppliers’ market power.

We close with two remarks. First, to focus on the consequences of competition for
attention, we intentionally ruled out price competition. Though in many settings it
seems optimal for information providers to set zero prices, this is not always the case.
Our results can be seen as a first pass in understanding how the dual role of informa-
tion sources affects market outcomes. It would be interesting to examine the trade-off
between attention and price revenues, its solution under competition, and whether the
price mechanism can restore efficiency in information markets. We conjecture that as
long as attention provides a share of the revenues—which is often the case in reality—the

inefficiencies we found should persist to some degree.

Second, our model can be extended in several ways to capture other aspects of infor-
mation markets. For instance, in reality consumers are heterogeneous—in their preferred
actions, conformism, topics of interest, and cost of acquiring information. Some of these
extensions do not change the thrust of our analysis. Dewan and Myatt (2008, 2012)
point out that the state # can simply represent the average of the agents’ ideal actions.
Angeletos and Pavan (2009) allow the state to have private and common components.
Different topics and social groups sometimes give rise to distinct markets, where each can
be studied using our model. Other extensions are more intricate. Different coordination
weights or attention costs in the same market have deep consequences on the demand for
information, which remain unexplored. Either way, consumer heterogeneity is likely to
result in a heterogeneous information supply. This should not be surprising. The point
remains that, within market segments, competition for attention creates a force towards

homogeneity and inefficiencies.

A Appendix

A.1 Proof of Lemma 1

We present the proof of Lemma 1 following Myatt and Wallace (2012) and Pavan (2014).
We do this to make the paper self contained and because we use this characterization in

the rest of the analysis. Also, we adopt the more general payoff function
'&(CL[,E, 07 O-) —c (Z ZM) )
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where 4 satisfies the following properties (Angeletos and Pavan (2007)): (i) @ is a second-
order polynomial, (ii) o2 = fol l[a; — @]?dl is the action dispersion and has only a non-
strategic externality effect, so in terms of partial derivatives t,, = Uz, = g, = 0 and
Uy(a,a,0,0) = 0 for all (a,a,8), (iii) Gee < 0, (iv) —Ugg/lae < 1, and (V) Gep # 0. By
(i), the agents have linear best responses. By (ii), @ is additively separable in o2, whose
coefficient will be denoted by t,,/2. By (iv), the slope of best-response functions is
less than 1, delivering uniqueness of equilibrium actions (Angeletos and Pavan (2007)).
These assumptions allow for rich payoff externalities. Note that the function u in (1) is

a special case of this class of functions, because
u(ag, @,0,0) = —ai + 2yasa — ya* + 2(1 — v)ad — (1 — v)6°.

As Lemma 3 below shows, @ and u are strategically equivalent. They are, however,
not equivalent for welfare analysis (Angeletos and Pavan (2007); Pavan (2014)), which

matters for our analysis in Section 5.

Fix q = (q1,. .., qr). Enumerate the sources so that ¢ runs from ¢ = 0 (i.e., the prior)
toi =n = ZtT:l q;- By linearity of Ay, we can write Ay(z,) = Z?:o Wi for some
vector of weights w, € R"™. We can view the prior as a signal with accuracy 1/, infinite
precision (i.e., § = 0), and with 2o, = 0—namely, the prior mean. Using this, Myatt
and Wallace (2012) and Pavan (2014) show the following (see their Proposition 1).

_ ~ _ Uap _ 2 4 :
Lemma 3. Define v = —tuz/lga, V = —4t—, and c(z) = mc(@). In the unique

linear symmetric equilibrium, the influence w; of the i-th source and the attention z; paid

to it satisfy

(% §iw; 1
st and = gnd = (0
B e o7 B R (Er A

and where ¥; = 0 for any source which is ignored (so that z; = w; = 0).

Since the prior “signal” has infinite precision, no consumer needs to allocate positive
attention to it (zop = 0), yet it receives positive weight (wy > 0) as in standard updating

from normal signals.

Using equation (9) and substituting, we obtain that for i # 0 such that z; > 0

2 = GK =) where K = ! (10)

A —7m?’ “(50) [ S ts]
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Substituting in the expression for 1; in equation (9), we get
& 1 & 1
Y = Tt
2% = ot L e e,
1 n 1
_ 2 (1
(1 V)KJO Jiz; >0 (1 ) "‘52 ])

1 1 ZmaX{K—Ej,O}'

T-7)m " 17K 4 =2

]:1 J

Using this in the expression for K in (10) and rearranging implies that K has to satisfy

fjmax{K £,0} K — max{K —¢;,0} 2_
(Bt [ B -

Jj=1

By convexity of ¢, the left-hand side of this equation is strictly increasing in K, which

implies that there exists a unique solution K*. Since ¢; of the n sources are identical for

every t =1,...,T, we can rewrite the last condition as
T 2
K —¢&,0 K K —¢&,0
Z gt max{ §tv } 5 + thmax{ 51527 } =1. (11)
(1=K S (1 —=7)ki

It is immediate that every t-source receives the same amount of attention given by

G max{K* —§,0}
T

Consider now the properties of K*. First, the left-hand side of (11) is strictly increas-

ing in v and in 1/kZ, so K* is strictly decreasing in v and in 1/k2. Second, the left-hand
side of (11) is increasing in ¢; and in 1/k? (strictly if z; > 0), so K* is decreasing in ¢; and
in 1/k? (strictly if 2z; > 0). Clearly, K* is non-monotonic in & for any ¢. Finally, since
K* is bounded below by zero, it must converge to some K* as k3 — 0. It is immediate
to see that K* = 0.

A.2 Proof of Proposition 1

Suppose q° is an equilibrium, ¢ ¢ T'(v), and ¢f > 0. Then, by (4), it must be that
K(q°) = m(~,t) > m(y,t') for some t' € T'(vy). Since K(q) is a continuous function, there
exists gz > ¢f such that K(qv,q%,) > m(~,t'), which violates (5). This contradiction

proves property (7).
We now prove that an equilibrium exists. For every t € T(v), m(v,t) > & and so
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z > 0 provided that K(q) > m(y). Consider any vector q that satisfies ¢y = 0 if
t' ¢ T(v) and

J 5t f ) m(7) + (m(y) — &) —1,
t; K2 Z a
which implies K(q) = m(y) by construction. For all ¢t € T(v), condition (4) holds
and condition (5) holds because K is strictly decreasing when z;, > 0. For t' ¢ T'(v),
condition (5) holds because K(q) is decreasing and m(vy,t') > K(q). Thus, we have an
equilibrium. Using the expression of m(v,t) = m(y) for every t € T'(y), we can simplify
the last expression to
2

c Z g H (K¢, &) 1_ ‘|‘ Z G Kt?gt =L

teT(v) teT ()
By Assumption 1, any vector (¢;)ier(y) solving this equation must contain some positive
entry. This proves property (ii).

To see property (%ii), suppose that T'(y) = {t°} and ¢, = 0 for all t # t°. Note that
te-sources receive strictly positive attention for all K (g, 0) > m(vy), where K(ge,0) is

the unique solution to the condition
(K — & K K—¢& 1°
C/ (qtegt ( gt >> [ + St :| — 1.
(I—rz ) LA=9)rg (1= ki
o K (e, 0) ? &ie, there exists a
unique ¢&. for which K (g%, 0) = m(y). Using m(y) = & + (1 — )£ = © H (e, &e ), qf- has
to satisfy

Since K (g, 0) is strictly decreasing in g, and lim,,

. 2 H ke, &)]?
(g5 H (Ke, &) l(lf#ﬁ% + (IZ_% + q;e> %} — 1

A.3 Proof of Proposition 2 and Corollary 2

Label types so that ¢ < ' implies H (&) < H(&) and let £°(y) and £¢(y) be the highest
and lowest possible equilibrium types for every 7. Recall that generically £°(y) = £°(7).
Note that

m(y.t) = &+ (1= H(&).
Now,

T(v) = — “DH(E) — &)
(v) = argteg{{}f}T}m(v,) arg Egﬁfn{( VH (&) — &}
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It follows by standard monotone comparative statics that the set 7'(y) is increasing in the
strong set order. Therefore, as v increases, t(y) = max T () and ¢(v) = minT'(v) also
increase. Recall that, generically, T'(y) = {t}. Therefore, by linearity of the objective
function defining 7'(7), there exists a connected interval (v,,%,) C (—o0,1) such that
T(v) = {t} for all v € (Lﬁt). Note that some type ¢ may never belong to 7T'(vy), which
we can let y, =7, to that (v,,7,) = @. By the monotonicity of min7(y) and maxT'(v),

we must have that 7,_; =~ and 7, = fort=2...,T —1.

Jiv1

Now suppose that type ¢ satisfies H (&) < H (&) and & < & for all t # £. It follows
that, for every t # £, we have m(vy,t) < m(v,t) for every . Therefore, T'(y) = {t} for all
7. Conversely, suppose that if £ satisfies £; < &, for all t # £, then H (&) > H (&) for some
t'. Then, m(1,%) < m(1,t) for all ¢ # ¢, which implies that T'(y) = {t} for v sufficiently
close to 1. However, there exists 7 sufficiently small such that m(y,t) > m(y,#'), which
implies that ¢ ¢ T(~y). This shows that the equilibrium type depends on ~.

Now, for every ~ let £ () and §°(7) correspond to the lowest and highest possible
clarity of the type of sources offered in equilibrium. Generically, £ () = §°(7). Suppose
& > & implies ]:I(ft) < [:_f(ft/) By our convention, it must then be that ¢ < ¢’. The
monotonicity properties of Z°(y) and t°(v) are inherited by £ (y) and §°(7). Clearly,
m(1,t) > m(1,?') if and only if type ¢ is less clear than type ¢'. Thus, 7, < 1 and
only the clearest type is supplied for v sufficiently large. Conversely, 7, > —oo because

lim, o m(y,1) > lim,,_om(y,t) for all t > 1.

A.4 Calculation of V¢, V, and their Derivatives

*

The parameters used here are defined in Section 5.2. Note that when v = v*, v = v,

and U,, = 0, the expression of V¢ below equals the expression of V in the main text.

Lemma 4. Fiz q = (q,...,qr). Let Z(q) = Y., @z(q). Each consumer’s expected

surplus equals (up to a constant and scalar multiplication) to

Vi(a) = —K(a)vc(Z(a)) - c(Z(a)
e (a6 [[Ki‘g)]Q ; qu i O
+ﬁc’ (Z(q)) (V _Vy> 2L 722)[[(((1)]2
e (Z(a).
Proof. Consider first the model with finite, integer, numbers of sources for t = 1,...,T.
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Following Angeletos and Pavan (2007) and Pavan (2014), the consumers’ expected welfare

under the equilibrium strategy A(+; q) and given attention allocation z(q) is
V(q) = Eli(a,a,0,0)|A(-), 2(a), d] = E[W(a,0,0)] + L(a) — &(Z(q)),

where W (@, 0,0) = u(a,a,0,0) and

'&aa + 271(16 + ’&@
2
aaa + ﬁaa —
+= = Varla — alA(+ q), (a),
—Covla — a, Wa(a, 0,0)|A(+;q), 2(a), al.

L(q) = Varla — a|A(+;q), 2(q), q]

Following Angeletos and Pavan (2007) and ignoring the constant E[W («, 0, 6)], we have

a il + i)V o~ (@))€
Via) = B ;Qt 2(q)
HE e {mé[wom)]? 2 qt[wan%%}

(L= ) (ftaa + i)V (

Using wo(q) =1 — Zthl qrwy(q),

wla) = 422,
and T —1
K(q) zv(q)
(4 = 4 )
¢ [(1—% P2 ]
we get
p . 2
vit) = Yt e ) 2a) - e (2@)
(1 - 7*)(ﬂaa + acra)VQ 2 Etzl qt%
+ Ko |1 —
: L e T
— ~*\ (7} l 2 r 2
+(1 i )(u;“ + o)V {c' (Z(q));%Ztgtg)/‘i?}

T z
2(V_V*> 2] _ 2o Ot t§(tq)

K(q) T z,(q)
g T 2w 4
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= Wt 000 1 (20 Y Z(a) - #(Z()
(Tlaq + Tlgo )V

t=n=— <2 { I RN }

oy =yl Beo c’<Z<q>>{/~c§{ e +Zqﬂ(§‘)n§}

(1= 7"l + Lo )V (V _VV) ol (i qtzt(Q)> [(15&)2] 2

2

_ (aat o) s { ESCURIS ETC) {(1_7)@%((1) . 5]}

2

Now, note that

T

>0 - o] 5 D =8 i) - 00} + )

= K@Y & maX{(i{Eqi);f“ &

where the last equality uses (11). Therefore,

(aaa + 'Ilao)VQ

2

iy =)ot Lo ) { [uff(%)ﬁg] +qut§‘) }
K(q) r
(L=)r5]

Now recall that ¢(-) = %c() Thus, by summing and subtracting Wc (Z(q)),

Vi(q) = K(a)v/¢ (Z(q)) — ¢(Z(q))

0=+ e (U ) i 20 |

we get

Vit = Qe Lol {1 () /o (Z(@) + o (Z(a)
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—(1 = ) (llgq + Tige )V <V _V'/) kad (Z(q)) {(fi(%)%} 2
ity e (Z(a)

- Lt 00 q) I (Za) - e(21@)
~(1=7)¢ (Z() { == E Zq(q i }
w20 - (U5 i i [ 2]
ez}

Thus, we proved the result for every vector q of non-negative integers. As argued in
Appendix B, it is possible to allow ¢; to be any non-negative real number for all ¢ without

changing the meaning of the analysis. [

We calculate the derivative of V(q) with respect to ¢; assuming that the acquisition

and use of information is efficient and ¢-sources receive positive attention (i.e., K(q) > &).

Lemma 5. Fiz q. Suppose that v =~*, v =v*, and Uy, = 0. If K(q) > &, then

IV (q) (K (q) — &)
g (1 - 'Y)"‘f% .

Proof. Fix q and the corresponding threshold K(q) in Lemma 1. Let T (q) = {¢ :
K(q) > &}, that is, this is the set of types that can receive positive attention at q.

= (Z(q))

Suppose first that ¢ satisfies ¢; > 0 and so z:(q) > 0. We start by showing that z(q) is
continuously differentiable in a neighborhood (¢ — d, ¢; + ¢). Recall that

ft[K(Qh Q—t) - ft]
(1 —7)k?

)

Zt(qtv Q—t) =

so we need to show that K (¢, q_;) is continuously differentiable in a neighborhood (g; —

Jd,q; + ¢). From the proof of Lemma 1, recall that K (¢, q_;) is the unique solution to

1 = ¢ Z §v (K — &) &(K —&)

qy — 3 Q= — K
t'eT+(q):t'#t,q:>0 (1 7>Kt’ (1 —7)k;
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2

K K — & K—¢&
)

X | —— 4 qv tq
(1— )3 TA—y)sz (1= )R

t'eT+(q):t' #t,q: >0

By the Implicit Function Theorem, there exists a neighborhood (¢; — ¢, ¢; + d) such that
the function K'(-,q_) is continuously differentiable. For future reference, in the case of

linear attention cost, we have

OK (q1,q-+) _ _K(qtv q-¢) — & Z Qt’]I{K ) > &}
Oq (1 —7)K? V)R

(12)

Now suppose that ¢t € T*(q), but ¢, = 0. Recall that K(¢;,q_;) is continuous, so
there exists a neighborhood (0, d) of ¢; such that T"(¢;,q—:) = T7(q) for all ¢; € (0,9).
Given this, a similar argument to the one before shows that there exists a neighborhood

(0,0") of ¢; = 0 such that K(-,q_;) is continuously differentiable on it.

Now consider V(q). From Lemma 1, recall that

Zt(qt7 Q—t)
&t

Therefore, w;(q;, q_¢) inherits the differentiability properties of z;(q;, q_¢) derived before.

we(qr, q—t) = (Z(q)). (13)

It follows that V(q;,q_;) is continuously differentiable with respect to ¢; > 0 in a neigh-
borhood (¢; — 9, ¢; + ) and with respect to ¢y in a neighborhood (0, ") of ¢ = 0 for
every t € TT(q).

We can now invoke the Envelope theorem to calculate the derivative of V(q) on these
neighborhoods. Suppose first that ¢ satisfies ¢, > 0. Over the neighborhood (¢; —§, ¢+ )

we have
OV (g, d
% = 2wi(q, q-0) (1 —7) K3 [1 - ;%’wt’(%a q—t)]
gl (1= + ] - z@)a e
2t(qt, 9-1)
Now recall (13) to substitute and express %q’tq‘t) as equal to

209 4 7(q)) (1 -

Z t/Zt, Qtaq t ]
3 Ve =1

—dzm»ﬁ@iLﬁkl—w@ﬁ@gLﬂ+@]—dzm»a%q»
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Using
1 qt, q t

= + —2v(qt, A1)
¢(Z(@) Z S
we get
OV (q:,9-+) / 24(q, dt) { 2t(qt,9-1) }
—— = —<c(Z(q)——< (1 —y)————— — 2(K(q,q-¢) —
- (2(@) 2 {0 =) * R 2 (na) - €
K(qi,q-+) — &]2
= d(Z(q [ ’
D
By a similar argument, we can obtain the same expression for every other ¢ € T%(q) in
a neighborhood (0, ") of g = 0. O

A.5 Proof of Proposition 3

The profit constraints are equivalent to

> 0.

4 {K(q) —&—(1- V)M}

&/ K7
For every q such that K(q) = K > K(q%*), let

1) = {1z g 0ol

&/}
We first show that, for every q such that K(q) = K>K (q®*), @ minimizes

if and only if & > mincp gy & implies that ¢ = 0. To see this, recall that if K(q) = K,
then q must satisfy
2

c Z Ge(qr) (1 Z Ct Qt =L (14)

teT(K) teT(K

where ((q;) = ¢ ((K Et)& for every t € T*(K ). By contradiction, suppose that q does not

satisfy the claimed property. Then, there exists t/,t" € T+([A( ) such that & < &~ and
G () > 0. Consider the adjustment to (y(Gy) = Cv(qr) + €, G (Gr) = C(qer) — e >0

for some € > 0, and ¢; = ¢; for all other ¢, so that the total allocated attention does not
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change. Since gi > gi we have that
t/ T

Ct Ctt 1 <tt
Pl A i) RV

t
teT(K teT(K) teT(K)

Thus, there exists € > 0 sufficiently small that, holding §; for ¢ # t” and everything else
fixed, the g that solves expression (14) must be strictly lower, which means that the

total allocated attention must be strictly lower.
Now suppose that in equilibrium only the clearest type t is supplied, which implies
K2 A
that K(q*) = &+ (1 — )¢ H(kz &) and so t-sources always make non-negative profits.
t
We just established that for every K(q) > K(q®) the clearest type is always profitable

and
(K(q) — &)& (K(a) — &)
2 (1 —7)k? = (1 —7)K?

From Lemma 5, we have that

oV (q;,0)
0q;

&
L > g H (K, &)
teT+(K(q))

[K(g;,0) = &I
(L=)s;

so V(gz, 0) is strictly increasing on [0, ¢7*]. Therefore, q** = (¢f*,0) is the unique max-

' (¢iz(qz,0))

imizer of V(q) among all q that involve only the clearest type £. Since any q such
that K(q) > K(q*,0) leads to a weakly lower V(q) than does a q' that involves only
t and satisfies K(q') = K(q), it follows that for any such q we have V(q) < V(q £,0).
Therefore, (¢f*,0) is Pareto efficient.

A.6 Proof of Proposition 4

Suppose only t“*-sources are supplied in equilibrium and that t** is not the clearest
feasible type. For t such that & < &e-, consider the quantity g, that allows ¢-sources
to break even if no other type of sources is supplied. That is, 2z,(q;,0) = H(k, &) or

equivalently )

K(G,0) =&+ (1 — )

3 H(”t;ft%

which requires that

K(qb 0) 4 q,H (K, gt) ?
(1 —)Kg &t

Using the expression of V(q), we have that V(g,,0) > V (g5, 0) if and only if

(G H (ke &) = 1. (15)

(G H (ke, &) — c(qiee H (Kper , Eper))
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is strictly smaller than

K (g, 0)\/ ¢ (gt H (ier &e-)) — K (@, 0) /¢ (@, H (1, &)

Note that K(g,,0) > K (¢ ,0)—otherwise, ¢t would be the clearest type that can be sup-
plied in equilibrium. Thus, V(g,,0) > V(¢i%, 0) requires that g, H (K, &) < g H (Kyex, e ),

which can occur only if & is sufficiently small.

Now suppose that we lower & while adjusting H(ky,&;) so that K(g,,0) does not

change. By (15), such changes must cause q,H (k¢, &) to fall. In particular, limg, o g, H (K¢, &) =

0. Given this, if the marginal attention cost is not constant, we have that V'(g,,0) >
V(¢ss,0) provided that & and ¢/(0) are sufficiently small. If the marginal attention cost
is constant at ¢, V(g,,0) > V (¢, 0) if and only if

! - i] < q.H (ke &) [l - L] .

R A pp— (16)

Expression (15) implies that

(_If:* H(/‘itw ) ftE*) [

1= [ - 0.

and similarly

o 1 K(g,0)
Gror H (Kex, g ) = &pes L/E - (1 _t,y)ﬁz}
0

Recall that k3 > /c é—ﬁy + Z—fH (K, &)} for every ¢t by Assumption 1, so both right-hand

sides are strictly positive. Thus, substituting in (16), we need
(1=K = VOK(gih,0) _ (1= )k — &V
(1 =)kg — VEIK(G@,0) (1 —7)K) — eV
Since K(¢i,0) < K(q,,0), the left-hand side is strictly greater than 1. Therefore, we

must have that & is sufficiently smaller than &e«.

In either case, under both (G,,0) and (g%, 0) all sources make zero profits and
V(q,,0) > V(¢,0). Thus, (g;,0) Pareto dominates (g, 0).

A.7 Proof of Propositions 6—8

Let ¢ > 0 be the constant marginal cost of attention. We want calculate %qiq) under

the condition that K(q) > &. We have
ovi(q) [K(q) — &J

o - e T

/ [K(q) — &]2 o aoacl &(K(Q) B ft)
(1 - 7)2”? |aaa + amf| (1 - 7)25%
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- ~* g [ K(q) +Z max{K(q) — &, 0}] 9K (q)
(1

1y — K (1= 7)rp 9q,
v—1u*\ 41—~ 0K (q)
! ( ? ) a—pa 9,
UyeC T &vl{K(q) > &} | 0K(q)
|llgq + Ugo] {Zl i (1— V)K?’ dqe

Now use the fact that

1 K(@) | <~ max{K(q)— &0}
Je (1—7)'f%+t,§% (1= )2

to simplify the expression to

ag;i‘ﬁ _ M {[K(q) — &) [1 _ 71%7] - llo G }

(1 - ’7)/{15 v ’7)|uaa + u0'0'|
57— \/—GK( q)
1 -7 gy

. (y - y*> 21 =70 o 2K L)

v ) (= Vg

'U/GUC gt/H{K > gt’} 8K(q)
|uaa + uao" {Z 7)’%1&/ } aQt '

t'=1

Recall that 0K (q)/dq: < 0 whenever K(q) > &. Using expression (12), we have that

d A ~ /
T Wl |1 T
t - - aa oo
2/
g {K 4
Zt’ ) { (Q)>§ }

t/
41—’ K(q)

(V - V*) =
o 1 T qu{K(q)>¢/}
14 H_g + Zt/:l #

+(v - 7*)

T K ,
Zt’—l ¢ /§ { (j)>§t }

UpeC
|ﬁaa + ﬂgo| + Zt B qt/H{K(q >Eu} T

Iﬁ?t/

Note that only the first and last line really depend on the source type; the other three

terms are common to all types.

Using the last expression, the conclusions of Proposition 6 and 7 are immediate. For

36



Proposition 8, we have

IV (q) ,
o2 (@) - e

g . -7 :

+ - _ t .
(]' - ’7)|uaa + ua’o’| qt/H{K q)>£t’}
T, e

, §yI{K (q)>€,}
Zt/# q VTR

< UpoC )
|ﬁaa + ﬁgg| _|_ Zt’ . qt/JI{K(q >}

Ht’
; e
= K(q)cl - é-tcl 1- AUU ~ - 1 T ¢ /E/{K(q)>£ '} -
(1 = Ytaa + tool ,Tg"f_Zt’:l#

TH{K /
< ﬁaac’ > Zt’yétq &l{ ( )>£t}

_'_ Zt/ . qt/]I{K(q >Eu}

K/t,

|’aaa + ﬁ’0'0'|

Note that the term in brackets multiplying & is positive if and only if

J{K(q)>&,
KL%_i_Zt/#tQt{ gl) t}_|_,qu_§

H

%+ngﬁﬂmm

Iﬁ?t/

A~

U/UO'

< (1 - 7)|aaa + ﬁaa’

This always holds when 4,, < 0. For 4,, > 0 it requires that |i,,| be sufficiently small.

B Appendix: Continuum of Sources

From the characterization of the consumer equilibrium (Lemma 3 and 1), it is easy to see that
what ultimately matters for each consumer is how much attention she allocates to the group of
t-suppliers as a whole—this amount is then divided evenly among all its members. Indeed, let
Zy = q:z¢ and Wy = qqwy and recall that qg = 1, where ¢ = 0 denotes the prior. We can then

rewrite the expression (9) as

v Wi 1
Wt = S and Zt = gt ¢ and \Ijt =

> Ur (T Z) C (L=)Ki/a+ &/ 7

Similarly, we can write the equilibrium action function A, of every consumer ¢ as

T
Ae(Xigs ..., Xoe) = Z Wi Xu,
=1
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where X;; = qlt D imimre ity Lie for all t.% Note that the random variable X, is normally
distributed with mean zero and variance x2 —I— + éte Thus, we can view each consumer
as basing her actions on the sufficient stat1stlc th and so choosing how much attention
to allocate to the source of X;,. This variable summarizes all the information conveyed

by the group of ¢-sources, whose joint signal has accuracy ¢;/s? and clarity 1/&2.

The condition characterizing K* in expression (11) is consistent with this interpreta-

tion, as it can be written as

ftmax{K &, 0} K " max{K — £.0})]
<Z /e )[U—W”Z e | U

0 =1

Also, note that .
& max{K* —&,0}

(1 —)wi/a

We now want to argue that we can let ¢; be any positive real number for every ¢ and

Zt:

continue to use the above equations to describe the consumers’ behavior, while preserving
the economic meaning of the model. To this end, first note that if ¢, is a positive rational
number (i.e., ¢ € Q4 ), then we can write q;/k? as C%xt where !, (' € Z,. Moreover
if we take ( € Z, sufficiently large, we can approximate all ¢; in Q. Wrth * for some
X' € Z, for all ¢. In this case, Cﬁfx can be interpreted as a situation Where there are
X" t-sources (which is a positive integer) in the market and the informational content of

each potential source is Note that C% decreases to zero as ( increases, which can be
t

=3
interpreted as saying theit the informational content of each source becomes arbitrarily
small when there is a large number of potential sources. This is consistent with a notion
of perfect competition in information markets defined as the property that each source is
“small” in terms of the amount of information it can provide. Since Q. is dense in R, by
letting ¢ become arbitrarily large and x* adjust correspondingly across t’s, in this way we
can approximate every q € ]Ri and hence every level of q;/k? across t’s. In the limit, the
interpretation of 1/k? is that it measures the rate at which ¢-sources entering the market

contribute to the total amount of information that they provide to the consumers.
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