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Abstract

This article analyzes behavior-based price discrimination in a two-period
competition framework where firms endogenously collect consumer data
and strategically target past customers. When firms strategically target
customers: (i) they price-discriminate high valuation customers; (ii) they
charge a homogeneous price to low valuation customers, even when they
have precise information on them. Strategic targeting questions the main
classical results of the literature: in a symmetric equilibrium firms do not
compete for customer information acquisition and there is no consumer
poaching. Sufficiently asymmetric data collection costs can restore previous
results of the literature, and we discuss their implications for firms’ data
strategies and competition in digital markets.
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†ECARES, Université Libre de Bruxelles, 50 ave Franklin Roosevelt, 1050 Brussels, Belgium;
antoine1dubus@gmail.com.

1

mailto:antoine1dubus@gmail.com


1 Introduction

With the advance of information technology, companies now collect, store, and

treat large amounts of customer data that they use to charge targeted prices to

their past customers. This practice of behavior-based price discrimination (BBPD)

has become increasingly common on the Internet (Gorodnichenko et al., 2018), and

a firm such as Amazon can collect customer data such as search behavior, GPS

localization, and any personal information to feed machine-learning algorithms to

personalize ads, products, and prices to the needs of its customers (Shiller et al.,

2013). More data collected allows firms to price-discriminate customers with an

increasing precision (Choe et al., 2018), which can lower consumer surplus (Aryal

et al., 2021). Recent studies document practices of BBPD in various industries

such as newspapers (Asplund et al., 2008), credit markets (Ioannidou and Ongena,

2010) and mortgage markets (Thiel, 2019) among many others.

While behavior-based price discrimination has been an important topic in re-

cent economic literature (Fudenberg and Tirole, 2000; Acquisti and Varian, 2005;

Fudenberg and Villas-Boas, 2006), authors usually assume that firms are not

strategic in their use of data to target customers. Firms use all customer in-

formation available and price discriminate as many consumers as possible. This

assumption has recently been questioned by the literature on customer informa-

tion design. As Bounie et al. (2021) have shown, strategic firms optimally price-

discriminate only consumers with the highest valuation for their product. They

charge a homogeneous price to other consumers with a lower valuation, even when

they have precise information on these consumers, in order to soften the compet-

itive effect of information.

This article embeds the static framework of Bounie et al. (2021) in a two-

period model of behavior-based price discrimination. In the first period, firms

have no information, and they can collect data on their customers. Information is

modeled as a partition of the consumer demand into segments of variable length.

Collecting more information reduces the length of the segments and allows firms

to better identify consumers. Varying the size of the segments can be interpreted

as changing the precision of information, which will be determined by the data
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collection strategy of each firm. In the second period, firms strategically target

some of their past customers, and they charge a homogeneous price on the rest of

the consumer demand.

This framework with strategic data collection and strategic targeting allows us

to derive four main contributions. First, we show that consumer poaching does

not occur in a symmetric equilibrium with strategic targeting. Instead, by leaving

a share of consumers unidentified in the middle of the line, Firms can soften

the competitive effect of customer targeting. This result contrasts with previous

literature that has overestimated the competitive effect of BBPD on competition

by assuming that firms price discriminate all past customers (Choe et al., 2018;

Choe and Matsushima, 2021).

Secondly, we show that in a symmetric equilibrium, there is no impact of

BBPD on competition in period 1. Contrary to classical results of the literature

(Villas-Boas, 1999; Fudenberg and Tirole, 2000), firms do not fight to acquire cus-

tomer information in period 1 and they compete à la Hotelling. As consumers

in the middle of the line are not targeted in period 2, firms have no interest to

fight to acquire information on these consumers. Thus previous literature has also

overestimated the competitive effect of BBPD at the customer information acqui-

sition stage (Villas-Boas, 1999; Fudenberg and Tirole, 2000). The implications of

these results are two folds. On the one hand, the profitability of BBPD for firms

has been underestimated by previous studies. A firm that has developed strategic

customer targeting will make significantly higher profits than a non-strategic firm,

both when competing for consumer information acquisition and when competing

with targeted pricing. On the other hand, BBPD with strategic targeting reduces

market competition compared with previous findings, and competition authorities

should reconsider the benefits of BBPD for consumer surplus.

Thirdly, a firm can strategically limit data collection by its competitor by un-

dercutting prices in the data collection stage. A firm that undercuts prices reduces

the demand of its competitor and can limit its ability to target consumers. We

show that a necessary condition for a firm to be able to constraint its competi-

tor on data collection is to incur a much lower data collection cost. This result
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has important managerial implications: a firm should invest in data collection

capacities not to be left behind in market competition with data. Competition

authorities should investigate whether markets present asymmetries in data col-

lection capacities in order to identify whether such constraining strategies take

place.

Fourthly, we show that in a symmetric equilibrium when consumers are forward-

looking, they do not hide in period 1 by purchasing their less preferred product.

As targeted consumers are those with the highest valuation for a firms’ product,

buying from the other firm would lower drastically their utility. The benefit from

paying a homogeneous price in period 2 does not cover this loss, and in equi-

librium, they prefer not to hide. This result contrasts with previous literature

that shows that consumers change their purchasing behavior when they anticipate

higher prices due to BBPD (Fudenberg and Tirole, 2000; Chen et al., 2020). In

these models, consumers located in the middle of the line hide in period 1: they

pay personalized prices in period 2 as firms target all past customers.

This article contributes to the literature on behavior-based price discrimina-

tion and its impact on market competition and consumer surplus. A general

result of this literature is that BBPD can lower firms’ profits. Villas-Boas (1999)

and Fudenberg and Tirole (2000) show that firms that can distinguish their rival

customers will engage in consumer poaching intensifying market competition.1

Villas-Boas (2004) show that BBPD lowers the profits of a monopolist when

forward-looking consumers anticipate that they will pay a higher price once they

are identified. Acquisti and Varian (2005) consider a seller’s ability to commit to

a pricing policy and find that conditioning prices on purchase histories is generally

unprofitable.2

Finally, a recent stream of the literature analyzes asymmetry between firms

(Gehrig et al., 2011). Carroni (2016) shows that when firms are asymmetric,

they engage into anti-competitive market sharing agreements and BBPD harms

1Additionally, Fudenberg and Tirole (2000) show that when customers can anticipate BBPD,
they are less price-sensitive in the first period of the game which softens competition.

2Pazgal and Soberman (2008) explore the possibility of adding value to past customers.
Although firms can lock in their customers in this way, they compete more aggressively for
customers in period 1.
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consumers. Choe et al. (2018) and Choe and Matsushima (2021) consider the

location strategies of firms on a Hotelling line, and how optimal locations vary

with the timing of the game. In particular, Choe et al. (2018) show that BBPD

with perfect consumer recognition necessarily leads to an asymmetric equilibrium,

even when firms are initially symmetric. We will show how this result depends on

the assumption that firms target all their customers, and that when allowing for

strategic targeting, the equilibrium is symmetric.

The remainder of this article is organized as follows. In Section 2 we describe

the model, and we solve the benchmark case with perfect information in Section

3. We analyze the targeting strategies of firms that have information on past

customers in period 2 in Section 4.1. We then analyze competition in period 1

in Section 4.2 and the data collection strategy of firms in Section 5. We discuss

how forward-looking consumers impact market equilibrium in Section 6. Section

7 concludes.

2 Description of the model

Two horizontally differentiated firms Firm 1 and Firm 2 compete in a product

market. We consider two competition periods s = 1, 2, in which firms sells non-

durable goods. Both firms incur the same marginal cost of production, which is

normalized to zero, and in each period consumers have unit demands.

2.1 Consumers

Consumers are uniformly distributed on a unit line [0, 1], and at each period s

they can buy one product at a price p1s from Firm 1 located at 0, or p2s from

Firm 2 located at 1.3 Since firms will be able to price discriminate when they

have information, different consumers may pay different prices. Consumer located

at x ∈ [0, 1] derives a utility V from purchasing the product. He incurs a trans-

portation cost t > 0 so that buying from Firm 1 (resp. from Firm 2), has a total

cost tx (resp. t(1−x)). At each period, consumers purchase the product for which

they have the highest utility.

3We assume that the market is covered. This assumption is common in the literature. See
for instance Bounie et al. (2021) or Montes et al. (2018).
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In period s = 1, 2, consumer located at x has a utility function defined by:

us(x) =


V − p1s − tx, if he buys from Firm 1,

V − p2s − t(1− x), if he buys from Firm 2.

(1)

In the main analysis, consumers are myopic and maximize their utility at each

consumption period.4 We will analyze in Section 6 forward-looking consumers who

anticipate in the first period the prices that they will pay in the second period. We

will show that in this model where firms strategically target consumers in period

2, forward-looking consumers do not hide in a symmetric equilibrium, and there

is no difference with myopic consumers.

2.2 Firms

Firms collect information on their customers in period 1, which they use to price

discriminate past customers in period 2. We characterize in this section the data

collection and selling strategy of each firm.

2.2.1 Collecting data

We characterize the data collection strategy of Firm 1 and Firm 2 in period 1. Each

firm collects data on its customers. Let’s denote by x̃ the consumer indifferent

between buying from Firm 1 and Firm 2 in the first period, such that Firm 1

serves consumers on [0, x̃] and Firm 2 serves consumers on [x̃, 1]. Data allows

firms to partition consumer demand into segments of size 1
k
. We denote by k1x̃

and k2(1 − x̃) the number of consumer segments collected respectively by Firm

1 and Firm 2 on their customers (we drop subscripts for the remaining of this

section). Modeling information through a partition of the consumer demand was

first introduced by Liu and Serfes (2004). They consider firms that can purchase

a partition of the whole unit line into k segments with an exogenous value of k.

We extend their framework to account for the data collection strategies of each

4This assumption is standard in a stream of the literature focusing on information acquisition
by the firms and their pricing strategies (Caillaud and De Nijs, 2014; Esteves and Vasconcelos,
2015).
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firm. In our model, firms collect information on their customers only, and not

on the whole unit line. Moreover, each firm endogenously chooses the number of

consumer segments k that it collects.

The number of consumer segments k corresponds to the precision of the infor-

mation, and a firm that has information can third-degree price-discriminate con-

sumers by charging different prices on different segments. This approach allows

us to analyze varying levels of information precision, and to characterize the data

collection strategies of competing firms. In the limit case where k →∞, informa-

tion is perfect and firms can first-degree price-discriminate their past customers.

First-degree price discrimination has been extensively studied in the literature on

BBPD (Choe et al., 2018; Chen et al., 2020; Choe and Matsushima, 2021), and we

will show how our model with endogenous data collection and strategic targeting

complements previous studies.

We illustrate in Figure 1 the partitions collected by Firm 1 when k1 = 4 and

by Firm 2 when k2 = 8. Information partitions are represented on distinct lines

for clarity.

Figure 1: Data collection by Firm 1 and Firm 2: k1 = 4 and k2 = 8.

The ratio 1
k

can be interpreted as the precision of information collected by a

firm. For instance, in Figure 1 k1 = 4 and x̃ ∈ [1
2
, 3
4
]: Firm 1 can distinguish

whether consumers belong to [0, 1
4
], [1

4
, 1
2
], [1

2
, x̃], and to [x̃, 1]. For Firm 2, k2 = 8

and x̃ ∈ [5
8
, 3
4
]: Firm 2 can distinguish whether consumers belong to [0, x̃], [x̃, 3

4
]
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or [3
4
, 1]. At the other extreme, when k converges to infinity, an informed firm

knows the exact location of each customer: Firm 1 has perfect information on

[0, x̃] and Firm 2 has perfect information on [x̃, 1]. Collecting more information by

increasing the number of segments thus allows a firm to better identify consumers

and to extract more surplus in period 2, and thus to increase its profits.

The cost of collecting data is equal to c(k) for a unit mass of consumers, which

satisfies the Inada conditions. The data collection cost is proportional to the

number of consumers on whom data is collected. Thus Firm 1 collects data at cost

c(k1)x̃ and Firm 2 collects data at cost c(k2)(1− x̃). This cost encompasses various

dimensions of the activity of firms that collect customer data, such as storing and

handling data or any other infrastructure-related costs.5 In the analysis, each firm

chooses how many consumer segments k1 and k2 it wants to collect and each firm

knows the amount of data collected by its competitor. The data collection cost

will depend on the share of consumers that each firm serves in period 1, x̃ for Firm

1 and 1− x̃ for Firm 2.

2.2.2 Targeting consumers

We now describe the targeting strategy of firms in period 2. Firms have col-

lected data on their customers in period 1, which they use for price-discrimination

purposes in period 2.

Firms can use any combination of segments that they have collected to target

consumers, contrary to previous literature where firms could use all information

or no information at all (Liu and Serfes, 2004; Choe et al., 2018). This approach

is proposed by Bounie et al. (2021), who study data brokers selling strategic in-

formation to competing firms, and we use it in this framework for the following

reasons. Using all available information is not optimal for a firm, as there are two

opposite effects of information on its profits. On the one hand, an informed firm

can price discriminate consumers, thus increasing its profits through this rent ex-

traction effect. On the other hand, information also increases competition in the

market, which reduces the profits of both firms. An optimal partition maximizes

5Such cost structure is introduced by Bounie et al. (2020).
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consumer surplus extraction while internalizing the competitive effect of informa-

tion. A strategic firm can thus weaken or strengthen the intensity of competition

on the market by determining the quantity of information that it uses to target

consumers.

Bounie et al. (2021) have shown that an optimal information structure for

a firm (say partition P1 for Firm 1) has the following features in this model.

Partition P1 divides the unit line into two intervals: the first interval consists

of j1 segments (with j1 an integer in [0, k1] and j1
k1
≤ x̃) of size 1

k1
on [0, j1

k1
].

We refer to this interval as the share of targeted consumers. Firm 1 does not

target consumers in the second interval of size 1 − j1
k1

, and charges a uniform

price on this second interval. We refer to this interval as the share of untargeted

consumers. Similarly, Firm 2 will optimally target consumers belonging to the

j2 ≤ k2 segments located closest to its location (with j2
k2
≤ 1− x̃), the segments of

consumers targeted by Firm 2 will belong to [ j2
k2
, 1], and consumers on [0, j2

k2
] will

be charged a homogeneous price by Firm 2. Consumers on [ j1
k1
, j2
k2

] are not targeted

by firms in period 2, even though firms have collected data about them in period 1.

Bounie et al. (2021) have shown that, by leaving a share of consumers untargeted

by firms, these optimal partitions balance the rent extraction and the competition

effects of information. While previous literature has assumed that firms price-

discriminate all consumers that they have identified, we will show by relaxing

this assumption that it is optimal for firms to keep a large share of consumers

untargeted, even when firms have information about them.

Any optimal partition must be similar to partition P1, and the optimization

problem boils down to choosing a single value j1(k1) form Firm 1, and j2(k2) for

Firm 2. We assume that firms choose j1 and j2 simultaneously and that each firm

can observe the targeting strategy of its competitor. This assumption is standard

in the literature where firms can observe prices set by their competitors (Acquisti

and Varian, 2005; Fudenberg and Villas-Boas, 2006), and in equilibrium, j1 will

be chosen by Firm 1 as the best response to j2 and reciprocally.
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Figure 2: Targeting strategies of firms in period 2 with k1 = 4, j1 = 2, k2 =
8, j2 = 2.

Figure 2 illustrates the optimal partitions chosen by Firm 1 and Firm 2.6 Con-

sumers on segment [ j1
k1
, 1] and [0, j2

k2
] are charged a homogeneous price by Firm 1

and Firm 2 respectively, and we refer to these segments as untargeted consumers.

In particular consumers on [ j1
k1
, j2
k2

] are untargeted by both firms.

The data collection stage can have an impact on the targeting strategy of firms.

In period 1, Firm 1 collects information on [0, x̃] and Firm 2 collects information

on [x̃, 1]. Therefore, the targeting strategy of each firm must verify: j1
k1
≤ x̃ and

j2
k2
≤ 1− x̃. By assuming that firms target all past customers, previous literature

focuses on the limit case of our model where j1
k1

= x̃ and j2
k2

= 1− x̃. We will show

that these equalities do not hold in a symmetric equilibrium. We will show in

Section 4.2 that there exists asymmetric equilibrium in which a firm can undercut

prices in period 1 to change the value of x̃ and to limit data collection by its rival.

By doing so, it can constraint the targeting strategy of its rival in period 2.

2.2.3 Profits

We describe the profits of the firms over both periods. At the beginning of period

1, firms maximize the sum of their profits on both periods by discounting period

6Firms compete with information on the same unit line. We represent the prices charged by
each firm on separate lines for clarity purposes.
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2 with factor δ.

The profits of each firm on period 1 are those in the standard Hotelling model

without information. Without information on customers, firms only know that

consumers are uniformly distributed on the unit line. Firm θ sets pθ1 in equilib-

rium, and the resulting demand is dθ1 = p−θ1−pθs+t
2t

, where d11 = x̃ and d21 = 1− x̃.

The profits of Firm θ are πθ1 = dθ1pθ1.

In period 2, firms maximize their profits after having selected a partition jθ of

consumers to price discriminate. We denote by dθi2 the demand of Firm θ on the

ith segment of consumer that it target. dθi2 depends on the size of the segment

which is defined by the number of data collected kθ: for Firm 1, d1i2 = 1
k1

, and

for Firm 2 d2i2 = 1
k2

. An informed Firm θ maximizes the following profit function

with respect to pθ12, .., pθn2:

π12(p1i2, p12) =

j1∑
i=1

d1i2p1i2 + p12d12,

π22(p2i2, p22) =

j2∑
i=1

d2i2p2i2 + p22d22.

(2)

In period 2, firms simultaneously set prices on each segment of the unit line

where they have information. Firm θ sets prices in two stages. First, she sets prices

on segments where she shares consumer demand with its competitors. Then, on

segments where she is a monopolist, she sets a monopoly price. Each firm knows

whether its competitor is informed, and the partition j−θ. Sequential pricing deci-

sion avoids the nonexistence of Nash equilibrium in pure strategies and is common

in the literature supported by managerial practices. For instance, Acquisti and

Varian (2005) use sequential pricing to analyze intertemporal price-discrimination

with incomplete information on consumer demand. Jentzsch et al. (2013) and

Belleflamme et al. (2020) also focus on sequential pricing where a higher person-

alized price is charged to identified consumers after a firm sets a uniform price.

Sequential pricing is also common in business practices. Recently, Amazon has

been accused to show higher prices for Amazon Prime subscribers, who pay an an-

nual fee for unlimited shipping services, than for non-subscribers (Lawsuit alleges
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Amazon charges Prime members for ”free” shipping, Consumer affairs, August

29, 2017). Thus Amazon first sets a uniform price and then increases prices for

high-value consumers who are better identified when they join the Prime program.

Demands in period 1 will impact the profits of firms in two ways. First, con-

sumer data collection is costly and increases with demand. A firm with high data

collection costs has interest to charge a high price in period 1 to serve few con-

sumers. Secondly, a firm that has served few customers in period 1 can be limited

on its targeting strategy jθ in period 2. When choosing prices in period 1, firms

take these two effects into account and maximize their aggregate profits over both

periods with a discount factor. To emphasize the impact of prices in period 1

on market outcome in period 2, we write the location of the indifferent consumer

x̃(p11, p21). Overall the objective functions of the firms at the beginning of the

game are:

For Firm 1: max
p11
{π11(p11, p21)− c(k1)x̃(p11, p21) + δπ12(p1i2, p12, x̃(p11, p21))}

For Firm 2: max
p21
{π21(p21, p11)− c(k2)(1− x̃(p11, p21)) + δπ22(p2i2, p22, x̃(p11, p21))}

(3)

2.3 Timing

We summarize the timing of the game. In period 1, firms choose the number of

data k1 and k2 that they will collect on their customers. k1 and k2 are known to

both firms, and after having chosen these values, firms compete and collect data

on their customer. In period 2, firms choose which partitions j1(k1) and j2(k2)

they use to price discriminate consumers. Then firms set prices on the segment of

untargeted consumers where they compete, and in the last stage, firms set prices

on the monopolistic segments. The timing of the game is the following:

• Period 1:

– Stage 1: Each firm chooses a number kθ of consumer segments to collect

at a unit cost c(kθ).
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– Stage 2: Firms compete be setting prices p11 and p21, and collect kθ

segments of information on their customers.

• Period 2:

– Stage 1: Each Firm θ simultaneously chooses partition jθ(kθ) that it

will use to price discriminate consumers.

– Stage 2: Firms set prices p12 and p22 on the competitive segments of

the unit line.

– Stage 3: Firms set prices pθi2 on consumers that they price discriminate.

3 Benchmark: perfect information on past cus-

tomers

We begin our analysis by considering the benchmark case where data collection is

costless and firms collect perfect information on their past customers. Analyzing

perfect information allows us to focus on the impact of strategic targeting on

market equilibrium in period 2, and how it impacts in turn competition in period

1. This framework has recently been used by Choe et al. (2018), who show that

the equilibrium of this model is necessarily asymmetric, and poaching occurs in

period 2. We will show that with strategic targeting in period 2, the equilibrium

of the game is symmetric, and poaching never occurs.

3.1 Period 2: strategic targeting with perfect information

We analyze in this section the optimal targeting strategies of firms when they

have perfect information on their past customers. With perfect information, firms

first-degree price discriminate some of their customers, and the targeting strategy

corresponds to the number of consumers that a firm targets. We first compute

prices and demands depending on the targeting strategy of each firm. We then

characterize the optimal targeting strategies of firms.
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3.1.1 Prices and demands

We compute prices and demands in period 2 when firms have perfect information

and target consumers strategically. With strategic targeting, Firm 1 chooses the

value of x1, the last consumer that it price discriminates. Thus Firm 1 first-

degree price discriminates consumers on [0, x1], and charges consumers on [x1, 1]

a homogeneous price. Similarly, Firm 2 price discriminates consumers on [x2, 1],

and charges consumers on [0, x2] a homogeneous price. The choices of x1 and x2

correspond to the targeting strategies of Firm 1 and Firm 2, and we will analyze

their optimal values in the next section.

Lemma 1 gives the equilibrium prices that we will use to compute the profits

of firms as well as consumer surplus.

Lemma 1

In period 2, the equilibrium prices with perfect information are the following:

• Targeted consumers located on [0, x1] purchase the product of Firm 1, those

on [x2, 1] purchase the product of Firm 2, and they pay the following prices:

p12(x) = 2t

[
1− x1

3
− 2x2

3
− x
]
,

p22(x) = 2t

[
1− x2

3
− 2x1

3
− (1− x)

]
.

• On the segment where consumers are not targeted by Firm 1 and Firm 2

respectively:

p12 = t

[
1− 4

3
x1 −

2

3
x2

]
,

p22 = t

[
1− 4

3
x2 −

2

3
x1

]
.
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Proof: See Appendix A.1.

The targeting strategies have opposite effects on the profits of the firms. On

the one hand, the higher the xθ, the more consumers are targeted by Firm θ.

Targeted consumers pay a higher price than untargeted consumers, and targeting

more consumers increases the profits of a firm. On the other hand, increasing xθ

also increases competition between firms and lowers the price that they can charge

to consumers. The optimal targeting strategies of firms balance these two effects

of information on their profits.

Replacing prices in the expression of the profit functions, we write in Lemma

2 the profits of the firms with respect to x1 and x2.

Lemma 2

In period 2, the profit of Firm θ with respect to xθ and x−θ is the following:

πθ2 =
t

2
− 7

9
x2θt+

2

9
x2−θt−

4

9
xθx−θt+

2

3
xθt−

2

3
x−θt.

It is clear that profits are strictly concave functions with respect to x1 and x2, and

therefore, they have a unique maximum that we characterize in the next section.

3.1.2 Strategic customer targeting

We characterize the optimal targeting strategies of firms in the benchmark case

when they have perfect information on past customers. An important element of

the analysis is the value of the indifferent consumer in period 1, x̃, and in period 2,

x̂. Indeed, it is common in the literature that BBPD result in poaching practices:

some consumers purchase from one firm in period 1, and then from its competitor

in period 2. Poaching is considered beneficial for consumers as it results from a

more competitive market in period 2 thanks to BBPD.

Lemma 3 provides the equilibrium values of x1 and x2, the equilibrium profits,

as well as x̂, the location of the indifferent consumer in period 2.
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Lemma 3

In period 2, the benchmark equilibrium with strategic targeting is characterized

by the following values:

x∗1 = x∗2 =
1

3
, x̂ =

1

2
,

π∗θ2 =
7t

18
.

Proof: see Appendix A.2.

Each firm has the same optimal targeting strategy, in which they target only part

of their past customers. Firms have information on consumers in [1
3
, 2
3
], but they

charge them a homogeneous price in period 2. Moreover, the indifferent consumer

is located in the middle of the line: x̂ = 1
2
. We will see in the next section that in

a symmetric equilibrium, the consumer indifferent between both firms in period

1 is also located in the middle of the line, and that consumer poaching does not

occur when firms target consumers strategically.

Each firm can target in period 2 customers that it has served in period 1. The

location of the indifferent consumer in period 1, x̃, is therefore essential for the

targeting strategy of firms in period 2. Indeed, if x̃ ∈ [1
3
, 2
3
], both firms can target

their optimal number of consumers in period 2. On the contrary, if x̃ ∈ [0, 1
3
] or if

x̃ ∈ [2
3
, 1], respectively Firm 1 and Firm 2 will not be able to target their optimal

number of consumers, and will be constrained on their targeting strategy. Lemma

4 characterizes such constrained equilibrium in the special case where x̃ ∈ [0, 1
3
]

and Firm 1 is constrained on its targeting strategy (the case where Firm 2 is

constrained is identical).

Lemma 4

In period 2 when x̃ ∈ [0, 1
3
], the benchmark equilibrium with strategic targeting

is characterized by the following values:

x∗1 = x̃, x∗2 =
3

7
− 2x̃

7
, x̂ =

6x̃+ 5

14
,
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π∗12 =
25t

98
+

30t

49
x̃− 31t

49
x̃2,

π∗22 =
9t

14
− 6t

7
x̃+

2t

7
x̃2.

Proof: see Appendix A.3.

The profits of Firm 1, π∗12, are lower than in the unconstrained equilibrium. They

decrease when x̃ decreases as the constraint becomes more binding. On the con-

trary, the profits of Firm 2, π∗22, always increase when x̃ decreases, and it is

beneficial for Firm 2 to face a constrained competitor. When Firm 1 targets fewer

consumers, competition is relaxed and Firm 2 makes higher profits.

We will see in the next section how a firm can constraint the targeting strategy

of its competitor by undercutting prices in period 1, which limits the number of

consumers that its serves and on whom it collects information.

3.2 Period 1: consumer data collection

We consider now competition in period 1 when firms collect data on their cus-

tomers. We first characterize the symmetric equilibrium in period 1. We then

analyze whether it is profitable for a firm to deviate from the symmetric equi-

librium to constraint the targeting strategy of its competitor in period 2. We

will show that deviation is never profitable and that the equilibrium is always

symmetric.

In this benchmark case, we focus on perfect data collection, without collection

cost. In the symmetric equilibrium, firms maximize profits in period 1 and market

equilibrium is as in standard Hotelling competition without data collection.

Lemma 5

In period 1, the symmetric equilibrium has the following properties:

pθ1 = t, x̃ =
1

2
, πθ1 =

t

2
.

17



The proof is available upon request.

In this symmetric equilibrium, firms serve the same consumers in period 1 and

period 2 and: x̃ = x̂. Thus, contrary to previous literature (Fudenberg and Tirole,

2000; Choe et al., 2018) there is no consumer poaching even though firms engage in

BBPD. Additionally, as firms target consumers strategically in period 2, they do

not fight for consumer information acquisition in period 1. Therefore, competition

and consumer surplus are much lower than in previous models of BBPD, and these

results question the benefits of BBPD for consumers.

In the symmetric equilibrium, firms maximize their profits over both periods

independently, and the sum of profits for Firm 1 and Firm 2 over both periods

are: πθ = t
2

+ δ 7t
18

.

We now consider whether it is profitable for a firm, say Firm 2 without loss

of generality, to deviate from this symmetric equilibrium and undercut prices in

period 1. By doing so, it can constraint the targeting strategy of Firm 1 and make

higher profits in period 2.

In a constraining equilibrium, Firm 2 maximizes the sum of profits in period

1 and period 2 discounted by the factor δ. Proposition 1 shows that firms never

deviate from the symmetric equilibrium in the benchmark case.

Proposition 1

It is never profitable for a firm to deviate from the symmetric equilibrium, and

constraining strategies never occur in the benchmark case with strategic targeting.

Proof: see Appendix A.4.

Deviation from the symmetric equilibrium is never profitable for firms. Indeed,

in order to constraint their competitor in period 2, they must undercut prices so

that the indifferent consumer is very close to the competitor’s location in period

1. For instance, if Firm 2 want to constraint Firm 1, it must be that x̃ < 1
3
, and

we can show that it requires that p21 ≤ t
3
. There is thus an important loss in

period 1 for a firm that deviates from the symmetric equilibrium, and the benefits

in period 2 do not cover this loss. Therefore, the conclusions of the symmetric
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equilibrium hold: firms do not compete to obtain consumer information in period

1, and consumer poaching does not occur.

We generalize this benchmark in the remaining of the paper, in order to account

for strategic data collection by firms. We will show that the structure of the data

collection cost is essential to understand competition with BBPD. In particular, we

will show that for a range of cost functions, constraining strategies are profitable

for firms, and asymmetric equilibrium exist.

4 Model resolution

We generalize the benchmark model to account for the data collection strategies

of the firms. In Section 4.1 we characterize the optimal targeting strategies of the

firms when they have imperfect information and they third-degree price discrimi-

nate some of their past customers. In Section 4.2 we analyze competition in period

1 when firms collect data on their customers. Data collection is costly, and firms

endogenously choose the number of segments that they collect on their customers

in period 1.

4.1 Period 2: strategic targeting and competition

We characterize in this section the prices and profits of each firm when they target

past customers with imperfect information in period 2. We then characterize the

optimal targeting strategies of Firm 1 and Firm 2.

4.1.1 Prices and demands

In period 2 each firm charges personalized prices on its targeted consumers, and a

homogeneous price on the rest of the line. Lemma 6 gives the equilibrium prices

that we will use to compute the profits of firms as well as consumer surplus.

Lemma 6

In period 2, the equilibrium prices are characterized by the following properties:
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• For each segment i = 1, .., j1(k1) and i′ = 1, .., j2(k2):

p1i2 = 2t

[
1− j1

3k1
− 2j2

3k2
− i

k1

]
,

p2i2 = 2t

[
1− j2

3k2
− 2j1

3k1
− i′

k2

]
.

• For the segment where consumers are not targeted by Firm 1 and Firm 2

respectively:

p12 = t

[
1− 4j1

3k1
− 2j2

3k2

]
,

p22 = t

[
1− 4j2

3k2
− 2j1

3k1

]
.

Proof: See Appendix A.5.

According to Lemma 6 the targeting strategy of each firm determines the inten-

sity of competition. Homogeneous prices p1 and p2 and personalized prices pθi2

decrease with j1 and j2. This is the competitive effect of price discrimination that

reduces the profits of firms. Moreover, personalized prices are higher than the ho-

mogeneous price: pθi2 > pθ2. Targeting customers allows to extract more surplus

and firms make higher profits through this rent extraction effect. We will show

that the optimal targeting strategy balances these competitive and rent extraction

effects of targeting.

We compute the resulting demands using the location of the consumer indif-

ferent between buying from Firm 1 and Firm 2 in period 2, which is given by

x̂ = p22−p12+t
2t

= 1
2

+ j1
3k1
− j2

3k2
. The demands of untargeted consumers who pay the

homogeneous price are respectively:

d12 =
1

2
− 2j1

3k1
− j2

3k2
,

d22 =
1

2
− j1

3k1
− 2j2

3k2
.
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Demands decrease with j1
k1

and j2
k2

. On the one hand, a firm that targets more con-

sumers reduces the share of untargeted consumers. On the other hand, this share

also decreases when the competitor increases j−θ which intensifies the competitive

pressure on the segment of untargeted consumers.

We replace prices and demand in the profit functions of firms in period 2 by

their equilibrium values given in Lemma 6. The profits of each firm only depend

on firms’ targeting strategies j1 and j2, and data collection kθ.

Lemma 7

In period 2, the profit of Firm θ depending on firms’ data collection and tar-

geting strategies is:

πθ2 =
t

2
− 7

9

j2θ t

k2θ
+

2

9

j2−θt

k2−θ
− 4

9

jθj−θt

kθk−θ
+

2

3

jθt

kθ
− 2

3

j−θt

k−θ
− jθt

k2θ

Proof: see Appendix A.6.

The profit of Firm θ is a concave function with respect to jθ, and thus has a unique

maximum j∗θ , which we characterize in the next section.

4.1.2 Strategic customer targeting

We analyze the targeting strategy of each firm in period 2, when firms have in-

formation on past customers. Firm 1 has collected k1x̃ consumer segments and

chooses the numbers j1(k1) ≤ k1x̃ of segments to whom it charges targeted prices

p1i2. Similarly, Firm 2 chooses the number j2(k2) ≤ k2(1 − x̃) of consumer seg-

ments to whom it charges targeted prices p2i2. Each firm can observe the targeting

strategy of its competitor, and j1 and j2 are chosen as simultaneous best response.7

There are two cases two consider depending on the number of consumers that

firms have served and identified in period 1. In Section 4.1.2.1 we characterize the

equilibrium in period 2 when firms are unconstrained on their targeting strategies.

This allows us to provide the optimal numbers of consumers targeted by each firm.

7This assumption is standard in the literature on price discrimination (Bounie et al., 2021).
Alternatively, we can assume that firms can instantaneously observe the homogeneous price of
their competitor, as in standard Hotelling competition models (Thisse and Vives, 1988), and
adjust their targeting and pricing strategies accordingly.
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In Section 4.1.2.2 we characterize market equilibrium when a firm is constrained

on its targeting strategy.

4.1.2.1 Equilibrium targeting strategy

We characterize in this section the optimal targeting strategy of each firm. We

will show that firms do not target all past customers, and therefore, that they are

not constrained in their targeting strategy in a symmetric equilibrium.

Proposition 2 provides the targeting strategies of Firm 1 and Firm 2, charac-

terized by the locations of the last consumer targeted by Firm 1 j1(k1)∗

k1
and by

Firm 2 j2(k2)∗

k2
in equilibrium.

Proposition 2

• The optimal shares of consumers targeted respectively by Firm 1 and Firm

2 in period 2 are characterized by:

j1(k1)
∗

k1
=

1

3
+

1

5k2
− 7

10k1
,

j2(k2)
∗

k2
=

1

3
+

1

5k1
− 7

10k2
.

Proof: see Appendix A.7.

When x̃ ∈ [ j1(k1)
∗

k1
, j1(k2)

∗

k2
] each firm can target its optimal share of past customers.

Proposition 2 shows that firms won’t target all available segments and will strate-

gically withhold information on consumers. Keeping a share of consumers paying

a homogeneous price allows firms to soften the competitive effect of price discrim-

ination and to charge higher prices to target customers than in a situation where

all customers are targeted.

Lemma 8 gives the unconstrained profits of Firm 1 and Firm 2 in period 2 with

respect to the number of data k1 and k2 that they collect in period 1.

22



Lemma 8

Profits in period 2 are:

π12(k1, k2, x̃) =
7t

18
− 7t

15k1
+

39t

100k21
+

7t

15k2
− 7t

25k1k2
+

7t

50k22
,

π22(k1, k2, x̃) =
7t

18
− 7t

15k2
+

39t

100k22
+

7t

15k1
− 7t

25k1k2
+

7t

50k21
.

Proof: see Appendix A.8.

From these expressions it is clear that the profit of a Firm θ increases with the

number of consumer segments collected kθ. This result contrasts with previous

literature that finds that the profits of the firms decrease when information pre-

cision increases (Choe et al., 2018). In this model, finer segments allow a firm to

better extract surplus from targeted consumers, which increases its profits. We

will analyze in Section 5 how this relationship between data collection and profits

impacts the data collection strategy of a firm in period 1.

We have focused in this section on the unconstrained targeting strategy of firms

in period 2. We have seen that if the indifferent consumer in period 1 belongs to

[ j1(k1)
∗

k1
, j1(k2)

∗

k2
], firms won’t be constrained in their targeting strategy in period 2.

In the next section, we analyze market equilibrium when one of the firms cannot

target its optimal share of consumers in period 2. We will then analyze in Section

4.2 when it is profitable for a firm to deviate from a symmetric equilibrium in

order to constraint the targeting strategy of its competitor.

4.1.2.2 Constraining targeting strategy

We now consider competition in period 2 when a firm constraints its competitor

on its targeting strategy. Without loss of generality, we focus on the case where

Firm 2 constraints Firm 1: x̃ <
j∗1
k1

= 1
3

+ 1
5k2
− 7

10k1
and j1

k1
= x̃. In this case, the

equilibrium number of segments targeted by each firm is given in Lemma 9.8

Lemma 9

8Similarly, the optimal targeting strategies when Firm 2 is constrained by its share of iden-
tified consumers are: j2

k2
= 1− x̃, and j1

k1
= 3

7 + 2x̃
7k1
− 17

14k1
.
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In period 2, the optimal targeting strategies when Firm 1 is constrained on its

share of identified consumers are:

j1
k1

= x̃,

j2
k2

=
3

7
− 2x̃

7k2
− 9

14k2
.

Proof: see Appendix A.9.

Lemma 9 shows how Firm 2 changes its targeting strategy according to the con-

straint faced by Firm 1. When x̃ decreases, the constraint on Firm 1 increases,

and Firm 1 targets fewer consumers than in the unconstrained equilibrium. This

relaxes the competitive pressure exerted by Firm 1 on the unit line in period 2. In

turn, Firm 2 identifies more consumers when the constraint on Firm 1 increases:
j2
k2

increases as x̃ decreases. As competition becomes weaker, it is more profitable

for Firm 2 to target consumers located further away from its location. When

the constraint is maximal, x̃ = 0 and Firm 2 price-discriminates consumers on

[3
7
− 9

14k2
, 1].

We write in Lemma 10 the profit of each firm when Firm 1 is constrained on

j1 by replacing j1 and j2 by their equilibrium values.

Lemma 10

The profits of firms in period 2 when Firm 1 is constrained on its targeting

strategy are:

πc12(k1, k2, x̃) =
25t

98
+

30tx̃

49
− 31tx̃2

49
− tx̃

k1
+

18x̃+ 15

49k2
t+

9t

98k22
,

πc22(k1, k2, x̃) =
9t

14
+

2tx̃

7
(x̃− 3) +

2t

7k2
(x̃− 3) +

9t

28k22
.

Proof: see Appendix A.10.

The profits of Firm 2 when facing Firm 1 constrained on targeting always increase

when x̃ decreases. There is thus an interest for a firm to face a constrained com-

petitor. When Firm 1 cannot target its optimal number of consumers, competition
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is less intense than in the unconstrained equilibrium and the profits of Firm 2 are

higher.

On the contrary, the profits of Firm 1 decrease when x̃ decreases following two

effects. On the one hand, Firm 1 cannot target its optimal number of customers,

and the stronger the constraint, the lower the profits of Firm 1. On the other

hand, Firm 2 identifies more consumers when x̃ decreases, which increases the

competitive pressure on the market and reduces the profits of Firm 1.

We will analyze in the next section competition and data collection by firms

in period 1, and how it impacts their targeting strategy in period 2. By undercut-

ting its price in period 1, a firm can limit the ability of its competitor to target

consumers in period 2 and make higher profits.

4.2 Period 1: competition and consumer data collection

We analyze in this section competition in period 1. Firms compete in price and

collect data on consumers who purchase their product. Therefore period 1 has

an impact on competition in period 2, as firms will adapt their targeting strategy

depending on the number of customers that they can target. When choosing

prices p11 and p21, Firm 1 and Firm 2 maximize profits while accounting for the

data collection cost that increases with consumer demand, and for their targeting

strategy in period 2.

For Firm 1: max
p11
{(p11 − c(k1))

(
p12 − p11 + t

2t

)
+ δπ12(p1i2, p12, x̃(p11, p21))}

For Firm 2: max
p21
{(p21 − c(k2))

(
p11 − p12 + t

2t

)
+ δπ22(p2i2, p22, x̃(p11, p21))}

(4)

We first analyze in Section 4.2.1 market equilibrium when x̃ is not constraining the

targeting strategy of firms in period 2. We show that strategic targeting in period

2 has no impact on competition in period 1. However, as data collection is costly,

firms charge higher prices in period 1 than in the standard Hotelling framework
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without data collection. We then analyze in Section 4.2.2 market equilibrium

when a firm limits the data collection strategy of its competitor by undercutting

prices in period 1. Such constraining strategy prevents the firm with the lowest

consumer demand to target its optimal number of consumers in period 2.

4.2.1 Consumer data collection: no price undercutting

We characterize competition in period 1 when firms do not constraint each other

on data collection. In this case, prices in period 1 are chosen in order to maximize

the profits of the firms, which are given in Lemma 11.

Lemma 11

Consider x̃ that does not constraint a firm’s targeting strategy in period 2.

In period 1, prices p11 and p21 are chosen to maximize the following profits

functions:

π11(p11) = (p11 − c(k1))
(
p12 − p11 + t

2t

)

π21(p21) = (p21 − c(k2))
(
p11 − p12 + t

2t

)
Profits are those in standard Hotelling competition with asymmetric costs that

are proportional to consumer demand. First-order conditions on π11 and π21 give

us prices and profits in equilibrium for period 1.9

Proposition 3

Prices and profits in equilibrium are as follows:

p∗θ1 = t+
2c(kθ) + c(k−θ)

3

π∗θ1 =
t

2
+
c(k−θ)− c(kθ)

3t
+

(c(k−θ)− c(kθ))2

18t
9The proof is available upon request.
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The location of the indifferent consumer is characterized by x̃ = 1
2

+ c(k2)−c(k1)
6t

,

and we assume that data collection costs are close enough so that x̃ ∈ [
j∗1
k1
,
j∗2
k2

]. In

this case, x̃ is not constraining the targeting strategies of firms in period 2, and

Proposition 3 shows that data collection costs have a positive impact on prices

in period 1. By serving more consumers firms incur a cost to collect data, which

increases the equilibrium prices of their product. There is a positive externality

of a firm’s data collection cost on its competitor: as a higher cost increases the

equilibrium price set by a firm, its competitor raises also its price in response.

The effects of data collection costs on a firm’s profits depend on the cost of its

competitor. Consider the case where Firm 1 has a lower collection cost that Firm

2, without loss of generality: c(k1) < c(k2). π
∗
11 = t

2
+ c(k2)−c(k1)

3t
+ (c(k2)−c(k1))2

18t
> t

2
,

and the profit of Firm 1 is higher than in the standard Hotelling model without

information. As Firm 2 faces a higher cost than Firm 1, it is willing to serve fewer

consumers to lower its data collection cost. Thus Firm 2 lowers its demand leaving

Firm 1 with a larger share of consumers to serve.

On the contrary, the profit of Firm 2 depends on the term c(k1)−c(k2)
3t

+ (c(k2)−c(k1))2
18t

.

For c(k2) ∈ [c(k1), c(k1) + 3t], this term is negative and Firm 2 makes lower profits

than in the Hotelling model without data collection. Other values of c(k2) are

ruled out of the analysis as the indifferent consumer would not belong to [0, 1].

Finally, when data collection is costless, the profits of firms are those in the

standard Hotelling model: πθ1 = t
2
. As firms target customers strategically, com-

petition between firms in period 1 is not impacted by competition in period 2.

Proposition 4 summarizes this discussion.

Proposition 4

When firms strategically target consumers in period 2, there is no competitive

effect of customer identification in period 1 in an unconstrained equilibrium.

Proposition 4 is an important result of this article. Previous models of behavior-

based price discrimination usually observe an increase in competition in the first

period of the game where firms want to collect data on as many consumers as pos-

sible (Pazgal and Soberman, 2008; Zhang, 2011; Choe et al., 2018). We show that
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when firms strategically target consumers in period 2, they target high valuation

customers only, and they do not compete in period 1 for information acquisition.

Moreover, in a symmetric equilibrium, firms do not poach consumers in period 2.

Thus strategic customer targeting suppresses the competitive effect of customer

information acquisition.

We analyze in the next section the conditions under which it is profitable for

a firm to undercut prices in period 1 in order to lower the number of consumers

serve by its competitor and to constraint its targeting strategy in period 2.

4.2.2 Consumer data collection: price undercutting and constraining
strategies

Firm 2 (without loss of generality) can undercut its price in period 1 to lower the

demand of Firm 1 and limit its ability to target consumers in period 2. In this

case, prices set by each firm in period 1 impact their profits in period 2, and the

overall profits of firms are given in Lemma 12.

Lemma 12

In period 1, when x̃ ∈ [0, j1(k1)
∗

k1
], firms maximize the following profits functions,

with respect to p11 and p21:

π1(p11) = (p11 − c(k1))
(
p12 − p11 + t

2t

)
+ δπc12(x̃(p11, p12)),

π2(p21) = (p21 − c(k2))
(
p11 − p12 + t

2t

)
+ δπc22(x̃(p11, p12)).

These objective functions are composed for each firm of the sum of profits in

periods 1 and 2, which are both concave with a unique maximum. Thus the

objective function of each firm is also concave with a unique maximum, and we

can apply first-order conditions on π1 and π2 w.r.t. p11 and p21 respectively, which

give us prices in equilibrium and the location of x̃(p11, p21). For simplicity, we

provide equilibrium values for δ = 1.
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Proposition 5

Prices and profits in equilibrium when Firm 1 is constrained on j1 are the

following:

p∗11 =
30t

41
+

21t

41k1
− 2t

41k2
+

20c(k2) + 21c(k1)

41
,

p∗21 =
91t

164
+

35t

164k1
+

6t

41k2
+

129c(k2) + 35c(k1)

164
,

x̃∗ =
135

328
+

4

41k2
− 49

328k1
+

49(c(k2)− c(k1))
328t

.

Proof: see Appendix A.11.

A necessary condition for the targeting strategy of Firm 1 to be constrained in

period 2 is to have x̃∗ <
j∗1
k1

= 1
3

+ 1
5k2
− 7

10k1
. This inequality to hold if data

collection costs are sufficiently asymmetric: c(k1) − c(k2) > 11t
21

+ 129t
35k1
− 24t

35k2
. In

this case, Proposition 5 shows that Firm 2 can constraint Firm 1 on its targeting

in period 2 by undercutting prices and serving far away customers in period 1. In

period 1, competition is higher, and prices are lower than in the unconstrained

equilibrium. When Firm 1 cannot target its optimal number of customers in period

2, its profits are smaller than without the constraint, while the profits of Firm 2

are higher in period 2.

We now consider profits in periods 1 and 2 when Firm 2 constraints Firm 1,

and we compare them with profits in the unconstrained equilibrium.

Proposition 6

Compared with the unconstrained equilibrium, when Firm 2 constrains the data

collection strategy of Firm 1 in period 1:

• (a) The profits of both firms are lower in period 1:

πcθ1 < πθ1.
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• (b) The profits of Firm 2 are higher in period 2:

πc22 > π22.

• (c) The profits of Firm 1 are lower in period 2:

πc12 < π12.

Proof: see Appendix A.12.

A firm with a data collection cost that is sufficiently lower than its competitor is

willing to undercut prices and make lower profits in period 1 to limit the targeting

strategy of its competitor in period 2. The expected benefits in period 2 compen-

sate the loss of profits in period 1 according to the discount factor: the smaller

the δ, the lower the incentives of a firm to constraint its competitor.

Constraining strategies arise in equilibrium under sufficient asymmetry in data

collection cost in period 1. A firm that pays low data collection costs will domi-

nate markets and serve a large share of consumer demand in both periods. On the

contrary, if costs are symmetric, constraining strategies will not take place and

firms won’t undercut prices in period 1. It is thus important to understand the

structure of the data collection cost of each firm. In particular, Carroni (2016)

shows that asymmetric firms engage into market sharing agreements.10 In this

model, the cost is proportional to consumer demand, which impacts the firms’

pricing strategies in period 1, and asymmetric firms compete more fiercely. Dif-

ferent cost structures will have significant impacts on data collection and pricing

strategies. We analyze in the next section the incentives of firms to collect data

in period 1.

5 Strategic data collection

We consider in this section the strategies of firms when investing in data collection.

In the first stage of the game, each Firm θ can choose how many segments kθ
10He considers firms selling products with asymmetric quality, which can be transposed to

other types of asymmetry, for instance on data collection costs.
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it collects on consumer demand. In Section 5.1 we consider the incentives of

firms to collect data in the unconstrained equilibrium, when data collection costs

are sufficiently symmetric: c(k1) − c(k2) < 11t
21

+ 129t
35k1
− 24t

35k2
. In this case, a

higher kθ is more costly to collect in period 1 but increases profits in period 2.

Indeed, more precise information allows firms to better extract consumer surplus

in period 2 and yields higher profits. Then in Section 5.2 we analyze the case where

data collection costs are asymmetric so that a firm can constraint its competitor

targeting strategy.

5.1 Data collection in equilibrium

Consider first the case where data collection costs are similar for both firms, and

c(k1) − c(k2) <
11t
21

+ 129t
35k1
− 24t

35k2
. We have seen in the previous section that in

this case, it is not profitable for a firm to constraint its competitor on the number

of consumers that it identifies in period 1 and targets in period 2. We show in

Proposition 7 that a symmetric equilibrium exists in data collection.

Proposition 7

There exists a symmetric equilibrium in which both firms collect the same

amount of data on their customers:

k1 = k2.

The proof of this proposition results from the two opposite effects of data collection

on the profit of a firm. On the one hand, Proposition 3 shows that it is more

profitable for Firm 1 in period 1 to collect fewer consumer data than Firm 2,

and to have c(k1) < c(k2). In turn, Firm 2 will have interest to collect less

data than Firm 1, and consumer data collection will decrease. On the other

hand, collecting data allows firms to increase profits in period 2 through better

consumer surplus extraction. This second effect drives up data collection. In

the symmetric equilibrium of the game, firms collect k1 = k2 = k data, such that

−π′θ1(k) = δπθ2(k)′: the discounted marginal gain in period 2 from collecting more

data and extracting more surplus is equal to the marginal loss in period 1 from
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losing market shares and collect costly data. The optimal value of k thus balances

the two effects of data collection on profits

5.2 Data collection in constraining equilibrium

We now analyze how the data collection strategies of firms can lead to an equi-

librium where one firm constrains the other on its targeting strategy. We have

shown in Section 4.2 that a firm can undercut prices in period 1 to limit data

collection by its competitor and constraint targeting in period 2. A necessary

condition for such constraining strategy to take place is for the constrained firms

to pay a higher data collection cost than its competitor, such as if k1 > k2:

c(k1) − c(k2) > 11t
21

+ 129t
35k1
− 24t

35k2
. In this case, Firm 2 finds it profitable to con-

straint Firm 1 on its targeting strategy by limiting the number of consumers that

it identifies in period 1.

Proposition 8

There exists an asymmetric equilibrium in which one firm (say Firm 1) collects

more consumer data than its competitor:

k1 > k2.

The proof of Proposition 8 results from an additional effect of data collection on

the profits of the firms. Proposition 6 shows that a firm makes lower profits when

it is constrained on its targeting strategy. There is thus a negative effect of data

collection by Firm 1 in period 1 as it allows Firm 2 to exert a higher constraint on

targeting in period 2. Therefore the ability of Firm 2 to constraint Firm 1 reduces

the incentives of Firm 1 to collect data. Constraining strategies by Firm 2 also

lower the value of k2: the lower k2, the higher the ability of Firm 2 to constraint

Firm 1, and thus to increase its profits in period 2.

There is thus a trade-off for Firm 2 between collecting fewer data and constrain-

ing Firm 1 on targeting, or collecting more data and better targeting consumers.

In our analysis, we have focused on firms with symmetric data collection costs:

c(k). However, companies can also choose to invest in data infrastructure in order
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to lower this cost. A company that is more efficient to collect, store, and treat cus-

tomer data, can constraint its competitor, and at the same time collect more data

and extract more consumer surplus a the targeting stage. We leave the analysis of

such a model with investments in data collection capacities for further research.

6 Forward-looking consumers

An important stream of the literature on behavior-based price discrimination has

considered the purchasing strategies of forward-looking customers. For instance,

Fudenberg and Tirole (2000) consider consumers who anticipate in period 1 that

they will be targeted in period 2 by the firm from which they buy a product, and

that they will pay a higher price for its product.

Consider a consumer that optimally purchases from Firm 1 in period 1. Does

this consumer has interest to purchase from Firm 2 in period 1 in order to hide

from Firm 1 and pay a lower price in period 2? Consumers who pay a higher

price in period 2 are those targeted by a firm, and who belong to segments i ≤ j1

(which holds for jk constrained and unconstrained). A consumer located at x loses

utility u(p21, x)−u(p11, x) = −t+2tx− c(k2)−c(k1)
3

from purchasing its less preferred

product in period 1, and gains utility u(p12, x)− u(p1i2, x) = 2t− 2tx + 2tj1(k1)
3k1

−
2j2(k2)t

3k2
− 2it

3k1
from not being targeted in period 2.

We compare the loss of utility for a consumer who purchases its less preferred

product in period 1 u(p21, x)− u(p11, x) with its discounted utility gain from not

being targeted in period 2 δ(u(pθ2, x) − u(pθi2, x)). Clearly when firms are sym-

metric – j1 = j2 and c(k1) = c(k2), consumers have no interest to hide their true

valuation, and there is no difference between the purchasing behavior of forward

looking consumers and of myopic consumers. When δ < 1 we can determine for

each segment i the location xi of the last consumer that has interest to hide:

xi = 2δ−1
2δ−2 + c(k2)−c(k1)

(6δ−6)t + δ
(3δ−3)t(

j1
k1
− j2

k2
− i

k1
), under the condition that xi ∈ [ i−1

kθ
, i
kθ

].

Proposition 9
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• When Firm 1 and Firm 2 are symmetric and target consumers strategically,

it is not profitable for forward-looking consumers to hide from firms, and

they always purchase their preferred product.

• When firms are asymmetric in data collection, some customers hide from

Firm θ with the lowest data collection in period 1 and are not targeted in

period 2. These consumers are located on [xi,
i
kθ

], in the ith segments closest

to Firm θ, with

xi =
2δ − 1

2δ − 2
+
c(k2)− c(k1)

(6δ − 6)t
+

δ

(3δ − 3)t
(
j1
k1
− j2
k2
− i

k1
).

Proposition 9 is an important contribution of this article. When firms are perfectly

symmetric, consumers have no interest to hide from the firm that serves their

most preferred product. This contrasts with previous literature where consumer

demand adapts to limit rent extraction by firms (Bonatti and Cisternas, 2020). For

instance, Fudenberg and Tirole (2000) find that consumers are less price-sensitive

in period 1 as they anticipate behavior-based price discrimination in period 2.11

In this model with strategic targeting, only consumers located at the extremities

of the unit line pay targeted prices, and consumers in the middle of the line pay

a low homogeneous price. As targeted consumers are located close to a firm’s

location, it is costly for them to purchase their less preferred product located at

the other side of the line, and this cost would not be covered by the gains from

not being targeted and pay the homogeneous price in period 2. Thus previous

literature overestimates the competitive effect of information in period 2, as well

as the impacts of data collection on competition in period 1.

When data collection costs are sufficiently asymmetric, consumers hide from

the firm with the highest data collection cost and the highest prices in period

1 by purchasing the product of its competitor. High valuation consumers who

cannot be targeted by a firm in period 2 pay a homogeneous price that is lower

than the targeted price. This benefits the firm with the lowest data collection

cost, which can use its data collection strategy as a lever to serve more looking

11Recent literature reconsiders this result, for instance by accounting for endogenous product
design by firms (Zhang, 2011).
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forward consumers in period 1 and to constraint its competitor targeting strategy

in period 2. This additional effect drives down the number of data collected by

each firm, which in turn increases consumer surplus.

7 Conclusion

This model of behavior-based price discrimination with strategic data collection

and strategic customer targeting has three important implications for firms and

regulators. A first implication concerns firms’ managerial practices: a firm has

to develop a data strategy for customer targeting. A firm that targets all avail-

able customer segments will achieve low profits. On the contrary, a firm that has

developed sophisticated targeting strategies can make higher profits than its com-

petitor and dominate digital markets. DalleMule and Davenport (2017) highlight

the importance for firms to develop their data strategy that depends on the data

capabilities of competitors among other factors.

Secondly, data collection costs are a central element of firms’ pricing strategies

and market equilibrium, and a firm has to develop an efficient data acquisition

strategy: firms collecting all consumer data indifferently bear a data collection cost

for non-profitable customers. Moreover, a firm with a high data collection cost will

collect less data than an efficient firm and in turn, will have a lower ability to target

customers. Conversely, a firm with an efficient data collection technology can

dominate its competitor and prevent it from collecting data on valuable customers.

Therefore, companies must invest in new efficient data collection capacities in order

not to be left behind in market competition with customer data. It is also essential

for regulators to understand whether markets present a strong asymmetry in data

collection costs to understand if efficient firms constraint the strategies of their

rivals and are engaged in abuses of dominant position. Recent advances in cloud

computing have allowed costs of data storage and data processing to fall in the

last decade (Lambrecht and Tucker, 2015).12 However, it is clear that major tech

companies such as Amazon have access to much better technological capacities

12See also Can Cloud Storage Costs Fall to Zero?, Enterprise Storage Forum, last accessed
10/05/2021..
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than their competitors, and can use them to collect and treat consumer data at a

significantly lower cost, and in the end, dominate their competitors.

Thirdly, competition authorities should reconsider the benefits of behavior-

based price discrimination for consumer surplus. In a symmetric equilibrium, we

show that the competitive effects of BBPD have been overestimated in previous

literature where firms are not strategic in customer targeting. It is thus essential to

understand whether firms target consumers strategically to assess the impacts of

BBPD on consumer welfare. Strategic targeting is supported by recent advances in

algorithmic pricing, which have allowed firms to improve significantly their pricing

strategies to the expense of consumers (Calvano et al., 2020).

This simple two-period competition framework could be extended to account

for more dynamic data collection strategies. Recent studies show that data can lose

its significance over time, and firms may need to collect a new batch of customer

information at each competitive stage (Valavi et al., 2020). This new dimension

would enrich the game by having firms develop simultaneously data collection and

targeting strategies, which we believe offer an interesting path for further research.
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A Appendix

A.1 Proof of Lemma 1

We characterize the equilibrium prices in period 2 when firms targets respectively
consumers on [0, x1] and on [x2, 1].

Prices and demand.

Firm 1 sets a price p12(x) for consumers located at [0, x1]. Similarly, Firm 2
sets a price p22(x) for consumers located at [x2, 1]. Firm θ then sets a unique price
pθ2 on the rest of the unit line. The price charged to targeted consumers by Firm
1 satisfies:
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V − tx− p12(x) = V − t(1− x)− p22

=⇒ x =
p22 − p12(x) + t

2t
=⇒ p12(x) = p22 + t− 2tx.

p22 is the price set by Firm 2 on interval [0, x2] where it does not target con-
sumers. Prices set by Firm 2 on segments in interval [x2, 1] are:

p22(x) = p12 + t− 2tx.

Let denote d12 the demand for Firm 1 (resp. d22 the demand for Firm 2) where
firms compete. d12 is determined by the indifferent consumer x̂:

V −tx̂−p1 = V −t(1−x̂)−p2 =⇒ x̂ = p2−p1+t
2t

and d12 = x̂−x1 = p22−p12+t
2t

−x1
(resp. d22 = 1− x2 − p22−p12+t

2t
).

Profits of the firms.

The profits of the firms are:

π12 =

∫ x1

0

p12(x)dx+ d12p12 =

∫ x1

0

(p22 + t− 2tx)dx+ (
p22 − p12 + t

2t
− x1)p12,

π22 =

j2∑
i=1

d2ip2i2 + d22p22 =

∫ 1

x2

(p12 + t− 2tx)dx+ (
p12 − p22 + t

2t
− x2)p22.

Prices and demands in equilibrium.

We now compute the optimal prices and demands, using first-order conditions
on πθ with respect to pθ. Prices in equilibrium are:

p12 = t[1− 2t

3
x2 −

4t

3
x1],

p22 = t[1− 2t

3
x1 −

4t

3
x2].

Replacing these values in the above demands and prices gives:

p12(x) = 2t− 4t

3
x2 −

2t

3
x1 − 2tx,

p22(x) = 2t− 4t

3
x1 −

2t

3
x2 − 2tx

and

d1 =
1

2
− 2

3
x1 −

1

3
x2,

d2 =
4

3
x2 −

1

2
− 1

3
x1.
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A.2 Proof of Lemma 3

We derive the optimal targeting strategies x∗1 and x∗2 of Firm 1 and Firm 2.
Each firm knows the strategy of its competitor, and x∗1 and x∗2 are chosen as

simultaneous best response. The profits of the firms are the following:

πθ2 =
t

2
− 7

9
x2θt+

2

9
x2−θt−

4

9
xθx−θt+

2

3
xθt−

2

3
x−θt.

We apply first-order condition on π12 with respect to x1 and to π22 with respect
to x2, and we find:

x∗1 = x∗2 =
1

3
.

As p∗12 = p22, it is straightforward that the indifferent consumer in period 2 is
located at x̂ = 1

2
.

A.3 Proof of Lemma 4

We derive the optimal targeting strategy x∗2 of Firm 2 when Firm 1 is constrained
and x∗1 = x̃.

x∗2 is chosen as a best response to x∗1 = x̃. The profits of the firms are the
following:

π12 =
t

2
− 7

9
x̃2t+

2

9
x22t−

4

9
x̃x2t+

2

3
x̃t− 2

3
x2t.

π22 =
t

2
− 7

9
x22t+

2

9
x̃2t− 4

9
x2x̃t+

2

3
x2t−

2

3
x̃t.

We apply first-order conditions on π22 with respect to x2 and we find:

x∗2 =
3

7
− 2x̃

7
.

replacing the expression of x∗1 and x∗2 into p∗12 and p∗22, we find that the indif-
ferent consumer in period 2 is located at x̂ = 6x̃+5

14
.

The expressions of profits are found by replacing x∗1 and x∗2 by their expressions
into π12 and π22.

A.4 Proof of Proposition 1

We compare profits in the symmetric equilibrium and profits in the constrained
equilibrium when firm 2 deviates. We show that the former is always higher than
the former and that deviation is never profitable.

We focus on the case where δ = 1, and deviation is the most profitable.
Profits in the symmetric equilibrium are equal to 7t

18
in period 2 and t

2
in period

1 and overall to 7t
18

+ t
2

= 8t
9

.
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The maximal profit in period 2 in the constrained equilibrium is reached when
x̃ = 0 (when Firm 1 is constrained) and is equal to 9t

14
.

For Firm 2 to constrain Firm 1 in period 1, it must be the case that x̃ ≤ 1
3
.

Let us consider the least constraining case where x̃ = 1
3
, which leads to the highest

profits of Firm 2 among the set of constraining equilibrium in period 1.
Necessarily, it is easy to show that Firm 2 must charge p21 = t

3
, yielding profits

in period 1 equal to t
9
.

Thus the sum of profits over both periods in the constraining equilibrium is
equal to 95t

126
< 8t

9
, and deviation is never profitable.

A.5 Proof of Lemma 6

We characterize the equilibrium prices in period 2 when firms target j1 and j2
consumer segments respectively.

Prices and demand.

Firm θ = 1, 2 sets a price pθi2 for each segment of size 1
kθ

, and a unique price
pθ2 on the rest of the unit line. The demand for Firm θ on targeted segments is
dθi = 1

kθ
. The corresponding prices are computed using the indifferent consumer

located on the right extremity of the segment, i
kθ

. For Firm 1:

V − t i
k1
− p1i2 = V − t(1− i

k1
)− p22

=⇒ i

k1
=
p22 − p1i2 + t

2t

=⇒ p1i2 = p22 + t− 2t
i

k1
.

p22 is the price set by Firm 2 on interval [0, j2
k2

] where it does not target con-

sumers. Prices set by Firm 2 on segments in interval [ j2
k2
, 1] are:

p2i2 = p12 + t− 2t
i

k2
.

Let denote d12 the demand for Firm 1 (resp. d22 the demand for Firm 2) where
firms compete. d12 is determined by the indifferent consumer x̂:

V −tx̂−p1 = V −t(1−x̂)−p2 =⇒ x̂ = p2−p1+t
2t

and d12 = x̂− j1
k1

= p22−p12+t
2t

− j1
k1

(resp. d22 = 1− j2
k2
− p22−p12+t

2t
).

Profits of the firms.

The profits of the firms are:
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π12 =

j1∑
i=1

d1ip1i2 + d12p12 =

j1∑
i=1

1

k1
(p22 + t− 2t

i

k1
) + (

p22 − p12 + t

2t
− j1
k1

)p12,

π22 =

j2∑
i=1

d2ip2i2 + d22p22 =

j2∑
i=1

1

k2
(p12 + t− 2t

i

k2
) + (

p12 − p22 + t

2t
− j2
k2

)p22.

Prices and demands in equilibrium.

We now compute the optimal prices and demands, using first-order conditions
on πθ with respect to pθ. Prices in equilibrium are:

p12 = t[1− 2

3

j2
k2
− 4

3

j1
k1

],

p22 = t[1− 2

3

j1
k1
− 4

3

j2
k2

].

Replacing these values in the above demands and prices gives:

p1i2 = 2t− 4

3

j2t

k2
− 2

3

j1t

k1
− 2

it

k1
,

p2i2 = 2t− 4

3

j1t

k1
− 2

3

j2t

k2
− 2

it

k2
.

and

d1 =
1

2
− 2

3

j1
k1
− 1

3

j2
k2
,

d2 =
4

3

j2
k2
− 1

2
− 1

3

j1
k1
.

A.6 Proof of Lemma 7

We replace prices and demands in the expressions of profits of the firms in period
2 by their equilibrium values given in Lemma 6, and we write the profits of each
firm as follows:
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π12 =

j1∑
i=1

1

k1
2t

[
1− j1

3k1
− 2j2

3k2
− i

k1

]
+ t

[
1− 4j1

3k1
− 2j2

3k2

](
1

2
− 2j1

3k1
− j2

3k2

)
,

=
t

2
− 7

9

j21t

k21
+

2

9

j22t

k22
− 4

9

j1j2t

k1k2
+

2

3

j1t

k1
− 2

3

j2t

k2
− j1t

k21

π22 =

j2∑
i=1

1

k2
2t

[
1− j2

3k2
− 2j1

3k1
− i′

k2

]
+ t

[
1− 4j2

3k2
− 2j1

3k1

](
1

2
− j1

3k1
− 2j2

3k2

)
=
t

2
− 7

9

j22t

k22
+

2

9

j21t

k21
− 4

9

j2j1t

k1k2
+

2

3

j2t

k2
− 2

3

j1t

k1
− j2t

k22
.

(5)

These expressions of profits in equilibrium only depend on firms’ targeting strate-
gies j1 and j2, and on data collection kθ. It is clear from these expressions that
the profit of Firm θ is a concave function with respect to jθ, and thus has a unique
maximum j∗θ , which we characterize in the next proof.

A.7 Proof of Proposition 2

We derive the optimal targeting strategies j∗1 and j∗2 of Firm 1 and Firm 2.
Each firm knows the choice of its competitor, and j∗1 and j∗2 are chosen as

simultaneous best response. The profits of the firms are the following:

π12 =

j1∑
i=1

1

k1
2t

[
1− j1

3k1
− 2j2

3k2
− i

k1

]
+ t

[
1− 4j1

3k1
− 2j2

3k2

](
1

2
− 2j1

3k1
− j2

3k2

)
,

=
t

2
− 7

9

j21t

k21
+

2

9

j22t

k22
− 4

9

j1j2t

k1k2
+

2

3

j1t

k1
− 2

3

j2t

k2
− j1t

k21

π22 =

j2∑
i=1

1

k2
2t

[
1− j2

3k2
− 2j1

3k1
− i′

k2

]
+ t

[
1− 4j2

3k2
− 2j1

3k1

](
1

2
− j1

3k1
− 2j2

3k2

)
=
t

2
− 7

9

j22t

k22
+

2

9

j21t

k21
− 4

9

j2j1t

k1k2
+

2

3

j2t

k2
− 2

3

j1t

k1
− j2t

k22
.

(6)
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We apply first-order condition on π12 with respect to j1 and to π22 with respect
to j2, and we find:

j1(k1)
∗

k1
=

1

3
+

1

5k2
− 7

10k1
,

j2(k2)
∗

k2
=

1

3
+

1

5k1
− 7

10k2
.

A.8 Proof of Lemma 8

We replace into the profit functions of each firm the equilibrium values of j∗1 and
j∗2 provided in the proof above:

π12(k1, k2, x̃) =
7t

18
− 7t

15k1
+

39t

100k21
+

7t

15k2
− 7t

25k1k2
+

7t

50k22

π22(k1, k2, x̃) =
7t

18
− 7t

15k2
+

39t

100k22
+

7t

15k1
− 7t

25k1k2
+

7t

50k21

A.9 Proof of Lemma 9

We characterize the optimal targeting strategy of Firm 2 when Firm 1 is con-
strained on j∗1 . When j∗1 > x̃, the constraint is binding and Firm 1 targets as
many customers as possible, that is, all customers on [0, x̃].

The best response of Firm 2 is found by maximizing its profit function with
j1 = x̃:

π22 =
t

2
− 7

9

j22t

k22
+

2

9
x̃2t− 4

9

j2x̃t

k2
+

2

3

j2t

k2
− 2

3
x̃t− j2t

k22
.

Straightforward calculation give us the following equilibrium value of j2:

j2
k2

=
3

7
− 2x̃

7k2
+

9

14k2
.

A.10 Proof of Lemma 10

We provide the profits of the firms in the equilibrium where Firm 1 is constrained
on its targeting strategy, and

j1
k1

= x̃,

j2
k2

=
3

7
− 2x̃

7k2
+

9

14k2
.

We replace these values in the profits of the firms:
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π12 =
t

2
− 7

9

j21t

k21
+

2

9

j22t

k22
− 4

9

j1j2t

k1k2
+

2

3

j1t

k1
− 2

3

j2t

k2
− j1t

k21

π22 =
t

2
− 7

9

j22t

k22
+

2

9

j21t

k21
− 4

9

j2j1t

k1k2
+

2

3

j2t

k2
− 2

3

j1t

k1
− j2t

k22
.

(7)

And we obtain:

πc12(k1, k2, x̃) =
25t

98
+

30tx̃

49
− 31tx̃2

49
− tx̃

k1
+

18x̃+ 15

49k2
t+

9t

98k22
,

πc22(k1, k2, x̃) =
9t

14
+

2tx̃

7
(x̃− 3) +

2t

7k2
(x̃− 3) +

9t

28k22
.

A.11 Proof of Proposition 5

We compute prices and demand in period 1 of the constrained equilibrium. At
the beginning of the game, firms maximize the following objective functions:

π1(p11) = (p11 − c(k1))
(
p12 − p11 + t

2t

)
+ δπc12(x̃(p11, p12)),

π2(p21) = (p21 − c(k2))
(
p11 − p12 + t

2t

)
+ δπc22(x̃(p11, p12)).

Where

πc12(k1, k2, x̃) =
25t

98
+

30tx̃

49
− 31tx̃2

49
− tx̃

k1
+

18x̃+ 15

49k2
t+

9t

98k22
,

πc22(k1, k2, x̃) =
9t

14
+

2tx̃

7
(x̃− 3) +

2t

7k2
(x̃− 3) +

9t

28k22
.

We replace in πc12(k1, k2, x̃) and πc22(k1, k2, x̃) the value of x̃ as a function of
prices p11 and p21: x̃ = p12−p11+t

2t
.

Finally we apply first order conditions with respect to p11 and p21 to the sum
of profits and we obtain:

p∗11 =
30t

41
+

21t

41k1
− 2t

41k2
+

20c(k2) + 21c(k1)

41
,

p∗21 =
91t

164
+

35t

164k1
+

6t

41k2
+

129c(k2) + 35c(k1)

164
.

We then derive the expression of x̃∗ by replacing p∗11 and p∗21 in x̃ = p12−p11+t
2t

,
and we obtain:

x̃∗ = 135
328

+ 4
41k2
− 49

328k1
+ 49(c(k2)−c(k1))

328t
.
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A.12 Proof of Proposition 6

The profits of both firms in period 1 are maximized in the unconstrained equi-
librium. In the constraint equilibrium, prices p11 and p12 take into account the
positive impacts of demand on profits in period 2. It is thus straightforward that
profits are higher in the unconstrained equilibrium than in the constrained equi-
librium.

By comparing profits, it is straightforward to show that profits in periods 2 in
the constrained equilibrium are lower for the constrained firm, and higher for the
constraining firm than in the unconstrained equilibrium.

π12(k1, k2, x̃) =
7t

18
− 7t

15k1
+

39t

100k21
+

7t

15k2
− 7t

25k1k2
+

7t

50k22
,

π22(k1, k2, x̃) =
7t

18
− 7t

15k2
+

39t

100k22
+

7t

15k1
− 7t

25k1k2
+

7t

50k21
.

πc12(k1, k2, x̃) =
25t

98
+

30tx̃

49
− 31tx̃2

49
− tx̃

k1
+

18x̃+ 15

49k2
t+

9t

98k22
,

πc22(k1, k2, x̃) =
9t

14
+

2tx̃

7
(x̃− 3) +

2t

7k2
(x̃− 3) +

9t

28k22
.
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