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1. INTRODUCTION

This is the Online Appendix to “Competitive Capture of Public Opinion.” In Section 2 we
provide an alternative characterization of communication equilibria in Proposition 1 of the main
text, and show that communication equilibria with informed IPs — i.e., such that they observe
the underlying state after exerting capture effort but prior to selecting a message — still satisfy
the conditions of Proposition 1.

In Section 3 we provide necessary and sufficient conditions for strategic substitutability of
capture efforts under Assumption I —i.e., no complementarities in the contest success function
m;(r,1). In Section 4 we study several source attributes and clarify when they are vertical or
horizontal. We first study audience ideology and show that R (L) wants to fire up its base if its
utility is an increasing and convex transformation of the odds of a high (low) state. Therefore, if
both IPs have congruent preferences — so that either both want to fire-up-their-base or moderate-
the-opposition — then audience ideology is a horizontal attribute: for example, a FOSD increase
in citizens priors would increase R’s capture incentives but reduce those of L. We then show
that the quality of information of honest coverage is generically not a vertical attribute.

Section 5 establishes the existence of pure-strategy capture equilibria with multiple sources.
Section 6 describes basic properties of citizen behavior when a fraction of citizens sort ac-
cording to each source’s instrumental value of information. We also show that media markets
may become less informative if the demand for information increases. Section 7 provides a
complete treatment of capture with naive citizens. Finally, Section 8 studies preference het-
erogeneity (as opposed to belief heterogeneity) and shows that citizen sorting is robust to this
conceptualization of ideology.

2. COMMUNICATION EQUILIBRIA
The following proposition describes the bounds A and )\ in Proposition 1 of the main text in

terms of bounds on a p-citizen’s posterior belief.

PROPOSITION 7: For every p—citizen, the maximum and minimum equilibrium posteriors
R(p) and pi(p) satisfy

In particular, Ti(p) = pu (M*;p) and p(p) = pp (m*;p) where ™ and m* satisfy A = Ay (m”*)
and \ = A\ (M*) and ) and X are given by (3) and (4).
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in terms of posterior beliefs y(m;p) for p € (0,1). First, we can write
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where Qg (m;p) = q.(m)p + g_1(m)(1 — p) is the p—citizen’s probability density of ob-
serving m from honest coverage. Then, (1) can be expressed as
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where 7i(p) = g (T0*;p)). Integrating by parts,
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where we expressed the result in terms of 1 = pz (m;p). Conversely, from

An(m) = A (m) pu (5 p) — pa (m; p) :
1= Ag(m") _1(m) = ( D~ pn (i p) >QH(m,p)7

and letting p(p) = p (m*;p)), (2) translates, after integrating by parts, to

p(p) 7 (r,
/O Fy(p;p)dp = WH((T ll)) (p—

1(p)) -
Q.E.D.

In the main text we pointed out that the communication equilibria in Proposition 1 are robust
to allowing IPs to condition their message on knowledge of the item’s honest coverage. We
now formally prove this by considering equilibria in which IPs observe the underlying honest
coverage after exerting effort but prior to selecting a message, and show that they still satisfy
the conditions of Proposition 1.

PROPOSITION 8: Fix effort r and I, with wy (r,1)>0, and let (X, \) be the unique thresholds
derived in Proposition 1. Suppose instead that IPs observe the honest coverage m? after exert-
ing capture effort but before selecting the coverage. Let T} (-;m?) be i's mixing strategy upon
observing realization m?. Then, in every communication equilibrium, we have
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Lo Upasupp(ri(5m?)) = {m: A (m) = X} Uy supp(r7 (5m7)) = {m: A (m) < A},
2. The equilibrium likelihood ratio of message m is given by (2), and the maximum and
minimum equilibrium likelihood ratios satisfy max A*(m) =\ and ng/r\l/l A*(m) =\

PROOF: Suppose that R and L’s strategies are 7z(m;m’) and 77, (m;m’) so that 7;(m;m/)
is the probability that the i-IP sends m after the source’s honest coverage m’ = m'. Let
7:(m;m’) be citizens’ assessments of these strategies. Then the perceived likelihood ratio

_ Pr[m|6=1] .
Alm) = Primlo—o] 1

WH(r,l)ql(m)+7rR(7",l)/%R(m;m’)ql(m’)dm’+7TL(7“,Z)/%L(m;m’)ql(m’)dm’

A(m) = .
wH(nl)q_l(m)+7rR(7',l)/%R(m;m’)q_l(m’)dm’+7TL(?“J)/%L(m;m’)q-l(m’)dm’
3)
The difference between a p—citizen’s posterior after observing m and m/” still satisfies
" " p(l_p)
m;p) — p(m’;p) = (A(m) — A(m e
p(m;p) — p(m”;p) = (A(m) — A( ))(1_p+pk(m))(l_p+m(m )
Let
Vo= [ wlutmpyar,e = o (20 ane. @
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If 7;(m;m’) are IPs actual strategies, then IPs’ optimality requires that if m,,m, €
supp ;(-,m’) then V;(m,) = V;(my), i € {L, R}. By the same argument for the case in which
IPs do not observe the honest coverage, this requires that A(m;) = A(my).

Let \*(m) be the equilibrium likelihood ratio of message m with \ = max A*(m) Note
that (i) Vz(m) in (4) is strictly increasing in A(m) while Vp(m) in (4) is strictly de-
creasing in A(m); and (ii) if 7r(m;m’) = 7, (m;m’) = 0 for all m’ € M then (3) implies
A(m) = Ay (m). Therefore, from (i) we must have that if m € supp(75(-,m’)) then \*(m) = by
while (ii) implies that m € supp(75(-,m’)) only if Ag(m) > . Finally, we reach a contradic-
tion if m & U,,j—,supp(75(-;m’)) and Ag(m) > X as then we have A (m) = Ag(m) >

= maj\)/(l/\*(m). Therefore, we must have U,,; supp((-;m?)) = {m : Ag(m) > A} and
me

m € supp(th(-,m’)) iff Ag(m) > X. We can apply a similar argument to L by defining
A= rrélj{l/l)\*(m) Then again we reach a contradiction if m ¢ U,,;_,. supp(7;(-;m’)) and

A (m) < A as then we must have A*(m) = Ay (m) < A = mij{l/l)\*(m). Therefore, we must
me

have U,,,; supp(7; (-;m?)) = {m: Ag(m) < A}.
We now~sh0w that A = X and A\ = \. Looking at \, we can rewrite (3) for all m such that

mr(r,1)
g (r,l)

(3] ntmnt ooy = [ suomsonys oy ) = (o) = 3) s,



and integrating over all {m :Ag(m) > X} and noting that

) Tr(m;m)ge(m’)dm'dm = _ Tr(m;m/)dm | go(m’)dm’ =
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which is the same as (3) which uniquely defines \. Therefore, X=X A similar argument
applied to {m :Ag(m) < i} shows that A = \. Q.E.D.

3. NECESSARY AND SUFFICIENT CONDITIONS FOR STRATEGIC SUBSTITUTABILITY

In Proposition (3) in the main text we showed that capture of a single news source is a game
in strategic substitutes as long as there are no interaction effects in 7;(r, 1) —i.e., if Assumption
I holds — and increased capture by one IP does not reduce the odds of capture by the other
IP relative to honest coverage — i.e., if Assumption II holds. These assumptions rely solely on
properties of the contest success functions as they are independent of the characteristics of the

news source and of its audience. Expressing marginal success probabilities as ‘i’;—f = —aag -
oryg o org Otr __ _ pOmyp org _ oy, :
and FH = —(1 — a)5L£, as well as f = — 7L and 5 = —(1 — 3)=Z}, Assumption II

can be equivalently expressed in terms of limits on the crowding-out effect of capture « and /3,

6 Tr
— | — ] > <
87“( >O<:>a

TH —7TR’
8 TR TR
=|—]1>20&8< .
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In words, the crowding-out effect of one IP on the other IP’s success probability must be
sufficiently small, with this upper limit based only on the success probabilities of both IPs.
Intuitively, increasing capture by either IP must have a smaller business-stealing effect than
the effect on the probability of aggregate capture. If wr(r,1) = r and 7 (r,l) = [, then this is
always satisfied for all capture levels, as L/ R—capture only reduces honest reporting, so that
a=p=0.

We now generalize this insight and show that strategic substitutability holds under more
general conditions. We provide necessary and sufficient conditions for capture of a single news
item to be a game in strategic substitutes expressed in terms of bounds on the crowding-out
effect of capture.
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PROPOSITION 9: Suppose that Assumption I holds. For each (r,1;7,1) € (Xg X X1)? with
associated sequentially-rational thresholds \ and )\, define for i € {r,l},"

, L~ o~ 0i 0i
M=V - )
- +FH,—1()‘7p7.)
TH
on or
| o T o; Fr(xip)
My =VIQA)(A = A)— ; ©)
— + Fu,1(X;ps)
TH
and Kk; = ﬁé Ifa= —g:}z?g: (B = —g:’;;gf) is the crowding-out effect of R (L) on L's

(R's) winning probability, then capture of a news item is a game in strategic substitutes if and

only if for all (r,l;7,1) € (Xr x X1)? we have

1
Tr, + 7(1 — 7TL)
a< L : (7

1
l—7mp+ —7r
KL

7TR+KZR(1—7TR)
1—7TL+FLR7TL '

p< ®)

In particular; if k> 1 and ky, <1 for all (r,1;7,1) € (X x X)? then capture is a game of
strategic substitutes regardless of the size of the crowding out effect o and (3.

PROOF: Let Wg(r,1;T, lN) — Cgr(r) and Wy (r,1;7, [) — Cr(l) be R and L’s expected utility
when they covertly invest r and [ in capturing the item, followed by a sequentially rational

reporting strategy where citizens anticipate capture 7 and [ -see (7) in the main text. Then,
considering for example the R-IP, we have

aVVR(Tv la 7:7 Z) o aﬂ-R(’r? l)
or o

oy (r,1)
or

Omy (r,1)
or

Vi\) + Vi(A) + Ew [Vi(A); pr].-

as citizens’ interpretation of messages only depends on the expected level of capture (7, )
rather than the actual level (r,7). Consider the change in R’s incentives to increase r when
citizens (correctly) anticipate a higher capture level by L

aQWR(ral;FJ)

82WR(T7Z;F7Z)

orol S orol r
O*rr(r,l —
=TTD) V)~ B [Va(M)ipal]
1=l

C—

>

"To improve exposition, we omit the dependence of functions on (7, l; 7, ) ) when this dependence is clear.
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The first two terms (C5 and C)) capture the complementarities in the contest success func-
tion holding constant citizens’ beliefs of the levels of capture. Term C5 represents the second-
order marginal effect on R’s winning probability weighted by the gain from replacing the hon-
est reporting, while C' captures the same effect coming from L’s winning probability weighted
by the loss to R when L wins and replaces the honest reporting’s message. The last two terms
(Ix and I,) are the informational effects on R’s incentives: they represent the change in R’s
marginal gain that derive solely from the change in citizens’ beliefs, and it balances the util-
ity change from inducing the favorable message \ multiplied by its marginal likelihood (term
I5) with the change when the unfavorable message A is induced, multiplied by its marginal
likelihood (term I}).

97 mi(r,l) )

It is clear that the nature of the contest success function (in particular the sign of o Rr]
affects the variation in R’s incentives with L’s anticipated capture. To concentrate on the
interactions that are purely informational, we adopt Assumption I so that 8;}”7&” =0 for
i€{R,L,H} (making Cx and C) identically zero).

For given (r,1; 7, lN), with associated sequentially-rational thresholds A and \,” strategic sub-
stitutability requires that

a’ﬂ'R a’]TH - = aw 8X a’]TL 87TH , QA
L = = <<
[ ] e ZZZFHW] A +[ o | mw] i <o
©)
87TR 67TH = = aﬂ'L 67rH | ’ 3)\
el dEil o 22 <
[al R TZFFHW} <(%) a~+[ 2 m| g <o
(10)

Differentiating A and ) in Proposition 1.3 of the main text we have for i € {r,1},

oX B A—1 9 (77R>
i TR Py () 08\ )|
TH

0A_ 1-A 3(%)
oi L4 F, ) 9% \Tn )l

TH

2To improve exposition, we omit the arguments of functions when these arguments are clear from the context.
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Replacing these expressions in (9) and (10) and using the definition of M% and M i in (5)
and (6), we obtain that capture of a single news item is a game in strategic substitutes if and

only if
_Q WR(T,Z)
Ol \ g (r,1) < My

9 (mp(r,l)\ ~ M% o "
a 7'I'H(Tal)

_a <7rL(7",l)>
or \mu(r.)) Mg 1 (12)

0 (mr(rl) _Mii K,
or \my(r,l)

Finally, note that we can express the lhs of (11) and (12) in terms of the crowding-out effect
of capture v and 8
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Then, (11) and (12) are equivalent to
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Q.E.D.

To explain Proposition 9, consider the capture incentives of, say, R. The crowding-out effect
a plays two roles. First, the value of « affects the marginal probability of inducing the favorable
interpretation \ or the unfavorable \.> Second, it dictates how citizens revise their interpretation
of messages in light of an increase in R—capture. Indeed, while citizens always become more
skeptical of high messages, so that 9\ /dr < 0, citizens also become skeptical of low messages
if «v is sufficiently low (in fact, if & < 77, /(1 — wg)). Moreover, even if a > 7 /(1 — 7r) we

JIndeed, the marginal probability of inducing citizens to interpret the message as A or A

is  orn 4 ZnFu(Npr) = %58 (1-(1-a)Fu(Xpr)) and  ZL + ZFEFy(Aipr)

928 (o + (1 — &) Fr (A pr)).-
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would have that R’s best response is decreasing in L’s capture if (7) holds. This conditions
ensures, for instance, that the effect of R—capture on R—lies’ is more pronounced than on
L—lies’ —1i.e., it ensures that 6X/87“ < OM/Or.

Proposition 9 provides some sufficient conditions for strategic substitutes. First, if kg > 1
and xy <1 then the rhs of (7) and (8) are larger than 1. If this holds for all feasible capture
levels then capture is a game of strategic substitutes regardless of the size of the crowding out
effect a and 3. Second, note that lf—iR is a lower bound on the rhs of (7) (and lf’;L is a lower
bound on the rhs of (8)). This confirms that we have a game in strategic substitutes regardless
of the properties of the information source and its audience as long as IPs increased capture
does not decrease the other IPs success odds relative to honest reporting.

Finally, Proposition 9 also hints to necessary and sufficient conditions for capture to be a
game in strategic complements, which would require both inequalities (7) and (8) to be re-
versed. These conditions are, however, more stringent; for example, these conditions require
that kg < 1 and k1, > 1 for all feasible capture levels. This is impossible to be satisfied if
zero capture is possible for both IPs, as in this case kK and k, take arbitrarily large and small
positive values.

4. SOURCE ATTRIBUTES: AUDIENCE IDEOLOGY AND SOURCE INFORMATIVENESS

In this Section we study conditions under which audience ideology is a horizontal attribute of
a source, and show that the quality (informativeness) of honest coverage may not be a vertical
attribute.

4.1. Audience Ideology and IPs incentives: Firing up the Base versus Demobilizing the
Opposition

How an IP’s incentives vary with audience priors depends on the priorities of the IP. This
is intuitive: an IP which wants to prevent the opposition from coalescing against its preferred
policies needs to reach opponents and demobilize them. In contrast, an IP which wants to incite
action needs to reach already favorable citizens and further radicalize them. In this section we
show that our framework captures this prioritization of audience segments through features of
IP’s preferences.

To fix language, we say that an IP wants to fire up the base if incentives to capture increase
when facing a crowd of convinced partisans — i.e., low p for L and high p for R — and an IP
wants to demobilize the opposition if incentives are stronger with a crowd of opposite parti-
sanship. Formally, R (L) wants to fire up its base if Bg(r,[;T, D(By(r,1;7, lN)), defined in (9),
increases when F,(p) increases (decreases) in the FOSD sense, with a similar definition for
the case in which it wants to demobilize the opposition. Note that, if both IPs have congruent
preferences — so that either both want to fire-up-their-base or moderate-the-opposition — then
audience ideology is a horizontal attribute: for instance, a FOSD increase in citizens priors
would increase R’s capture incentives but reduce those of L.

Inspection of (9) shows that audience prior distribution affects capture incentives only
through

v - | (Gus(u(Mp))/ON) dF (). 13

For i = R, Ovg(p(A,p))/OX represents R’s marginal payoff from sending a more favorable
message to a citizen with prior p and (13) averages this payoff across all citizens. Therefore,
R wants to fire up its base if Jvg(u(A,p))/O increases in p, while it wants to demobilize the
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opposition if Qug (1A, p)) /O decreases in p. Likewise, L wants to fire up its base (demobilize
the opposition) if —dvy (pu(A,p))/ON decreases (increases) in p. It follows that in both cases,
i € {L, R} wants to fire up its base if and only if Jv?(u(\,p))/OAIdp > 0. The next proposition
links these conditions to the curvature of v;.

LEMMA 3: Given a news-source’s honest-coverage Fry o and its audience’s prior distribu-
tion F,, let [, 1] be the range of posterior beliefs induced if coverage is known to be honest.
There are constants K, and K,;, i € {R,L}, with K, = —K; = K(i) and Kr = K, =

K (p) where K(p) = p/(1 — p) — (1 — )/ p, and such that

I- i € {L, R} wants to fire up its baself| ,((“))‘ K., pep, .

2 <K e .

II-i ) JRE [

PROOF: With = u(\, p) to simplify notation, we show that under (1), 9%v; (1) /OXIp > 0,
while under (1) we have 9%v; (1) /OXIp < 0. Differentiating v; () twice,

Pop) . Opdp & u
W) o DE T g ()

OAIp O\ Op ONOp
Using % = 20205, 52 = i and 55 = Gt s, we can write

aQUi(:u> 7" )‘p(l B p) / 1- p— /\p
NI =1 (M)(/\p+1—p)4 Ui(ﬂ)(/\p+1_p)3
)\p(l 7p) 1" ’
()\p_|_ 1 _p)4 (vz (/‘l’) (,LL)UZ(,U/)) ?

with K (p) = 22 — =2 = _#_ 1= the difference between the odds of a high state and a
1-p Ap 1—p Iz

low state. As K (1) is increasing in 11, we have K (1) € [K (u), K (12)] with [g, 7] the range of
posteriors of citizens when coverage is known to be honest.

Consider first R. As v}, (11) > 0, then 9*vg (1) /ONIp > 0if min,, e, 7 27 VR max,,ep,.m K (1) =

v (1)

K () while 9%vg(p)/0Ndp < 0 if max,e(,z :283 < mingepm K(u) = K(p). Turn-

ing next to L, we have v} (u) < 0 so that §%vy(p)/ONdp > 0 if min,ep, ‘Z;EZ;‘ >
— L

max,, e,z —HK (1) = — K (p) while 9%v., (1) /0AIp < 0if max,, (. a1 VL) min, e,z —K(p) =

[v], ()]

—K(p). Q.E.D.

As this lemma shows, if v; is sufficiently convex, then ¢ is mostly concerned about firing
up its base, while if v; is sufficiently concave, it mostly wants to demobilize the opposition.
This is intuitive: for R the gain from raising the beliefs of the public is higher (lower) for those
holding very favorable beliefs if v is convex (concave). Additional conditions are needed to
account for the fact that a higher A has a smaller (larger) effect on citizens posteriors if citizens
hold a higher (lower) prior belief. Notwithstanding, we next show that convexity in the odds of
a favorable state are sufficient to guarantee that [Ps want to fire up their base.

LEMMA 4: Suppose that vg = gr(u/(1—p)) and vy, = gr,((1 —p) /), with g;, i € {L, R},
increasing and convex. Then both IPs want to fire up their base.
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PROOF: We can express the odds of the high state as p/(1 — u) = Ap/(1 — p). Then,
821)R(/L) 1 " /\p /\p ’ >\p
= s\Ir| 77— ) 719|777
O\Op (1—p) 1-p/1—p 1-p

1 d(gp(z)z)
(1-p)® do

If g% (x)z is increasing, then R wants to fire up its base, while it wants to demobilize the
opposition if g (z)x is decreasing. A sufficient condition for an increasing g/ (z)x is that gr
is convex. The same analysis applies to L once we observe that

Pog(p) 1 l-p\1-p 1—p
— 12} / >
Dop NP (g< » ) p *gL( » )) =Y
1 d(ghae)
A2p? dx

Q.E.D.

4.2. Source Informativeness

Under what conditions do IPs’ capture incentives increase when the source becomes more
informative? In other words, when is the quality of honest coverage a vertical attribute of a
source? To answer this question, we consider a news source with an audience of fixed size. The
direct effect of a more informative source depends on the change in the highest and lowest cred-
ible messages, but also on how each IP’s payoff depends on the equilibrium informativeness of
honest coverage.

To see this, consider the marginal return to R from increasing capture

aWR(Ta l; 7:7 l) _ 87TR(T7 l)
or or

aﬂ'L (T, l)
or

871-H (7", l)
or

Va(X) + Vr(A) + Eg [Ve(A);pr], (14)

when citizens anticipate capture levels (7,1) — which determine A, A and Ey [Vr(\); pr]. If
honest coverage becomes more Blackwell-informative, then for the same anticipated capture
levels, X increases and )\ decreases — see Lemma 1.3.* Focusing on the first two terms of
(14) and noting that 8”‘;75”) >0> 6’7@@7(:71), we see that V() increases and V() so that

The difficulty lies in evaluating the change in Ex [Vz(A);pg). There are two main diffi-
culties in signing this change. First, the equilibrium message under honest coverage is not
necessarily Blackwell-more informative — see Section 4.2.1 below — making it hard to assess
Ex [Vr(A);pr| even if all players (citizens and IPs) share the same prior and Vz(\) is con-
vex/concave. Second, even if the honest message leads in equilibrium to more dispersed (in
the monotone convex order) posteriors for a p—citizen, the p—citizens’s posteriors may not be
more dispersed if their likelihood is being evaluated by R who has a different prior belief pr —
see, e.g., Alonso and Camara (2016) for an analysis of how the dispersion of beliefs under one
prior can be expressed in terms of a different prior when the information structure is commonly
known). We expand on the first difficult in the following Section.

“In fact, Lemma 1.3 shows that the equilibrium message is more Blackwell-informative.
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4.2.1. Equilibrium informativeness of honest coverage

Let M }{ be the equilibrium citizens’ interpretation of messages from the honest coverage
of source j € {X,Y} given fixed levels of capture (r,1). We now show by example that it is
not true that M} is Blackwell more informative than M3} if Y is Blackwell-more informative
than X. To see this, consider the distribution of a p—citizen’s equilibrium posteriors induced
by M7,

0 ifu<gj,
Fi(p) = FIJJ(N) ifﬁjéﬂ<ﬁjv
1 ifp>m;.

Let AM () = [!" FY(s) — F};(s)ds. We now show that we can have AM (1) < 0 for some
w € [0,1] even if Y is Blackwell-more informative than X. This implies that posteriors under
M}, are not more dispersed (in the monotone convex order) than under Mj;, so M}, is not
Blackwell-more informative thanM;; . From (26) and noting that the same capture levels are
applied to both sources, we have

{2 bx p—
/ v FY(s)ds = / * MFg(s)ds,
0 o P

=X
so that
(=3 123 M (=3 —
/XFg(s)dSZ/ XFg(s)ds—/ YF};(s)dSZ/ N Fy ) = Py px o)) as
By 0 0 0 b—py

This implies that for ;1 € [Hx’ﬁx>v we have

AM () = / Y (s)ds + / " (s) - Fi¥(s)ds

=/0HX (Fﬁ(s) - ]]Z_ZYFISI‘(M)> ds+/u FY(s) — F¥(s)ds =

X

[y, — H

% H
_YX/ XFff(u)der/ Fpr(s) = Fij (s)ds
pP—py Jo 0

The first term is negative whenever My, < B while the second term is non-negative if
Y is Blackwell-more informative than X Therefore any posterior p € [uX, Iix) such that
JE FY (s) — FiY (s)ds = 0 would have AM (1) < 0.

5. COMPETITIVE CAPTURE AND POLARIZATION ACROSS SOURCES

We explore several equilibrium consequences of competitive capture for an exogenous, pos-
sibly heterogeneous, audience for each source — thus abstracting from demand-side effects
coming from citizens’ sorting. First, we show that the existence of a pure-strategy equilibrium
in capture efforts for multiple information sources is guaranteed under similar conditions as in
Proposition 2 in the main text. We show this result for a general continuous and convex costs
of capture C'r(r) and Cr(l).
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PROPOSITION 10—Existence of pure-strategy capture equilibria: Consider a market with
n different news sources. IPs i € {R, L} have (i) continuous utilities v;(1); (ii) continuous
and convex costs of capture Cr(r) and Cr(l) with r € H?:1X1j{7 andl € H?:1X£J and (iii)
for each source j € {1,...,n}, the probability of state S7 =i, 7! (r;,l,), is continuous and
concave in r; and concave in l; with 73, (r;,1;) > 0 for r; € X}, 1; € X}. Then, there is an
equilibrium with pure-strategies capture efforts (r*,1*).

PROOF: Suppose that R selects r = (r;)7_;; L selects I = (I;)7_,; and citizens have an
assessment of IPs’ capture strategies (7,/) and an assessment of reporting strategies (g, 7r.)
that is consistent with (7,1) — see Proposition 1 in the main text. Then, the payoffs to each IP

are Wg(r,l;7,1) — Cr(r) and Wi (r,l;7,1) — C (1), where

n

W (r,l;7,0) = Z (7 (ri, VA + 70 (5, )VAQ) + 7 (rs, L) B [VE(A)ipr]) S
=1

n

Wi (r L7 0) = (wh(r, 1)VE () + 7, (r3, L)V (A) + (5, 1)y [VE(N)ipe])

j=1

with \; and \; satisfying (1) and (2) with 7 = 7, | = I;,and V7 (\) = fol v; (1 (A;p)) dFI (p).
Define ¢’s best-response correspondence given citizens’ assessment (7, l~),

Ur(r, 7, 0) = {r: W(r,;7,0) = Cr(r) 2 Wa(r',;7,1) — Cr(r'),r' € IT_ X7},

Uy (r, 57, 0) = {1 W (r 7, 0) — CL(l) > W (r, U5 7,0) — CL(U), U € I X7},
and the belief-consistent best-response correspondence
\TI(TJ) E{@R(T,lﬂ",l),\NIIL(T,Z;T,Z)}. (15)

Note that (r*,1*) is a pure-strategy-in-capture-efforts equilibrium if and only if (r*,[*) €
\il(r*,l*). We will apply standard existence results in continuous games with quasiconcave
payoffs (see, Debreu (1952), Glicksberg (1952) and Fan (1952)) to show that U has a fixed
point.

First, we establish that W;(r,l;7,1) is continuous at each (r,l;7,1), and that W (W) is
concave in 7(1). For continuity, it suffices to show that V; (};), V(A ;) and E, [Vij (A);ps] are
continuous. Define the functions

[eS) . A )
/ Fy_ (\)ax / Fl _ (N)aN
— JA — JO

g =g =

Note that Q;(\) € R is continuous and strictly decreasing for A > 1, while Qj (A) €R-
is continuous and strictly increasing for 0 < A < 1, thus both possessing a continuous inverse
in R. (. The equilibrium thresholds (1-2) imply

o o I L
) =1 @ (b)),

7 (15,15)
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Vi) =V (@ (CEnb)y)

' - 7'1'?{ (7"] s lj)

which are continuous as the composition of continuous functions — as 73, (r;,1;) > 0 for r; €
X%,.1; € Xi. Concavity of Wx(W,) in (1) follows from concavity of 77 (r;,1;) with respect
to 7,(l;). Therefore, continuity and convexity of C'r(r) and C7(l) establishes continuity and
concavity of W (r,1;7,1) — Cr(r) and Wy (r,1;7,1) — Cp(1).

As X 17% and X7 are compact and convex for each j = 1,..,n, continuity of W; — C; im-
plies that ¥ (r, [; 7, l~) and U (r,1;7,1) are upper-hemicontinuous and concavity of Wr — Cr
and W, — C, imply that they are convex-valued. Upper-hemicontinuity is preserved when re-
stricting attention to the subset {(r,l;7,1) : [ =} and {(r,l;7,1) : r = 7}. Therefore, U(r,1)
is non-empty, convex-valued and upper-hemicontinuous and Kakutani’s fixed-point theorem
guarantees the existence of a fixed point. Q.E.D.

5.1. Source Attributes and Polarization with Interdependent Costs

We are interested in examining whether competitive capture is conducive to horizontal dif-
ferentiation. We focus on IP strategies as markers of source polarization. In particular, con-
sider two information sources and let = (71,73) and [ = (11, l5). Our measure of polarization
P:(r,1), compares the relative ideological leanings of each source stemming from capture:

T T2

PI (T, l) = ll lg

Consider an environment with two information sources and an equilibrium capture (r*,1*)
with v} /l7 > rj /1. Itis a direct corollary of Proposition 5 that if source 1 experiences a change
in an horizontal attribute which favors R, polarization will be higher. It also follows from
Proposition 4 that a vertical change can lead as well to an increase in polarization if the indirect
effect dominates and therefore one IP does not match the increase in effort by the other.

These results are immediate in the additively separable environment because the effect of
changes is circumscribed to source 1 and there is no reason for r, or [, to change. However,
it is also possible to analyze the effect of cost interdependencies that arise naturally as an IP
considers deploying limited resources across information sources.

We show below that if costs are interdependent, increases in a horizontal attribute that locally
favors the dominant IP spread to produce a more polarized media landscape.

PROPOSITION 11: Consider the linear-contest model with two information sources and an
equilibrium level of capture (r*,1*) with i /ry > 17 /l5. Suppose that either

a-both IPs want to fire-up-the-base (demobilize the opposition) and F(p) increases (de-
creases) in the FOSD sense, or ~ ~

b-IP — R's cost parameters change according to BF=pE —§, and B = BF + 85, 61,0, > 0,
with §3/61 =17 /73

Then there is an equilibrium level of capture (7,1 ) such that Pp(7*,1") > Py (r*,1%). 3

Local changes in source characteristics that favor that source’s dominant IP spread in equi-
librium to widen polarization across sources. To see this, consider case (b) which describes a

SDetails of the proof are available from the authors.
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reduction in the relative capture cost of source 1 by R, keeping invariant the cost of capture
under strategy 7* = (r},r}) to ensure that there are no “wealth” effects.® The direct effect of
such cost shift leads R to increase capture in source 1 and to decrease it in source 2, holding
constant L’s strategy. Strategic substitutability implies that the indirect effect generates a rein-
forcing response: the L decreases capture in source 1 and increases it in source 2. As we had
ry/rs > 17 /15, both IPs adjust their strategy through a rotation (increasing effort in one source,
reducing it in the other) but in opposite directions, increasing both measures of polarization.

Case (a) differs from case (b) as both IPs are directly affected by the change in audience.
Consider the case in which both IP want to fire up their base. As the audience of source 1 shifts
in favor R, its incentives to capture source | increase at the same time that L’s weaken. The
direct effect of the shift thus leads R to increase capture in source 1, while the L reduces it.
The effect on source 2 operates in the opposite direction as both IP equalize expected returns.
Strategic substitutability again reinforces both moves as a second order effect. Thus, we have
again a rotation in the strategies of IPs that increases media polarization.

Both cases illustrate our main insight in this Section: strategic substitutability is a force
towards increased polarization across sources by amplifying local differences in the returns to
capture.

6. CITIZENS’ SORTING ACROSS INFORMATION SOURCES

In this Section we expand on the analysis in Section 6 of the main text to explore the impact
of increasing the fraction of citizens that sort according to instrumental value. In Section 6,
we showed that citizens that value information sort across sources (mostly) according to their
priors: citizens with extreme priors will prefer the ideologically-aligned source, while if sources
share the same informativeness and the likelihood of honest coverage is the same, then all
citizens sort monotonically. That is, if some p—citizen prefers the left-dominated source, then
so do all citizens with p’ < p, while if a p—citizen prefers the right-dominated source, then so
do all citizens with p’ > p.

This sorting effect is reminiscent of Suen (2004) but we obtain it in a model without filtering
in which sources can freely transmit information. In fact, while in Suen (2004) bias is valuable
to consumers, in our model the value of information for all citizens diminishes with increased
capture — see Lemma 2. However, the fact that capture reduces the value of information does
not mean that increasing demand for information reduces slant. The following proposition de-
scribes a situation in which the opposite is true.

PROPOSITION 12: Suppose that Assumptions I and II hold; vy = g(ﬁ) and vy, = g(l_T")

with g increasing and convex; and there are two symmetric information sources with F }{70 =
F? o (= Fuy). Suppose that for p € [0,1) there is an asymmetric equilibrium with A1 () the
highest (lowest) likelihood ratio in media 1 (media 2) which is dominated by R (L). Further-
more, there are two equally sized subgroups of citizens A and B, with priors satisfying

1 1 1
pkzl—ﬂ>1+A ifke A p, < ) (16)
= =2 1+e< — ifke B
te 1+)\1lf

SMore specifically, it rules out the possibility that marginal costs are simultaneously reduced (or increased) for
both sources after the change in cost parameters.
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and citizens equally likely to consume either source if they do not value information. Then,
marginally increasing p increases source polarization.”

Condition (16) ensures that citizens who value information (a proportion p of the population)
sort according to group membership — citizens in A patronizing source 1; those in B selecting
source 2 — and a marginal increase in p will not affect this sorting behavior. The rest of the
audience, a fraction 1 — p which do not value information, is spread equally across both sources
independent of their prior.

Now consider an increase in p. As more citizens now value information, sorting increases:
the proportion of citizens in A choosing source 1 and the proportion of citizens in B choosing
source 2 both go up. As g is convex enough, Lemma 4 establishes that IPs want to fire up
their bases. The sorting described means that R can reach more of its base in source 1 (and
less in source 2) and vice versa for L. Both IPs thus rotate their capturing efforts in opposite
directions: R increases capture in 1 and reduces it in 2 and L moves in the opposite direction.
The fact that capturing efforts are strategic substitutes — guaranteed by Assumptions I and II —
further reinforces this dynamic.

As a consequence, as more citizens demand information, the system reacts with more po-
larization. Slant therefore increases even though the public has higher value for unbiased in-
formation. In fact, it is easy to construct examples where citizens are worse off as a result of
endogenous sorting if overall capture increases sufficiently. There are limits to this result — for
example, we do not consider entry of new information sources as a result of this demand — but
it is a cautionary tale on the presumption that slant is driven by lack of interest in knowing the
true state of the world.

7. NAIVE CITIZENS

The results we present in the main text rely fundamentally on the rational skepticism of an
information source’s audience. This begs the question: are these results robust to the presence
of unsophisticated citizens? In this section we consider citizens with extreme susceptibility to
manipulation. More precisely, we allow for a fraction 1 — « < 1 of citizens to be “naive” in
that they believe all coverage to be honest. The remainder fraction ~y of the audience are fully
sophisticated as in previous sections.

Naive and rational citizens interpret the same news A differently: naive citizens take news
at face value and interpret \ literally, while rational citizens are wary of capture and interpret
them as A\, (X).! The following proposition summarizes the main features of communication
equilibria with naive citizens.

PROPOSITION 13: In the linear-contest model, fix levels of capture r and [, with r +1 < 1,
and let V;(\) = fol v; (1" (A\;p)) dF,(p) be the expected utility of the i— if citizens interpret the
message as \. There exists a unique equilibrium interpretation of the news by rational citizens
A (A), with unique X and )\, satisfying

1. X, () is given by

Vi (V) + 52 (Ve () = Vi(N)) A< A,
A (A=< A IFA<A<A, 17
Vi (V) + 22 (Ve(N) = Va(N)) ifA> X,
mme proof are available from the authors.

$To put it in terms of previous results, Proposition 1 in the main text indicates that when all citizens are rational
(.e.,vy=1), Ay (A) = A for A > X while Ay (A\) = A for A <\
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2. The associated X and )\ satisfy

[ G5 ) o= =i w

3. Mdecreasesinl, r, and ~ while )\ is increasing inl, r, and . Fixing X and )\, then Ay (A)
decreases (increases) in l,r, and ~y for A > X (A < Q).

PROOF: Suppose that the sophisticated citizens’ assessments of the reporting strategies of
R and L’s strategies, expressed in terms of the accepted meaning, are 7z(\) and 77, (). Then,

the perceived likelihood ratio by sophisticated citizens, A, (\) = g;mz;ﬂ , 18

(1 —=1=7)pr(A) +r7r(A) + 7L (N)

MO = T a0 17 T ()

(20)

while i’s expected utility from a message that is interpreted as A is V;(\). Then, the expected
utility of ¢ when sending a message with literal meaning \ is

Vi(A) = (1 =) Vi) + V(A (V).

If IPs select 7(A) and 77, (), 4’s optimality, i € {L, R}, requires that if A\, \" € supp 7;, then
Vi(\) = Vi(X\). We now show that if the distribution F;(\) is continuous, then (i) supp 7;
is an interval of the form supp Tr = [\, Amaz] and supp 7, = [Anin, A, (i) A,(X) = X and
A, (A) = A, and (iii) A, must satisfy (17) given A and ) for any level of capture.

First, suppose that Fr () is a continuous distribution with convex support supp F and let
A=max{\: A, (\) =\, \ € supp Fi; } be the highest news that sophisticated citizens interpret
at face value. Since \,(\) # A implies that A € supp 7r U 77, we must have min{\ : X €
suppTr} < A. We show that min{\ : A € supp7r} = A. Suppose by contradiction that min{\ :
\ € supp T} < A. Then the R obtains utility V;(X) = V;()\) from X, while any \’ € (min{\ :
A€ suppTr},\) gives strictly less utility as V;(\') < V;(X) < V;()). Thus, the R can improve
by sending instead ), thus reaching a contradiction. A similar argument applied to the L implies
that supp 7, = [Anin, Al and A\, (A) = A. Finally, we obtain (17) by solving for A, () in

(1= VLA +Ve (A, (V) = V (A)ifA<A,
(1—7) Ve(A) +7Va(A, () = VR(A) if A > .

Note that the equilibrium interpretation (17) depends on A and \. These are pinned down in
equilibrium by the condition that each IPs probability of sending each potential lie aggregate
to one. Solving for 7x(A) and 77 () in (20)

r >‘_)‘v(>‘)
et WV T S

l Ay (A) = A
ﬁTL(A) = 1_)“, )\)P 1(/\)

and integrating these expressions over the respective supports we obtain (18) and (19).
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To complete the proof, we write (17) as A (\; A, A) to make explicit the dependence on (), \)
and define

L [TAS L)
w(A) /A —)w()\;XA) — 1dFH,—1(>\)a (2D
— A)‘“/<)‘;XaA) —A

First, we show that A, (\; A, \) is monotonic in (X, ). Indeed, as V7 is strictly increasing (and
V, strictly decreasing), then V() + 1%’(VR (A) — Vr())) increases in \ and decreases in v
for any A > \; similarly, Vi, (\) + I_TW (VL,(A) — V(X)) decreases in A and increases in -y for any
A < A. Looking at (17) we conclude that, for a fixed value of A, )\W(A;X, ) is non-increasing
in A and non-decreasing in \.

Second, we will make use of the fact that 2=2

x—1
is decreasing in z for A\ < z < 1. This fact and the monotonicity of A (\; A, A) in (A, \) imply
that w(\) in (21) is an strictly decreasing function of A with W(\a,) = 0 while w()) in (22)
is an strictly increasing function of A with w(\,,;,) = 0. Furthermore, conditions (18) and (19)
translate to wW(\) = /(1 —r —1) and w(A) =1/(1 — r — ). We can then establish uniqueness:
As the left hand side of (18) is an strictly decreasing function of A and the left hand side of (19)
is strictly increasing function of A, a unique solution to (18-19) is guaranteed for every r and [.

Finally, increasing r or [ raises the right hand side of (18) and (19) leading to a lower \ and
higher \. Likewise, increasing - lowers both w(\) and w()\), leading to a lower equilibrium \
and higher \. Q.E.D.

T—A
1—x

is decreasing in x for 1 < x < A, while

The presence of naive citizens among the public does not qualitatively change our insights
regarding message polarization and audience skepticism: the R selects messages with a literal
meaning above some A while L chooses messages below ); this results in an increased fre-
quency of extreme messages which, in turn, are not trusted by sophisticated citizens. However,
IPs’ strategies must now balance the effect of messages on each type of citizen: as naive citizens
take messages at face value, selecting messages with more favorable literal meanings must be
offset by a less favorable interpretation by sophisticated citizens. This effect is captured in (17)
as A\, () is decreasing for both A > A and for A\ < A — see Figure 1. It follows from (17) that
more extreme messages are in this model more heavily discounted by rational citizens and lead
to a non-monotonic interpretation: messages whose literal reading would be more favorable are
interpreted by sophisticated citizens as having less favorable implications regarding the state of
the world.’

Another key difference between Proposition 1 and 13 is that, in the presence of naive citizens,
communication equilibria can vary with the distribution of priors in the audience. The reason
is that each IP’s indifference among all potential lies relies on balancing its returns from naive
and sophisticated citizens, but an IP’s utility from each message interpreted at face value does
depend on citizens’ priors. This also implies that the highest and lowest trusted news, as given
by Part 2 of the Proposition, now vary with the public’s distribution of priors.

°Chen (2011) provides conditions on the constant bias in the Crawford-Sobel leading example for the existence
of communication equilibria in which messages with accepted meaning are interpreted in a non-monotonic way by
sophisticated receivers. In our setup, where IPs conflict of interest is extreme, this is a feature of every communication
equilibria.
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Ay (D)

A ) A
FIGURE 1.—Equilibrium Interpretation by Sophisticated citizens in the presence of Naive citizens.

Finally, increased citizen sophistication (higher ) makes them trust a smaller set of news
— this is in part 3 of Proposition 13. This is intuitive as each IP gains less from pandering to
naive citizens. The increased need to convince sophisticated citizens means IPs must reduce
the likelihood of sending the most extreme messages and therefore put more weight in more
centrist messages.

A key feature of Proposition 13, as shown in part 3, is that increasing the capture level of, say,
L, not only reduces A and increases ), but it also affects in a monotonic way the interpretation of
the messages by sophisticated citizens: increasing [ worsens the interpretation of the messages
R sends — by reducing A, ()\) for A > X\ — but makes the lies of L more favorable to R —
by increasing A, () for A < \. Both effects unambiguously reduce R’s marginal gain from
capture. Therefore, in this extended model capturing efforts are also strategic substitutes.

PROPOSITION 14: Suppose that there is a single information source and the probability
that R (L) captures the coverage is r(1). Then, for any fraction v > 0 of sophisticated citizens,
capture efforts are strategic substitutes.

PROOF: Suppose that citizens anticipate a level of capture (F , Z) . R’s expected utility when

investing 7 in covertly capturing the source if citizens correctly anticipate R’s capture effort is

WR(T,Z;F,Z)‘ — Cp(r) with
1

=

WR(Ta la fv ~)

o= Va) + e, [VaNipa + (1= 7 = DBu [Vaipa
with

A

Eq [VR(M%PR} = FH(X;pR)VR(X) +/ (T =) Ve(\) + ’YVR()W()‘))) dFy(X;pr)-

Amin

Therefore, R ’s marginal gain from covertly increasing media capture is Bg(7, l~) —Cr(r) =
OW R (r,l;7,1)
or

_— C%(r) where
1=I

BR(Fa l~) = VR(X) —Ex [VR()‘);pR]
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_ / (Va(X) = Va(\) dFy (Xipr) (23)

min

=) [ (Va0 = Ve O e

By increasing capture efforts, R obtains V() instead of the utility derived from an honest
coverage Ey [Vz(A\);pr|. Thus, the R gains Vz(\) — Vg(\) whenever A < X and all citizens
(including sophisticated ones) interpret the message at face value — this is (23) — except when
A < ) and sophisticated citizens discount the news — this is (24).

We now show that dBp(7,1)/ Al < 0 so the R’s incentives to capture decrease with the
anticipated level of capture of L. First, part 3 of Proposition 13 shows that A decreases with [,
so (23) decreases with l. Moreover, part 3 of Proposition 13 also shows that increasing [, (a)
increases A, () for A < ), and (b) increases \. Both effects raise the value of the integral in

(24), thus decreasing (24). Therefore, increasing I lowers B r(T, Z) A similar analysis applied

to capture by L shows that 0By (7,1)/0r < 0. Q.E.D.

This section therefore establishes that our main results, while driven by rational skepticism,
are not knife-edge. Even in the presence of a large share of citizens who believe the lies they are
fed, strategic and competitive IPs must still consider how sophisticated citizens update, which
leads to their efforts being strategic substitutes.

8. SORTING WITH A COMMON PRIOR AND HETEROGENEOUS PREFERENCES

Suppose that all citizens share a common prior p but differ in their payoffs from acting/not-
acting: an a—citizen obtains 1 —«ifa =1and § = 1; aif a = —1 and § = —1; and 0 otherwise.
We let F,, () be the distribution of « in the audience of the source.

Note that an a—citizen will select « = 1 whenever her posterior ;o > «. This implies that
if p < a, then this citizen selects a = —1 in the absence of information and will select a = 1
when the equilibrium informational content of the message A*(m) > A.s¢ (), where

a p
:)\cri PR
1-« t(a)l—p

So, similar to the case of heterogeneous priors, A..;; 1S the minimum informational content
of a message that will lead a citizen with threshold « to act. If p > « then this citizen selects
a =1 in the absence of additional information and will change her decision to a = —1 only if
A* (m) S /\crit<a)‘

Recall that Flj (u, p) is the distribution over posterior beliefs of a citizen consuming source j,
where p is now citizens’ common prior. We can derive the value of information for an a-citizen
when consuming source j. First, if p > « then

I(a) = / a1 — ) — (1 — a)uldFY () = / (o= w)dF () = / " F3 (up)dp

At;‘r'it(o‘> X 1 _
:/ [T L G Y
0 (1 —-p+ /\p)
where we made the change of variables A = ﬁl;% to obtain the last term, and we used

Acriz(0) = = 1_71). This follows as the citizen will change her decision froma=1toa = —1
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only after observing a message that leads her to a posterior belief i < o —i.e., a message with
A < Aerit (). Equivalently, if p < «

F@QE/[Q—QW—QU—wﬂﬂﬁWJOZ/HFﬁmpﬂpz/m (), p) 2P

Aepit(a) (1—p+Ap)°

Note that these expressions are identical to the case of common preferences and heterogenous
priors if we replace A..;¢(p) in (18) with \..;;(«). In other words, the sorting behavior of a
p’ —citizen in our original model — that approves whenever her posterior exceeds 1/2 — is the
same as an a—citizen when all citizens share the same common prior p if

1
1—p)p'~
14 @p
(1—=p)p
Therefore, all our insights on citizens with heterogeneous priors sorting across sources carry

over, mutantis mutandi, if we instead assume that they share a common prior but have heteroge-
nous preferences.

/\C'rit (p/) = )\crit (Oé) = a=
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