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1 Ad Revenue Under a Competitive Auction Environment

In the main text, we consider a case where the media firm chooses each ad and extracts the match
value as revenue. In reality, however, the media firm does not often have this level of control over
ad allocation because advertising slots are sold through auctions where advertisers compete for
impressions. These auctions are generally sold by ad intermediaries and platforms such as Google
Ads, and the intermediary collects an « proportion (e.g., 30%) of the total revenue extracted from
advertisers. In this section, we show that if the media firm delegates this decision to an auctioneer
and allows ads to compete in an auction environment, the model setup remains unchanged.
Auction Environment: Suppose there is a large number of infinitesimal ad campaigns located
on [0,1] who compete in an auction environment. Following the convention of this literature, the
auctioneer runs a standard auction, such as a second- or first-price auction. We focus on the
second-price auction in our analysis here, but one can show the revenue equivalence for the case of
first-price (Myerson, 1981).

Advertisers’ Bidding Behavior: Each ad a receives value 1 — 7(a — #)? from being shown to a
type-0 consumer. However, advertisers do not necessarily know the consumer’s type and need to
form beliefs about it given the information available. As such, their ex-ante value of an impression
given information Z about that impression is E[1 —~(a — 0)? | Z]. Under behavioral targeting, this
ex-ante valuation is 1 — y(a — 6)? because the advertiser knows the consumer’s type 6. However,
under contextual targeting, the ex-ante valuation for an impression is 1—yE[(a—6)? | x] because the
information available is only the consumer’s content choice x. Because advertisers are competing in
a second-price auction where truth-telling is the equilibrium bidding behavior, each ad a submits
the bid 1 — YE[(a — 6)? | Z] depending on the information available.

Expected Ad Revenue: In a second-price auction with infinitesimal ad campaigns, the impression
is allocated to the ad with the highest bid, that is, a* = argmax, 1 — YE[(a — §)? | Z]. One could
easily use the main property of variance and show that a* = E[f | Z] (a formal proof is provided in
Lemma. Because there are multiple bidders at a*, the auctioneer can extract all the value as the
total ad revenue for the impression with information Z under the second-price auction. We define

the firm’s ad revenue for an impression with information Z as AdRev(Z) as follows:

AdRev(Z) = (1 — ) (1 —E [(E[e | 2] — 6)? | I])
=(l—-a)(l—~Var(d|I)),



where (1 — «) is the share of total revenue that is collected by the media firm.
Media Firm’s Profit Maximization: Based on the ad revenue collected through auctions in
a setting where the media firm does not have full control over ad allocation, the firm’s profit

maximization problem can be written as follows:

max D(x)AdRev(Z)

T

It is easy to show that this maximization problem is equivalent to the one we use in the main
text as shown in Corollary 1| Therefore, the media firm’s full control over ad allocation is not a
requirement for our main results and we will arrive at the same insights if advertisers can self-select
into impressions in an auction environment.

In light of this equivalence, one could view the value of inference from the point-of-view of
advertisers in a market environment. If consumers’ self-selection into content provides sharper
inference about the consumer type, this information will be reflected in advertisers’ bids, which

translates into higher revenues for the media firm.

2 Proofs
Proof of Lemmalj} There are three candidate equilibria: (0,1/2), (1/2,1/2), (0,1).

1. Under (0,1) strategy profile, the demands for type 0 and type 1 content are symmetric. So,
we only need to examine type 0 content. Each consumer will choose type 0 content if and
only if the utility from type 0 content is positive (higher than the outside option) and higher
than the utility from type 1 content.

One can see that all type 0 consumers will choose type 0 content. Now consider type 1/2
consumers. A mainstream consumer will consume one of the contents if and only if the utility
from at least one content is positive. By symmetry, the consumer’s overall probabilities of

choosing type 0 and type 1 content are identical.

P(a mainstream consumer chooses type 0 content)

- P(max{eg, €1} > 0)

independence of ¢;

-[L = P(eo < 0)P(e1 < 0)]

DN = DN DN =

[1 - F(0)?]

In sum, the demand of type 0 content from type 0 consumers is A and from type 1/2 consumers
is [1 — F(0)2](1 — 2)\)/2. The total demand of type 0 content is A + [1 — F(0)?](1 — 2))/2.



2. Under (1/2, 1/2) strategy profile, one can see that all mainstream consumers will consume
the content by one of the media firms. The demands from type 0 and type 1 consumers are
symmetric. Consider type 0 consumers. They will consume the content by one of the firms
if and only if their utility from at least one content is positive. By symmetry, their overall

probabilities of choosing either mainstream content are identical.

P(a type 0 consumer chooses firm )

1
=3 P(max{61/2= 61/2'} > 0)
independence of €; 1
dep d: f J5_[1_P(61/2§0)P(61/2/SO)]
_1-FO®
o 2

In sum, the demand of either firm from mainstream consumers is (1 — 2X)/2, from type 0
consumers is [1 — F(0)2]A/2, and from type 1 consumers is - F( \. The total demand of
either firm is (1 —2))/2 + [1 — F(0)2]\/2.

3. Under (0, 1/2) strategy profile, consider first the demand for type 0 content. Since type 0
consumers’ utility from consuming type 0 content is always positive, we only need to compare

their utility from type 0 and type 1/2 content.

P(a type 0 consumer chooses type 0 content)
= P(1/2+€0 > 0+€1/2)
P(e1/p <€ +1/2)

EO+1/2
/ / €1/2 d€1/2f(€0)d€0
1/2

1/2
=1-F(0)+ [  Fleo+1/2)f(e0)deq
—-1/2
) 0
mtegral:by parts 1 / F(Eo)f(€0 + 1/2)d60
—1/2

A type 1/2 consumer will choose type 0 content if and only if the utility of consuming it is
positive and higher than the utility of consuming mainstream content. Since the utility of
consuming mainstream content is always positive, we only need the condition that the utility

of consuming type 0 content is higher than the utility of consuming mainstream content.

P(a type 1/2 consumer chooses type 0 content)
=P0+e€ >1/2+¢€))



= P(eo > €172 +1/2)

WY Pley sy > €0+ 1/2)

= 1—P(61/2 < 60+1/2)
0

1-[1- s F(eo) f(eo + 1/2)de]

0
= / F(eo)f(eo + 1/2)deg

—-1/2

prevzous case

Therefore, the demand of type 0 content from type 0 consumers is A[1 f 1 /2 fleo +
1/2)dep] and from type 1/2 consumers is (1 2)) f71/2 (e0)f(eo+1/2)dey. The total demand
of of type 0 content is A[1 — [* 172 F(€0) f (€0 + 1/2)deq] + (1 = 22) f31/2 F(eo) f(eo +1/2)deg.

Consider now the demand for type 1 / 2 content.

P(a type 0 consumer chooses type 1/2 content)

= 1 — P(a type 0 consumer chooses type 0 content)
0

= F(eo) f(eo +1/2)deo
~1/2

P(a type 1/2 consumer chooses type 1/2 content)
= 1— P(a type 1/2 consumer chooses type 0 content)

0
=1- / F(Eo)f(ﬁo + 1/2)d60

—-1/2

P(a type 1 consumer chooses type 1/2 content)
=P(U(1/2,1) > 0)
= P(ey)2 > 0)
=1-— F(0)

Therefore, the demand of type 1/2 content from type 0 consumers is A f?l /2 F(eo)f(eo +

1/2)deg, from type 1/2 consumers is (1 — 2))[ f 12 F f(eo + 1/2)deg], and from type
1 consumers is [1 — F(0)]A. The total demand of type 1/2 content is )\fEI/Q F(eo)f(eo +
1/2)dep + (1 — 2X)] f 12 F f(eo +1/2)deo] + [1 — F(0)]A.

|

Proof of Proposition |6, We first compute the consumer utility from content consumption for each



possible equilibrium strategy profile.

1. Under (0,1) strategy profile, the consumer utility from consuming each firm’s content is:

A1/2+ E[eo]) + (3/8 —3\/4)E[eglep > 0 and €y > €]
5—A

=M/2+ (3/8 = 3M/4) - 5/18 = — =

Hence, the total consumer utility from content consumption is 2(5 — \)/18 = (5 — A)/9.
2. Under (1/2,1/2) strategy profile, the consumer utility from consuming each firm’s content is:

1—2)\ 1— F(0)2
5 (1/2+ Elerplerss > erjor]) + 2(2()

_1—2A+g3_8—1u

3 418 24

))\E[€1/2|€1/2 > 0 and €1/2 > 61/2/]

Hence, the total consumer utility from content consumption is 2(6 — 7\)/24 = (6 — 7\)/12.

3. Under (0,1/2) strategy profile, the consumer utility from consuming firm 1’s content is:

A 1—2\
(1/2 + Eleoleo + 1/2 > €1 2]) + Eleoleo > 0 and eg > 1/2 + €y o]

8 8
T (}+i)+1—2)\ 1 2+19)
8 221 8 3 48

The consumer utility from consuming firm 2’s content is:

A 7(1—2A
8E[61/2‘61/2>0&Hd61/2>1/2+€0]+(8)(1/2+E[61/2’61/2>1/2+60)+
A
§E[€1/2‘€1/2 > 0]
A1 T(1—2)) A1 35— 62)

A S NS WO IR E ) WA S it
8 3+ 8 (1/2+ /3)+2 4 48

Hence, the total consumer utility from content consumption is (2+19X)/48+ (35 —62\) /48 =
(37 — 43))/48.

The total consumer utility from content consumption under (0,1) strategy profile is higher than that
under (0,1/2) strategy profile if and only if 2-(5—\)/18 > (37—43))/48 < X > 31/113, which always
holds. The total consumer utility from content consumption under (0,1/2) strategy profile is higher

than that under (1/2,1/2) strategy profile if and only if (37 —43))/48 > 2(8 — 11))/24 & A > —5,
which always holds. u

Proof of Proposition[7. We consider two cases:



1. The base utility v < 1/2 : In this case, the consumer may not consume the content even
if the content location perfectly match the consumer type. In addition, the consumer never

consumes the content if the content location is on the opposite end of the consumer’s location.

(a) Monopoly
We first summarize the demand for a monopoly by choosing a particular content.
Suppose the monopoly chooses niche content strategy = = 0 One can show that the
demand from type 0 consumer is A(1/2 + v), from type 1/2 consumer is (1 — 2A)v, and
from type 1 consumer is 0. Hence, the total demand is A(1/2 4+ v) + (1 — 2\)w.
Suppose the monopoly chooses mainstream content strategy 2 = 1/2. One can show that
the demand from type 0 consumer is Av, from type 1/2 consumer is (1 — 2X)(1/2 + v),
and from type 1 consumer is Av. Hence, the total demand is (1 — 2A)(1/2 4 v) + 2\v.

D(0) < D(1/2) A< 32
Consequently, the monopoly chooses mainstream positioning under behavioral ad tar-
geting if and only if A < 1/(3 — 2v).

Now let us study the equilibrium under contextual ad targeting. We restrict the attention
to the case where 1/3 < XA < 1/(3 — 2v) because niche positioning gives the firm higher
demand and better inference if A > 1/(3—2v) whereas mainstream positioning dominates
niche positioning if A < 1/3.

Some calculations yield that Var(f|x = 0) = v(1 —2)\)(Av +A/2)/[4(\/2 — Av+v)?] and
Var(f|x = 1/2) = Av/(1 4+ 2v — 2X). Niche positioning gives the firm better inference if
and only if Var(|z = 0) < Var(f|z = 1/2), which always hold for A € (1/3,1/(3 —2v)).
The monopoly prefers niche position to mainstream position if:

Teon (T = 0) > Teon(xz = 1/2)
<D(0)[1 —yVar(f|z = 0) > D(1/2)[1 — yVar(f|xz = 1/2)]
16[1 + A(2v — 3)]
Av[223(1 — 2v)2(1 + 2v) + 4 v(—1 + 2v + 8v2) + A2(—1 + 10v + 4v2 — 40v3) — 4(—4 + v2 + 203)]

=y >

Denote the threshold as 4. One can show that 4™ decreases in A and increases in v

Now consider consumer utility from content consumption. Denote the consumer utility

from content consumption given content strategy x as CW(x). We have:

CW(1/2) =(1 -2 M)E[v+e€lv+e>0]P(v+e>0)+
20AE[v —1/2 +¢lv —1/24+€>0]P(v —1/24+€>0)

!The case where z = 1 is symmetric to this case. We only need to consider one of these cases.
2Observe that 4™ can be negative for small v. In that case, we let ¥™ = 0 for convenience.



(- 2)\)(21) +1/2)? -

CW(0) =AE[v + €|v + € > 0]P(v+¢€ > 0)+
(I1-2MNE[v—1/2+¢€v—1/2+€>0]P(v—1/2+4¢€¢>0)

CAv+1/2)2 (1 —20)02
B 2 + 2

Niche content strategy leads to lower consumer welfare if: CW(0) < Cw(1/2) & X <

A=

(v+1/4)/(—=v% 4 3v + 1/4). One can see that X > 1/3.

(b) Duopoly

We first compute the demand given different strategy profiles.

i.

ii.

iii.

Under (0,1) strategy profile, the demand for type 0 content:

From 6 = 0 consumers: A\P(v+¢ > 0) = A(v + 1/2).

From 6 = 1/2 consumers: (1/2)(1 — 2\)P(max{v —1/2+ eg,v —1/24+ €1} > 0) =
(1—2)\)(2v —v?)/2.

From 6 = 1 consumers: 0.

Total demand: A(v + 1/2) + (1 — 2X)(2v — v?)/2.

The demand for type 1 content is symmetric.

Under (1/2, 1/2) strategy profile, the demand for type 1/2 content:

From 6 = 0/1 consumers: (1/2)AP(max{v —1/2 + €1/5,v — 1/2 4+ €/} > 0) =
A(2v —v?) /2.

From 0 = 1/2 consumers: (1/2)(1—2\)P(max{v+e;/9,v+e€1/2} > 0) = (1-2A)[1—
(1/2 —v)?]/2.

Total demand: A(2v — v?) + (1 — 2)\)[1 — (1/2 —v)?]/2.

Under (0,1/2) strategy profile, the demand for type 0 content:

From 6 = 0 consumers: AP(v+¢ep >0 and v+ey >v—1/2+€5) = Mv/2+5/8).
From 6 = 1/2 consumers: (1/2)AP(v—1/2+¢ >0and v —1/2+ € > v +€1)9) =
(1—2X\) (v —v?)/2.

From 6 = 1 consumers: 0.

Total demand: \(v/2 4+ 5/8) + (1 — 2A)(v — v?)/2.

The demand for type 1/2 content:

From 6 = 0 consumers: \(v — v?)/2.

From 6 = 1/2 consumers: (1 —2X)(v/2+5/8).

From 6 = 1 consumers: AP(v —1/2 + €1/ > 0) = Av.
Total demand: A(v — v?)/2+ (1 —2X\)(v/2 + 5/8) + \v.

Consider the equilibrium under behavioral ad targeting. Suppose (0,1/2) is an



equilibrium. Firm 1 will deviate from x = 0 to x = 1/2 if and only if:

M20— %) + (1 —2)\)[1—2(1/2—0)2] o w24 5/8) + (1—2)\)2(1)—1;2)
3 1
GASh = T e S 3Ty

Firm 2 will deviate from = = 1/2 to « = 1 if and only if:

Mo+1/2) + (1 —2)\);21)—1)2) - /\(U;U2)

ahs A e 5 — dv + 4v?
U7 4 T 120 + 1202

+ (1 —=2X\)(v/245/8) + Av

One can see that A1 and A9 increases in v. One can also show that there exists
v < 7/25 such that A\ < Ay when v < v < 1/2. Therefore, (0,1/2) will never be an
equilibrium if v < v < 1/2. We assume that v < v < 1/2 in subsequent analyses.
Now suppose the equilibrium is (1/2,1/2). One can see that the firm will deviate to
0 or 1 if A > Ao. Similarly, if the equilibrium is (0,1), the firm will deviate to 1/2 if
A< A

In sum, the equilibrium is (1/2,1/2) if A < Ay, (1/2,1/2) or (0,1) if A\; < A < Ag,
and (0,1) if A > Aa.

Now consider the equilibrium under contextual ad targeting.

We first characterize the equilibrium ad choices and profits for each firm.

A. Under (1/2,1/2) strategy profile
By symmetry, a = E(0) = 1/2. Var(f) = Av(2 —v)/[3 + 4v — 4v? + \(4v? — 6)].

7(1/2,1/2) =D(1/2,1/2) - [1 — yVar(0)]

A(2v—v?) 4 L2 —2(1/2 —0)?] M(Qvél_ o)

B. Under (0,1) strategy profile
By symmetry, we only need to consider firm 1. Firm 2’s ad choice will be 1 — a1,

and firm 2’s profit will be identical to firm 1’s.

. 1-2))(2v—v2)/2 v+1/2)X
Var(0) = ; (v+1/(2))\+()1(72/\)(2)11/7112)/2 (v+1/2)/\(+(17/2)\)(2v7v2)/2'

m(0,1) =D(0,1) - [1 — yVar(0)]
(1 =20 (2v — v?) (v + 1/2)A

=(v+1/2)A+ (1 -2))(2v —v%)/2 - ’& (v+1/2)A+ (1 —2X)(20 — v2)/2

C. Under (0,1/2) strategy profile



Consider firm 1 first.

(1—2\)(v—v?)/2 (v/2+5/8)\

1
Vari0) = Loz T 5/8)n+ (1= 2X) (0 — v8)/2 (02 5/8)A + (1 — 2\ (0 — 02)/2"

71(0,1/2) =D1(0,1/2) - [1 — vVary ()]

v 5 (1-2X\)(v—v?) 1 2(1-=2)\(v—2?)(v/2+5/8)A
=gt > TV 02 158N T (=20 (0 — D)2
Consider firm 2 then.
Vars(0) = (1-2X\v/2+5/8)1 Av .1_[(172A(v/2+5/8)1 Av nd

Dy(0,1/2) 4 Dy(0,1/2) Dy(0,1/2) 2 Dy(0,1/2)

m2(0,1/2) =D5(0,1/2) - [1 — yVary(0)]

! —15— 42 — 42
=8[5+4v—2/\(5—2v+2u2)][1+7)‘“[ 5= Tv+4v” + 6A(5 — 3v + 40°)]

[5 4 4v — 2A(5 — 2v + 202)]?

]

Suppose the equilibrium is (0,1/2). One can show that there exists a v¢ such that

firm 1 will deviate from = = 0 to z = 1/2 if and only if:
7(1/2,1/2) > 711(0,1/2) < v < ~¢

Moreover, ¢ increases in v for v € (0,1/2) and A € (1/3,1/2). Given that 1/3 < \ <
1/2and 0 < v < 1/2, we have 7% > 0 < (3 —V/5)/4 <v < 1/2and 1/3 < X < \a.
An immediate implication is that this deviation never happens if A > As.

One can show that there exists a 4% such that firm 2 will deviate from z = 1/2 to
x =1 if and only if

7(0,1) > m2(0,1/2) < v > 4%

Moreover, given that 1/3 < A < 1/2 and 0 < v < 1/2, we have ’yd/ <0 M <
A < 1/2. An immediate implication is that deviation always happens if A > A;. So,
(0,1/2) may only be an equilibrium if A < ;. Now suppose A < A;. In this case, we
have shown that firm 1 will deviate if v < 4% and firm 2 will deviate if v > ~%.

Now suppose the equilibrium is (1/2,1/2). One can see that the firm will deviate to
0 or 1 if v > 4%, which may hold if A < Xy and always holds if A > Ay. Similarly,
if the equilibrium is (0,1), the firm will deviate to 1/2 if v < ~% . which may hold if

3Firm 2 has a stronger incentive to deviate to z = 1 rather than = = 0 to soften competition. So, we only need to
consider its deviation to x = 1.



A < A1 and never holds if A > Aq.

Since 4" > max{y%,~1%}, Yo € (v,1/2),\ € (1/3,1/2), Let us define v¢ by
min{yd,fyd/}l[)\O\ﬂ + Wdlp\lg/\</\2]. We have that the equilibrium under contextual
ad targeting is more polarized than that under behavioral ad targeting if v > *yd"
and 1/3 < X < Ag. Moreover, v%" < 4™ for all A € (1/3,Ag).

2. The base utility v > 1/2 : In this case, the consumer always derives a non-negative utility
from consuming the content if the content location perfectly matches the consumer type.
In addition, the consumer may consume the content even if the content location is on the
opposite end of the consumer’s location. One can show that T > 5/6. The analyses are similar

to the previous case.
|

Proof of Proposition |8, Based on the analyses of the main model, we need to show here that the
additional utility term and the strategic choice of the consumers do not change the relative size of

Var(f|xz = 0) and Var(f|x = 1/2). We consider M < 1/2.
1. Suppose x = 0. Consider type 6 = 0 consumer first. We have U(x,0) > 1/2 — M + e. Hence,

P(a type 0 consumer consumes the content)

> P(1/2—M+¢€>0)

=Ple>M-1/2)
—1- F(M —1/2)
=1-M

Now consider type § = 1/2 consumer.

P(a type 1/2 consumer consumes the content)
< P(1/2-1/2—0+¢>0)
=1/2

P(a type 1/2 consumer consumes the content)
> P(1/2—1/2— M +¢>0)
=1/2-M

Therefore,

Var(0|x = 0, M)

10



= E[0?|z = 0, M] — E[f|z = 0, M?
1 P(a type 1/2 consumer consumes)(1 — 2))
4 P(a type 1/2 consumer consumes)(1 — 2)\) + P(a type 0 consumer consumes)\

1 P(a type 1/2 consumer consumes)(1 — 2)\)
2 P(a type 1/2 consumer consumes)(1 — 2)) + P(a type 0 consumer consumes)\
1 P(a type 1/2 consumer consumes)(1 — 2\)
4 P(a type 1/2 consumer consumes)(1 — 2)) + P(a type 0 consumer consumes)\_
P(a type 0 consumer consumes)\
P(a type 1/2 consumer consumes)(1 — 2)) + P(a type 0 consumer consumes)\

1o 501=2y A
TAZA =20+ (1= MA(E - M)(1—2X) + A
M0 1 3(1=2))X

4N+ (1 —2N)2
=Var(f|z =0, M = 0),

which is the conditional variance in the base model.

2. Suppose x = 1/2. Similarly, we can show that in this case, Var(f|x = 1/2, M) is greater
than or equal to an expression that converges to the conditional variance in the base model
as M — 0. According to Lemma (3] Var(f|z = 1/2) > Var(f|z = 0) in the base model.
Therefore, there exists M > 0 such that Var(f|z = 1/2, M) > Var(f|z = 0, M), for any
M < M. In such cases, the consumer’s choice of niche content is privacy-reducing over the
choice of mainstream content by definition. The same arguments as the ones in the main

model imply that all the main insights of the monopoly case hold qualitatively if M < M.
|

Proof of Proposition[d. We first show that the equilibrium number of firms located at x = 0, Ny
equals the equilibrium number of firms located at z = 1, N;. Denote the equilibrium number of
firms located at x = 1/2 by N; /2- One can see that the expected ad revenues for firms located in
the same position are the same. Denoted the expected ad revenue for a firm located at x as r(x).

Suppose that Ny # Ni. Without loss of generality, we assume that Ng > Ny > 0. It implies
that each of the N; firms located at x = 1 obtains a zero profit, r(1) — ¢ = 0. One can see that
r(0) - No = r(1) - N1, which implies r(0) < r(1). But then, we have r(0) —c < r(1) —c = 0. It
will not be an equilibrium because a firm located at x = 0 would earn a negative profit and would
deviate by exiting the market. Consequently, Ny = N; in equilibrium.

Now we compare the equilibrium Var(f|z = 0) with Var(f|z = 1/2).

11



(61/2 < 60"‘1/2

60+1/2
/ / 61/2 d€1/2f(€0)d€0
1/2J-1/2

—1-P(O)+ / | Flt 12 e

— /8,
P(x=0[0=1/2) = P(0+e0 > 1/2+¢12)
= P(Eo > 61/2+ 1/2)
symmetry
= P(€1/2>€0+1/2)
=1 —P(El/g < €0+1/2)

premous case

1-7/8 =1/8

Privacy({0})
=Var[f|z = 0]
=E[0*|x = 0] — E[f|z = 0]?

Pz = 0§ = 1/2)P(0 = 1/2)
P(z =0[0 = 1/2)P(0 = 1/2) + P(z = 06 = 0)P(6 = 0)

1
. +1-0—
{1. Pz =00 = 1/2)P(0 = 1/2)
2
1
4
1
1

2
Plz =00 = 1/2)P(6 = 1/2) + Pz = 0)0 = 0)P(0 = m*lo}
Lai-2y |

1
T4 u—2n+gx_4'hu_2m+gA
(1—2\)(2+3))
(1452

Pz =1/2(0 =0) = P(0+ €15 > 1/2+ )
= P(z =00 =1/2)
=1/8
Plx=1/210=1/2) = P(1/24+ €12 >0+ €0 & 1/24+ €12 > 0+ €1)
= P(1/2 + €1/ > max{ep,€1})
= P(

Ly, w:1px:oy+ﬁ-m9:ux:m—{;-pw:1pm:omq-Pw:

€12 >0) 1+ P(eyo <0 & 1/2+ €5 > max{eg, €1})

12



1/2+61/2
-1/2J-1/2

=19/24,

where the cdf of max{eg, €1}, F(m) = P(max{ep, €1} < m)

(
= Pleg <m & e <m)

mdependence (

m)P(ey <m)
= (m+ 1/2) , Vm € (—1/2,1/2),
so, the pdf of max{eg,e1}, fi(m)= F (m)=2(m+1/2), Ym € (—1/2,1/2).

Privacy({1/2})
=Var[f|x = 1/2]
=E[(0 —1/2)*z = 1/2]
=(1/2)? - P(0 = 0|z = 1/2) +-(1/2)* - P(§ = 1|z = 1/2)
=2-(1/2)* - P(0 = 0|z = 1/2)

1 Pz =1/2|0 = 0)P(0 = 0)

T2 Pz=1/200=0PO=0)+Px=1/2[0=1)PO=1)+ P(z = 1/2]0 = 1/2)P(0 = 1/2)
1 Pz =1/2|0 = 0)P(6 = 0)

T2 2P(x=1/20 = 0)P(§ = 0) + P(z = 1/2|6 = 1/2)P(6 = 1/2)

1 A

T2 2. I+ 31 -2))

2

38 — 64\

Privacy({0}) < Privacy({1/2})

1(1-20)(2+3)) 3
4 (1452 38 — 64\
&g(A) := —84A3 4+ 284A% + 178X — 76 > 0 (10)

Note that ¢'(\) = —252)\2 + 568\ + 178, ¢”(\) = —504\ +568. One can see that g”(\) > 0 because
A < 1/2.Since ¢'(1/3) > 0, ¢'(A\) > 0, YA € (1/3,1/2). Since g(1/3) > 0, g(\) > 0, VA € (1/3,1/2).
Condition always holds. Therefore, Privacy({0}) < Privacy({1/2}): the consumer’s choice
of niche content is privacy-reducing over the choice of mainstream content.

We now show that the ratio of the number of niche firms to the number of mainstream firms is

higher under contextual ad targeting than under behavioral ad targeting.
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Denote the number of niche firms located at x = 0 under behavioral ad targeting by Né’, the
number of mainstream firms located at 2 = 1/2 under behavioral ad targeting by N{’ 29 the number
of niche firms located at x = 0 under contextual ad targeting by N§, and the number of mainstream
firms located at x = 1/2 under contextual ad targeting by Nf/z-

The market clearing condition implies that in equilibrium,

D(0)/N¢ —c=0
D(1/2)/Ny)y —c=0
D(0)[1 — yPrivacy{0}]/N§ —c =0
(

D(1/2)[1 — yPrivacy{1/2}]/N} ), —c =0
c/NC  — 1—yPrivacy{0
= NO/N1/2 - N(l))/Nf/Z ' 1—7’;3rivacy?i/%} > N(l))/Nf/Q u

3 Extension with K > 2 Firms

Lemma 5. Suppose there are M mainstream firms and Ny and Ny niche firms at ideological
positions © = 0 and x = 1, respectively. The probability of a type-0 consumer choosing a media

firm at position x is presented in the table below:

Conditional Probability Value
Px=0]6=0) 1(No > 0) [1 — (M > 0)(1/2)M0 M (S () o)
Pz =1/2|6=0) 1(M > 0)(1/2)No+M (Zﬁil (%)ﬁ)
Plz=1]0=0) 0
Plx=0]6=1/2) 1(No > 0) g (1/2) MMM (Mot M (Noy iy i)
Pla=1/210=1/2) 1M >0) [L— 1(No+ Ny > 0)(1/2)Nhens (hosds (Nt ok Y]
Plx=1]6=1/2) LN > 0) i (1/2) oMM (ot (Vo i)
Plz=0]60=1) 0
Plx=1/2]0=1) (M > 0)(1/2)M (S0 () k)
Ple=1]0=1) 1(No > 0) (1 1(M > 0)(1/2)" M (S, () i)

Proof. Let e§~z) denote the idiosyncratic term for the j* firm at position z. We know that all
idiosyncratic terms are independently drawn from U[—1/2,1/2].

We consider all three cases for 6.

1. Case # = 0: We know that a consumer with # = 0 will never choose = = 1, because U(x =

1;0 = 0) < 0. So the choice is between Ny niche firms at position = 0 and M mainstream
(0)

firms. The consumer receives utility 1/2 + €; from choosing the firm at x = 0, and utility
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(1/ ? from choosing the firm at = 1/2. As such, the consumer chooses a mainstream firm
if there is at least one element in {e( /2 )} 1, is greater than all elements in {1/2 + 650)};\7:01
We know that if any e(- ) > 0, there is a zero probability of a mainstream media firm being

)5 to come from [—1/2,0],

chosen. So for a mainstream firm to be chosen, we require all €
which has a probability of (1/2)N°. In that event, the malnstream firm k£ has a chance to
be chosen by the consumer only if e( o U[0,1/2], i.e., the upper half of the uniform
distribution. For any event where the error k out of M firms come from U|[0,1/2] (i.e., M —k
firms with error from U[—1/2,0]), the probability of one of these k values being the highest
is k/(k + Np). We can characterize all such events with a Binomial distribution B(M,1/2),
where the success probability refers to the error term being drawn from the upper half of

U[—1/2,1/2]. Therefore, we can write:
- k
Pz =1/2]0=0)=(1/2)N (Z ( ) 1/2)" 1/2)M—’“NO +k>
M
= (1/2)NotM Z (f) Nok; k;)

k=1

Based on the probability above, we can define the following probability:

M

Pe=0]0=0)=1-(1/2™* (Z (V) Nklk>

k=1

. Case 0 = 1: This case is conceptually the same as # = 0, but the difference is in the number
of firms at position z = 1. We can use the logic presented in the case above to arrive at the

following conditional probabilities:

Pz=0|0=1)=

0
M
Plx=1/2|0=1)= 1/2N1+M<Z< >N1+k>

M
_ _ _ N1+M
Plx=1]0=1)=1-(1/2) 2( >N1+k>

. Case 6 = 1/2: In this case, it is possible that the consumer chooses any niche type. The
(

consumer receives utility 1/2+ eil/ % from choosing any mainstream firm. On the other hand,
(1)

the consumer receives utility €§0) or €; from choosing firms at each niche position. Using

the logic from previous cases, we can write the following probability for the union of events
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where consumer of type § = 1/2 chooses either the firm at z =0 or x = 1:

No+N1
Plz=0va=1|0=1/2)=(1/2)M ( > (NO J}; Nl) (1/2)19(1/2)N0+N1—k]\/1k>

k=1

No+N
— (1/2)NotM AN OZI No+Ni\ k
k M+k

k=1

The probability above is for the event where the consumer either chooses x = 0 or x = 1.
Since the errors are independently drawn, the probability of choosing each niche position is
proportional to the number of firms in that niche position. Hence, we can write the following

probabilities for all three events:

No+N1
Ny No + N; k
P@’:O‘@:W):M“/Q)NMM%(Z( : >M+k>
k

k=1

Ny N <N0+N1)

Plx=1]6=1/2) = -1/ ( kZl k

k=1

k
No+N1
0 1 NO+N1 i
P(le/g’9:1/2):1—(1/2)N+M+N(Z ( N ) >

We now use the results from Lemma 5| to examine the equilibrium for cases with K > 2 media
firms. Since we have a closed-form expression for conditional content choice probabilities, we can
compute demand, conditional variance, and the total profit for each player in a (Ny, M, N1) strategy
profile under both contextual and behavioral targeting for a fixed set of A and «. This means that
for a fixed set of A and -, we can enumerate over all (Ny, M, N1) and assess if that strategy profile
is an equilibrium by checking whether a player has an incentive to deviate. We know that the
total number of profiles such that Ng + M + N; = K is equal to (K;ﬂ)? highlighting that the
computational complexity of finding equilibria grows polynomially in the number of firms for fixed
values of A and ~.

We adopt this computational approach for K = 3 and K = 4 cases, and use a grid of 86 A
values in [0.33,0.50] with a 0.002 precision, and 61 7 values in [0, 3] with a 0.05 precision. Figure
[6] shows the cases in the parameter space where the equilibrium under contextual ad targeting is
more, equally, and less polarizing than the equilibrium under behavioral ad targeting, for K = 3
(in Figure and for K = 4 (in Figure . We call an equilibrium more polarizing if there
is a higher proportion of firms in niche positions. Red points in these figures show the regions
where the equilibrium is more polarizing under contextual ad targeting compared to behavioral ad
targeting. This is the same as shaded region in Figure [5l As shown in both Figures [6a] and
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our qualitative insight holds in these cases: under all possible combinations of (A,~) in our grid

search, the equilibrium under contextual ad targeting is at least as polarizing as the equilibrium

under behavioral ad targeting.

Group + Contextual More Polarizing Equally Polarizing

Group + Contextual More Polarizing Equally Polarizing

(a) Case with 3 Firms (K = 3)

(b) Case with 4 Firms (K = 4)

Figure 6: Comparison of equilibrium under contextual and behavioral ad targeting in cases with

more than two firms when € ~ U[—1/2,1/2].

Note: Points in gray refer to cases where the equilibrium is equally polarizing under behavioral and contextual ad
targeting. Red stars refer to cases where the equilibrium under contextual ad targeting is more polarizing that that
under behavioral ad targeting (i.e., higher proportion of niche firms).
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