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¢ The model takes into account that firms can influence the precision of targeting by investing in the technologies used.
« Ex ante symmetric duopolists always use different levels of precision in each equilibrium of the model proposed.
« In contrast to the high-technology firm, the low-technology firm may increase the industry profit by using a less precise technology.
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Abstract

The paper investigates welfare effects of targeted advertising in a duopoly. To
this end, a game-theoretical model is proposed in which firms can make costly
investments in their targeting technology. It can be shown that ex ante identical
firms use different technologies in every pure-strategy equilibrium of the technology
game. If firms target the same group of consumers, the low-technology firm could
increase overall welfare by using a better technology. However, this leads to lower

industry profits due to tougher competition among firms.
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1 Introduction

Targeted advertising technologies and big data allow companies to send advertising mes-
sages to groups of consumers with common characteristics that are correlated with their
preferences for goods and services. For example, targeted advertising based on browser
histories, location and time data collected by consumers’ smartphones can display ad-
vertisement messages to smartphone owners only if they are interested in the advertised
product or service and only if they are in proximity to a location where it is offered. This
paper defines better targeting technology as the ability to direct informative advertising
messages to potential customers with greater precision. The advantage of more precise
targeting technology is that costly advertisements can be avoided for individuals who
are unlikely to purchase the product or service being offered. This is one reason why
investments in targeting technologies, efforts to collect more data, and spending money
to acquire additional data have become important decisions for firms that use targeted
advertising while competing against each other for the same group of customers.

So far, the welfare effects of targeting are not fully understood. This paper investigates
the impact of endogenous targeting under competition on social welfare. Specifically, I
analyze a game in which two firms make simultaneous investments in targeting technol-
ogy, which determines the likelihood that advertising messages will reach their intended
consumers. After these investments have been made, the firms choose their advertising
strategies and then set prices.

Advertising in the proposed model is assumed to provide not only information about
the advertised product’s characteristics and its price but also about existence of the ad-
vertised product, which is in the tradition of the seminal Butters (1977) model. An
originally uninformed consumer who receives the advertising message can decide whether
to buy or not. This role of advertising is consistent with advertisement campaigns for
new products that should create awareness among consumers but is not limited to this
case. The advertisement strategy in this paper is simply the choice of whether to target
the market segment a or b. The market segments are characterized by two representative
consumers that differ in their taste and willingness to pay. If a consumer receives one or

two advertisement messages which are tailored to him or her, he or she will purchase the



cheapest product as long as the price is not higher than his or her willingness to pay. I
assume that a consumer who receives an advertisement message from a firm targeting a
different consumer segment will not buy the advertised product.! This assumption can
be interpreted in various ways. One possibility is that the targeting decision is made in
conjunction with a decision on product differentiation. Another possibility is that the
same product is marketed with very different advertising messages, each of which only
appeals to one of the two consumer groups to buy.

An interesting feature of my model is that it explains firms technology dispersion
as an equilibrium phenomenon. In fact, it turns out that my model has no symmetric
equilibrium in which firms use the same pure strategy in the technology game - the first
stage of the model. Thus, firms that are ex-ante symmetric may choose different levels of
the targeting technology. This is surprising and has important implications for the effect
that targeting has on the industry profit and the consumers’ surplus.

The paper contributes to a growing literature on the economics of targeting. Sev-
eral studies, beginning with Butters (1977), have analyzed the effect of advertising on
product information and pricing. Grossman and Shapiro (1984) extended this model to
markets with horizontal differentiation and examined the impact of informative adver-
tising on competition and product variety. Iyer et al. (2005) also investigated targeting
and pricing in a duopoly with horizontal product differentiation. They showed that firms
target consumer groups that have a higher preference for their respective product and,
therefore, targeted advertisement can be interpreted as a tool to create more horizontal
product differentiation. By contrast, in my paper, firms are ex-ante identical and produce
homogeneous goods when they target the same consumer group.

Iyer et al. (2005) also argued that targeted advertising can make all competing firms
better off. By contrast, Brahim et al. (2011) showed that targeting may also lead to
lower profits since it results in fiercer price competition among firms. The analysis of the
present paper shows that industry profits may react differently depending on whether a
high-technology firm uses a better targeting technology or a low-technology firm.

Similar to my model, Roy (2000) and Galeotti and Moraga-Gonzélez (2008) study

!This assumption also implies that targeting in the present paper cannot be interpreted as a price

discrimination device, with is in contrast to the models in, e.g., Esteves and Resende (2016, 2019).



targeting and pricing in a duopoly where firms are ex ante symmetric. One of the main
differences to my model is that in these papers, the advertisement technology is given
exogenously and perfect, as all targeted consumers receive the ad message at a fixed
cost. By contrast, I study endogenous investments into an imperfect targeting technology.
The closest related paper is from Karle and Reisinger (2019). They investigate whether
exogenous improvements of a common targeting technology may increase or decrease
the industry profit in a duopoly. In contrast to their work, the present paper considers
investments into a targeting technology which allows that the probability of reaching
a targeted consumer to vary across two firms. Other important contributions in this
literature are, e.g., Chandra (2009), Esteban et al. (2001), Johnson (2013), Bergemann
and Bonatti (2011). The paper is also related to the literature that studies asymmetric
price competition and advertising in oligopoly. Closest to my work in this literature is the
paper by Anderson et al. (2015), which investigates personalized price competition with
costly advertising. In contrast to the present paper, the advertisement cost is fixed, firms
can have different cost of quality per assumption, and the offered goods are heterogeneous.

The remainder of this paper is organized as follows. In the next section, I present
a three-stage model, in which two firms sequentially choose a technology, decide which
consumer they target, and make a pricing decision. Section 3 derives all subgame-perfect
equilibria of this game and section 4 provides a welfare analysis. In section 5, I briefly
discuss variations and extensions of the basic model. Section 6 concludes. Some of the

proofs can be found in the appendix.

2 Model Setup

There are two consumers a and b which are characterized by their willingness to pay for
a specific good which can be produced by firms 1 and 2. Let consumer a’s willingness to
pay A and consumer b’s willingness to pay B.? Suppose {A, B} € R?, B > A. The firms

1 and 2 are symmetric and compete in a three-stage model with perfect information. The

2The parameters used in the paper for different willingness to pay in the different segments can be more
generally interpreted measures for the profitability of each segment. An increase in A can be interpreted
as an increase in willingness to pay, an increase in demand, or a decrease in production costs for product

features that are unique for segment a.



order of play and possible actions are as follows:

Stage 1: firms simultaneously choose technologies oy, as € [0, 1],
Stage 2: firms simultaneously choose targets t1,ts € {a,b},
Stage 3: firms simultaneously set prices pi, ps > 0.

The endogenous technology choice at stage 1 may be interpreted as that firms use big
data and targeting technologies themselves or alternatively that they may use different
platforms to advertise their products. At stage 2 of the game (the targeting decision)
firms design their products and advertising messages so that they suit to a specific con-
sumer. Accordingly, there are three cases: firms both target consumer a, firms both target
consumer b or they target different consumers (market segmentation). I assume that that
each firm cannot reach both consumers at the same time.®> The firms’ payoff depend
on whether the final good market is segmented or not. Under market segmentation, i.e.
t1 # t9, firm i’s payoffs is given by

ap; —c(oy), pi <T;
T, =

_C(ai)u Di > ﬂu
where T; € {A, B} denotes the willingness to pay of firm i’s targeted consumer,
i € {1,2}. In contrast to the market-segmentation case, let t; = t5 and suppose that

max{py, po} is at most the willingness to pay of the targeted consumer. Then we have

p

aip; — (), Di < pP—i
T =\ [T+ aill —a_]lpi — c(ow), pi=p-i
ai[l - O‘—z’]pi - C(O‘z’>’ Di > D—i-

\

The cost function ¢(«;) represents both investments in the targeting technology (e.g.
time spend for the development of new classification algorithms) and the cost of data
collection. Alternatively, the cost function represents prices to pay for vertically dif-
ferentiated platforms. To simplify the analysis, let the cost function satisfy the follow-

ing standard assumptions: ¢ > 0, ¢ > 0 for ; > 0 and ¢ = 0, ¢ = 0 for o; = 0,

3This assumption is relaxed in Section 5.1.



limg, 1 ¢ () = 00, ¢” > 0. For ease of exposition, I will hereafter refer to the firm with
the respectively higher targeting technology as firm 1 and the lower-technology firm as
firm 2.

For the case of a symmetric, exogenously given targeting technology, the stages 2 and
3 of the present model are analyzed in Karle and Reisinger (2019). I extend the model of
Karle and Reisinger with the costly technology choice in stage 1 and allow for asymmetric
competition at stages 2 and 3. As will become clear in the next section, this extension
leads to significant changes of the equilibrium analysis and the welfare effects targeting

technologies have.

3 Analysis

A pure strategy of firm ¢ in the context of the model is the complete contingent plan
{ay, ti(aq, ag), pi(aq, ag, t1,t2)}. That is, it specifies the technology a; € [0, 1] to be chosen
at the first stage of the game, then for each chosen pair of technologies (ay,as) € [0, 1)?
it prescribes whether firm ¢ targets either consumer a or b at stage 2, and finally, for each
reachable information set i € [0,1]? x {a, b}? at the beginning of stage 3, it predetermines
the price p;(aq, g, t1,t2) for firm i to be chosen.

The solution concept is subgame-perfect Nash equilibrium (SPE). That is, each profile
of strategies that induces a Nash equilibrium in each of the three subgames is considered
to be an equilibrium of the three-stage game. The game is solved with a generalized

backward induction procedure.*

3.1 Stage 3: Pricing Game

The analysis starts with the simultaneous pricing decision, which is the unique final
subgame beginning with the information set where both firms know the targeting and
technology choices from previous stages, i.e. (aq, g, t1,t3) can be observed by both firms.

First, suppose firm 1 targets consumer b and firm 2 targets consumer a. Then, charg-

ing the respective monopoly price p; = B and pj = A is the unique optimal action, leading

4As described in Mas-Colell et al. (1995), for instance.



to the payoffs 77 = oy B — ¢(ay) and 75 = ap A — c(ay).

Second, suppose that both firms target consumer b. By charging the price B, firm i
earns at least the profit o;[1 — a_;|B. Accordingly, undercutting firm —i’s price remains
profitable as long as p_; > [1 — a_;]B. It has been shown by Karle and Reisinger (2019)
that the pricing game has a symmetric mixed-strategy equilibrium for the case a; = ag =
a. 1 will briefly provide the analysis. Suppose firm 2 plays a mixed strategy according
to the cumulative distribution G(p) with the range [[1 — a|B, B]. Then {G(p),G(p)}

constitutes a Nash equilibrium of the pricing game if

afl =G(p)]+[1-alGp)p = all —a]B. (1)

p=[l—o]B

Solving for G(p) gives o

Now let a1 > an. It is easy to show that there is no pure-strategy equilibrium in this

case:

(1) If [1 — ao] B < min{py, p2} < B, undercutting the respectively lowest price is prof-
itable for the firm charging the highest price.

(2) If [1 — ag]| B = p1 = po, undercutting is profitable for firm 2.

(3) If py < [1 — ] B < py, it is profitable for firm 1 to set B. Charging higher prices is
profitable for firm 2 (while undercutting p;).

In the following, I identify a mixed strategy Nash equilibrium. First, the analysis can
be simplified by iterative elimination of dominated strategies. For firm 1, all prices below
[1 — ] B are dominated by p; = B. Accordingly, p; € [[1 — as]|B, B] is the rationalizable
set of firm 1’s prices. By common knowledge, prices that are never a best reply to one of
firm 1’s remaining prices can be eliminated from firm 2’s action space. The remaining set
of firm 2’s prices is then also [[1 — as]B, B]. No further prices can be eliminated.

Notice that {G(p),G(p)} is not a Nash equilibrium in this asymmetric case. The
reason is that firm 2 has a profitable deviation by charging p, = [1 — as|B, which leads
to the payoff as[l — as] B > [l —ayq]B. Firm 1’s best response to py = [1 — as]B is then
p1 = B. However, as (1) shows, firm 1 is indifferent between all remaining prices if firm

2 draws its price from G(p). Firm 2 is also indifferent if

7



(1 = F(p2)] + [1 — au] F(p2)|p2 = o[l — o] B (2)

Solving for F(p) gives

plloalB i1 —ay) <p< B
Fpy={ -

1, if p=B.

Note that p; = B is not a best reply to F'(p) although this price is in the range of G(p).
However, this technical problem can be ignored because po = B is a zero-probability
event if py is drawn from the continuous distribution G(p). Accordingly, {F(p), G(p)}
constitutes a mixed Nash equilibrium for the asymmetric case in which a; > ay, leading
to the firm 1’s revenue a;[1 — ap]B and the revenue as[l — ay|B for firm 2. Notice that
the firm with the better targeting technology earns the higher profit net of targeting
technology cost.

The case where both firms target consumer a can be analyzed by the same steps. The

analysis of the pricing game is summarized in the following proposition.

Proposition 1. Suppose the targeting technologies are given by oy > «s. Then the price

setting is as follows.

o [f firms segment the market, the firm targeting consumer b charges the price B while
the firm targeting consumer a charges the price A. The payoffs net of targeting

technology costs are c; B and a_; A, respectively.

e [f both firms target the same consumer, they play the mixed strategy pricing equilib-
rium with cumulative distribution functions

p7[17a2]T7 if [l —agl <p<T — 1 - T
Flp)=q " Pels and G(p) = L0l

1, ifp="T. azp
where T € {A, B} denotes the willingness to pay of the targeted consumer. The
payoffs net of targeting technology costs are aq (1 — )T for firm 1 and as(1—ay) T
for firm 2.



3.2 Stage 2: Targeting Game

The targeting subgame is the subset of the game that starts with the information set
(o1, ag) for both firms, contains the simultaneous targeting decision t,t; € {a,b} , and
all subsequent pricing subgames for given (ay, @) and arbitrary (t;,%2). This extensive
form game can be reduced by replacing all pricing subgames with the respective Nash
equilibrium payoffs specified in Proposition 1. The result is a normal form game which

can be described by the following payoff matrix®:

Firm 2
a b

a | ap[l —ag]A, as[l — as]A a1 A, anB

Firm 1

b O{lB7O[2A Oél[]_ —OZQ]B,OéQ[l —OZQ]B

Table 1: Payoff Matrix of the Targeting Game

Suppose A < [1 — ap]B. Then {b,b} is an equilibrium in dominant strategies for the
targeting subgame - unique if the inequality is strictly fulfilled. In this case both firms
compete in the more profitable market segment, which is the reason why I will refer to
this equilibrium as competition-for-cherries equilibrium. If A > [1 — as]B, the game
becomes a coordination game with three Nash equilibria: the two market-segmentation

equilibria {a, b}, {b,a}, and a mized-targeting equilibrium in which both firms choose b

B—[l—ocz]A

ToaATH respectively.® The expected payoffs of firm 1 and 2 in the

with probability

ai[2—a2]AB and az[2—a]AB

mixed Nash equilibrium are == s

, respectively.

3.3 Stage 1: Technology Game

At the first stage of the overall game, firms simultaneously choose technologies ay,ay €
[0,1]. As the choice is made simultaneously, the unique proper subgame of this stage is

the overall three-stage game itself. We can continue to apply the generalized backwards

®Note that we can ignore the technology cost c(ay) for firm 1 and c(az) for firm 2 at this stage. The

reason for this is that the costs of the targeting technology are sunk at the time of the targeting decision.
6Note that in Karle and Reisinger (2019), the authors identify ”competition for cherries” and ”market

segmentation” targeting regimes. The naming used in this paper is adopted from these authors.



induction procedure by reducing the extensive form by replacing the targeting-subgames
with their respective Nash equilibrium outcomes. As we have potentially multiple equi-
libria at the targeting stage, we have to do this for each possible equilibrium regime, that
is, competition-for-cherries, market-segmentation, and mixed-targeting. This comes along
with the implicit assumption that firms have consistent expectations about the equilib-
rium to be played at the next stage of the game, so that there are no coordination failures.
Of course, this may be an assumption that is not always fulfilled in reality. However, this
is a general and well-known criticism of the concept of subgame perfection equilibrium
and also of the Nash equilibrium concept.

At the first stage, firms simultaneously choose technologies aq, ay € [0,1]. The equi-
librium analysis depends on the firms’ belief about the equilibrium in the targeting sub-
game, i.e., whether they expect a market-segmentation, competition-for-cherries or mixed-
targeting equilibrium to be played at the second-stage subgame.

In what follows, each of these three cases is analyzed.

Market segmentation
If firms expect a {b, a}-equilibrium to be played at stage 2, they solve
maxIl; = a1 B — ¢(ay)
ay

max [Iy = as A — c(az)
a2

Let the inverse function of the marginal cost curve denoted by () := [¢]7!(-). Notice
that by ¢’ > 0, 7(-) is well defined. The Nash equilibrium candidate of the technology
game under market segmentation is then {ay,as} = {~(B),v(A)}.

Competition for Cherries

Suppose firms expect the competition-for-cherries equilibrium to be played at stage 2.

Firm 1’s profit maximization problem is then given by

ai[l — ag)B —c(ag) a1 > ag

max Il =
“ ai[l —a|B —c(ay) a1 < as.

First, it can be shown that there is no symmetric equilibrium.

10



Lemma 1. There exists no SPE involving competition-for-cherries in which firms use the

same targeting technology.

The intuition for this result is that changes in the lower technology used by either of
the two firms lead to a negative price effect, because the less precise technology deter-
mines the lower bound of rationalizable prices (see the analysis in section 3.1). When a
firm deviates unilaterally by choosing a less precise technology starting from a symmetric
equilibrium, this price effect must be taken into account. This always leads to a prof-
itable deviation, starting from the symmetric equilibrium candidate. Figure 1 illustrates

a numerical example.

$
0.5

— firm 1's profit

0.4

TR ST E R ' T Y ST NI N Y S I T S S | TR ST E R ' A Wi a1
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

The figure shows firm 1’s profit in a market characterized by competition-for-cherries

provided that firm 2 chooses the technology as = o, where a* is the technology

of a symmetric equilibrium candidate. Point (a) indicates the location where firm

1’s objective function is kinked, i.e., (a*,II;(a*,a*)). Clearly, firm 1 has a prof-

itable (unilateral) deviation by choosing a less precise technology. Cost function
o2

and parameter values in this example are given by A =1, B =2, c(a) = 0.57*.

Figure 1: Profitable Deviation under competition-for-cherries

Suppose there exists a SPE with o] > 3. Then

[1 = a3]B =c(e), (3)

[1 —2a3]B =c'(a3) (4)

11



are the necessary conditions for technologies o and a3 to be mutual best responses. The
intuition is as follows. Increasing the preciseness of the high technology firm only has a
quantity effect on the high-technology firm’s revenue, which amounts to [1 — «}|B. As
we know from the analysis of the pricing game, the lowest technology used by the firms
determines the lower bound of prices that can be rationalized. Accordingly, improving the
lower technology as has the same quantity-effect and additionally a negative price effect
of —a3 B on both firms, since the price competition is intensified. Figure 2 illustrates a

numerical example for competition-for-cherries equilibrium.

$
0'6 [ . .
[ Firm 1's Profit
0_5} ----- Firm 2's Profit
04+
[ <o
[ N“s\
0.3- \\
I -~
r ~
L \\
0.2 AN
- \
1 \
| \
0.1 N\
L \
- \
\
L L L L L L L L L L L L L L L 1 L L L 1 L L L L L L L L L L L L \\\ L L L L a
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

The figure shows firm 1’s (2’s) profit in a market characterized by competition-for-
cherries provided that firm 2 (1) chooses the low (high) equilibrium technology. Cost

function and parameter values in this example are given by A =1, B =2, ¢(a) =

2

0.5%

l1—a”

Figure 2: Equilibrium under competition-for-cherries

Mixed Targeting

Suppose firms expect the mixed-targeting equilibrium to be played at stage 2. Then firm

1’s objective function is given by

12



a1[2—az]AB
MRS (o) g > e
max [, = Arp (5)
[e% —
' —al[QAngB —c(a1) a1 < ag.

Again, it can be shown that there is no symmetric equilibrium.

Lemma 2. There exists no SPE involving mized targeting in which firms use the same

targeting technology.

Next, suppose there exists a SPE in which (aq, as) = (af, a3), of > o5. Then

[2 — Oé;]AB Ik

) ©)
2[1 — a3]AB s
B oy )

for technologies o and o3 to be mutual best responses.

3.4 Equilibrium

Define a, @ and & , such that

(8)

azy(zgia;B>,and 9)
&= (1 - 20]B). (10)

Recall that 7(-) is the well-defined inverse of the marginal cost curve, which ensures
that @, & and & are unique. Summarizing the results of the last subsections, conditions
for the existence of all types of subgame-perfect equilibria can be identified. They are

summarized in the following proposition.

Proposition 2. Suppose firms first choose their targeting technology, second announce

their target (sending one message each) and then set prices. For each B, there exist values

A, A so that:

1. Market Segmentation: If A > A, there exist SPE in which the targeting tech-

nologies are given by {ay, as} = {v(B),v(A)}, firm 1 targets consumer b and firm 2

targets consumer a, the prices are py = B and ps = A. The sum of expected profits

is Y(A)A +v(B)B — c(v(A)) = c(v(B)).

13



2. Competition for Cherries: If A < A, there exists a unique SPE in which the
targeting technologies are given by {ay, s} = {7 ([1 — &|B),&}. Both firms target
consumer b and charge prices according to Proposition 1. The sum of expected profits
18

[ — ajao + g — 3] B — c(ay) — c(as).

3. Mixed Targeting: If A > A, there exist SPE in which the targeting technologies are

given by {aq,an} = {7 ([2;1323) ,&} and firms play the mixed strategy equilibrium

i the targeting game. Prices are charged according to Proposition 1, depending on
the targeting game outcome. The sum of expected profits is

AB

yeuin clag) — c(a).

201 — ajan + 209 — 3]

The proposition states that if the two market segments are similarly profitable, there is
an SPE that involves market-segmentation. In this case, each firm becomes a monopolist
in its chosen market segment. The firm in market segment a has no incentive to switch
to segment b, as intense price competition would lead to a greater loss of profits than the
increase in profits associated with a higher willingness to pay by consumers in segment
b.” If the markets have a similar profitability, there is also a SPE that involves a targeting
equilibrium in mixed strategies.

By contrast, if market segment b is much more profitable compared to segment a,
there will be a unique SPE with competition-for-cherries targeting equilibrium.® In this
case, one firm chooses a more precise targeting-technology at a higher cost, which is
compensated by the ability to charge higher prices in expected terms.

The analysis from above also leads to this surprising result:

Proposition 3. Suppose symmetric firms choose technologies oy, s € [0,1] simultane-
ously at the first stage. Then there exist no SPE in which firms choose the same targeting
technology.

"The value A describes the critical lower limit for the profitability of segment a given the profitability
of segment b, so that if A > A, there is no incentive to switch from a to b. A depends on B and can

generally only be implicitly defined.
8 A is the critical upper limit for the profitability of segment a, so that if A < A, no firm has a profitable

deviation by switching to segment a. A depends on B and can generally only be implicitly defined.

14



The finding of Proposition 3 has important implications for the welfare analysis. Under
asymmetric competition, technology improvements of the same magnitude may or may
not be desirable from a welfare perspective depending on which firm adopts the new

technology.

4 Welfare

4.1 Industry Profit and Excessive Targeting

Can the targeting technology be excessive, where excessive means that the industry profit
can be increased by using a less precise targeting technology? In what follows I answer
this question while using two different measures for the industry profit: the sum of second-
stage continuation profits (net of the first-stage targeting technology costs) and the sum of
overall profits (considering the first-stage costs). I refer to these measures as ex post and
ex ante industry profits, respectively. It seems most natural to look at the ex ante industry
profit as this measure considers all the costs that are present in my model. The reason for
considering also the ex post industry profits is that this measure is more appropriate for
comparing my results with welfare analyses of related papers that assume an exogenous

targeting technology.

Ex post excessive targeting

Let the industry profit be measured by the sum of stage-two continuation profits of both
firms. It is straightforward that there is no excessive targeting under market-segmentation
since there are no adverse effects a technology improvement could impose on a competing
firm.

Let’s turn to the competition-for-cherries equilibrium in which the industry profit is
given by [a; — ajay + ay — 2] B. Partial differentiation of the industry profit respect to
a; and under the condition that ay = & leads to [1 —&]B > 0. Hence, firm 1’s technology
is not excessive because the industry profit increases when firm 1 deviates unilaterally

by using a better targeting technology than the equilibrium level. By contrast, partial

15



differentiation with respect to oy conditioned on ay = ([1 — &|B) gives

[1—~([1 —&B) —24B = 0. (11)

In general it is ambiguous whether firm 2’s technology is excessive or not. The shape of
the marginal cost curve ¢(-) is the decisive factor. If the marginal cost curve is flat enough,
both equilibrium technologies are rather high so that (11) is less than zero. In this case,
firm 2’s targeting technology is excessive. The opposite is true if the marginal cost curve
is sufficiently steep. Figure 3 illustrates how the ex post industry profit changes if firm

1 or firm 2 deviates unilaterally from the equilibrium by using a more precise targeting

technology.
$

0.8 -

0.6 v P

055 e

0.4

o Equilibrium Profit
-------- Deviation by Firm 2

0.2 iati [
----- Deviation by Firm 1

0.1

S S R S
0.5 0.6 0.7 0.8 0.9 1.0

The figure shows the industry’s continuation profit in equilibrium (solid line), for
unilateral increasements of the targeting technology of firm 1 (dashed line), and firm

2 (dotted line). Cost function and parameter values in this example are given by

A=03, B=15, c(a) =0.1-2-.

11—

Figure 3: Ex-Post Excessive Targeting in the competition-for-cherries Equilibrium

Consider now the mixed-targeting equilibrium. The ex post industry profit is given
by [200 — aqas + 20 — a%]f%. Partial differentiation of the industry profit respect

to ay and aw, given that the respective competitor plays the equilibrium strategy, gives

2 — d]ﬁ—% > 0 for firm 1’s targeting technology and [2 — 20— <[2;1T23)] ﬁr—% % 0

for firm 2’s targeting technology. Again, firm 1’s technology is not excessive. Firm 2’s
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technology is excessive if both technologies are rather high as it is if the marginal cost

curve is flat enough, and not excessive otherwise.

Ex ante excessive targeting

Clearly, targeting cannot be excessive in any equilibrium that involves market-segmentation
since both firms choose their technology so that their respective monopoly profit is max-
imized while there is no external effect on the competitor’s profit.

Next, we turn to the competition-for-cherries equilibrium. Obviously, if a; > as in
the equilibrium of the subgame, the technology of firm 1 cannot be excessive. The reason
is that by (3)-(4), for as given, oy maximizes m; while 7y is independent from a;. We
have

olly, o Om  Om

8041 B 8041 * 8041 =0

By contrast, as is always excessive in this equilibrium. The reason is that firm 2 does not

consider the negative external effect an increase in as imposes on ;. We have

8H1+2 N 871'1 + 871'2 . 871'1
das  Oag  Oas  Oay

The analysis for the mixed-targeting equilibrium can be done by the same steps. We then

8H1+2 o 8H1+2 _ [27&]143 AB
have =2 = 0 and ae = Y\ 35 ) i35 <0

——y(1-4a)B<o.

Oaq

Proposition 4. There is no SPE which involves excessive targeting by the high-technology
firm. In competition-for-cherries equilibria and in the mized-targeting equilibria, the tech-
nology of the low-technology firm can be excessive if the marginal cost curve is sufficiently

flat. There is no excessive targeting by any firm when the market is segmented.

This result is different from Karle and Reisinger (2019), who found excessive targeting
by both firms in a competition-for-cherries equilibrium. This equilibrium type arises in
their model when the exogenously given targeting technology is sufficiently imprecise.
However, excessive targeting by both firms in a competition-for-cherries equilibrium can
only occur if the firms are symmetric, i.e., using the same technology. As the present paper
has shown, that such equilibria do not exist in my model of endogenous technology choice

since the first stage leads to an ex-post asymmetry. Similar as in Karle and Reisinger
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The figure shows the industry profit, firm 1’s profit, and firm 2’s profit depending on
firm 2’s technology as provided firm 1 plays the equilibrium technology v ([1 — &]B).
Point (a) indicates the industry profit in an equilibrium, i.e., the sum of firm 1’s and
firm 2’s profits when as = &. Clearly, point (a) lies in a region with negative slope,

which shows that there is excessive targeting by firm 2. Cost function and parameter

2
o

l—a”

values in this example are given by A =0.3, B =1.5, ¢(a) =0.1

Figure 4: Ex-Ante Excessive Targeting in the competition-for-cherries Equilibrium

(2019), my model illustrates that changes in the technology can have a non-monotone

effect on the industry profit.

4.2 Social Welfare

Analogue to the industry profit, Social welfare can be defined either by the sum of the
expected consumers’ surplus and the firms’ second stage continuation payoffs, or by the
sum of the expected consumers’ surplus and firms’ overall profits. The first definition does
not consider the technology costs and can be used to compare my results to other models
where the targeting technology is exogenously given. I will refer to the first definition as
ex post social welfare. By contrast, 1 call the second welfare measure, which considers
the cost of the targeting technology, ex ante social welfare. In what follows, I analyze

for all equilibrium classes — market-segmentation, competition-for-cherries, and mixed-
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targeting — whether social welfare can be increased if firms deviate from their equilibrium
technology. With a slight abuse of notation, I will always refer to the respective social-

welfare measure as SW.

Consumers’ Surplus

The consumers’ surplus is zero in the case of market-segmentation because each firm is
able to extract the whole consumer surplus by charging a price equal to the consumer’s
willingness to pay.

The consumers’ surplus in the competition-for-cherries equilibrium is given by as B[2—

9 Differentiation with respect to ay gives 2B(1 — as) > 0. Hence, consumers ben-

ag).
efit from better targeting technologies used by firm 2, because a smaller technological
advantage of firm 1 leads to tougher competition among firms which in turn results in
lower prices. By contrast, the rents of firm 1’s technology are completely skimmed. The
expected consumers’ surplus in the mixed-targeting equilibrium is given by

S = {%} 2 Ba2 — a) + {%} \ AG[2 — a.

It is easy to show that the derivative of this expression with respect to & is strictly

positive. Hence, not surprisingly, consumers are also better off in the mixed-targeting

equilibrium if the lower targeting technology becomes more precise.

Market Segmentation

Under market segmentation, it is clear that ex-post social welfare is maximized if both
firms would use a perfect targeting technology, i.e. ay = as = 1. Since the equilibrium
technologies fulfil {ay, a0} = {7(B),7(4)}, v(A) < v(B) < 1, both firms underinvest
in the targeting technology from the perspective of ex post social welfare. By contrast,
ex ante social welfare is always maximized in the equilibrium described by Proposition
2. The reason is that each firm chooses the technology that maximizes its respective
monopoly profit while the consumers’ surplus is always zero as firms set prices equal to

the consumers willingness to pay.

9The derivation of this expression can be found in the appendix.
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Competition for Cherries

Under the competition-for-cherries equilibrium, we have

oSW
o =Bl — ay)] (12)
OSW
aaz :B[B — ] — 40(2]. (13)

Equations (12) and (13) imply that welfare is maximized at {ay, as} = {1,1/2}.19 Notice
that (10) implies that & is in the range (0,1/2). Accordingly, both technologies in the
competition-for-cherries equilibrium are too low from the perspective of ex post social
welfare.

When the technology costs are taken into account, we have

oSW

9o =B[1l — ag] — (1) (14)
aﬁscz/ =B([3 — a; — das] — ' (an). (15)

The effect of improving firm 2’s technology starting from the competition-for-cherries

equilibrium value on ex ante social welfare, therefore, is:

oSw

s =B[3 — oy —44] — (&)

=&

The last inequality stems from the fact that & < % Hence, firm 2’s technology in the
competition-for-cherries equilibrium is too low from the perspective of ex ante social
welfare. Next we consider firm 1’s technology. Setting expression (14) equal to zero leads
to equation (3), which is the first order condition in firm 1’s profit maximization problem.
Hence, under the condition that as = &, firm 1’s chooses a welfare maximizing technology.
However, as g = & is too low from the perspective of ex ante social welfare, (14) implies
that firm 1’s technology is too high.

The welfare analysis of the mixed targeting case is very similar and can be found in

the proof of the following proposition listed in the appendix.

10T he expression in (12) is strictly positive for all ap < 1, which implies that welfare is strictly increasing
in o1 and maximized by «; = 1, which is the highest feasible value. Substituting a; = 1 into equation

(13) and setting it to zero yields the interior solution ag = 1/2.
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Proposition 5. Consider a SPE in which aq > ag. Then:

1. From the perspective of ex post social welfare, the investments of firm 1 and 2 are
too low, with the exception of firm 2’s investment in a mixed-targeting equilibrium,

which can also be too high.

2. From the perspective of ex ante social welfare, firm 1’s (2’s) investment in the target-
ing technology is optimal under market-segmentation, and too high (too low) under
competition-for-cherries. In a mized-targeting equilibrium, it is ambiguous whether

the firms’ technologies are too low, optimal or too high.

5 Variations and Extensions

5.1 Price discrimination

The assumption from the basic model that potential customers from one segment will not
buy the advertised product if they receive the wrong advertising message is associated
with a limitation of the model used. If one considers a market with homogeneous goods
and price differentiation between the two segments, it is plausible that firms would want
to penetrate both segments simultaneously and simply use the targeting technology to
send different advertising messages to customers from different segments.

For the following analysis, I make the simplifying assumption that the pricing decision
in one customer segment can be separated from the pricing decision in the other customer
segment. The targeting subgame that starts with the information set (aq,as) for both

firms can then be described by the following payoff matrix.

firm 2

a b ab
ap[l —az]A, as[l — az]A a1 A, asB ap[l — a2]A, as[l — as]A+ a2B
firm 1
b a1 B, as A aj[l — as]B, az([l — as]B aj[l — as]B,a2A + as[l — az]B
ab | a1l —ag]A+a1B,az[l —az]A | a1A+ oyl —a2]B,az[l —az]B | ai[l — az][A + B],asA + az[l — az][A + B]

Table 2: Payoff Matrix of the extended Targeting Game

It is easy to see that the above game has the unique equilibrium in dominant strategies

{ab, ab}, so that both firms advertise and target both consumer segments. In fact, the
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payoffs in this equilibrium are identical to the payoffs in the competition-for-cherries case

of the basic model if B is replaced by A 4+ B. Let &, be defined implicitly by
Gy = v ([1 — 260)[A + B])

Then, Proposition 2.2 can easily be modified to characterize the optimal technology

choice in the extended game.

Proposition 6. If firms can target both consumer segments without additional costs, there
18 a unique SPE in with both firms target both market segments a and b. The targeting
technologies are given by {aq, s} = {7 ([1 — awl|[A + B]), &}

The main message of this section is that some key results of the basic model are
robust when firms can target both segments. In particular, firms continue to choose dif-
ferent targeting technologies. Furthermore, all results regarding a competition-for-cherries
equilibrium can be directly transferred. One may arrive at different results if sending dif-
ferent advertising messages were associated with significant additional costs. When these
additional costs are very high, the basic model is applicable. For very low costs, the
above analysis is valid and leads to the unique equilibrium described in Proposition 6.
For intermediate values, more complex equilibria are conceivable, in which, for example,
firm 1 targets both segments and firm 2 only segment a. In an extension of their basic
model, Karle and Reisinger (2019) analyze these cases for an exogenously given targeting

technology.

5.2 Targeting before technology choice

In the basic model firms first invest in the targeting technology and then decide which
market segment to target. Of course, this is not the only way. Alternatively, it is con-
ceivable that firms first select their targets and subsequently choose the precision of the
targeting technology. Which of the two alternatives is more realistic in reality depends
on many factors. For example, if firms develop specific classification algorithms with in-
ternal experts and at the same time offer products with a relatively short life cycle, it is
more realistic to assume that the technology choice is more long-term than the targeting

decision and therefore will be made first. By contrast, if the collection of very specific
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data about consumers of the targeted segment is of much greater importance than the
algorithms used, it certainly makes more sense to first determine the target and then
decide how high the precision or the amount of collected data should be. Fortunately,
the order of the first two stages within the context of the present paper does not matter.
The reason for this is that I use SPE as an equilibrium concept and provide conditions
so that firms have no incentive at the first stage to enforce a different targeting regime
than the expected one at the second stage (see Proposition 2 and the associated proof
in the appendix). I would like to illustrate this briefly using the example of a SPE that
involves market segmentation {b,a} and the technologies {af, a3} for firm 1 and 2, re-
spectively. At the second stage of the basic model, market segmentation is an equilibrium
of the targeting subgame if o <1 — A/B. As it is argued in the proof of Proposition 2,
there is no profitable deviation at the first stage of the basic model if there is no o, such
that a4l — a4]B — c¢(af) > abA — ¢(a3). If the alternative ordering is considered, the
second stage subgame starts with the information set {77,T5} and firms simultaneously
choose their respective technology precision. The analysis of these subgames is identi-
cal to the analysis conducted in section 3.3. Thus, in the {b,a} subgame, the unique
subgame-perfect technologies are again «of, «j. Applying backwards induction, firms an-
ticipate the technology choice at the first stage, when choosing their targets. Given that
firm 2 chooses a, firm 1 has no profitable deviation since it earns the monopoly profit on
the most profitable market by choosing b. Firm 2 has no first-stage profitable deviation
if there is no «j such that a4[1 — ab]B — ¢(ad) > a3 A — c¢(ab). This is exactly the same

condition as with the alternative ordering.!*

6 Conclusions

The paper presents a three-stage model that allows to analyze welfare effects an endoge-
nous choice of a costly targeting technology have on a duopoly market with heterogeneous

groups of consumers.

HUTheoretically, there it is also possible that after firm 2 deviates, it also chooses the more precise
technology at the second stage of the alternative stage game. However, this would merely be a switch

from one SPE to another, where both SPE also exist in the original game.
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I identify conditions under which the targeting equilibria on this market are charac-
terized by market-segmentation, competition-for-cherries, or mixed-targeting. Although
firms are assumed to be ex ante symmetric, there exists no symmetric equilibrium in my
model in which firms choose a targeting technology of the same precision.

I also show that the technology of the firm with the more precise technology is never
excessive. In other words: starting from any equilibrium of the game, lower investments
in the targeting technology by the high-technology firm cannot increase total industries
profits. By contrast, investments by the low-technology firm can have non-monotone
effects on industry profits. If the market is not segmented, consumers benefit from further
investments of the low-technology firm, because they lead to tougher price competition.
However, industry profits may decrease if the marginal cost of production is sufficiently
low around equilibrium.

From the perspective of ex post social welfare, which does not consider the cost of
the targeting technology, the equilibrium targeting technologies are too low in most of
the cases. When the technology cost are considered, ex ante welfare is maximized under
market segmentation while the consumers’ surplus is zero. By contrast, in a market
characterized by competition-for-cherries, the high-technology firm’s technology is too
high and the low-technology firm’s technology is too low from the welfare perspective. In
the mixed-targeting equilibrium, the welfare effects depend on the slope of the technology
cost curve and are, therefore, ambiguous in general.

One limitation of my model is clearly that the technology choice is a one-time fixed
investment. The results should be transferred with caution on industries in which tech-
nologies can be changed easily, for example, if targeted advertisement is conducted by a
platform and not by firms themselves. Future research will investigate the robustness of

my results in settings with more dynamic investment choices.
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A Proofs

Proof of Lemma 1 Suppose a symmetric equilibrium exists such that a; = as = o*.
Then a* solves

1—a*|B—{d(a*)=0. (16)

Conditioned on firm 2 playing o, firm 1’s objective function becomes

[l —a*|B—clay) a; > a*
Hl’ag:a* = 1[ ] 1) 1 (17)

ar[l —aq]B —c(a1) oq <a.

Clearly, IT |a,—a+ is kinked at a; = a*. The derivative from the right side is zero, i.e.,

dIl
lim —— =0
ar—a*, dal o=a*
a1 >a*
Differentiation from the left gives
dll
lim —— =[1 —2a*|B — ¢ (a*)
a]—a®, dozl -
ap<a* ar=a
=—a'B+[1—a']B—d(a").
By (16), we have
dIl
lim —b =—a*B < 0.
a]—a*, dal ao—a*
ap<a* 2

This means that firm 1’s profit function is strictly decreasing in the left neighborhood
of ay = a*. Accordingly, firm 1 has a profitable deviation by decreasing «;. Since
(a1, a9) = (a*, ) is the unique symmetric equilibrium candidate, this contradicts the

existence of a symmetric equilibrium.!?

2In their two-stage game, where firms first invest in advertising and then compete in prices and
inventories, Montez and Schutz (2021) also show that there are no SPEs that are both pure and symmetric
(see section VIL5 of their online appendix), which means that there will always be asymmetric ex-post

investments in equilibrium.
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Proof of Lemma 2 If there is a symmetric equilibrium such that oy = ay = o*, then
o solves
[2 — a*]AB r( ok
_— — =0. 18
L) (18)

Conditioned on firm 2 playing o, firm 1’s objective function becomes

a1[2—a*]AB C(Oél) a; > ok
Hl’azza* - Arp B (19>
—alpA_ngB —c(ay) a; <o
Differentiation gives
. dl 2 —2a*|AB
1 — |apmar =—————— — *
oI, o o ars @)
ap<a*
2 — a*|AB (o) a*AB
= — () — )
A+B A+ B
By (18), we have
dHl oa*AB
lim —|q,—ar = — < 0.
Wi, ol A+ B
o <a*

By the continuity of the objective function, firm 1 then has a profitable deviation by

decreasing «y. This contradicts the existence of the symmetric equilibrium.

Proof of Proposition 2 We start with the competition-for-cherries case. By the char-
acteristics of ¢/(+), there is a unique ad that solves (4). Then there is also a unique of
that solves (3). By [1 — a3]B > [1 — 205]B and ¢’(-) > 0, af > o5 is fulfilled. Sufficient

conditions for aj, o to be part of a SPE involving competition-for-cherries are then:

aj[l — a5]B — c(a]) >a5[l — 3] B — ¢(o;) and (20)

a1l = a3]B = c(a) Zaq[l — af] B — ¢(ay), (21)

which can be rearranged to

[a] — ab][1 — aj) B — /al d(a)da >0 and (22)

”
Qo

/aI d(a) — [1 — 2a]Bda >0. (23)
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The first order conditions (3)-(4) imply that both conditions are fulfilled. Accordingly,
neither firm has a profitable deviation.

We continue the analysis with the mixed-targeting case. By the characteristics of ¢/(-),
there is a unique a4 that solves (7). Notice that a3 is independent of aj and, therefore,

can be treated as parameter in (6). Then there is also a unique «aj that solves (6). By

[2—a3]AB 2[1-a3]AB
A+B A+B

, we have af > a3. Accordingly, there exist {a], a3} so that af > o
and IL;(a7), [Iy(aj) are local maxima. Sufficient conditions for of, o to be part of a SPE

under mixed targeting are then:
1. firm 1 does not deviate profitably by using the technology oy = o} < .
2. firm 2 does not deviate profitably by using the technology as = ol > af.

The first condition is fulfilled if

02— ojAB . oj2-oAB
A+B C(OZ1> = A—f-B C(Oé2>
. a2 —a3|AB . .

o lof ~ o 20088 (o) — ofay)

2—a3]AB [
& o] — a;]% — / d(a)da >0.

Let the LHS of this condition be A;. Then conditions (6) and (7) imply that A; > 0,
which is illustrated by Figure 5. Hence, firm 1 has no profitable deviation.

firm 2 has no profitable deviation if

32— a3]AB (at) > o2 —aj]AB (o)

A+ B 2= A+B !
& [e) — ef03)] ~ 2 foil2 — ] — 032 — au])] 20
o /a ¢(a) - AA+BB 21 — a]Jda >0.

Let the LHS of this condition be A,. Then conditions (6) and (7) imply that also Ay > 0,
which is also illustrated in Figure 25.

It remains to be checked whether firms have unilateral profitable deviations by switch-
ing from one targeting regime to another. First suppose the firms expect a market seg-

mentation equilibrium to be played at the second stage. The consistent technology choice
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2AB
A+B

(2—a* ,)AB
T A+B

Oé>
Figure 5: No profitable Deviations.
is then {ay, s} = (v(B),v(A)), where the condition
1— A/B < +(4) < (B) (24)

is fulfilled. Given that firm 2 targets consumer a, firm 1 is the monopolist on the most
profitable market and can make the biggest profit possible in the overall game. There-
fore, firm 1 has no profitable deviation. Firm 2 can enforce a competition-for-cherries

equilibrium by choosing the technology o, < 1 — A/B. The deviation is profitable if
o[l = ah] B — ¢(ay) > v(A)A — c((A)). (25)

If A is close to B, there exist no o5 € [0,1] such that the inequality (25) is fulfilled.
By contrast, if A is close to zero, there always exist o/, so that there is a profitable
deviation. Then, by the intermediate value theorem, there exist A € [0, B) so that only
if A > A, there is no strictly profitable deviation and there exist a SPE with market
segmentation. Second, suppose the firms expect a competition-for-cherries equilibrium to
be played. Since the firm with lower technology has the lower profit in this equilibrium
and the profit from targeting consumer a would be the same for both firms, it is sufficient

to find conditions that firm 2 has no profitable unilateral deviation. If firm 1’s technology
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is sufficiently imprecise, i.e., v([1 — &|B) < 1 — A/B, there does not exist a profitable
deviation since a market segmentation targeting equilibrium cannot by enforced by a stage

1 unilateral deviation. Otherwise, there is a profitable deviation if there exist o4 so that

ay >1—A/B and (26)

ahA — c(ah) >a(1 — &) B — (&), (27)

where the first inequality ensures the existence of a market segmentation equilibrium and
the second inequality the profitability of firm 2’s deviation. If A is close to 0, there exist
no o € [0,1] such that the conditions are fulfilled. By contrast, if A is close to B,
there obviously exist of so that there is a profitable deviation. In particular, deviating
to as = & would be strictly profitable. By the intermediate value theorem, there exist
A € [0,B) so that only if A < A, there exist a SPE with a competition-for-cherries
targeting regime. Also, by applying the intermediate value theorem, it is straightforward

to prove the existence of a mixed targeting equilibrium for sufficiently high values of A.

Proof of Proposition 5 To prove the proposition, the mixed-targeting case has to be

analyzed. Under the mixed-targeting equilibrium, we have

OSW  ABI2 — ay)]

doy  A+B (28)
8SW _AB[4 + Oé%[é‘: — ] — 40(2“ — 2A2 — 2B2 (29)
Oay A+ Bla3 '

Improvements of the a;-technology clearly increase welfare in this case while the ap-welfare
effect is ambiguous.

Considering the technology cost, we get

ooy,  A+B ¢(en) (30)
ISW  AB[4+ a3[4 — a; — das]] — 2A% —2B?
o _ 2 A7 5 — (). (31)

If firm 1 chooses a best response to a given firm 2’s technology, (7) implies that (30)
equals zero. The effect of improving firm 2’s technology starting from the mixed-targeting

equilibrium value on ex ante social welfare is then:
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OSW AB[4 + &[4 — 04 —4a]] - 24° — 2B

Doy 1o2=a = [A+ Bla2 (@)
_AB[4+ &2 — 0y — 23] 247 28> | 2[1 - GJAB (@)
[A+ Bla2 A+ B
_ AB[4+ a2 — ay — 2a]] - 24% — 2B°
[A + B]a? '

It is ambiguous whether this expression is positive or negative.

Consumers’ surplus under competition-for-cherries The consumers’ surplus in a

SPE involving competition-for-cherries is given by:

CS =l — o] [B —Ep(p)]
+ [l — 1] [B — Eg(p2)]

+ ayag [B — E(min{p;, p2})]

1-— 1 —
:O{l[]_ — 042] |:B - B a2 In ( ) - G a2 B:|
o 1 — ) o

+ [l — oy [B_Bl ;;2 X ([1 —1042]>]

+ o {B— 1 — ]2 — 01 — oy m([ 1 )}

10 1— ag]

:OCQB[Q — Oég] .
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