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APPENDIX B: ADDITIONAL MATERIAL
B.1. Proof of Proposition 5

THE PROOF OF PROPOSITION 5 is divided into five lemmas, structured as follows:
Lemma B.1 proves claim (a) in the proposition; Lemmas B.2 proves claim (b); Lemmas
B.3 and B.4 are interim results that we use in the proof of Lemma B.5; finally, Lemma B.5
proves claim (c).

LEMMA B.1—Existence: Let f be regular,let N > 1, and let I > 1. An equilibrium of the
game exists.

PROOF: We first establish that an equilibrium of the game exists. As in Section 3, we
solve the game by backward induction. In the last stage of the game, each agent #; observe
the realized profile of (pure) editorial strategies and prices (x,, t,, p,)_,. The agents’
equilibrium strategies are determined by Lemmas 1 and 2. These results are indepen-
dent of the distribution f and, thus, they equally apply to the case under consideration.
In the second stage of the game, each firm observes the realized profile of (pure) edito-
rial strategies and the vector of realized types (¢, ..., t;), and chooses a price p,(t) for
each type. Since firms observe types and can set discriminatory prices, the equilibrium
profile of prices is independent of the distribution f. As for the uniform case, given the
realized profile of (pure) editorial strategies, the prevailing equilibrium price for firm 7 is
max{0, v((x,, t,)|t) — V ((x,, tw)wzn|t)}. Therefore, the expected profit for firm 7 is

L, ((x,, )Y ) = 1 / " max{0, v((xa, 1)1) = V(5 o )wanlt)} AF (0). (B.1)

Next, we argue that for all n, IT,((x,, #,)Y_,) is continuous in (x,, #,)_,. To see this, let
us consider an arbitrary sequence of editorial-strategy profiles ((x%, )" ), < ([1/2,1] x
T)N converging to (x,, t,)N_, as k — oco. We want to show that limy_, ., IT,((x%, )Y ) =
I1,((x,, t,)N_)). Clearly, the set ([1/2,1] x T)" is compact. Moreover, 0 < max{0, v((x*,
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2 J.PEREGO AND S. YUKSEL

tYNE) =V (x5, t5),02]t)} < AW/2 for all k and ¢. We have

lim 11, (x5, )" ) =1 / " gim max{0, o((+5, £)10) = V(x4 £5),,_. 1)} dF ()

k— o0 _g k=00

I / “max{0, Jim (x4, £)11) — V(e 5,10 | 4F (1)

I / " max{0, v((tas 1)16) = V (6t hwnl)} dF (1)
= Hn((xm tn)fzvzl)'

The first equality follows from the dominated convergence theorem. The second equality
holds as the max operator is continuous. The third equality follows because v((x%, ¥)|¢) =
A(/xE + /T = xk cos( — t¥)) is continuous in (x%, £¥) for all n. Therefore, v((x,, £,)|t) —
V (X, tw)w2n|t) is continuous. Therefore, for all n, the strategy space is compact and the
payoff function IT,((x,, t,)_,) is continuous. By Glicksberg’s theorem, the first stage of
the game admits a Nash equilibrium in mixed editorial strategies. Therefore, by backward
induction, the game admits an equilibrium. Q.E.D.

LEMMA B.2—Daily-Me: 1. Let F be regular and let I > 1. Fix an arbitrary sequence of
equilibria, one for each N. Denote by V(N |t;) the expected value of information for type t; in
the equilibrium with N firms. Then limy_ ., V(N|t;) =V for all t,.

PROOF: Fix 8 >0andlet & = 2. Let V= maxy, ;) V(Xn, Li|t;) = A+/2. This is the high-
est possible value that v(x,, t,|t;) can achieve and it is independent of 7. We show that
there exists N such that for all N > N and any equilibrium profile of possibly mixed edi-
torial strategies x € (A([1/2, 1] x T))¥, we have V(N|t,) = E, (max,{v(x,, t,|t;)}) > V — &
for all #; € T. Suppose not. That is, suppose that for all N, there is an equilibrium profile of
possibly mixed editorial strategies y and a type # such that E, (max,{v(x,, t,|t;)}) < V8.
This implies that for all #; € [t; — &, f; + & ], E,(max,{v(x,, t,|t;)}) < = 2. To see this,
suppose, by way of contradiction, that E, (max,{v(x,, t,|t;)}) > V — 2. Denote by n(t;) the
random variable that, for each realization of y, indicates the firm from which t; acquires
information. Note that for all #, € T, cos(t; — t,,) > cos(t; —t,) — &, since < cos(t —t,) <1
We have that

B, (max(o((on 1)16)]) = By (0o ) 10)
=AE,( Xy + 1/ 1= Xy cOS(E; — tn(tj)))
> NE, (/Xu) + /1= Xua (0s(t; = tury) — &1)

> AEX( /xn([j) + A/ 1- xn(tj) COS(tj — tn(tj))) — )\fl
>E, (m}?x{v(xn, tn|tj)}> — A&
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-0
>V—§—)\§1
=Y.

The first inequality holds as, in the right-hand side, agent ; chooses the firm n(;) that is
optimal for #;. The second inequality holds since cos(f; —,) > cos(t; — t,) — &; for all £,. In
summary, this contradicts our assumption that EX (max,{v(x,, t,|t;)}) <V — 8. Therefore,
it must be that E, (max,{v(x,, &,|t)}) <V — 2

Note that, by continuity of v((x,, 7,)|1;) in ¢ ;, there exists & > 0 such that for all ¢, €
[t — &, t; + &] such that v((1/2, 1;)|t;) > V- Z' Moreover, such ¢, is independent of N.
Let ¢ = min{¢;, &}, which in turn is independent of N. We have established that for all

elti—&6+£]

o

EX(E}?}?{U(XW tn’ltj)}) = ]EX<mnax{v(x,,, tn“j)}) = V_ —<V- 4=

v((1/2,1)]4). (B.2)

Consider an arbitrary firm » that deviates from its equilibrium editorial strategy (x,) in
favor of the pure strategy (x, =1/2, t, = t,). Its expected profits are

L (60, 1), (X)) = 1 / "B, (max{u(( 6)16) — V(o tahwsnlty). 01 dF (1)

| V

1i+&
/, E, (max{v((xu, £)|8) = V (s 0 )walty), O1) dF (1)

v
~

G+&
/l Ey (v(Cens t)|1) =V (X 6wzl ;) dF (1))

i

ti+&
I / 0 0)16) = Ey(V (s ) A (1)

I/[-z+§ (% 1)]55) — (max{v(xn/, tlt; )}) dF (1))

[\
~

Li+é& S
(V———V+ )ﬂmdt
ti—¢

Cé¢
—2 .

v

The first inequality holds since the integrand function is everywhere positive. The second
inequality holds by monotonicity of the operator E, . The second-to-last inequality obtains
as a consequence of Equation (B.2). The last inequality, instead, obtains because f(#;) >
C > 0 for all ;. We established that firm n can secure an expected profit of at least %
by deviating to (x, = 1/2, t, = t;). This lower bound is strictly positive and independent
of N. To conclude the proof, note that the industry profits are bounded above by I'V.
Therefore, when N firms are competing, there is at least one firm, which we denote by #,
whose expected equilibrium profits is IT,(x) </ V/N.When N is large, S > IV/N and
firm 7 is a strictly profitable deviation from its equilibrium editorial strategy Xn in the first
stage of the game. Therefore, y is not an equilibrium—a contradiction. Q.E.D.
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LEMMA B.3—Daily-Me: 1I: Let F be regular and let I > 1. For any t;, denote by
(xf:](,i), tflv(,l_)) the random variable specifying the information structure that agent t; acquires
in an equilibrium with N firms. Then (X;V(zi)’ t%i)) — (1/2, t,) in probability as N — oo.

PROOF: Fix t;, € > 0, and a sequence of equilibria. For any N, denote by (an(t), ,iv(t))
the random variable specifying the information structure that agent # acquires in equi-
librium. We want to show that for all § > 0, there exists N such that for all N > N,
Pr(||(xn(,), n(t,)) (1/2, ;)| > €) < 8. Suppose not. Then there is 8 > 0 such that for all N,

there is N > N such that Pr(||(xn(t), n(t)) (1/2, )| > €) = 6. Let (x,, t,) be a realization
of (xn(,), n(t)) such that ||(x,, #,) — (1/2, £;)|| > €. That is, \/(x, — 1/2)>+ (t, — 1;)> > €.
This implies that

€
maxi|x, —1/2|, |[t, — t;|} > —.
{I /21, 1} 7

Consider the difference V —v((x,, £,)|t:) = A(v/2— (%, ++/T— x, cos(t, — 1,))). Suppose
|t — t;| > . Then

- A A €
YV —v((x,, t,)|t;) = —(1 — cos(t, — ¢ >—(1—cos(—>>=:K €)>0.
(Geas 1)) fz( (ts — 1) NG NG 1(€)
Conversely, suppose that |x, — 1/2| > <5 Then

V —v((x, t)|t:) = MV2 — V2 — /1= x,,)
> )\(\/E— %(\/1+6\/§+\/1 —e«/z)) =:Ky(e) > 0.

Let K (e) = min{K; (€), K»(€)}. We established that for all realizations of the random vari-
able (x), ), ty,)) that satisfy [|(x), . ty,) — (1/2, )|l > €, we have V — v((x,, t,)|t;) >
K(€) > 0. This implies that

Pr(f}_ (( n(t)’ n(t, )lt) >K(€)) > 0.

Since 8 and € are independent of N, we conclude that V(N|t) = E, (v((x}y,)» tn.) %))
does not converge to YV, a contradiction to Lemma B.2. O.E.D.

LEMMA B.4: Let F be regular and let I > 1. For any sequence of equilibria indexed by N,

U = 11;1E <‘I’(%2%—(wa tj)) (w, t,-)) +V

PROOF: Fix N > 1. Let y be an equilibrium profile of (possibly mixed) editorial strate-
gies. Denote by (x,,), () the equilibrium random variable which specifies the informa-
tion structure that is chosen by agent #; among those that are offered by the N firms. As
shown in the proof of Lemma 2 and Proposition 4, the agent’s expected welfare can be
written as

UN)=EEq,..)(Eo(A_i(o, t_)u(w, ) + v((Xngy s by |1) = Py (1)) (B.3)
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We begin by showing that
dim BBy, (0((Xatny> a1 12) = Paey () = V. (B.4)

To see this, fix ;. We want to show that limy_, o E, (p,) (%)) = 0. For each N, recall that
Py (1) = V(X015 Tugry)) — M@y V(X t,)|t). Thanks to Lemma B.2, it is enough to
show that
131_1)130]EX (ﬁ% V((Xm, tm)|ti)> =).

In Lemma B.3, we established that for all #;, (x,,), t.t,)) = (1/2, ;) in probability. This
implies that for any ¢; # t;, as N goes to infinity, Pr(n(t;) = n(t;)) — 0. This implies that
the value generated for type #; by the firm acquired by #; should be a lower bound for
MaX,,n() V((Xm, £,,)|t;) in the limit. Formally,

A}EI;QPI(U((X,I(,J.), tn(tj))lti) < nl;l;lnéz.l)l() U((Xn, tn)lti)) =1.
By the continuous mapping theorem, the fact that (x,,(,j), tn(,j)) converges to (1/2, ) in
probability implies that v((x ) ;) |%) — v((1/2, ¢;)|t;) in probability. Now fix any € > 0
and 8 > 0. There exists ; close enough to ¢ such that V — v((1/2, t,)|t;) < €. Therefore,

Pr(fﬂ — nrilng(lfi() V(s ) ]8:) < e) >1-—6.

That is, max,.,) v((xa, t,)|t;) converges in probability to V. Since |v| is bounded, this
implies that E, (maxX,..., v((x,, #,)|;)) converges to V. Together with Lemma B.2, this
shows that for any ¢, limy_.c Ey (V((X()s tap)|8:) — Pucy (8)) = V. Since f; was arbitrary
and its distribution is independent of y, Equation (B.4) holds.

We are left to show that the first term in Equation (B.3) converges to

Lt (o gt o)

To this purpose, recall that
1
A_i(w, t—i) = j Zaj(w, tj)
j#i

1 .
= 7 Z (I)( [ Xn(1j) @0 +./1— Xn(t)) (cos(tn(tj))a)l + sm(tn(tj))wz)).

J#i

Moreover, note that x, w, and (#, ..., t;) are mutually independent random variables.
Therefore, by swapping the order of integration and defining U;(w) = E, u(w, t;) to sim-
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plify notation, we obtain

. 1.
Jim BB, (Bo (A-i(o, ) u(w, 1)) = 7 Jim E, (ZEtjEXaj(w, )E, u(w, ti))
J#i
-1
= T lim Ea) (]E,jEXaj(w, tj)Etil/t((L), tl))

N—oo

I-1) .
= (I—) ]\}v]_l;l'oloEw (]EszXaj(a), tj)Ul(a))).

Fix (w, t;). By Lemma B.3, the random variable (x,,), t.;,)) converges in probability to
the constant (3, ¢;). Since ®(-) is continuous,

/ . 1
CI)( /xn(t].) wo + 1-— xn(t].) (COS(tn(tj))aM + Sln(tn(t].))a)z)) — @(Eu_,-(w, tj)>

in probability, by the continuous mapping theorem. Moreover, since ®(-) € [0, 1], conver-
gence in probability implies convergence in expectation. That is,

. 1
[\l[glgo]EXa(w, t,‘) = @(Eul(a), tj)>
Moreover, since a;(w, t;) <1, for all x, Ui(w)E,a;(w,t;) < U(w), and E,U;(w) € R.
Therefore, by the dominated convergence theorem,
. -1 .
[\IIEEOEXE(H’N’U) (Ew (A,i((,l), t,,-)u(w, t,))) = 1m ]Em (E,jEXaj(w, t])U,((,l)))

I 1\17~>oo

-1
T

2 (5, I 0. )00

_a ; DEw,t,-,t,- (q;(%uj(w, tj))u,-(w, t,-)>,

which concludes the proof. Q.E.D.

LEMMA B.5: Let F be regular. There exists I such that for all I > I, the agent’s expected
welfare is higher under monopoly than perfect competition. That is, U(1) > limy_, . U(N).

PROOF: We first compute /(1) and then compute limy U/ (N).

Monopoly, N = 1. Fix f and let N = 1. The monopolistic firm chooses (x*, #*) to maxi-
mize I [7 v((x*, )|6)f (&) dt; =M [T /x*++/1—x*cos(t* — t;) f (1;) dt;. The first-order
condition with respect to ¢ implies — [ sin(#* — ;) f(#;) dt; = 0. By symmetry of f around
t™, the first-order condition is met at #* € {t"", t" 4+ w(mod 7)} C [—m, 7]. The second-
order condition with respect to ¢ implies — [ cos(#* — t;) f(t;) dt; < 0. Since cos(t + 7) =
—cos(t), we have that either [cos(t" — ;) f(t;)dt; > 0 or [cos(¢t" + 7 — ;) f(t;)dt; > 0
(or both). Without loss of generality, let ™ be the type at which [ cos(¢™ —t,) f(t;) dt; > 0.
Therefore, the monopolist locates at t* = ¢™. Define Br = [ cos(t™ — ;) f(¢;) dt; € [0, 1].
Given this, we can rewrite the monopoly profits for an arbitrary x as I(v/x ++/1 — xBr).
The first-order condition with respect to x gives +/1 — x* = Br+/x*, which implies x* =
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1+ = . Hence, we established that the equilibrium editorial strategy chosen by a monopo-
F
list is (1+Bz , M),
We now compute U/ (1). We begin by establishing that

E, (u(w, 1)) = 0o + Br(cos(t") w; + sin(1") w,). (B.5)

To see this, notice that
By (1w, 1)) = 00+ [ (cos(tor +sin(t) o) f(6) iy
o+ (cos(er) [ costs— )0y —sin(e) [ sin(u )70y )
(57 [ eoste 1) 0yt —eos(e) [ sint =7} ce) o

= wo + Br(cos(")w; + sin(t") w,).

In the first equality, we used # = " + (¢, — t"") and the following two trigonometric
identities: sin(a + B) = sin(a) cos(B) + cos(a) sin(B) and cos(a + B) = cos(e) cos(B) —
sin(e) sin(B). In the second equality, we used that f is symmetric around ¢, (implying
[sin(¢™ — t) f(¢) dt = 0) and the definition of B.

Equation (B.3) characterizes the expected welfare for a typical agent. When N =1,
pr(t)) =v((x*, t)|t;) for all ;. That is, the monopolist extracts all surplus from each type.
Therefore, the last two terms of Equation (B.3) cancel out. Thus, using the mutual inde-
pendence between w and (¢4, ..., t;), we have

UD) =Eq...op(Bo (A (0, L) u(w, 1))
=E,(E._ (4" (0, ))E, (u(w, 1))
,,,(Et,( " (@, 1)) (@0 + Br(cos(t™) w; + sin(1") ,)))

=E,

1 L, (a* (@, 1)) (w0 + BF(cos(t”')wl+s1n(t’”)w2))> (B.6)

(—(D Varwg + /1 = x*(cos(t") wy + sin(t") ws))
« (@0 + B (cos(") o + sin(t’")wz))).

Next, denote y = cos(t")w; + sin(t")w, ~ N(0, 1), a = +/x*, and b = /1 — x*. We have

UQ) = #Ewu (E,(P(awy + by)(wo+ Bry)))

= ngOEy((D(awo + by)(wo + Bry))
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I-1
= TEmo(ony(CD(awo + by)) + BrE, (yP(aw, + by)))

I-1 aw, ) Brb ( aw >)
=—E,, | w® + .
1 (wo(vl+w vﬁ+w¢ V14

The last line makes use of the properties of the normal distribution Specifically, since
y ~N(0,1), we have that, for all @, y € R, E,(®(a + yy)) = D( ) and E,(y®(a +

vy)) = F¢(F) (for both, see Patel and Read (1996)).
+y +y

Finally, we integrate with respect to wy. Define b = ——. We have
y g p 0 m

Brb

V14

U = 1;—11&% <w0q>(5wo) +
Fb 1
$(0)+ 2

;1< b
14 b2 vI+b® 142
sz(ﬁ+BF\/1—x*)

= -1)A/1+ Bi.

In the second line, we used once again the integral properties of the normal distribution
listed before. In the third line, we substituted the deﬁnitions of b, b, and a, and used the
fact that ¢(0) = 1/+/27. In the last line, we used x* = - Bz and A = 5 f In passing, note

that Br =0 if f is uniform. In such a case, the value of Z/(1) matches the one computed
in the Proof of Proposition 4.

Perfect Competition, N = oco. Lemma B.4 showed that for any sequence of equilibria
indexed by N,

¢>(b 0))

+0)

—1 1

We begin by focusing on the first term of the right-hand side. Note that

=E,,, (@(%uj(w, tj)>Etiui(w’ fi))

=E.,, ((I)(%(wo + cos(t))w; + sin(tj)wz)) (wo + Br(cos(1™)w; + sin(7™) wz))>,

where we used Equation (B.5) and the fact that (w, t;, ¢;) are independent.
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Fix any #; and consider first the expectation with respect to w. To simplify notation, let
us write t; =t and @ = b = 1/+/2. Then

E,(®(awo + b(cos(t)w; + sin(f)w,))(wo + Br(cos(t™) wi + sin(1") w,)))
=E, (0o®(awo + b(cos(f)w; + sin(r) w,)))
+ Breos(t™)E, (w0 P(awy + b(cos(t) w; + sin(t) w,)))
+ Brsin(1")E, (0P (awo + b(cos(f) w; + sin(f) w,))).

We compute this expectation term by term. We begin with the first term. Let y, =
cos(;)w; + sin(#;) w, and note that y, ~ A(0, 1). Define b = ﬁ Then, using the inde-
1+

pendence of (wg, w, w,), we have

E, (w0o®(awy + b(cos(f)w; + sin(f) w,))) = E,, (woE,, P(awy + by,))

:Em<w ( 1+bf%>>

b

\M+w

1
=500,

¢(0)

We now focus on the second term. We first integrate w;, then w,, and finally w,. As we
. . : 7 a
have done before, we use the integral identity E, (z®(«a + yz)) = mqﬁ( m) for all

@,y € Rand z ~ N(0, 1). Moreover, we use a new integral identity that gives us E(¢(a +
— 1 a .
vz)) = — o ( 1+72) (see Patel and Read (1996)). We obtain

E,(01P(awq + b(cos(f)w; + sin(f) w,)))
=Eop, 0, (Eo, (01P((awo + bsin(f)w,) + beos(t)wy)))
bcos(t) awy + bsin(t)wz)

= —Ewu,w2¢(
\/ 1+ b?cos?(t) 1+ b?cos?(t)

_ bcos(t)]E ( aw )
_ beos(t) 1 (0)

= % cos(?) ¢ (0).
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We now focus on the last term. We first integrate w,, then w;, and finally w,. Otherwise,
the steps and properties we follow are identical to those from the second term:

E, (0:®(aw, + b(cos(f)w; + sin(f)w,)))
= Euy 0, (Eo, (@02P((awy + beos(t) w1) + bsin(r) w,)))
bsin(t) awy+ bcos(t)w, )

= —qu,wl ¢ <
V 1+ b2sin’ (1) V14 b2sin’(¢)

:bsin(t)E ¢< awy )
_ bsin(r) 1 5(0)

= % sin(z)$(0).

Putting all together, we have that

zéifiou(N) = ?Ew,n,l}- <<I><%uj(w, tj)) u(w, t,-)> +V
g, (;M + 3B10(0)(cos(5) cos() +sin() sin(f”))) +V

1

= #%gb(O)]E,j(l + Breos(t; — ")) +V

I-11 1
— 1+ B2) + V2

1
=A(I —1)—=(1+ B2) + V2.
(1+3)
For the fourth equality, we use the definition B8r. Moreover, we used the fact that Y=
V2 and ¢(0) = J% In passing, note that Bz = 0 if f is uniform. In such a case, the

value of limy_, ., U/ (N) matches the one computed in Equation (A.9).
Comparison Between Monopoly and Perfect Competition. We established that

U(1) ~ lim UN) = AT - 1) 1+3f,(1 —J%) W3

Note that for all nondegenerate distributions F, Br € [0, 1). Therefore, 1 > HZB ZF. That

is, for any distribution F, there exists a I such that for all I > I, U (1) > limy_ o U(N).
That is, the expected welfare of a typical agent is higher when N =1 than when N —
0. Q.E.D.

REMARK B.1: Fix a regular F. For all N, the equilibrium editorial strategy of the mo-
nopolist maximizes G(N).
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PROOF: Fix N. Let (x,), ;) denote the editorial strategy associated with the signal
acquired by type ¢; and let a*(w, ;) denote the optimal approval decision for type ¢; given
the signal induced by (x,, t)):

G(N) =gy (Eu (A" (0, £ u(w, 1))
—E, (%x&: (a" (@, 1)) (@0 + Br(cos(t")w; + sin(t’")wz)))
=E, (1;—1Etj (P(Vx +v1— x(cos(t)w; + sin(f) w,)))

< (n-+ B (cos(") o +sin(1") ) )
I—

= f¢(0)(f+\/1—xﬁpcos(t—t ))-

The second line is established from Equation (B.6) in the proof of Lemma B.5. Suppose
that each agent’s approval decision depends on the sign of the signal she receives (to be
confirmed below). If everyone follows the signal, then the optimal solution involves pro-
viding the same information structure to all agents. That is, the solution is independent
of N. Therefore, the approval probability can written as a function of w and a single edi-
torial strategy (x, t). The last line follows from implementing the same steps as the second
part (i.e., perfect competition, N — 00) of the proof of Lemma B.5. Given this derivation,
it is immediate to see that G(N) is maximized when ¢ = " and x = (1 + B%)~'. As shown
in the first part (i.e., monopoly, N = 1) of the proof of Lemma B.5, this coincides with
the equilibrium editorial strategy of the monopolist. To conclude, note that x > 1/2, since
Br < 1, which implies that the signal induced is positively correlated with u(w, f;) for any
t;, confirming that all types would indeed vote according to the sign of the signal. Q.E.D.

B.2. A Model of Multimedia

In the baseline version of the model, we assumed that agents can acquire at most one
signal. This section discusses an extension of our main result to the case when agents can
simultaneously acquire information from multiple firms. One obvious effect of increas-
ing the number of competing firms—for example, from N =1 to N = 2—is that agents
can acquire more signals. This can, in principle, affect the results of the paper. Indeed,
if agents can process an unlimited number of signals at no cost and the price of these
signals converges to zero with N, then agents could learn the state as the market becomes
perfectly competitive.

While extending the main result to the multimedia case, we maintain the assumption
that agents are constrained in how many signals they can acquire or process. In particular,
we assume that each agent is endowed with a unit of time that she can divide among N
firms. That is, agent i chooses « subject to » @, <1 with e, € [0, 1] for all n. The term
a, represents the fraction of time that the agent spends on the signal supplied by firm n. It
is convenient to model firms’ editorial strategies using the vector notation introduced in
Section 2. In particular, firm n chooses b, € R* such that ||, || < 1. Fix a profile of editorial
strategies (b, ..., by) and suppose that agent i’s information-acquisition strategy is «.
We assume that agent i observes the realization from a mixture signal characterized by
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b,, where b, = fo:l ab, . for k =40,1,2}:

N
si(w, bla) = (Zanbn) -w+e=b, - w+e. (B.7)
n=1

Note that when « is degenerate, this reduces to our baseline model. Moreover, the value
of information given «, denoted by v(b,|t,), is still characterized by Lemma 2.% Since &;
does not scale with N, this formulation preserves a key feature of the baseline model,
namely that the agent is constrained in how much she can learn about the state. At the
same time, the ability to mix among multiple signals allows an agent to “construct” signals
that are better tailored to her own needs.?”” Nonetheless, the best mixture that type #; can
acquire is b, := %(1, cos(t;), sin(t;)), leading to the same first-best value V.

The main challenge in such a model is to determine how profits of the firms are linked
to the value of information created for each agent and the competition in the market. To
make the model tractable, we make a reduced-form assumption on how a firm’s profit
from an agent depends on the surplus generated by the firm for the agent, that is, the
difference between the agent’s first-best value and the second-best value she could have
obtained in the absence of this firm. We assume that firm »’s revenue from agent ¢ is

1
pi(t|b) = N (mjlx v(b,|t;) — a%?i(ov(ballti))' (B.8)

When « is degenerate, that is, agent i acquires information from a single firm, then firm
n’s revenue is the same as in our baseline model, net of weight %.28 Overall, a profile of
editorial strategies b induces profits for firm n that are I1,(b,, b_,) = [, pi(%;|b) dF(t;).

Agents choose a to maximize v(be|t;)) — }_,... .o P;(t|b). Note that the solution of
the agent’s maximization problem depends on max, v(b,|t;) via p:(t]|b). Remark B.2,
which we present after the proof of the main result of this section, shows that if &; €
argmax, v(b,|t;), then it also solves the agent’s maximization problem. Therefore, just
like in the baseline model, we can interpret p*(#|b) as a price that the agent has to pay to
firm n to acquire its signal.

The next result shows that Proposition 5 extends to the multimedia model.

PROPOSITION 6—Multimedia: Fix any regular distribution F.

(a) Existence. An equilibrium exists forany N > 1 and I > 1.

(b) Daily-me. Fix any t;. As N — oo, the equilibrium expected value of information for
type t;, V(N|t,), converges in probability to the first-best value V.

(c) Inefficiency. There exists I such that for all I > I, the agent’s welfare in the multi-

media model is higher under the monopoly than perfect competition, that is, U(1) >
limy o U(N).

%Lemma 2 uses the notation of §,—instead of #; as we do in this section—to denote an agent’s type. Re-
mark 1 establishes how one variable can be transformed into the other. For each #;, there is an equivalent
0; = (1, cos(t;), sin(t;)).

ZFor example, suppose that #; = /4, by = (0,1,0), and b, = (0,0,1). Fix a;(1) = ;(2) = 1. Then
v(by,|t:) > v(bi]t;) = v(b,|t;). That is, the agent does strictly better by mixing than by acquiring a single sig-
nal.

% Any weighting vector (w;(1]b), ..., w;(N|b)) that possibly depends on i and b in a continuous manner
would generate the same results.
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PrROOF: This proof is divided into five steps that closely follow and leverage on the
proofs of Lemmas B.1-B.5.

Step 1: Equilibrium Existence. Fix N and I. The time line in the multimedia model is
as in Figure 1, with the difference that prices are being set exogenously as a function of
the chosen profile of editorial strategies b. Using backward induction, we argue that an
equilibrium of the game exists. Fix an arbitrary profile of information-acquisition strate-
gies (ay, ..., ar). Then Lemma 1 still characterizes the agents’ equilibrium approval de-
cisions. Now consider an arbitrary profile of editorial strategies b and the profile prices
(p:(t:]b)). that ensues. Agent ¢’s equilibrium information-acquisition strategy consists of
choosing & to maximize v(ba|t;) — 3 _,..,-0 Py (%i|b). Note that v(ba|t;) — 3., Pi(lD)
is continuous in @ € RY and that {a | @, € [0, 1], Y «a, < 1} is compact. Therefore, the
agent’s problem admits a solution. In the first stage of the game, firms simultaneously
choose b,. Their payoff function is I1,,(b,, b_,) = [, p;(t|b) dF(t;) = % [y max, v(b,|t;) —
max,.., o V(by|t;) dF(t;). By the theorem of the maximum, max, v(b,|t;) is continuous
is b. By a similar argument, one can show that max,..,—o v(b«|t;) is also continuous is b.
Therefore, I1,(b,, b_,) is continuous in b for all n. As in Lemma B.1, we invoke Glicks-
berg’s theorem to argue that, in the first stage of the game, a Nash equilibrium exists
in (possibly mixed) editorial strategies. By backward induction, we have shown that the
game admits an equilibrium.

Step 2: Convergence of E,(max, v(b.|t;)). Fix 6 > 0 and let £, = £, where A = ﬁ We
show that there exists N such that for all N > N and any equilibrium profile of possibly
mixed editorial strategies x, we have E,(max, v(b,|t;)) >V — & for all ¢, € T. Suppose
not. That is, suppose that for all N, there is an equilibrium profile of possibly mixed
editorial strategies y and a type f; such that E, (max, v(b.|t;)) < V — 8. This implies that
for all t; € [7; — &, 1 + &1], E (max,{v(b.|t;})}) <V — 2. To see this, suppose, by way of
contradiction, that E, (max,{v(b,|t,)}) > V — 2. Denote by a(t;) the random variable that,
for each realization of y, indicates the information acquisition strategy of type ¢;. That is,
a(t;) € argmax, v(b,|t;). Note that there exists a laqyp €T and Yo(i;) € [0, 1] and Aagy) such
that by = (Da().0 /Tat) COS(la(i)> o/Fatry Si0(ta(1)))s Yatr) = bag1 + bagyyy 2 a0 Aoy =

1 - . d
T\/W. Note that for all 7, € T, cos(t;— ta(,j)) > cos(t;— ta(,j)) — &, since 4 cos(f—

ta(,/.)) < 1. We have that

E, (mgx{v(bah,»)}) > E, (v(bay|1:))
= Aa(epEy (boz(tj),() + \/ya—(,/.)cos(f,- — ta(t/_)))
> Aa(enEy (ba(z,),o + \/M(COS(Q - ta(t/)) - fl)
> Ao Ey (ba(t,'),o + \/Yagy cos(t; — ta(t/))) — Aaiip €1
> E, (mfx{ v(balff)}) — Aap €

>V— - — Aaipy €1

SR e%}

VY —

=2

v
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The first inequality holds as, in the right-hand side, agent ¢ chooses the information acqui-
sition strategy a(#;) that is optimal for #;. The second inequality holds since cos(f; — fu()) >
cos(t; — tuq) — & for all 1, and /¥y < 1. The last inequality uses that A,(/A > 1. In
summary, this contradicts our assumption that E, (max,{v(b.|t)}) <V — 8. Therefore, it
must be that E, (max,{v(b.|t;)}) <V — 2,

Note that by continuity of v(b;|t;) in ¢;, there exists & > 0 such that for all ¢; € [f; —
&, 1 + & such that v(b;|t;) > Y — g Moreover, such &, is independent of N. Let £ =
min{é;, &}, which in turn is independent of N. We have established that for all ¢; € [#; —
£ 6+ €],

- 0
E, (ar/_ri/aziov(barhj)) <E (maxv(b It; )) <V-3 <V-7 =vbilt), (B.9)

Now fix an arbitrary firm # that deviates from its equilibrium editorial strategy y,, in favor
of the pure editorial strategy b;,. Its expected profits are

I, (b (X Y _N/ max v(b ;) — n}ﬁfov(b“’ltf)’ob dF (1))

[ [ire
ZN . E, (max{v(b;,.|tj) - ar/gilfov(b”’/lt")’ 0}) dF(t))
I [ite
N/, Ex(v(bf,-ltj) —a{g?fov(ba/ltj)) dF (t;)
[ it
N/, (b |y) — E, (a%?icov(ba/ltj)) dF (1))
i+
Z% - §<V— g -V+ S)f(t)dt
_Ics¢
= 2N

The first inequality holds since the integrand function is everywhere positive. The second
inequality holds by monotonicity of the operator E, . The second-to-last inequality obtains
as a consequence of Equation (B.9). The last inequality, instead, obtains because f(t;) >
C > 0 for all #;. We established that firm n can secure an expected profit of at least 2C % by
deviating to b;. This lower bound is strictly positive and decreasing in N at rate 1/N. To
conclude the proof, note that by Lemma B.6 the maximum amount paid for information
by any agent can at most be V/N. This implies that the industry profits are bounded
above by IV/N. Therefore, when N firms are competing, there is at least one firm, which
we denote by 1, whose expected equilibrium profit is I1,(x) < IV/N?. When N is large,
% > 1 and firm 7 is a strictly profitable deviation from its equilibrium editorial strategy
X» in the first stage of the game—a contradiction.

Step 3. Convergence of bff(,_). Building on the previous argument, we now show that
by, l
a(t;
libria. For any N, denote by ba(, ) the random variable specifying the information structure

that agent ¢; acquires in equilibrium. As above, let b, := %2(1, cos(t;), sin(;)) be type #’s

— b, in probability as N — oo. More formally, fix ¢;, € > 0, and a sequence of equi-
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first-best, that is, v(b,[t;) = V. We want to show that for all & > 0, there exists N such
that for all N > N, Pr(||ba(t) b, |l > €) < 6. Suppose not. Then there is 6 > 0 such that
for all N, there is N > N such that Pr(||ba(t) b,| > €) > 6. Consider any particular
realization b; of the random variable bg’(t) for which ||b; — b, || > €. Then there exists
K (€) > 0 such that ¥V — v((x,, t,)|t) > K(€) (see Lemma B.3 for more details on K (¢)).
Thus, Pr(||ba(l) b, | > €) > & implies that Pr(V — v(ba,|t;) > K(€)) > 6. Since & and €
were fixed independently of N, we conclude that E(v(bq,|t)) does not converge to V—a
contradiction to Step 2 above.

Step 4: Convergence of U(N). Fix N > 1. Let B, ={b, € R: ||b,|| = 1}. Let x € [ [, A(B,)
be a (possibly mixed) equilibrium profile of editorial strategy. Denote by bg’(ti) the equi-
librium random variable which specifies the signal that is acquired by type ¢, possibly by
mixing those that are offered by the N firms. As usual, denote by 4_;(w, ¢_;) the equi-
librium approval rate excluding agent i. Following the proof of Lemma B.4, an agent’s
welfare can be written as

U(N) = EXE(tls--~>t1)( (A_,(a) I )”(w t)) + U(ba(t)lt) - Z p:z(tile)>'

nlan(t;)>0

To compute the limit of U (N), we split the above expression into three parts. Fix an
arbitrary ¢;. First, note that by Lemma B.6, the total amount paid for information by
an agent is at most V/N. Therefore, limy > saniy=0 P (ti|BY) = 0. Second, as shown
in Step 3, b)), — b,, in probability as N — oo, where b, is the first-best information
structure for agent f;. By the continuous mapping theorem, v(bf(tl_)|t,-) — V=2 in
probability. Since |v| is bounded, convergence in probability implies convergence in ex-
pectation. Together with the first step, we have that for any ¢, limy_, o E, (v(ba,)|t:) —
D iany-0 PR (t|DY)) = V. Since ¢ was arbitrary and is independent of y, we have that
limy oo By By (0(Bay 1) = D pjaniiy=0 P (tilDY)) = V. The third and final step consists of
computing the limit of E, , ,(A_;(w, t_;)u(w, t;)). To this purpose, note that y, w, and
(#, - .., t;) are mutually independent random variables. Therefore, by swapping the order
of integration and defining U;(w) = E, u(w, t;) to simplify notation, we obtain

. 1
AlllﬁngoEXE(ﬁ,--»fl)( (A (w - )u(w t))) = 7 w(ZEfj]EXa/(w’ tj)Etfu(w’ ti))

J#i

-1
=" lim E, (E,Ea;(o, t)E,u(w, ;)

—00

:(111) lim E, (E,Ea;(o, ;) Ui(w)).

N—oo
Recall that a;(w, t;) = @(ba([) a(t)
bility as N — oco. By the continuous mapping theorem, Cb(ba(,}_)w) — (D(k”f(“” t;)) in

probability. Moreover, since ® is bounded, convergence in probability implies conver-
gence in expectation: limy_. . E a(w, t;) = @(%u i(w, t;)). Following one-to-one the last

o). Once again, as shown in Step 3, bY . — b, in proba-
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few steps in the proof of Lemma B.4, we conclude that

Y Y o o

Therefore, U(N) — 2 E, . (P(Fui(@, ) ui(w, 1)) + V.

Step 5. Monopoly Versus Perfect Competition. When N = 1, the multimedia model
is identical to the baseline model: all agents acquire information from a single firm.
Therefore, U(1) = (I — 1)A/1 + Br as computed in Lemma B.5. The same proof shows
B (P(F5ui(w, 1)) uiw, ) +V=A(I - D55 (14Br) + A+/2. Therefore, by Step 3,
we have that limy U(N) = A(I — 1)%(1 + Br) + Av/2. In summary, we argued that when
both N =1 and N — oo, the baseline model and the multimedia model generate iden-
tical expected utilities. Given this, the statement of Proposition 6 follows directly from
Proposition 5(c). Q.E.D.

lim BB, (B (A-i(w, £)u(o, 1)) =

REMARK B.2: Fix #; and a profile of editorial strategies b. Let & € argmax, v(b,|t).
Then

ae argmax(v(bahi) - Z p;(ti|bN)).

nla,>0

PROOF: Suppose the statement is not true. That is, there is @ # & such that

v(balti) — Z P (6]6Y) > v(balt;) — Z P (ti|b).

nlé,>0 n:, >0

Let N = {n:a, > 0}\{n:a, > 0}. Note that N # (0. Indeed, given that & € argmax, v(b,|
t;), N = ¢ would contradict the definition of &. Thus, we can rewrite the inequality above
as

v(balt) = max  v(balt) < pi(tilb).

ala,=0 vneN
neN

However, a contradiction is reached by noting that

N pilby =" <v(b 1) — max v(b, |t)>

neN weN

= %(v(balt,-) ~  max Nv(ba|t,-))

N alap=0 Vne
n'eN
_ (v(b #) max  v(b |t)> (Z ! )
N at ajlaj(n)=0 vneN o T N
n'e

<v(ba|lt;) — max v(b.|t).

alap=0 VneN

The first inequality holds since, for all n’ € N, max,{v(b,|t;)|e, =0,Vn e N} < max,{v(b,|
t;)|a,y = 0}. The last inequality holds since Zn wr <L Q.E.D.
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LEMMA B.6: Forany t;and b, Y, p*(t|b) < %.

PROOF: We switch to notation 6; to denote an agent’s type. By Lemma 2, v(by(,)|0:) =
Aaop|0i - bagopl, Where Agey = m We establish below that for all n with
a,(0;) > 0, the sign of 6; - b, is the same as the sign of 6; - b ). This allows us to move the
absolute value sign inside: v(b,)|6:) = Aaoy) D, 4 (6:)]0: - byl

Assume 0; - by, > 0. Now we show that for any n with «,(6;) >0, 6; - b, > 0. The
proof for the other case, 0, - by, < 0, follows a symmetric argument and, thus, it is
not replicated here. Assume for contradiction that there exists an »n’ with «,,(6;) > 0,
but 0; - b,y < 0. Consider @ such that &, = «,(6;) for all n # n’ with &, = 0. Note that
|0i . b&l = |Zn;ﬁn/ an(Bl-)(H,- : bn)| = 0,‘ : ba(gi) + a,,r(O,-)|9,- . bn’l > |0, . bﬂ(ﬂi)l‘ Also note that
16all < Ibagoy I, implying Az > Aq,. Therefore, we have v(bz|6;) > v(bu,|6:), contra-
dicting «(6;) € argmax, v(b,|0;).

Using similar techniques, we can also show that maX,.,—ov(b.|t;)) > Aa@, X
> wn @ (0:)]0; - by|. This implies that p;,(6:|b) = max, v(b|0;) — MaXy.a,=0V(ba|0;) <
Ao, @, (6:)6; - b,|. We conclude the proof by summing over n:

X pito1e) =y 3 (maxe(elo) — ma v10))

n

1 1 %
<= A6 @n(6:)]0; 'b,, = — ba 0;) < —.
S F L@ (O)10bil = gmaxobd0) <

B.3. Remaining Proofs

LEMMA B.7—Inequality. I: Let x* =1/(1 + (sin(ar/N)/mw/N)?) and x, € [1/2,1]. For
all N >3, v((x,,0)[27/N) < v((x*,0)|7/N).

PROOF: We begin by noting that

if N <4,

1
VX, ++v1—x,cos(2m/N) < max v((x,,0)[27/N)= .
(2m/N) xnel1/2.1] (¢ )2m/N) {,/1+c052(277/N) if N >5.

Moreover, by substituting the definition of x* in v((x*, 0)|7/N), we obtain

Vx* + /1 —x*cos(m/N) = 2m/N + sin@m/N) .
2\/ (m/N)? +sin’(m/N)

Let N € {3, 4}. In such a case, it is enough to show that
2m/N +sin(2m7/N)
2,/ (w/NY? +sin’(m/N)

1<

Rearranging and simplifying, 277/N cos(w/N) — sin’(w/N) > 0. It is straightforward to
verify that this holds when N € {3, 4}. Thus, let N > 5. In such a case, it is enough to show
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that

\/m< 2@/N +sin(2w/N)

2/ (m/NY +sin’ (/N

Denoting y = w/N € (0, /5] and simplifying the above inequality, we obtain

G(y) = %sinz(Zy) + ysin(2y) — sin’(y) — cos*(2y)(y* + sin’(y)) > 0.

Note that G(0) = 0. To conclude the proof, we will show that G'(y) > 0 forall y € (0, 7/5].
Note that

G'(y) = sin(2y) cos(2y) + sin(2y) + 2y cos(2y) — 2sin(y) cos(y)
+4cos(2y) sin(2y) (y* + sin’(y)) — cos?(2y) (2y + 2sin(y) cos(y)).
Since 2sin(y) cos(y) =sin(2y), the second and fourth terms cancel. Moreover,

G'(y) =sin(2y) cos(2y) + 2y cos(2y)
+ 4cos(2y) sin(2y) (y* + sin’(y)) — cos?(2y)(2y + sin(2y))
> sin(2y) cos(2y) + 2y cos(2y)
+ 4cos(2y) sin(2y) (y* + sin’(y)) — cos(2y)(2y + sin(2y))
= 4.cos(2y) sin(2y) (y* + sin’(y))
> 0.

The first inequality follows from the fact that, since cos(2y) € (0, 1), cos(2y) > cos?*(2y).
The last inequality follows trivially, as all terms of the expression are strictly positive.
Q.E.D.

LEMMA B.8: For all t, € [—m, w] and x, < x,, the set {t € [—m, 7]|v((x1, &, = 0)|t) >
v((x2, K)|0)} is an interval in [—r, ].

PROOF: Let I'(¢) = v((x1,0)|t) — v((x2, &)|t). If x; = x, and £, = 6, {I'(t) > 0} =
[—7, 7] and the claim follows. If x; < x; and #; = &, instead, we have that

v
Siex—Vi-n )

It is immediate to see this is an interval in [—r, 77]. Therefore, let £, ##, =0 and 1/2 <
X1 < x,. Suppose £, > 0. It is immediate to see that I'(0) > 0 and I'(w) =I'(—7) < 0.
Consider the interval [0, 7]. By continuity of I'(¢), there exists at least one ¢ € (0, 7r) such
that I'(f) = 0. We want to show that there is only one such 7. Note that if 7 € (0, /2], the
derivative of I is

{T(r)=0}= {t :cos () >

I'(t) ==/ 1—=xysin(t) + /1 — xpsin(t — ;) < 0.
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Indeed, v/1 — x; > /1 — x, and sin(¢) > sin(¢t — t,) if ¢ € (0, 7/2] (note that while sin(¢) is
necessarily positive, sin(¢f — ,) is either negative or positive but smaller than sin(¢)). For
a similar argument, note that if ¢ € [7/2, ), the second derivative of I is

I'"(t) = —v/1—x,c08(t) + /1 —x,cos(t — 1) > 0.

Therefore, 17(¢) is strictly increasing in [7/2, 7) and, hence, it is single-crossing. Since
I'(7) < 0, this implies that ¢ is the unique type in [0, 7] such that I'(¢) = 0.

We now apply a parallel argument for the interval [—r, 0]. By continuity, there exists at
least one t € (—r, 0) such that I'(#) = 0. We need to establish its uniqueness. Note that if
te (—m, —m/2], I"(¢t) > 0. Similarly, if ¢ € [-7/2,0), I"(¢) < 0. Following the argument
made above, we can conclude that there exists a unique ¢ € [—r, 0] such that I'(z) = 0.

Therefore, since I'(0) > 0, we have that {I'(¢) > 0} = [¢, ¢]. We omit the discussion of
the case #, < 0 as it follows trivially from the argument above. Q.E.D.

LEMMA B.9: The function G(8) = —222%)_ js strictly decreasing in 6 € (0, /2).

24/ 82+sin%(8)
PROOF: Note that
24+2c0s(28) (25 +sin(28))(26 + 2sin(8) cos(d))

2,/82 + sin’(5) 4(8% +sin’(8))"” '

We want to show that G'(§) < 0 for & € (0, /2). Multiplying both sides by (8> +
sin®(8))*? and using sin(28) = 2sin(8) cos(8), we get that the sign of G'(8) is equal to
the sign of

G'(8) =

(1 + cos(28)) (8% + sin’(8)) — (8 + sin(d) cos(6))2
= 8% 4 sin’(8) 4 c0s(268)8* + cos(28) sin*(8) — 6> — 28sin(8) cos(8) — sin’(8) cos*(8)
= sin’(8) 4 c0s(28)8% + cos(28) sin’*(8) — 8sin(28) — sin’(8) cos(8)
= sin’(8) 4 cos(28)8> — sin*(8) — &sin(28)
< sin®(8) + cos(28)8* — &sin(28)
=H(%),
where we used the identity cos(28) sin’(8) = sin®(8) cos?(8) — sin*(8) for the second-to-

last equality and the fact that sin*(8) > 0 for & € (0, 7/2) for the last inequality. Note that
H(0) =0 and, for all 6 € (0, 7/2),

H'(8) = 2sin(8) cos(8) — 2sin(28)8” + c0s(28)28 — 28 cos(28) — sin(2§)
=sin(28) — 25in(28)8” — sin(24)
= —2sin(26)8”
<0.

Therefore, H(8) < 0 and, hence, G'(8) < 0 for all 6 € (0, 7/2). Q.E.D.
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REMARK B.3: Fix an arbitrary sequence of equilibria ((xV, £¥)Y_)y.y and a type .
There exists a subsequence (N, ) such that the equilibrium value of 1nformat10n for agent
t; is strictly increasing in k.

PROOF: Fix ((x¥, V)" Yyev and a type f;. Let v, be the equilibrium value of infor-
mation for type ¢ when N firms are competing. The proof of Proposition 2 part (b) shows
that the sequence (v, y)y is converging to Av/2. Therefore, it admits a monotone subse-

quence. Since v, y < A2 for all N, such subsequence must be increasing. Q.E.D.

LEMMA B.10: Fix N and let (x*(N), t)_, be an equilibrium profile of editorial strategies.
For all wy,

ai(wo) =Ey, 0y (a,-((wo, w1, 07), t,-)) = (D(\/;/_j—*i)(ci\(fj)\i)w()).

PROOF: Fix N and an equilibrium profile of editorial strategies (x*(N), ¢:)~_,. Suppose
that in this equilibrium, agent # acquires information from firm . Conditional on a signal
realization 5 = s(w, (x*(N), t})), the agent’s equilibrium approval strategy is character-
ized in Lemma 1 and depends on E,, (u#(w, t,)|5). Using Equation (A.1) and Remark 1, we
have that

v((x*(N), 1)
A

Since, in equilibrium, U0+ () the agent approves if and only if the signal she ob-
serves is positive. Since &; ~ N (0, 1), the probability that agent ¢; approves policy w before

g; realizes is given by aj(w, t;) = O(/x*(N)wo + /1 — x*(N)(cos(t})w; + sin(t}) wz)),
where ® denotes the cdf of the standard normal distribution. Thanks to the symmetry in
the equilibrium location (Theorem 2) and the uniformity of the distribution of #;, we have

that
E,(a:(w, 1)) = ZCID VE(N)wg + /1 = x*(N)(cos() w; + sin(£}) w,)).

We need to compute the expectation of the expression above with respect to w; and w,.
Since w; and w, are independent, we do so in two separate steps. For both steps, we

use the identity [, ®(a + yy) d®(y) = ®(a//1+ ¥?) (see Patel and Read (1996)). We
begin by integrating with respect to ,. Let y = w,, and for each n, let a, = vXx*wy +
V1 —x*cos(t))w, and y, = v/1 — x*sin(z}). Using the integral identity, we obtain

Eo,.(a:(0, 1)) = Z(I)(\/i) («/x_\/aiwm:zs((:)) )

Next, we integrate the above with respect to w;. Let y = w; and
, Vxrwy ) V1 —x*cos(t})
Y, =

o, = > n .
\/1 + (1 — x*) sin®(z7)

\/1 + (1 — x*) sin®(z7)

. (u(w, 1)) = ) (e (01— 52V (1 cos(i) + wasin(s) +-2).
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Using again the integral identity, we obtain

Vx*(N)
By o (@, 1) = q>( )=q>(7wo),
. Z [14 7 V2-x(N)
where we used the fact that cos?(£?) + sin®(#?) = 1 for all n. Q.E.D.

PROOF OF REMARK 3: Fix I > 1 and N > 1. Let (x*, /)N, be the equilibrium profile
of editorial strategies. Let 4*(w) be the equilibrium rate of approval. By assumption,
it is equal to the probability that the society implements w. We want to show that the
total probability of implementing a policy in QF, namely [,. A*(w)$(w)dw, decreases
in N. To do so, we divide the proof into three steps. First, we partition the set of policies
(*. Second, we compute the integral, restricting attention on an arbitrary cell of such a
partition. Third, we show that such an integral is decreasing in N.

Step 1. For any w, € R and K > 0, define the set of policies

Q(wp, K) =@ €Q: @y =y and\/mzK}.

Fix @ € O°(wy, K). Note that by letting ¢; = arctan(w,/®,) € [—, 7], we can write
u(@, t;) = wy+ K cos(t; — t;). Moreover, all @ € ()° (wo, K) are equally likely. To see this,

note that Pr(®) = ¢ (@) P (@1)d(@2) = ¢>(w0)—e . , which only depends on (w, K).
Therefore, ¢; is uniformly distributed in [—r, 77].

Clearly, (w;, K') # (w;, K”) and Q°(w0,K) N Q°(wg, K”) = . Moreover, let C =
{(wy, K) € R? | wy > K > 0}. We have that QF = U(w[, Kyec ¥ (wo, K). Too see this, let
first w € Q. Define K = /w; + 0, > 0. There is ¢, € [—, 7] such that u(w, ;) =
wo+ K cos(t, —t;) > 0 for all ;. Moreover, there is ¢; € [—, 7] such that cos(¢;—t,) = —1.
Therefore, u(w, f;) = wy — K > 0. Therefore, (wy, K) € C and, thus, » € Q°(w, K). Con-
versely, suppose @ € 0°(w,, K) for some w, > K. Since for all #; cos(#; —t;) > —1, we have
0<w)— K <&w—Kcos(t, —t;) =u(d,t;) for all ¢, therefore, @ € ). We conclude that
{Q°(w0, K)}(a)(),K)EC partitions Qt,

Step 2. Next assume w, > K > 0, and focus on the set of policies °(wy, K) C Q*.
We want to show that the total probability of implementing these policies, namely
37 Joo () A" (@) dw, decreases in N. We have that

1

27T Q°(wg,K)

A (w)dw = f a(w,t)dw
(@) ZW,ZQM< )

e — CD Vxrwy+ /1 — x*K cos t.—t,))dt,
2771 _/, ( v (6 = o))
Z/ O (Vx*wo + /1 — x*K cos(y)) dy

2l
1
=5 (\/;w0+\/1 — x*K cos(y))

+ (I)(«/;wo — V1 —x*Kcos(y)) dy



22 J.PEREGO AND S. YUKSEL

The first and second equalities follow from the definition of approval rate and the proof
of Lemma B.10. In the second equality, we use notation #; to indicate the firm from which
agent i acquires information in equilibrium. To obtain the third equality, we used y = B —

t; and the fact that for any / and u such that u =1+ 2, [," —cos(y) dy = fo cos(y) dy
Finally, to obtain the fourth equality, we used cos(y + m) = — cos(y).
Step 3. In order to show that 3~ [, (wo.x) A" (@) dw is decreasing in N, it is sufficient to

show that for all y € [0, 7], ®(v/x* @y + /1 — x*K cos(y)) + P(v/x*wy — /1 — x*K cos(y))
is decreasing in N. To this purpose, fix y € [0, 7]. For notational convenience, let @ = v/x*
and 8 =+/1 — x*K. We want to show that

d
N — (P(awo + Beos(y)) + P(awy — Beos(y))) < (B.10)

This derivative is equal to

(¢ (awo+ Beos(y)) + ¢ (awy — Beos(y))) wod
+ (¢ (awo + Beos(y)) — ¢ (awy — Beos(y))) cos(y)B'.

We show that both terms of these derivatives are negative. Let us start from the first
term. By assumption w, > 0, since wy — K > 0 and K > 0. Moreover, the probability den-
sity function ¢(-) is everywhere strictly positive. Finally, by Proposition 1, &’ < 0. There-
fore, the first term is strictly negative. Next, we analyze the second term of the derivative.
Suppose cos(y) > 0. Then since wy > 0, awy + Bcos(y) > awy — Bcos(y). Moreover,
awg > 0. This implies that ¢ (awy + Bcos(y)) — ¢ (awy — Bcos(y)) < 0. Conversely, sup-
pose cos(y) < 0. Then awy+ Bcos(y) < awg — Bcos(y). Since aw, > 0, this implies that
¢ (awg+ Bcos(y)) — d(awy — Bcos(y)) = 0. In summary, we showed that

(¢ (awo+ Beos(y)) — ¢ (awy — Beos(y))) cos(y) <O0.

Since B’ > 0 (Proposition 1), this implies that the second term of the derivative is weakly
negative. We conclude that the derivative in Equation (B.10) is strictly negative, as we
wanted to show. Since y was chosen arbitrarily, this implies that 5- [, (00.K) A*(w)dw is
decreasing in N. Moreover, since {)°(wy, K) is an arbitrary cell in the partition of O, we
conclude that [,, A*(w)¢(w)dw is decreasing in N.

A similar argument can be made to prove that [, A*(w)¢(w)dw is increasing in N.
The only differences being that in Step 1, we define C' = {(w,, K) e R* | wy+ K <0, K >
0}, and in Step 3, we use the fact that wy < 0. O.E.D.

APPENDIX C: ADDITIONAL EXTENSIONS
C.1. Variance of Signals and Constraints on Learning

Throughout the paper, we assumed that if agent i acquires information from firm »n, she
privately observes a signal realization s;(w, b,,) = b, - ® +€,, where €; ~ N(0, 1). In partic-
ular, we assumed that €; has a variance of 1 and, more importantly, that it does not depend
on N, the number of firms. This implies that agents are constrained in how much they can
learn about the policy from the media and that this constraint is independent of the com-
petitiveness of the market. This is in line with an interpretation of the model where the
error €; is borne by the agent. For example, it arises because she has a limited time to



MEDIA COMPETITION AND SOCIAL DISAGREEMENT 23

allocate to learning about the policy. In our extension to multimedia (Appendix B.2), we
retained this assumption. Agents are still endowed with a unit of time but they can split it
freely across multiple firms in the market. By doing so, agents can construct signals that
are better tailored to their own needs, even when these are not directly supplied by the
market.

The goal of this paper has been to demonstrate how a competitive market can affect
welfare simply by changing what information agents consume. However, competition may
affect not only what information is supplied by firms, but also how much agents can learn
from them. Here we provide two such examples. First, the level of competitiveness in
the market could have an impact on how much firms invest in generating information.
This could be modeled by endogenizing supply side constraints on ||, ||, which is equiva-
lent to a change in oy. A priori, it is not clear whether a more competitive market could
lead firms to invest more or less. Second, in a more competitive market, agents may re-
ceive multiple signals from different firms. This could be modeled as a decline in oy as
N increases. Note how this is different from the multimedia model of Section B.2, where
agents get a single signal by mixing the editorial strategies of different firms.

Without adding more structure to the model, we investigate how the results presented
in Section 5 are affected when oy is allowed to change as a function of N. In particular,
we consider a decreasing sequence of oy and show a counterpart of our most general
result of the paper, namely Proposition 5.

We begin by fixing I and N, and let €; ~ N (0, o) for some oy > 0. For a fixed N, it is
not surprising to see that o # 1 only rescales the main equilibrium objects of Section 3.
In particular, fix an editorial strategy b, and a type 6;. Following Lemma 2, the value of
information b, for type 6; is

|0i bnl

1,)2m (0} + 11b,]1%)

Intuitively, a lower oy increases the value that 6; attaches to the information from firm n.
Similarly, we can follow Lemma A.2 and transform b, and 6; into polar coordinates to ob-

tain the value v,, ((X,, ,)|t:) = Aoy (VX0 + /1 — x, cOs(t; — t,)), where A, = . —
1/2m(1+0%)

Instead of replicating all results in the paper, we focus attention on Proposition 5 to
demonstrate the impact that an N-varying oy has on the main takeaways of the paper.

v(b,|6,) =

PROPOSITION 7: Fix a regular F. Let (o) be a decreasing sequence with oy — o > 0.
(a) Existence. An equilibrium exists forany N > 1 and I > 1.
(b) Daily-Me. Fix any t;. As N — oo, the equilibrium value of information for type t;,
V(N|t,), converges in probability to the first-best value Vs, := A, _~/2.
(¢) Inefficiency. There exists I and & > 0 such that
() if o0 > and I > I,U(1) > limy_ o U(N)
(ii) if 0 < a and forany I,U(1) <limy_U(N).

Parts (a) and (b) are qualitatively identical to their counterparts in Proposition 5. Part
(c) shows that the inefficiency associated with competition remains even when agents can
learn more, in the sense of lower o, in a more competitive market. It also shows that
if oy decreases too much, the inefficiency disappears. Part (c)(ii) should be considered
as a sanity check. It further highlights that information can play a positive role in our
model (see the discussion at the end of Section 4.4). For example, this result shows that
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for any distribution of preferences F, if the society converges to the complete information
benchmark, that is, if limy_, o, oy = 0, then the agents are indeed better off. That is, in this
limit, the expected welfare of the typical agent is higher under perfect competition relative
to a monopoly. This provides an important benchmark, illustrating how there is plenty of
scope in the model for information to play a positive role. The main inefficiency identified
in the model is not due to competition moving society closer to the complete information
benchmark; it arises because of the trade-offs firms face in terms of which aspects of the
policy to emphasize in their editorial strategies. As competition increases, firms specialize
by shifting emphasis from common-interest to private-interest components of the policy.

PROOF OF PROPOSITION 7: The proof is divided into five steps that closely follow Lem-
mas B.1-B.5. In the interest of space, we omit the proofs that are identical up to a rescal-
ing. We focus attention on the steps of the proof that are affected by the dependence of
oyonN.

Step 1: Existence. In this step, we fix N. As such, the proof of Lemma B.1 applies iden-
tically.

Step 2: Daily-Me. 1. This follows the proof of Lemma B.2. Fix 6 > 0 and let &; = %
Let V, = max, ;) Vow ((Xu, £)|:) = Asv/2. This is the highest possible value that
Vo ((Xa, 1) |t;) can achieve and, like in the baseline model, it is independent of #. We
show that there exists N such that for all N > N and any equilibrium profile of possi-
bly mixed editorial strategies yx, we have E, (max,{v,, (X, t,|t;)}) >V, — 8 forallt,e T.
Suppose not. That is, suppose that for all N, there is an equilibrium profile of possibly
mixed editorial strategies y and a type £ such that E (max,{v,, (x,, ta|t)}) < Vo, — 0.
This implies that for all £; € [1; — &1, 1; + &1], E\(max,{vg, (x4, t:]1)}) < Vo, — 5. To see
this, suppose, by way of contradiction, that E, (max,{v,, (X,, t,|t))}) > V. — 2. Denote
by n(¢;) the random variable that, for each realization of y, indicates the firm from which
t; acquires information. Note that for all ¢, € T, cos(t; — t,) > cos(t; — t,) — &, since
4 cos(t —t,) < 1. We have that

Ey (m,f‘X{UUN((xm ’n)|’i)}) > Ey (Von ((Cutiyy» tuii)11))
= Aoy By (Xuip + mCOS(fi = b))
> oy By (/%) + /1 = Xui) (€08(4 — L) — &1)
> Aoy By (y/Xutiy + /1 = Xt €08(t; = tugy)) — Aoy €

>E, (mle{vgN (E tnltj)}) — A&

- o
>Vam—§—)\aN§1

- é

o ___Aa'
> Vo 3 3
=V, —é.

The first inequality holds as, in the right-hand side, agent f; chooses the firm n(¢;) that
is optimal for ¢;. The second inequality holds since cos(#; — t,) > cos(t; — t,) — &, for all
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t,. The last inequality holds because A, < A,_, since oy is decreasing. In summary, this
contradicts our assumption that E, (max,{v(x,, ,|t,)}) <V — 8. Therefore, it must be that
E, (max,{v(x,, t,|t)}) <V — 2.

Fix N. Note that by continuity of v, ((x,, %)) in j» there exists &Y > 0 such that
for all ¢; € [t; — &Y, 1; + £)] such that v, ((1/2, %)|t;) > — 2. Since oy is decreasing,
this holds for all N > N. Hence, §2 is independent of N as it increases to infinity. Let

& =min{¢,, §§’ }, which in turn is independent of N. We have established that for all ¢;
[t — & ti+ €],

E, (I’?fz({vw (X |t)) }) <E, (mnax{v,,N (%, 1]1)) })

- 5 - 5
fvo-oo_§<v(roc_Z§U(rN
Consider an arbitrary firm » that deviates from its equilibrium editorial strategy (x,) in
favor of the pure strategy (x, =1/2, t, = ,). Its expected profits are

((1/2,D)]5). (€1

Hn((xm tn)a (Xn’)n’#n) = I/_W ]EX (max{voN ((xm tn)ltj) - VU’N ((xn’a tn’)n’#nltj)’ O}) dF(tj)

A%

fi+¢&
i / | Eu(max{on, (e 0)16) = Vo (G e )walt), 0)) 4F (1)
ti—

ti+&
= If EX(UVN((xm tn)ltf) - V‘TN ((xn’7 tn’)n/#nltj)) dF(tJ)
;

i—

ti+é&
= 1/_. Vay ((xn’ tn)ltj) - EX (VU'N ((xn” tn’)n’#lt]’)) dF(tj)
;

i—§

Il
~

ti+é&
/ Vo (X0, 1)]1)) — E, (rr}aX{UUN (X, tn/|tj)}> dF ()
ti—¢ n'#n

T
=1 (v(,m — 7 Vnt §>f(t]—)dtj

Note that that the industry profits are bounded above by IV, . Then an identical argu-
ment as in the last paragraph of Lemma B.2 applies here.

Step 3: Daily-Me. II. This follows the proof of Lemma B.3. Fix #;,, € > 0, and a se-
quence of equilibria. For any N, denote by (xfl"(t), t\,,) the random variable specifying
the information structure that agent #, acquires in equilibrium. We want to show that
for all > 0, there exists N such that for all N > N, Pr(||(xn(t), ty) — (172, 6)1l >

€) < 8. Suppose not. Then there is & > 0 such that for all N there is N > N such that
Pr(ll(x),> tiy) — (1/2, 1) || > €) > 8. Let (x,, t,) be a realization of (x}),,, ), ,) such that

(x4, 1) — (1/2, 1;)|| > €. That is, \/(x, — 1/2)* + (, — 1;)* > €. This implies that

max{|x, —1/2|, |t, — t|} >

S
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Consider the difference f/(,w — Vo (x5 1) |8:) = )\(,m\/i — Aoy (WX ++/1—x,cos(t,— ;).
Suppose |t, — ;| > <. Then, since A, > A

aN >

/\\/”"5 (1 —cos(t, — t;)) > % (1 - cos(%)) =:K,(e) > 0.

Conversely, suppose that |x, — 1/2| > < —- Then
f}zroo - UU’N ((xna Z‘n)ll‘i) Z )‘m,o(\/§ - \/x_n Y 1 - xn)
1
> A%<f2— E(\/1+eﬁ+\/1—eﬁ)) =: K, () > 0.

]}UOQ - UUN ((xrn tn)lti) 2

Let K(e) = min{K, (¢), K, (€)}. We established that for all realizations of the random vari-
able (x,’:’(t[), tn(t)) that satisfy ||(xn(t), n(t)) (172, )|l > €, we have V,_ — v, ((x,, £,)|t;) >
K (e) > 0. This implies that

Pr(f}%c - va’N((xl’lN(fi)’ Z‘%i))|t,«) > K(E)) >4

Since 6 and e are independent of N, we conclude that ]E(v(,N((xn(tl), n(,l))|t)) does not

converge to VUDC —a contradiction.

Step 4: Convergence of U(N). In light of the previous two steps, the proof of Step 4
follows the proof of Lemma B.4.

Step 5: Monopoly Versus Competition. Following Lemma B.5, we compute /(1) and
limy_, . U(N), taking into account the role of on. In both cases, details associated with
the steps used for derivation can be found in the original proof. First, let N = 1. We have
that

U = Il;leo(wOCD(lSwo) + \/fjr_bbz(p(gwo))
Brb 1

$(0) +

40)

- (o
1452 L6214 52

- (F BT )
V21 + o/

= (I — DAy, /14 B2 (C2)

Second, let N — o0o. We have that
. I1-1
JEIQOU(NFTEMM P [Uwuj(w ) Jui(w, 1)
I1-1
= E, é
1 tl(\/i/l—i-oz,oz ®
1
\/5\/14-0'002

+ Brd(0)(cos(t;) cos(¢”) + sin(t;) sin(t’”))> +V
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I1-1 1 -
=— ﬁmd)(O)Etj(l + Breos(t; — 1)) +V
_ =1 ! = (14 B2) + Ao V2

I 21+ o V2w i 7
1
= Ao (I — 1)72(1 +B3) + Ao V2. (C.3)
By Equations (C.2) and (C.3),
UuQ) - Al}iﬁrrg()bl(N) =y (I = 1)\/14+ B — Ao (I — 1)%(1 + B7) — Ao V2

A
=N, (I = D)1+ B3 1= =2 /14 B2 ) — A, V2.
(=1 +B< Ao V2 +B>

a1
Note that for all nondegenerate distributions F, there is an associated Br € [0, 1). Note

/ 2
that AAUOJE 1+B:= (\/11—+;i/§)’/1 + B%. For any B, there exist a & > 0 such that the
a1 +05%

0'2 . o, . - . .
sign of 1 — (fﬁ;‘ﬁ)wl + B3 is positive whenever o, < & and negative otherwise. Part

(ii) follows directly from the sign being negative for both terms. Part (i) relies on showing
that the first term is increasing in /, as we have done in the proof of Proposition 5. Q.E.D.

C.2. Policy Implementation Rule

Throughout the paper, we assume that the policy is implemented with a probability that
is equal to its approval rate. This implementation rule, combined with a finite number of
agents, implies that information has instrumental value for the agents, as their approval
decisions directly affect the policy outcome. At the same time, this simple implementation
rule eliminates the scope for pivotal reasoning to learn about the policy. As discussed
in Section 3.1.1, this substantially reduces the complexity of the agent’s problem, while
enabling us to focus attention on the most novel aspect of the model: the competitive
supply of information.

In general, the probability that a policy is implemented or that a candidate is elected
can be a nonlinear function of the behavior of individual agents within a society. The po-
litical science and political economy literature study conditions under which maximizing
vote share is equivalent to maximizing the probability of winning (see Banks and Duggan
(2004), Patty (2005, 2007), McKelvey and Patty (2006)). One of these is the presence of
aggregate uncertainty, for example, when voting decisions are influenced by independent
random perturbations. Under appropriate distributional assumptions, this aggregate un-
certainty generates linearity. Below, we discuss a simple extension of our baseline model
in which the policy is implemented according to the majority rule. In this extension, there
is aggregate noise due to behavior of “nonpolicy” voters, whose vote is a uniform ran-
dom variable that is independent of the actual policy w. In light of this, the policy obtains
a simple majority with a probability that is proportional to its approval rate among the
“policy” voters, as in our baseline model.

More formally, let there be I agents that we refer to as policy voters. These voters ac-

quire information and vote as described in Section 2. A group of I agents, which we refer
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to as nonpolicy voters, also participates in the collective decision. For simplicity, assume
that I > I and I + I is an odd number. Nonpolicy voters are not affected by the policy
outcome (e.g., for all such voters, 6; = (0, 0, 0) and, thus, u(w, t;) = 0). Their vote is de-
termined by other factors that are independent of the policy. Specifically, we assume that
the approval rate among nonpolicy voters, denoted A (w), is distributed according to the
uniform distribution on the interval [0, 1]. Finally, suppose that the policy is implemented
if it receives a simple majority of all the votes.

REMARK C.1: Under simple majority, the probability that the policy is implemented is
a linear function of the approval rate among policy voters, namely A(w, 6).

PROOF: Fix  and suppose that the approval rate of the policy voters is A(w, 7). Under
a simple majority, the policy is implemented if I A(w, t) + [ A(w) > &L Since A(w) ~
1+1~—21:4(w,t)) —

21

i1 I . . . . .
7 + 7A(w, 1), which is a linear function of the approval rate of policy voters. ~ Q.E.D.

Unif[0, 1], the probability that o is implemented is equal to Pr(A(w) >
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