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Behavioral-Based Advertising

Abstract

This paper considers the e�ect of �rms sending advertising messages to consumers based on their

past purchase behavior. If past purchase behavior on a product category is positively correlated

with a consumer having high preferences in another category, a �rm may want to advertise more

intensively to those consumers that purchased the former category, if possible. The paper �nds

that this can lead to lower prices in the initial category if the annoyance of receiving advertising is

large, and to higher prices if the annoyance of receiving advertising is not too large, as consumers

expect a possible additional surplus from the category a�ected by behavioral-based advertising. If

receiving advertising does not yield too much annoyance to consumers, �rms end up better o� due to

both higher prices, and the increased demand of better matching of advertising. Behavioral-based

advertising may also lead �rms to sell less in the initial category than without behavioral-based

advertising, as a way to be able to better target the most valuable consumers. If the consumer

annoyance of receiving advertising is large, �rms may end up serving only a few consumers initially,

as attracting more consumers requires prices that are too low, and the initial consumers are attracted

because of the possibility of lower prices in the following period. The paper also investigates the

e�ects of joint behavioral-based pricing and advertising, and of di�erent �rms bene�ting from the

purchase information.



1. Introduction

One major result of �rms being able to keep track of individual consumer purchases is that

�rms can now, in some cases, advertise di�erently to consumers with di�erent purchase histories.

This practice of behavioral-based advertising is currently widespread with the development of the

Internet, and one can argue that it is one of the most (if not the most) visible practices by �rms as

a result of customer recognition. For example, a consumer who purchases a book from Amazon.com

gets personalized recommendations of books with a similar taste. A customer who has shopped at

a fashion web site receives customized emails about the latest style and products of her preference

based on her past purchase record. Hotel chains inform their customers in the database about

the new openings and services. From advertising on book titles, to automobile models, to travel

packages, consumers receive targeted advertising that is the result of their past purchases. These

e�ects can also be seen in the context of targeted sales e�orts to consumers who have already

bought an initial product from a �rm. For example, insurance agents commonly suggest additional

insurance programs to their existing clients based on their individual needs and current insurance

policies. An important role of �nancial advisors is to inform their customers of new �nancial

products that are most appropriate for their needs and secure a sale.

This paper explores the e�ects of behavioral-based advertising when preferences for one product

may be correlated with preferences for another product. For example, preferences for a particular

historical novel may be correlated with preferences for other historical novels, preferences for a model

of a luxury automobile manufacturer may be correlated with other models of that manufacturer a

few years later, or preferences for one �nancial product can be correlated with preferences for other

�nancial products or services.

This ability to do behavioral-based advertising may lead consumers in the initial periods to

realize that their purchases may lead to possibilities to earn surplus in future periods. Targeted

advertising to the consumers who bought the initial products makes these consumers more likely to

be aware of other products in future periods that they may potentially value. This then is a force for

consumers to be willing to pay higher prices in the initial periods, and to be less price sensitive (if

advertising annoyance is not too large). Behavioral-based advertising can then be helpful for �rms

both because of better matching of advertising in the later periods and because of higher prices in

the initial periods. Strategic �rms may also want to sell less in the initial periods to better identify

the consumers that are more likely to value most the product, and charge them more in the future

periods. In order to fully understand these e�ects, one also has to consider the dis-utility created

by receiving advertising. These dis-utility e�ects of receiving advertising can lead to lower prices,

which can ultimately bene�t consumers if the drop in prices is su�ciently large.
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If the dis-utility of receiving advertising is not too large, the �rm sells to a su�ciently large set

of consumers in the initial periods, such that in future periods concentrates only on pricing for those

consumers. On the other hand, if the dis-utility of receiving advertising is su�ciently large, the

�rm would have to lower the price too much in the initial periods to attract consumers. The �rm

then prefers to supply only a limited number of consumers in the initial periods, who realize that

they will be o�ered a lower price in later periods, and that will compensate them for the dis-utility

of receiving extra advertising.

The existing literature on behavior-based market o�erings has concentrated mostly on price

discrimination e�ects (e.g., Villas-Boas 1999, 2004, Fudenberg and Tirole 2000).1 There is also a

literature on the personalization of product characteristics (e.g., Fudenberg and Tirole 1998, Zhang

2011). Neither of these literatures has investigated the possibility of doing consumer advertising

contingent on the purchase histories of consumers. Behavioral-based advertising has speci�c e�ects

that are not present in these literatures on behavioral-based pricing or personalization of prod-

uct characteristics. First, behavioral-based advertising can be bene�cial to �rms because of better

matching between who receives advertising, and who is likely to buy the product, which does not

have an equivalent e�ect in those literatures. In fact, in a monopoly setting, both the �rm and con-

sumers can bene�t from behavioral-based advertising, while this is not the case for behavioral-based

pricing. Second, with behavioral-based advertising demand may be reduced in the initial periods

because of strategic behavior of the �rms but not consumers, while in behavioral-based pricing

demand may be reduced in the initial periods because of strategic behavior by either consumers or

�rms. Third, a potential bene�t for �rms of behavioral-based pricing is price discrimination in the

later periods, which does not have an equivalent with just behavioral-based advertising. In Section 5

below we directly further compare behavioral-based advertising with behavioral-based pricing, and

investigate what happens when there is both behavioral-based advertising and behavioral-based

pricing.

There is a related literature on static targeting of advertising based on consumer preferences

(e.g., Stegeman 1991, Roy 2000, Iyer et al. 2005, Bergemann and Bonatti 2011). In relation to that

literature this paper can be seen as considering how the �rms learn about consumer preferences

by tracking consumer purchase histories, and investigating what happens when the �rms decide

initially on price to determine the number of consumers that the �rms are going to identify as

having a preference for their product. Behavioral segmentation is becoming increasingly important

with the increased ability of �rms to collect information on the behavior of consumers, and it

is important to investigate the dynamic e�ects of the strategic behavior of �rms and consumers

1See also Chen (1997), Taylor (2003), Acquisti and Varian (2005), Pazgal and Soberman (2008), Chen and Zhang
(2009), Chen and Pearcy (2010), Esteves (2010), Shin and Sudhir (2010) among others.
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about how the behavioral segmentation ends up occurring. One important dimension of potential

customers' behavior that reveal some information on preferences is the purchase history, which is

the focus of this paper.2 Esteves (2009) considers behavior-based price discrimination when initially

the set of consumers who can buy the product is determined by advertising, but in that paper a

consumer receiving advertising is not contingent on the purchase history of that customer.

There is also an empirical literature investigating the e�ectiveness of advertising based on the

prior behavior of the customers. Malthouse and Elsner (2006) show that identifying the segments

of consumers by their past purchases allows for more e�ective online advertising. Goldfarb and

Tucker (2011) show that privacy regulations that limit the ability of �rms to tailor advertising

to a consumer's behavior may reduce online advertising e�ectiveness. This paper formalizes a

mechanism for this e�ect by allowing consumers past purchases to be indicative of the consumers'

preferences for the good, and therefore, advertising that informs the consumers with past purchases

of the related product is more likely to result in a consumer purchase. This then illustrates that

privacy regulations may have negative welfare e�ects by reducing the bene�t of advertising helping

the consumers �nd the products that best �t them (that is, advertising turns into a sale, advertising

is e�ective). Furthermore, this paper explores the early periods strategic e�ects of how to price

given this later behavioral-based advertising.3

The remainder of the paper is organized as follows. The next section introduces the model,

and Section 3 considers what happens after consumers have already bought the initial product,

and studies the �rm advertising targeting decisions. Section 4 considers the consumer and �rm

decisions in the initial period, aware that decisions in the initial period will a�ect the behavioral-

based advertising in the later period. Section 5 discusses the possibility of both behavioral-based

pricing and behavioral-based advertising. Section 6 concludes. The proofs are presented in the

Appendix.

2. The Model

Consider a two-period market, where two related but di�erent products are sold in sequence by

a monopolist. Production costs are set at zero. Consumers have a valuation for each of the two

products, a valuation θ1 for the product in the �rst period, and a valuation θ2 for a product in the

2As noted below, another important form of customer behavior not studied here that may be revealing of customer
preferences is the consumer search behavior (see Armstrong and Zhou 2015 for some research on this dimension),
or social network information (e.g., Iijima and Kamada 2016). Past purchase behavior may reveal some important
dimension of consumer preferences, and this dimension is explored here.

3Other examples of empirical work on the e�ectiveness of forms of behavioral-based advertising include Dias et
al. 2008, Hauser et al. 2009, Lambrecht and Tucker 2013, among others.
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second period. The consumers and �rm discount their second period payo�s with a discount factor

δC and δF , respectively, with δC , δF < 1. This allows us to consider di�erent degrees of looking

forward by consumers and �rms. The case of myopic consumers has δC = 0, and is a particular

case considered below. As consumers become more aware that the advertising messages that they

receive may depend on their purchase behavior, it becomes more important to consider δC > 0.4

The two-period model allows us to identify in a parsimonious way the market e�ects of the

�rms managing the size of the set of consumers who reveal to like the product in the �rst period,

of the consumers behaving strategically with respect to their purchase behavior given the future

advertising, and of the �rms choosing their di�erent advertising levels to consumers who purchased

and did not purchase their previous product.5

We consider θ1 positively correlated with θ2 such that if a consumer places a greater value on the

�rst-period product (s)he is also more likely to place a greater value on the second-period product.

To model the correlation of preferences across periods we consider that the second period valuation

is the same as in the �rst period with probability p. With probability 1 − p the second-period

valuation is independent of the �rst-period valuation, and with the same marginal distribution as

the �rst-period valuation.6 Denoting the cumulative marginal probability distribution of the �rst

period valuation as F (θ1), we have that the cumulative joint probability distribution of the �rst

and second-period valuations is determined by

Fjoint(θ1, θ2) = pmin[F (θ1), F (θ2)] + (1− p)F (θ1)F (θ2).

We assume that the support of θ1 and θ2 is [0, θ].

The parameter p can be seen as an index of the correlation between the �rst and second-period

valuations. We use the general notation F (θi) in most of the analysis. In order to obtain sharper

results we sometimes restrict attention to the case in which F (θi) is the uniform distribution on

[0, 1].

Consumers are assumed to be completely aware of the �rst-period product, hence their decision

to purchase in the �rst period is only a function of the �rst-period price, P1.
7 In the second period

4An example of this e�ect at work is the behavior from a colleague to choose to buy a book from a retailer where
the price was higher in order to bene�t from advertising in the future from that retailer about books that that
consumer may like.

5In future work, it would be interesting to investigate what happens in an in�nite horizon game, where these
e�ects are occurring simultaneously in each period.

6This particular dependence between the �rst and second period valuations is called a copula Family 11 (Joe,
1997, p. 148). See also Chen and Pearcy (2010) for a similar formulation.

7The assumption of consumers being fully aware of the �rst-period product is made to simplify the model, as
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each consumer only becomes aware of the product if the �rm advertises su�ciently to him. The

cost to the �rm of advertising to a consumer such that that consumer is likely to become aware with

probability β is denoted as K(β) with K(0) = 0, and K ′(β), K ′′(β) > 0. This captures the idea that

a consumer may need to receive several advertisements before becoming aware of a product. This

modeling of the cost of advertising also restricts attention to the case in which the advertising costs

are proportional to the number of consumers being advertised to, which could be seen as a �rst

approach to considering behavioral-based advertising. It would also be interesting to consider the

situation where the �rm may not be able to do direct advertising to separate consumers. Examples

of advertising costs that can be seen as proportional to the number of consumers advertised to are

direct mailings, telephone calls, or purchase of ad space in web sites where the ad shown to each

consumer depends on that consumer characteristics (for example, past purchases).8

The role of advertising creating awareness of products has been widely considered in the litera-

ture (e.g., Nelson 1974, Mahajan and Muller 1986). �Awareness� can be here broadly de�ned as a

�rm giving su�cient information about the existence of a product and/or its characteristics such

that it makes the product appealing for consumers to consider purchasing it. As in any case of

gaining information about a product, consumers can also be the ones actively searching for infor-

mation on products that they may potentially be interested in. This possibility of consumer search

is assumed away here for the paper to focus on the essential objective of investigating behavioral-

based advertising.9 One important dimension of the behavioral-based advertising considered here

is that �rms are able to advertise more intensively to consumers that are likely to value more the

product. Alternatively, consumers could also sign up for some form of mailing lists to get infor-

mation on products of potential interest. For example, some sellers could ask buyers if they would

like to receive further information on related products in the future. However, there are important

segments of markets where these activities are not possible or are greatly reduced (for example,

this captures the essence of the e�ects being considered, of the the initial consumption revealing something about
preferences, and how that a�ects the behavioral-based advertising in the later periods. To better capture the real-
world, one would have to consider also the advertising decisions in the initial periods.

8One could also think that a �rm could make a �xed investment in an electronic recommendations system, and
that once that investment is made the costs of making a recommendation to a consumer would be free. Even in that
case, one could think that making a recommendation to a particular consumer would not be completely free as that
consumer may start disregarding recommendations if too many are made.

9If consumer search is allowed for in the model, the conclusions presented would likely follow through for some
parameter values, with some potential softening of the e�ects, but with the same main messages as capturing what
is present in the real-world in terms of behavioral-based advertising. Another possibility is consumers who bought
the product in the �rst period being more likely to become aware independently about the second period product.
In terms of the model, this would just mean that the results should be interpreted in terms of �nal awareness levels
in the second period, rather than in terms of advertising intensities, but the same messages will carry through.
From anecdotal evidence, it seems that �rms advertise more intensively to their previous customers, so this e�ect of
automatic greater awareness to the other products of the same �rm may not be too strong.
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in some cases there are some �transaction costs,� di�erent than purchasing a product, that limit

the extent of these activities), and this paper is focussing on those situations.10 Furthermore, the

information revealed about preferences by a purchase can be di�erent than the information revealed

by �signing up to a mailing list", and this paper focusses on the e�ects of information revealed about

preferences by a purchase.11

In order to get sharper results we sometimes restrict attention to the case in which K(β) = α
2
β2,

where α is a parameter indicating the cost of advertising. We allow the possibility of the �rm

advertising di�erently to the consumers who bought or did not buy the product in the �rst period.

We denote by β the probability of becoming aware of the consumers that did not buy the �rst

period product, and by β + φ the probability of becoming aware of the consumers that bought

the product in the �rst period. The term β can be seen as the base advertising received by all

consumers, and the term φ is the extra advertising received by the consumers who purchased the

�rst period product. In the main case considered we do not allow the �rm to price di�erently across

consumers that bought and did not buy in the �rst period. This could be potentially justi�ed by

arbitrage arguments. The case of �rms pricing di�erently across consumers with di�erent purchase

histories is considered in Section 5.

We also consider the possibility that a consumer who receives advertising that creates a prob-

ability of that consumer becoming aware of the product with probability β getting a dis-utility of

G(β)/β, with G′(β) ≥ 0. In expected value, a consumer targeted with β advertising then gets an

expected dis-utility of G(β) as the consumer becomes aware with probability β. This accounts for

the possibility that advertising can be a nuisance for consumers, and that more advertising to some

targeted consumers can generate greater dis-utility for those consumers. This could also be seen as

some possible costs of the loss of privacy. One extreme case to consider is one in which consumers

do not have this dis-utility of receiving advertising, G(β) = 0 for all β. At some points we consider

G(β) = γβ, where γ is a parameter indicating the importance of this dis-utility of advertising.

The utility of a consumer aware of the product, purchasing the product in the second period,

and having received advertising β is then U(θ2, β;Aware and Buy) = θ2 − P2 − G(β)/β, where P2

10For example, many small sellers use online platforms to get access to consumers instead of owning their individual
websites. They seldom o�er the possibility of sign-up to mailing or email lists. Only past customers can get alerts of
the latest o�ering from the seller. Examples include eBay in US and Taobao.com (owned by Alibaba group) in China.
In addition, our survey results among online shoppers seem to suggest that subscribing to product-related email lists
may not be a common practice for consumers to obtain information. The details of the survey are provided in the
Appendix.

11As noted below, information revealed by other means, such as search or signing up to mailing lists, is important
in several markets, but this is not the focus of this paper, and is left for future research. In the Appendix we present
an illustration of how the information obtained about a customer through purchase is di�erent than the one obtained
by the customer signing up to a mailing list. We also present in the Appendix survey results which seem to suggest
that the possibility of receiving personalized advertising based on past purchase can be valuable to consumers.
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is the price charged by the �rm in the second period. The utility if that consumer decides not to

buy is U(θ2, β;Aware and Not Buy) = −G(β)/β. Note then that a consumer aware chooses to buy

the product if and only if θ2 ≥ P2.

Note that in the real world unaware consumers may also potentially become aware by searching

for related products. The analysis below can be seen as the extreme case where the costs of search

are high enough such that consumers only become aware of the product if they receive advertising

on it. We expect that the main ideas of the results would follow if some search were possible, but

such analysis is beyond the scope of this paper. We can also think that unaware consumers are also

unaware about how to search for related products.12

3. Firm Decisions Given Consumer Information

Consider now the �rm's problem in the second period. Let θ∗1 be the threshold valuation in the

�rst period such that a consumer with θ1 ≥ θ∗1 bought the product in the �rst period, and all other

consumers did not buy the product in the �rst period. This will be con�rmed below.

The second period price can either be (1) P2 > θ∗1, (2) P2 = θ∗1, or (3) P2 < θ∗1, which has to be

checked below at the optimum second-period price. De�ning θ∗ as the θ that maximizes θ[1−F (θ)],
the static monopoly pricing problem, we will have that case (1) corresponds to the case in which

θ∗1 < θ∗ and case (2) corresponds to the case in which θ∗1 ≥ θ∗ but θ∗1 is not too large, in a sense

that is discussed below, and case (3) corresponds to the case in which θ∗1 > θ∗ and θ∗1 is large. We

present conditions in Section 4.2 under which cases (1), (2) and (3) can occur in equilibrium. Case

(1) can occur if G(β) is su�ciently convex, βG′(β) > G(β). For case (2), we can also show that

we can have either θ∗1 = θ∗ or θ∗1 > θ∗. Case (2) occurs when the dis-utility of receiving advertising

is not too large. If the �rm is more forward-looking than the consumers and/or the correlation of

preferences is large enough we have θ∗1 > θ∗. Otherwise, the equilibrium has θ∗1 = θ∗. Case (3) occurs

when the dis-utility of receiving advertising is su�ciently large and the consumers are su�ciently

forward-looking.

3.1. Cases P2 > θ∗1 and P2 = θ∗1.

For the case in which P2 > θ∗1 the second-period problem of the �rm can then be written as

max
P2,β,φ

π2(P2, β, φ; θ
∗
1) = (β + φ)p[1− F (P2)]P2 + (β + φ)(1− p)[1− F (θ∗1)][1− F (P2)]P2+

12For a study of advertising and consumer search in a di�erent setting see Mayzlin and Shin (2011).
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βF (θ∗1)(1− p)[1− F (P2)]P2 − F (θ∗1)K(β)− [1− F (θ∗1)]K(β + φ). (1)

The �rst term in the objective function represents the consumers who bought in the �rst period

and did not change their preferences. The second term represents the set of consumers who bought

in the �rst period but changed their preferences. The third term represents the set of consumers

who did not buy a product in the �rst period but changed their preferences, and could potentially

be interested in buying the product in the second period.

The �rst order condition with respect to price in the problem above is the one from the traditional

monopoly problem, 1−F (P2)−P2f(P2) = 0 where f(P2) is the density marginal probability function

of θ2. Let P
∗
2 be the solution to this �rst order condition, which as de�ned above is P ∗2 = θ∗. It is

then immediate that this case occurs if θ∗1 < θ∗. For the case where F (θ2) is the uniform distribution

on [0, 1] we have P ∗2 = 1
2
.

From the �rst order conditions with respect to β and φ one obtains

(1− p)[1− F (P ∗2 )]P ∗2 = K ′(β) (2)

[1 +
pF (θ∗1)

1− F (θ∗1)
][1− F (P ∗2 )]P ∗2 = K ′(β + φ). (3)

Consider now the case where P2 = θ∗1. In this case the problem for the �rm is the same as (1)

with the restriction that P2 = θ∗1. We can then also obtain the �rst order conditions with respect

to β and φ reduce to (2) and (3) with P ∗2 = θ∗1.

From this one can immediately obtain for both case (1) and (2) that φ > 0, that is the con-

sumers that purchased in the �rst period are advertised to more intensively. Furthermore, when

the correlation of preferences between the �rst and second period goes to one, p → 1, there is no

base advertising, β → 0, and the only advertising is that targeted to the consumers who bought in

the �rst period.

Finally, it is interesting to investigate how the intensity of advertising changes with the extent of

demand in the �rst period. For the case where P ∗2 > θ∗1, totally di�erentiating (3) one can get that

increasing θ∗1 leads to greater advertising to the consumers that purchased in the �rst period, while

β∗ is independent of how many consumers bought the product in the �rst period (independent of

θ∗1). For the case where P ∗2 = θ∗1, one can obtain that the advertising intensity to all consumers

(having purchased or not purchased in the �rst period) is increasing in θ∗1, and that the increased

advertising to the consumers that purchased in the �rst period is increasing in θ∗1 if the function

K() is su�ciently close to a quadratic function. We state these results in the following proposition.
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Proposition 1: Suppose P2 ≤ θ∗1. The intensity of advertising to the consumers who purchased in

the �rst period is greater the smaller the number of consumers who purchased in the �rst period.

The intensity of advertising to the consumers who did not buy in the �rst period does not depend

on the number of consumers who bought in the �rst period if θ∗1 < θ∗, and decreases in how many

consumers bought in the �rst period if θ∗1 ≥ θ∗. Finally, if the function K() is su�ciently close to

a quadratic function, the increased advertising to the consumers who bought in the �rst period (φ)

decreases in the number of consumers who bought in the �rst period.

The result indicates how a lower number of consumers that bought the product in the previous

period allows for more e�ective (and therefore more) advertising to the consumers that have higher

valuation. Another force is that the smaller the number of consumers who bought in the �rst period,

the lower the waste of advertising sent to �rst period buyers who change their preferences in the

second period.

3.2. Case P2 < θ∗1.

Consider now the case of P2 < θ∗1 which, as we discuss in Section 4.2, can occur in equilibrium if

the dis-utility of advertising is su�ciently large, if the consumers are su�ciently forward-looking,

and if the cost of advertising is not too large. In this case the problem of the �rm can be stated as:

max
P2,β,φ

π2(P2, β, φ; θ
∗
1) = (β + φ)p[1− F (θ∗1)]P2 + (β + φ)(1− p)[1− F (θ∗1)][1− F (P2)]P2 +

βF (θ∗1)(1− p)[1− F (P2)]P2 + βp[F (θ∗1)− F (P2)]P2 − F (θ∗1)K(β)− [1− F (θ∗1)]K(β + φ). (4)

This objective function can be seen as a function of P2 that has a term in [1− F (P2)]P2 and a

term in φp[1−F (θ∗1)]P2, which means that, in this case, the optimal P2 satis�es θ
∗ < P2 < θ∗1. One

can write the �rst order condition for P2 as

[β + φ(1− p)[1− F (θ∗1)]][1− F (P2)− P2f(P2)] + φp[1− F (θ∗1)] = 0. (5)

Note that if θ∗1 is too low, the optimal P2 is above θ∗1, which contradicts the assumption of

this case of P2 < θ∗1. So, for this case to occur θ∗1 will have to be relatively large. Di�erentiating

the objective function with respect to β and φ one also obtain the conditions for the advertising

expenditures as a function of θ∗1.

9



4. First Period Decisions

4.1. Consumers' Decisions in the First Period

Consider now the decision-making of the consumers in the �rst period. A marginal consumer with

valuation θ1 deciding to buy in the �rst period gets an expected payo� of

θ1 − P1 + δC(β + φ)pmax[θ1 − P ∗2 , 0] + δC(β + φ)(1− p)
∫ θ

P ∗
2

(θ2 − P ∗2 ) dF (θ2)− δCG(β + φ). (6)

If a consumer in the �rst period decides not to buy he gets an expected payo� of

δCβ[p max[θ1 − P ∗2 , 0] + (1− p)
∫ θ

P ∗
2

(θ2 − P ∗2 ) dF (θ2)]− δCG(β). (7)

A consumer indi�erent between buying and not buying in the �rst period is determined by

making (6) equal to (7), which determines the threshold valuation θ∗1. Note that under both cases

(1) and (2) ( P ∗2 > θ∗1 or P ∗2 = θ∗1) the max terms in both (6) and (7) are equal to zero. De�ning

y ≡
∫ θ
P ∗
2
(θ2 − P ∗2 ) dF (θ2), one can then obtain that the threshold θ∗1 satis�es

θ∗1 = P1 − δCφ∗{pmax[θ∗1 − P2, 0] + (1− p)y}+ δC [G(β
∗ + φ∗)−G(β∗)], (8)

and that only the consumers with θ1 ≥ θ∗1 purchase the product in the �rst period.

In order to gain a better intuition for this threshold θ∗1 note that pmax[θ∗1 − P2, 0] + (1 − p)y
is the expected surplus of a marginal consumer receiving advertising, as that consumer gets some

surplus when he does not change preferences if P2 < θ∗1, and, when he changes preferences, which

happens with probability (1−p), his expected surplus is y. In order to understand if advertising can
be useful for consumers, we need to compare this expected surplus with the expected marginal dis-

utility of receiving advertising, G′(β). We then say that more advertising is bene�cial to consumers

if pmax[θ∗1 − P2, 0] + (1 − p)y > G′(β), the expected surplus of receiving one additional unit of

advertising is greater than the inconvenience of seeing an additional unit of advertising. Putting

this together with (8) we can state the following result.

Proposition 2: If more advertising is bene�cial to consumers, pmax[θ∗1−P2, 0]+(1−p)y > G′(β)

for all β, then the threshold valuation θ∗1 is below the �rst-period price P1, some consumers with

product valuation below the price charged purchase in the �rst period.

10



The intuition is that consumers anticipate the potential bene�t of being advertised to in the

second period a product that they potentially value by more than the price charged. From this one

can easily obtain that if G(β) = 0 for all β, receiving advertising does not cause any inconvenience,

and the result in the proposition also follows immediately.

From equation (8) note also that if the consumers are not very forward-looking (δC is small),

or if the costs of advertising are high (which results in φ∗ small), the threshold θ∗1 is close to P1. In

this case, as we will see below we end up in the case with P2 = θ∗1 > θ∗. Note also that when G(β)

is small, as we have θ∗1 < P1 we are less likely to be in the case in which P2 < θ∗1 as θ∗1 is already

low. In fact, as we show below, if G(β) is small we will be in the case with P2 = θ∗1. On the other

hand, if G(β) is large, θ∗1 can end up being greater than P1 and high, and in that case we may end

in the case of P2 < θ∗1. In that case, consumers refrain from buying in the �rst period because they

know that they will be targeted with advertising in the second period, and advertising creates a

large dis-utility.

Checking the e�ect of the �rst-period price on the threshold �rst-period valuation (which is

directly related to the demand in the �rst period) for the case of P ∗2 > θ∗1 one can obtain how the

price in the �rst period a�ects θ∗1

Proposition 3: Suppose that θ∗ > θ∗1 (such that P
∗
2 > θ∗1) and that more advertising is bene�cial to

consumers, (1−p)y > G′(β) for all β. Then demand is less sensitive to price when there is behavioral-

based advertising and consumers are forward looking than when either there is no behavioral-based

advertising or consumers are myopic.

When P ∗2 > θ∗1, demand in the �rst period, at the margin, does not a�ect the price that will

be set in the second period. Then, a higher price in the �rst period leads to greater di�erence in

advertising between the previous customers and the other customers, which makes it more appealing

for consumers to buy in the �rst period if more advertising is bene�cial to consumers.

For the uniform distribution example considered above with K() quadratic and G() linear one

can obtain β∗ = 1−p
4α
, φ∗(θ∗1) =

p
4α(1−θ∗1)

, y = 1
8
, and θ∗1 = P1− δCp 1−p−8γ

32α(1−θ∗1)
. In this case the condition

for consumers to bene�t from advertising is 1− p > 8γ. From above we can obtain

θ∗1 = 1−
1− P1 +

√
(1− P1)2 + δCp

1−p−8γ
8α

2
, (9)

which determines the demand in the �rst period.
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For the case when P ∗2 = θ∗1, we can check the e�ect of the �rst-period price on the threshold

�rst-period valuation. In this case, one can �nd situations where demand is more price sensitive

than in the case of myopic consumers, even if advertising is bene�cial to consumers. In particular,

we have the following result:

Proposition 4: Suppose that P ∗2 = θ∗1 ≥ θ∗, that G() is linear, and that more advertising is

bene�cial to consumers, (1 − p)y > G′(β) for all β. Then demand is more sensitive to price when

there is behavioral-based advertising and consumers are forward looking than when either there is

no behavioral-based advertising or consumers are myopic if and only if [(1−p)y−G′(β∗+φ∗)]∂φ∗
∂θ∗1

<

(1− p)φ∗[1− F (θ∗1)].

To see an example of this condition, for the uniform distribution example considered above with

K() quadratic and G() linear one can obtain β∗ = 1−p
α
θ∗1(1 − θ∗1), φ∗(θ∗1) = p

α
θ∗1, y =

(1−θ∗1)2
2

, and

θ1∗ = P1 − δCp(1 − p) θ
∗
1(1−θ∗1)2

2α
+ δCγθ

∗
1
p
α
. To check that demand can be more price sensitive than

with myopic consumers, (vii) in the Appendix can be greater than one, consider γ = 0, and then
∂θ∗1
∂P1

> 1 if y ∂φ
∗

∂θ∗1
− φ∗[1− F (θ∗1)] < 0. This latter condition is equivalent to θ∗1 >

1
3
.

To gain intuition for this additional e�ect when P ∗2 = θ∗1, note that now when the price in the

�rst period increases, there will also be an increase in a price of the second period, and realizing

this, forward-looking consumers become more price sensitive to the �rst-period prices.

4.2. Firm's Decision in the First Period.

Consider now the problem of the �rm in the �rst period. The problem of the �rm is

max
P1

P1[1− F (θ∗1)] + δFπ2(P
∗
2 , β

∗(θ∗1), φ
∗(θ∗1); θ

∗
1). (10)

For the case when P ∗2 > θ∗1 the �rst order condition of this problem, using the envelope theorem,

can be written as:

1−F (θ∗1)−f(θ∗1)
∂θ∗1
∂P1

{P1+δF [φ
∗(θ∗1)(1−p)P ∗2 [1−F (P ∗2 )]−K(β∗(θ∗1)+φ

∗(θ∗1))+K(β∗(θ∗1))]} = 0. (11)

Note that φ∗(θ∗1)(1−p)P ∗2 [1−F (P ∗2 )]−K(β+φ)+K(β) < 0 as (1−p)P ∗2 [1−F (P ∗2 )] = K ′(β) by

(2) and φK ′(β) < K(β+φ)−K(β) given that K ′(β+x) > K ′(β) for all x > 0. This would lead to θ∗1

to be strictly greater than θ∗ if
∂θ∗1
∂P1

is close to one, which would mean that P ∗2 > θ∗1 could not be an

equilibrium. For the case when consumers are myopic, δC = 0, we have that θ∗1 = P1 and
∂θ∗1
∂P1

= 1,
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such that we obtain that the optimal θ∗1 is greater than the solution to 1 − F (θ∗1) − θ∗1f(θ∗1) = 0,

which represents the case without behavioral-based advertising. Then, in this case, fewer consumers

buy the product in the �rst period than in the case without behavioral-based advertising, and we

have that the assumed condition P ∗2 > θ∗1 is violated. We can, however, �nd conditions under which

P ∗2 > θ∗1 occurs in equilibrium. For example, if K() is quadratic, δF = 0, p = 1, and βG′(β) > G(β),

we can get that θ∗1 < θ∗ and P ∗2 > θ∗1.

For the uniform distribution example with quadratic K() and linear G(), we can re-write (11),

and checking the left hand side at θ∗1 = 1
2
we can �nd it to be positive, which indicates that the

optimal θ∗1 is strictly greater than
1
2
which violates the condition that P ∗2 > θ∗1.We summarize these

results in the following proposition.

Proposition 5: If
∂θ∗1
∂P1

is close to one, the market equilibrium cannot have P ∗2 > θ∗1. For the

uniform distribution example with quadratic K() and linear G(), the equilibrium cannot have P ∗2 >

θ∗1.

Consider now the case when P ∗2 = θ∗1. For this case, the �rst order condition of the �rm's

�rst-period problem can be written as

1− F (θ∗1)−
∂θ∗1
∂P1

{P1f(θ
∗
1)− δF [1− F (θ∗1)][β∗(θ∗1) + φ∗(θ∗1)− φ∗(θ∗1)(1− p)F (θ∗1)]+

δFf(θ
∗
1)[β

∗(θ∗1)θ
∗
1 + φ∗(θ∗1)θ

∗
1[p+2(1− p)(1−F (θ∗1))] +K(β∗(θ∗1))−K(β∗(θ∗1) + φ∗(θ∗1))]} = 0. (12)

Note that if consumers are myopic we can obtain that the left hand side of (12) is positive when

evaluated at θ∗1 = θ∗, that is, that the optimal θ∗1 with the constraint that θ∗1 ≥ θ∗ is strictly greater

than θ∗. To see this note that for myopic consumers
∂θ∗1
∂P1

= 1, and, therefore, the left hand side of

(12) when evaluated at θ∗1 = θ∗, is equal to

f(θ∗)[−θ∗φ∗(θ∗)(1− p)[1− F (θ∗)] +K(β∗(θ∗) + φ∗(θ∗))−K(β∗(θ∗))], (13)

as 1−F (θ∗)− θ∗f(θ∗) = 0. Given that K ′(β∗(θ∗)) = (1− p)[1−F (θ∗)]θ∗ and that K ′′ > 0, one can

then obtain that (13) is greater than zero.

For the uniform distribution example with quadratic K() and linear G(), we can re-write (12)

as (ix) in the Appendix.
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For the case of θ∗1 = θ∗ = 1
2
, we can reduce the left hand side (ix) to

−δC
p(1− p)

8α
+ δF

p2

8α
.

For this case we can also see that if the �rm is myopic then we have the left hand side of (ix) is

negative when evaluated at θ∗1 = θ∗, which means that in equilibrium θ∗1 = θ∗ = 1
2
. If the consumers

and �rms have the same discount factor, we have that the sign of (ix) is equal to the sign of p(2p−1).
For this case we then have that if p < 1

2
the equilibrium has θ∗1 = θ∗ = 1

2
, and that if p > 1

2
the

equilibrium has θ∗1 > θ∗ = 1
2
. For p → 1, the case when almost no consumer changes preferences,

and γ small, the dis-utility created by advertising is negligible, we can obtain that 1
2
< θ∗1 <

2
3
.

Possibility of P ∗2 < θ∗1.

To check for the possible equilibrium, we now only need to check if the case of P ∗2 < θ∗1 is possible.

As noted above this case requires θ∗1 to be high. Note �rst that in this case, a greater θ∗1 lead to

lower pro�ts in the second period, as the �rm cannot do as good a matching of advertising to the

consumers that have a valuation above the second period's price. To see this, di�erentiating π2

with respect to θ∗1, using the envelope theorem, one obtains:

1

f(P2)

∂π2
∂θ∗1

= −φ[1− F (P2) + pF (P2)]P2 +K(β + φ)−K(β) < 0, (14)

as [1− F (P2) + pF (P2)]P2 = K ′(β + φ) and K ′′() > 0.

The condition for the �rst period price can be set as

1− F (θ∗1)− P1f(θ
∗
1)
∂θ∗1
∂P1

+ δF
∂π2
∂θ∗1

∂θ∗1
∂P1

= 0. (15)

For δC → 0, we have θ∗1 → P1,
∂θ∗1
∂P1
→ 1, and therefore, given that ∂π2

∂θ∗1
< 0, we have that 1−F (θ∗1)−

θ∗1f(θ
∗
1) > 0, which means that θ∗1 < θ∗, which is not possible in this case. Then, when δC → 0 we

cannot be in the case of P2 < θ∗1 and we have P2 = θ∗1. Note also that this is also true for any δC with

p → 0, as in that case we also have θ∗1 → P1. The same holds if the costs of advertising are high,

such that the �rm chooses low φ (for example, in the quadratic K() example, if α is su�ciently

high).

However, it is possible to get to a situation where P ∗2 < θ∗1 is an equilibrium. The intuition

is that if the advertising dis-utility is su�ciently high, for any given price the only consumers
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that are willing to purchase have a high valuation (high θ∗1), such that the �rm chooses a second

period price below θ∗1. To see this in the simplest way consider the uniform distribution case, with

quadratic K() and linear G(), and suppose p = δC = δF = α = γ = 1. In this case one can get

P ∗2 =
3θ∗1−
√

9θ∗1
2−8θ∗1

4
, φ∗ =

P ∗2
2

θ∗1
, β∗ = P ∗2 (1−P ∗2 )−P ∗

2

2
1−θ∗1
θ∗1
. Note that for this case to be possible we

need θ∗1 ≥ 8
9
.

To check this possibility consider the case of θ∗1 = 8/9. Then, we would have the price in the

�rst period P1 = 1/2, the advertising to the consumers that did not purchase in the �rst period

β∗ = 1/6, the advertising to the consumers that purchased in the �rst period β∗ + φ∗ = 2/3, and

a price in the second period at P ∗2 = 2/3. This would then lead to a pro�t in the �rst period of

π1 = 1/18, and a pro�t in the second period of π2 = 1/27, for a total discounted present value of

pro�ts of π1 + π2 = 5/54.

Consider now the pro�t that could be obtained if θ∗1 < 8/9, and we were in the case above

with P2 = θ∗1. In that case, as δFp > δC(1 − p) we would be in the case with θ∗1 > θ∗, and from

condition (ix) we can get the marginal valuation θ∗1 = 2/3. We could then obtain that in that

case P1 = 0, P2 = 2/3, β = 0, and φ = 2/3. The pro�t in the �rst period would then be π1 = 0,

the pro�t in the second period would be π2 = 2/27, and the present value of pro�ts would then

be π1 + π2 = 2/27, which is lower than the present value of pro�ts presented above that can be

obtained when θ∗1 = 8/9 and we have P ∗2 < θ∗1.
13

Therefore, this shows that there are parameter values for which we can have P ∗2 < θ∗1 in equi-

librium. The intuition is that if the dis-utility of advertising is too high, the �rst period price that

would need to be o�ered such that in the second period we would have P2 = θ∗1 would have to be so

low that the �rm prefers to o�er a higher �rst period price, understanding that in the second period

it will o�er a price below the �rst period marginal valuation consumer. The formal condition to be

in this region is too tedious to be presented here.

Figure 1 illustrates the market equilibrium as a function of γ for the case with p = δF = δC =

α = 1. For γ below a certain threshold (close to .82 in this case), we are in the case of P ∗2 = θ∗1 > θ∗.

In this case, as the dis-utility of advertising γ increases, the �rm has to decrease the �rst period

price and accept lower demand in the �rst period (θ∗1 is increasing), which leads to increasing second

period price, and increasing advertising to the consumers who purchased in the �rst period. In this

region advertising to the consumers who did not purchase in the �rst period is set at zero, as no

consumers change preferences from the �rst to the second period (p = 1 in this illustration). At

some threshold, γ is so high, and the �rst period price so low, that the �rm decides to change where

13The optimal θ∗1 for these parameter values is in fact greater than 8/9, but the suboptimal θ∗1 = 8/9 is enough to
illustrate this possibility.
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θ∗1 > P ∗2 > θ∗, with an increased �rst period price, a jump upwards in θ∗1 and positive advertising

advertising to consumers who did not purchase in the �rst period, as now some of these consumers

may be interested in buying the product given that P ∗2 < θ∗1. Figure 2 shows the di�erent regions

of the market equilibrium that may be possible for the uniform distribution case with quadratic

K(.) and linear G(.) as a function of p and γ. For p large and γ small we have P ∗2 = θ∗1 > θ∗,

in equilibrium, the realized demand in the �rst period is lower than when there is no behavioral-

based advertising, and in the second period, the �rm prices as only going after the consumers who

purchased in the �rst period and did not change their preferences. For p and γ small we have

P ∗2 = θ∗1 = θ∗, in equilibrium, the realized demand in the �rst period is the same as when there is

no behavioral-based advertising, and in the second period, the �rm prices as only going after the

consumers who purchased in the �rst period and did not change their preferences. Finally, for large

γ we have θ∗ < P ∗2 < θ∗1, in equilibrium, the realized demand in the �rst period is lower than when

there is no behavioral-based advertising, and in the second period, the �rm prices to go also after

the consumers who did not purchase in the �rst period and did not change their preferences. The

threshold γ depends on p in a non-monotonic way. When p falls from the high levels the threshold

γ goes down as the potential bene�t of a lower price decreases with a lower p. But at some point as

p keeps on falling the threshold γ starts rising, as the �rm does not �nd as bene�cial to advertise

much more to the consumers who purchased in the �rst period than to the consumers who did not

purchase in the �rst period. In fact, we then have that as when p → 0 the threshold γ goes to

in�nity.

Note that in this case of γ large consumers may receive a negative overall utility in the second

period because of the dis-utility of getting advertising. However, consumers may not be able to

avoid the advertising dis-utility just by not choosing to buy the product. Consumers respond by

choosing to buy or not to buy in each period to maximize their surplus that they can control.

Accounting for the �rst period surplus, the consumer overall surplus can be positive even though

negative in the second period. This possibility can be relevant for categories, where consumers

receive a positive surplus in an initial purchase, in spite of the high advertising dis-utility that

they will receive in later periods. This case of the dis-utility of advertising large may also make

more relevant the possible use by consumers (at a cost) of technologies that can potentially block

advertising. Studying this possibility is left for future research.

In the remainder of the paper we will now concentrate in the case with γ small (or δC small, or

α large) such that we are in the case of P2 = θ∗1.
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4.3. Market Equilibrium Details

4.3.1. Market Coverage as without Behavioral-Based Advertising

Given the analysis above we can now characterize in greater detail the market equilibrium behavior

for the case of γ small, focusing on the uniform distribution example with quadratic K() and linear

G().

Consider �rst the case of δFp− δC(1− p) < 0, which leads to the case of θ∗1 =
1
2
, the equilibrium

�rst-period demand being 1
2
. In this case the optimal �rst period price is P ∗1 = 1

2
+ δC

(1−p)p
16α
− δC γp

2α
.

In comparison to the case with no behavioral-based advertising we have the same market e�ciency

in the �rst period, but the �rst-period consumer surplus can be lower if advertising does not cause

too much dis-utility (low γ).

The second-period price is P ∗2 = 1
2
, the same price as when there is no behavioral-based adver-

tising, and the base advertising is β∗ = 1−p
4α

which is below the base advertising when there is no

behavioral-based advertising. The extra advertising to the consumers that purchased the product

in the �rst period is φ∗ = p
2α
. Note that for this case and example, the total advertising is the same

as when there is no behavioral-based advertising, 1
4α
.

Note that even though the �rst-period realized demand under behavioral-based advertising

is the same as with no behavioral-based advertising, the second-period demand is greater under

behavioral-based advertising, and equal to 1+p2

8α
, increasing in p, the index by which preferences are

positively correlated across periods. So, if receiving advertising does not cost too much dis-utility

to consumers, �rms bene�t from behavioral-based advertising for two reasons: (1) higher price in

the �rst period, and (2) higher demand in the second period. However, if consumers su�er too

much dis-utility from receiving advertising (high γ), �rms could be hurt from the possibility of

behavioral-based advertising.

The equilibrium present value of pro�ts can be obtained to be 1
4
+ δCp(1−p)−8δCγp+δF (1+p2)

32α
which

can be compared with the pro�t without behavioral-based advertising, 1
4
+ δF

32α
. From these we can

obtain the following results.

Proposition 6: Behavioral-based advertising leads to higher pro�ts than without behavioral-based

advertising if δC(1− p)− 8δCγ+ δFp > 0. The present value of pro�ts is increasing in the consumer

patience, δC , if the dis-utility of advertising is not too high, γ < 1−p
8
. The present value of pro�ts is

increasing in the correlation of preferences through time, p, if δC(1− 2p− 8γ) + 2pδF > 0.

If the dis-utility of advertising is not too high, γ small, the pro�ts increase in the consumer

patience, δC , as the �rm can charge a higher price in the �rst period. If the dis-utility of advertising
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is high, then the �rm has to o�er a lower price in the �rst period. The condition for the correlation

of preferences over time to a�ect pro�ts positively is interesting. If the consumers and the �rm have

the same discount factor, the condition is satis�ed so long as the dis-utility of advertising is not too

high, γ < 1/8. However, if the �rm is myopic, then the present value of pro�ts will be decreasing

in p for p > 1
2
. For this case, the �rm does not have any bene�t from the future pro�t, and has to

reduce prices in the �rst period with higher p, as the likelihood of getting a bigger surplus in the

second period is now lower.

Looking at the expected consumer surplus, one can obtain that it is equal to 1
8
+ δC

1−p+2p2

32α
−

δC
γ(1−p)

4α
. Comparing it with the case of no behavioral-based advertising, 1

8
+ δC

4α
(1
8
− γ), one can

obtain that consumer surplus is lower than with no behavioral-based advertising if and only if

γ < 1−2p
8

which can only happen if p < 1
2
. The intuition is that, when consumer preferences are

likely to change from period to period (p < 1
2
) the bene�ts of receiving more advertising in the

second period are extracted from the consumers with higher prices in the �rst period. On the other

hand, for the case of p < 1
2
, if receiving advertising creates substantial dis-utility to consumers (high

γ) then �rms have to o�er lower prices to the consumers in the �rst period, which could end up being

bene�cial to the consumers overall. When p > 1
2
consumers always bene�t from behavioral-based

advertising as the preferences remain stable and the consumers receive special advertisements of a

product that they are likely to appreciate.

Note also that social welfare is now higher with behavioral-based advertising as advertising is

now more targeted at consumers with higher valuation, given p > 0.

4.3.2. Market Coverage Less than without Behavioral-Based Advertising

Consider now the case of δFp − δC(1 − p) > 0, which leads to the case of θ∗1 >
1
2
. For this case

θ∗1 is determined by (12), which for the uniform example can be represented by (ix). In order to

simplify the presentation we restrict attention to the case in which the dis-utility of advertising γ

is small compared to 1 − p, such that consumers bene�t from receiving advertising, preferences in

the second period are almost perfectly correlated with preferences in the �rst period, p → 1, and

consumers and �rm have the same discount factor, δC = δF .

We can then obtain how demand in the �rst period (1−θ∗1), price in the �rst period, advertising

in the second period, and the present value of pro�ts vary with the di�erent parameters. The

results on the comparative statics on �rst period demand and pro�ts are presented in the following

proposition.
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Proposition 7: Consider the uniform distribution example with quadratic K() and linear G() and

suppose δFp − δC(1 − p) > 0, γ < 1−p
18
, p → 1, and δF − δC → 0. Then demand in the �rst period

(1−θ∗1) is increasing in the consumers discount factor δC, and in the cost parameter of advertising α,

and decreasing in the �rm discount factor δF , in the probability of the same preferences across periods

p, and in the dis-utility of advertising γ. The present value of pro�ts increases in the consumers

discount factor δC , in the �rm discount factor δF , and in the probability of the same preferences

across periods p, and decreases in the dis-utility of advertising γ, and in the cost parameter of

advertising α.

Let us now provide some intuition on these results. Under the assumption that the dis-utility of

advertising is not too large, such that consumers bene�t from receiving advertising, we have that

an increase in δC increases the bene�t from the consumers purchasing in the �rst period which

leads to more consumers purchasing in the �rst period, and a greater price in the �rst period. More

consumers purchasing in the �rst period reduces the valuation of the marginal consumers purchasing

in the �rst period, which leads to less bene�t of advertising to consumers that purchased in the �rst

period. As the marginal consumer buying in the �rst period is lower, this leads to a lower price in

the second period (but still above the monopoly price), which means that there is a greater potential

pro�t from the consumers who did not purchase in the �rst period, leading to greater advertising

to the consumers who did not purchase in the �rst period. Overall, given the higher valuation to

consumers of advertising, the present value of pro�ts increases in the patience of consumers, δC .

Consider now the e�ect of increasing the patience of the �rm, δF . An increase in δF makes

the �rm care more about second period pro�ts, which can be improved with targeting the more

intense advertising to the consumers that most value the product. This can be done having fewer

consumers purchase in the �rst period, which leads to an increase in the valuation of the marginal

consumer purchasing in the �rst period, θ∗1. To obtain this the �rm increases the price in the �rst

period. Having consumers with greater valuation buying in the �rst period then leads the �rm to

advertise more intensively to consumers who purchased in the �rst period, and less intensively to

the consumers who did not purchase in the �rst period. Overall, the e�ect on the present value of

pro�ts is positive, as the �rm gives greater value to the second-period pro�ts.

The e�ect of increasing the probability of the preferences remaining the same (correlation of

preferences through time) makes the targeting of advertising more bene�cial. Then the �rm has a

greater advantage of identifying the consumers with a greater valuation, which leads to a greater

valuation of the marginal consumer in the �rst period (greater θ∗1), lower demand in the �rst period,

which is obtained with a higher price in the �rst period. Then, with a better identi�cation of the

higher valuation consumers, the �rm raises its advertising intensity to the consumers who purchased
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in the �rst period, and decreases its advertising intensity to the consumers who did not purchase

in the �rst period. These e�ects naturally lead to a greater present value of pro�ts, resulting from

a more e�ective targeting of advertising.

Increasing the dis-utility of advertising (increasing γ) lowers the bene�t to consumers of buying

the product in the �rst period. This results in fewer consumers purchasing the product in the �rst

period (greater θ∗1). If �rms advertise intensively (low α), this can become a big cost for consumers,

and the �rm also lowers its �rst period price. Otherwise (high α), the �rm just lowers the cost of

increased γ reducing the number of consumers that purchase the product in the �rst period, and

increasing the �rst-period price. At the time when the �rm decides on advertising the consumers

already made the �rst period purchasing decisions, therefore the advertising decisions only take into

account the composition of consumers who purchased or did not purchase in the �rst period, leading

to more intensive advertising to the consumers who purchased the product in the �rst period, and

less intensive advertising to the consumers who did not purchase the product in the �rst period.

Overall, given the extra cost to consumers, the present value of pro�ts falls.

Finally, increasing the advertising cost parameter reduces the bene�ts of identifying the con-

sumers with the higher valuation. This then leads to a lower valuation of the marginal consumer

purchasing in the �rst period (lower θ∗1), there is an increased demand in the �rst period. In order

to increase demand in the �rst period, the �rm then lowers the �rst-period price. With a greater

advertising cost parameter, the �rm obviously then chooses to advertise less intensively (to both

the consumers who purchased in the �rst period, and who did not purchase in the �rst period), and

the equilibrium present value of pro�ts also decreases.

4.4. Di�erent Firms in Di�erent Periods

In some important market situations the �rm that takes advantage of the information on what

consumers purchased is di�erent than the one that sold the initial products to consumers. For

example, information on what consumers purchase is sold to advertisers that may be interested in

that information for better targeting. In the setting of the model of the previous version, if this

information from the �rst period is sold by the �rst-period �rm at price zero, this means that the

�rm in the �rst period only cares about the �rst-period pro�ts, and the pro�ts in the second period

only accrue to the later �rm. The equilibrium can then be computed in the same way by making

δF = 0.We focus the discussion in the uniform distribution case with quadratic K() and linear G().

If we have δC(1− p) > δFp, we do not have any change in the market behavior if the the pro�t

in the �rst and second pro�t go to two di�erent �rms. The equilibrium still has one half of the
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market served in the �rst period, with the �rst period price determined by the consumer's discount

factor, and the advertising expenditures determined by the second period optimal behavior.

If we have δC(1− p) < δFp, and if the �rms selling in the �rst and second period are di�erent,

we then have that the �rst period price is now lower, because the �rst period �rm does not bene�t

from the better targeting of advertising in the second period. Demand in the �rst period increases

to one half. This then leads to a lower price in the second period (as the valuation of the marginal

consumer is now lower), to lower advertising intensity to the consumers who purchased in the �rst

period (as the consumers who purchased in the �rst period now have lower product valuations on

average), and to increase the advertising intensity to the consumers who did not purchase in the

�rst period. Overall, the total advertising increases, as now more consumers are purchasing the

product in the �rst period.

If the information from the �rst period is sold at a positive price then the �rst period �rm acts

as if in the equilibrium computed above where δF now captures the present value of the extent of

the gains from information of the second-period pro�t that the �rst-period �rm can capture with

its price for the �rst-period information. If the �rst-period �rm has all the bargaining power in the

sale of information, then we are back in the case considered above.

5. Behavioral-Based Pricing and Behavioral-Based Advertising

In some markets the �rm may be able to engage in behavioral-based pricing in addition to

behavioral-based advertising. We can investigate this case, focusing on the case of the uniform

distribution, quadratic K() linear G(), and γ small, for sharper results. In the second period, in

addition to choosing advertising to both consumers who purchased in the �rst period and who did

not purchase, the �rm can now set a di�erent price for consumers who purchased in the previous

period and consumers who did not purchase as well. Let Pp be the price charged in the second

period to the consumers who purchased in the �rst period (previous customers), and let Pn be the

price charged in the second period to consumers who did not purchase in the �rst period (new

customers).

Assuming that Pp ≥ θ∗1 (which holds in equilibrium), the second period pro�t can then be

written as

π2 = (β + φ)p[1− F (Pp)]Pp + (β + φ)(1− p)[1− F (θ∗1)][1− F (Pp)]Pp +

βF (θ∗1)(1− p)[1− F (Pn)]Pn + βp[F (θ∗1)− F (Pn)]Pn − F (θ∗1)K(β)− [1− F (θ∗1)]K(β + φ). (16)
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From this we can obtain the �rst order conditions for the advertising expenditures,

[1− F (Pp) + pF (Pp)]Pp = K ′(β + φ), (17)

which is the same condition for β + φ as in the model of the previous section for P2 = θ∗1, and

[1− F (Pn)− p
F (Pn)

F (θ∗1)
]Pn = K ′(β) (18)

which shows that advertising to the consumers who did not purchase in the �rst period is now

greater, as the �rm is now also targeting a low price to the consumers who did not purchase in

the �rst period. For p→ 1, when there is no behavioral-based pricing, the �rm would choose zero

advertising to the consumers who did not purchase in the �rst period.

Proposition 8: When there is both behavioral-based advertising and behavioral-based pricing, the

�rm chooses to advertise more to the consumers who did not purchase in the �rst period than when

there is behavioral-based advertising and there is no behavioral-based pricing.

The possibility of behavioral-based pricing allows the �rm to try to attract the consumers who

did not purchase in the �rst period with a lower price, and therefore, it becomes more likely that

those consumers choose to buy the product if exposed to advertising on it. It becomes then more

pro�table to advertise to those consumers that did not purchase in the �rst period. As expected,

the intensity of advertising to the consumers who did not purchase in the �rst period is decreasing

in the probability of the consumers maintaining the same preferences across periods, p.

For θ∗1 ≥ θ∗ (which occurs in equilibrium), the �rm chooses P ∗p = θ∗1. The price for the new

customers solves the �rst order condition, F (θ∗1)− [F (Pn) + f(Pn)Pn][F (θ
∗
1)(1− p) + p] = 0, which

for the uniform distribution case results in P ∗n =
θ∗1

2[θ∗1(1−p)+p
. Given the quadratic K() this also leads

to β + φ =
pθ∗1+(1−p)(1−θ∗1)θ∗1

α
and β =

θ∗1
4α[θ∗1(1−p)+p]

. Substituting for these in the second period pro�t

one obtains

π∗2(θ
∗
1) =

θ∗1
2(1− θ∗1)
2α

[1− θ∗1 + pθ∗1]
2 +

θ∗1
3

32α[θ∗1(1− p) + p]2
, (19)

from which one can obtain that the pro�ts in the second period are increasing in p.

Consider now the marginal consumer who purchases in the �rst period. If that consumer pur-

chases the product, that consumer gets an expected payo� of θ∗1 − P1 + δC(β + φ)1−p
2
(1 − Pp)2 −

δCγ(β+φ) (as P
∗
p = θ∗1). If that consumer decides not to purchase in the �rst period, that consumer

would get an expected payo� of δCβ[p(θ
∗
1 − P ∗n) +

1−p
2
(1 − Pn)2] − δCγβ. The marginal consumer

is then obtained by making equal these two terms. That expression is presented for general p in
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equation (xii) in the Appendix. Assuming that p = 1 for a less tedious presentation, the marginal

consumer can be obtained to be determined by θ∗1 − δC
θ∗1

2

8α
− δCγ 3θ∗1

4α
= P1. Using this we can write

the present value of pro�ts as a function of θ∗1 as

π1 + δFπ2 = θ∗1(1− θ∗1)(1− δC
θ∗1
8α
− δC

3γ

4α
) + δF

θ∗1
2

32α
(16− 15θ∗1). (20)

Comparing the optimal θ∗1 in this case with the optimal θ∗1 when there is no behavioral-based

pricing we can obtain that θ∗1 is now higher. When there is behavioral-based pricing in addition to

behavioral-based advertising the �rm chooses to sell to fewer consumers in the �rst period, as it

can sell to the other consumers with a lower price in the second period. This then leads to lower

demand in the �rst period and greater demand in the second period.

Proposition 9: Suppose that there is behavioral-based advertising and the �rm gains the ability

to do behavioral-based pricing as well. Then, demand decreases in the �rst period and increases in

the second period.

With behavioral-based pricing, consumers in the �rst period know that if they refrain from

buying the product, they will be seen as low valuation consumers in the second period, and therefore,

receive a better deal in the second period. Then, the consumers with a valuation just above the

�rst-period price do indeed refrain from purchasing in the �rst period, which results in less overall

demand in the �rst period and greater demand in the second period. This e�ect of behavioral-

based pricing on reduced demand in the �rst period because of strategic consumers can be seen, for

example, in Villas-Boas (2004). Here this e�ect interacts with the e�ect of advertising by the �rm

advertising to the consumers who did not purchase in the �rst period (but less so than advertising to

the consumers who purchased the product in the �rst period, and who are more pro�table because

of their higher valuation).

Figure 3 presents the equilibrium as a function of p for the both behavioral-based advertising

and pricing case, and compares it with the case of just behavioral-based advertising.

For completeness, it is also interesting to compare these two cases with what happens when

there is only behavioral-based pricing, and all consumers are aware of the second period product

without the need for advertising. With no need for advertising the second period pro�ts can be

obtained to be (1− θ∗1)θ∗1 +
θ∗1

2

4
, and the present value of pro�ts can be obtained to be

(1− θ∗1)θ∗1(1−
δC
2
) + δF θ

∗
1(1−

3θ∗1
4

).
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Comparing this case with the case of behavioral-based advertising alone, we can then obtain that

this case leads to a greater θ∗1, lower demand in the �rst period, than in the case with behavioral-

based advertising alone. Putting this together with the results above we can obtain the following

result.

Proposition 10: With su�ciently patient �rm and consumers, behavioral-based advertising can

be bene�cial to both �rm and consumers, while this is not the case for behavioral-based pricing.

With behavioral-based advertising the �rm and consumers can bene�t from better matching

of advertising without hurting too much the demand in the initial period. With behavioral-based

pricing demand is reduced in the initial period, which a�ects negatively the overall welfare.

Comparing the case of just behavioral-based pricing with the case of both behavioral-based

pricing and advertising we can obtain that if advertising is very costly (high α) this leads to a

higher θ∗1 than when there is both behavioral-based pricing and advertising. This is because in

the advertising case, greater weight is given to the �rst period, which leads to θ∗1 being closer to

θ∗. However, when α is small, and the consumers are myopic, we can obtain that θ∗1 is greater for

the case of both behavioral-based pricing and advertising than just behavioral-based pricing (and

consumers are fully aware of both products). The reason is that with both behavioral-based pricing

and advertising there is an extra bene�t of having a high θ∗1 of better targeting of advertising to

the higher valuation consumers.

6. Concluding Remarks

This paper considers the e�ect of �rms being able to advertise di�erently to consumers depending

on their purchase history. The paper identi�es two e�ects on consumer behavior: On the one hand

consumers realize that by purchasing a product they may receive advertising about products that

may generate positive surplus in the future. On the other hand, receiving advertising may cause

inconvenience to the consumers. If the former e�ect dominates, more consumers end up buying

the product in the initial periods (some with a valuation lower than the price charged), and the

�rm ends up increasing its price. As more consumers buy the product, the average valuation is

lower, and the �rm chooses a lower intensity of the advertising targeted at the consumers who have

bought the initial product. If the latter e�ect dominates, then the �rm has to lower the price of

its initial product, fewer consumers purchase that initial product, and the �rm ends up advertising

more intensively to the consumers who purchased the product in the initial period.
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Overall, both consumers and �rms can bene�t from behavioral-based advertising if the dis-utility

of advertising is not too high, as the consumers that are most likely to value the products end up

receiving advertising about them.

The paper also presents comparative statics of the market equilibrium with respect to the

patience of consumers and �rm, the degree of correlation of preferences of consumers through time,

the dis-utility of advertising, and the cost of advertising.

The paper also discusses what happens when the advertising �rm is di�erent than the �rm that

sells the product in the initial periods. In that case, the initial period demand in equilibrium will

never be lower, and can be greater, than in the case when we have the same �rm across periods.

Having behavioral-based pricing in addition to behavioral-based advertising leads to less sales in

the initial period, as some consumers refrain from buying given the potential lower prices to the

non-purchasing consumers in the later periods.

In future research it would be interesting to also consider variations on the modeling of adver-

tising as giving information about product attributes rather than about overall awareness of the

product. For future research it would also be interesting to consider what happens when behavioral-

based advertising can also be based on past search behavior.
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APPENDIX

Example of Information Obtained from Past Purchases versus from Subscription

to Mailing List:

We present a brief illustrative example how information obtained from past purchases can be

di�erent than information obtained from a consumer signing up to a mailing list of information

about the company's products. Consider the model described in the text, but suppose that the

second-period price P2 and advertising intensities β and φ are �xed and independent of the marginal

consumer purchasing the product or subscribing to the mailing list in the �rst period. In the

subscribing to the mailing list case, the �rm advertises with intensity β to the consumers who did

not subscribe to the mailing list and with intensity β + φ for the consumers who subscribed to

the mailing list (which are the advertising intensities based on no-purchase and previous purchase,

respectively, for the case when advertising is conditional on purchase history).

Consider �rst the case when the the consumer information is obtained from the purchase history.

Then from (8) we can obtain that the consumers who buy in the �rst period satisfy

θ1 > P1 − δCφ{pmax[θ1 − P2, 0] + (1− p)y}+ δC [G(β + φ)−G(β)] (i)

where y was de�ned in Section 4.1 as y ≡
∫ θ
P2
(θ2 − P2) dF (θ2).

Consider now the decision of a consumer subscribing to the mailing list. Suppose that if the

consumer subscribes to the mailing list he pays a transaction cost t, which may also include any

privacy concerns beyond what would be revealed by just purchasing the product. Note also that the

purchase of the product in the �rst period does not a�ect the relative payo� of subscribing to the

mailing list as in this case, purchasing in the �rst period does not a�ect the advertising intensities

that the consumer will face in the future. Then, if the consumer subscribes to the mailing list he

gets an expected payo� equal to

−t+ δC(β + φ)pmax[θ1 − P2, 0] + δC(β + φ)(1− p)y − δCG(β + φ).

If the consumer decides not to subscribe to the mailing list the consumer gets an expected payo� of

δCβ[p max[θ1 − P2, 0] + (1− p)y]− δCG(β). (ii)
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The consumer decides to subscribe to the mailing list if

t < δCφ{pmax[θ1 − P2, 0] + (1− p)y} − δC [G(β + φ)−G(β)]. (iii)

From this we can get that if information is obtained from the purchase history, consumers who

purchase in the �rst period have a valuation above a certain threshold, while if information is

obtained from subscribing to the mailing list, consumers who subscribe to mailing lists have low

transaction costs in comparison to their valuation for the product.

That is, when getting information from the subscription to the mailing list (in comparison

with purchase histories), we gain consumers that have low transactions costs and potentially low

valuations, but we lose consumers with high transaction costs but with valuations that are above

the threshold for purchase, but not too high. This then illustrates that the information provided by

the purchase history and subscription to the mailing list is distinct. Note then that this illustrates

the di�erent forces at work when comparing information from purchase history versus information

from subscription to the mailing list, but it is not a complete analysis of this comparison. Such

complete analysis would have to endogeneize the e�ect of the marginal consumers on the price and

advertising intensities in the second period. This analysis for the subscription to mailing lists case

is beyond the scope of this paper. This analysis for the purchase history case is presented in the

paper.

Description of Survey with respect to Personalized Advertising:

To further understand the phenomena discussed in the paper, we conducted a brief survey in the

context of online shopping and behavioral-based advertising, among students in a large university

in China. We received answers from 154 respondents, 64.8% of whom shop online at least once a

week and 94.4% shop at least once a month. Among the respondents, 76% are graduate students

and 24% are undergraduate students. Gender distribution is balanced with 47% males.

The survey mainly constituted of two parts. In one part, we asked the respondents to indicate

their degree of agreement with various statements related to information acquisition and behavioral-

based advertising on the 1-7 Likert scale (1 means strongly disagree and 7 means strongly agree).

The main results can be summarized as follows. The distribution of the ratings scores to the

di�erent statements is displayed in Figures A1-A5.

First, most respondents are aware of the practice of behavioral-based advertising: 46% of the

respondents agree or strongly agree (18% rated 6 and 28% rated 7) with the statement that �When

I purchase something online I realize that this information will be used by the company to send
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me personalized ads.� Less than 20% respondents are unaware of the practice (gave rating 1-3).

This result is consistent with behavioral-based advertising being seen as a commonly used practice

and that the majority of the consumers in this sample are expecting the use of their purchase

information by merchants to some extent.

Second, while signing up for company emails can be an alternative way of getting information

about products of potential interest, 38% of the respondents strongly disagree (rated 1) with the

notion that �I subscribe to companies' email lists to receive product information.� Only 8.5% of the

respondents agree, to any extent, with this statement (rated 5-7).

Third, behavioral-based advertising can be interpreted as valuable to consumers: 56.5% of the

respondents agree to the some extent that �the products advertised in personalized recommendations

are more likely to �t my needs than the random product ads.� Similarly, 60% of the respondents

tend to agree that �personalized ads can provide information on products that I may like but am

not aware of.� A proportion of 50% of the respondents agree, to some extent, with the general

notion that �I �nd personalized product recommendations useful.�

In another part of the survey, we use conjoint design to solicit respondents' underlying preferences

for the possibility of receiving personalized advertising based on their past purchase. We ask

respondents to rate on a scale from 1 to 100 their tendency to shop at a given fashion web site

with varying attributes. The web site pro�les di�er in terms of product variety, price, whether it is

recommended by friends, and whether a customer will receive personalized email ads in the future

based on purchase history. Each attribute has two levels and our key interest is the attribute of

whether the web site o�ers personalized ads. We use orthogonal design and 8 pro�les are generated.

Analysis of the individual responses reveals that the part-worth utility of receiving personalized

email ads is positive for 75% of the respondents. In other words, for three quarters of the respon-

dents, the possibility of receiving personalized ads of products they might be interested in the future

increases their tendency to shop at a given online store. From the aggregate analysis, the attribute

of receiving personalized ads is positive and signi�cant, and claims 15% weight in respondents' de-

cision to favor a store. While the weight needs to be interpreted with caution as it can be a�ected

by the number of attributes included in the study, the feature of personalized ads based on one's

past purchase may o�er positive utility to a signi�cant proportion of the respondents.

In summary, the survey results provide some suggestive evidence that behavioral-based adver-

tising seems to be a commonly used business practice in online retailing, and that, at least some

consumers are aware of it. In addition, behavioral-based advertising and personal recommendations

may be valuable to consumers. This is a brief survey, and the results should be interpreted with

care. A full-�edged survey to study these questions is beyond the scope of this paper.
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Proof of Proposition 1: For the case where P ∗2 > θ∗1, totally di�erentiating (3) one can get

∂φ∗

∂θ∗1
= p

[1− F (P ∗2 )]P ∗2
K ′′(β∗ + φ∗)

f(θ∗1)

[1− F (θ∗1)]2
> 0. (iv)

where φ∗ represents the optimal value of φ, and β∗ the optimal β. Note also that for this case the

base advertising level β∗ is independent of how many consumers bought the product in the �rst

period (independent of θ∗1).

For the case where P ∗2 = θ∗1, one can obtain ∂(β∗+φ∗)
∂θ∗1

> 0, and

∂φ∗

∂θ∗1
=

p

K ′′(β∗)
+ [

1

K ′′(β∗ + φ∗)
− 1

K ′′(β∗)
][1− (1− p)F (θ∗1)− (1− p)f(θ∗1)θ∗1] (v)

which is positive if the function K() is su�ciently close to a quadratic function. Note that for this

case the optimal base advertising level β∗ increases in how many consumers bought the product in

the �rst period.

Proof of Proposition 3: By totally di�erentiating (8) one can obtain

∂θ∗1
∂P1

=
1

1 + δC [(1− p)y −G′(β∗ + φ∗)]∂φ
∗

∂θ∗1

(vi)

where ∂φ∗

∂θ∗1
is presented in (iv). From this one can immediately obtain the results in the proposition.

Proof of Proposition 4: When P ∗2 = θ∗1 we can obtain

∂θ∗1
∂P1

=
1

1 + δC(1− p)[y ∂φ
∗

∂θ∗1
− φ∗[1− F (θ∗1)]]− δC [G′(β∗ + φ∗)(∂β

∗

∂θ∗1
+ ∂φ∗

∂θ∗1
)−G′(β∗)∂β∗

∂θ∗1
]
, (vii)

from which we can immediately obtain the results in the proposition.

Proof of Proposition 5: The proof of the result for a general distribution function is presented

in the text. For the uniform distribution example with quadraticK() and linear G(), we can re-write

(11) to obtain

1− θ∗1 −
4(1− θ∗1)2

4(1− θ∗1)2 +
δCp
8α

(1− p− 8γ)
{θ∗1 +

p

32α(1− θ∗1)
[δC(1− p− 8γ)− δF

p

1− θ∗1
]} = 0. (viii)
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Checking the left hand side of (viii) at θ∗1 =
1
2
one can obtain that the sign of the left hand side

is equal to the sign of δF p
2

16α
> 0. That means that the optimal θ∗1 is strictly greater than 1

2
which

violates the condition that P ∗2 > θ∗1.

First order condition in first period for uniform distribution example with quadratic

K() and linear G() for P ∗2 = θ∗1: Substituting for this example in equation (12), we obtain

1− 2θ∗1 + δC(1− 2θ∗1)
p

α
[(1− p)(1− θ

∗
1)

2

2
− γ]− δC

p

α
θ∗1(1− θ∗1)2(1− p) +

δF
1− θ∗1
α

[(1− p)θ∗1(1− θ∗1) + pθ∗1 − p(1− p)θ∗21 ]− δF
θ∗21
α

[(1− θ∗1)(1− p2) +
p2

2
] = 0. (ix)

Proof of Proposition 7: In order to see the e�ect of the di�erent parameters on the demand in

the �rst period we can see the e�ect of the di�erent parameters on θ∗1. To do that we can di�erentiate

(ix) with respect to each of the parameters. For δC , di�erentiating the left hand side of (ix) with

respect to δC one obtains

(1− 2θ∗1)
p

α
[(1− p)(1− θ

∗
1)

2

2
− γ]− p

α
θ∗1(1− p)(1− θ1)2

which is negative given the condition on the proposition on γ and given that θ1∗ > 1
2
, which yields

∂θ∗1
∂δC

< 0. Di�erentiating the left hand side of (ix) with respect to δF one can also obtain that
∂θ∗1
∂δF

> 0.

For the case of p, di�erentiating the left hand side of (ix) with respect to p, and then making

p → 1, δF − δC → 0, and γ → 0, one obtains −(1 − θ∗1)2
1−3θ∗1
α

+ θ∗1(2 − θ∗1 − 2θ∗1
2 > 0, which yields

∂θ∗1
∂p

> 0. Similarly, we can also obtain
∂θ∗1
∂γ

> 0 and
∂θ∗1
∂α

< 0.

Consider now the e�ect of the di�erent parameters on P1. Using (8) we can obtain for the

conditions of the proposition, P1 = θ∗1 + δCp(1 − p) θ
∗
1(1−θ∗1)2

2α
− δCγθ∗1

p
α
. For the cases of δC and δF ,

using p→ 1 and γ → 0, we can obtain ∂P1

∂δC
=

∂θ∗1
∂δC

< 0, and ∂P1

∂δF
=

∂θ∗1
∂δF

> 0.

Under these conditions for the case of p, one can obtain ∂P1

∂p
=

∂θ∗1
∂p
− δC θ

∗
1(1−θ∗1)2

2α
. Noting that the

second derivative of (10) is −2 + δF
α
(1− 3θ∗1), when p→ 1, and γ → 0, we can obtain that the sign

of ∂P1

∂p
is equal to the sign of

(3θ∗1 − 1)(1− θ∗1)2 + θ∗1(2− θ∗1 − 2θ∗1
2)− [2 +

δF
α
(3θ∗1 − 1)]δC

θ∗1(1− θ∗1)2

2α
. (x)

For the interior value of advertising expenditures, φ∗ < 1, we need α > θ∗1. Making δF − δC → 1,

and checking α at its lowest possible value θ∗1 we can then obtain that (x) is positive, which means
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that ∂P1

∂p
> 0.

Consider now the e�ect of γ on P1. For p→ 1 and γ → 0 we can obtain the sign of ∂P1

∂γ
as equal

to the sign of (3θ∗1 − 1)(1− θ∗1)2 + θ∗1(2− θ∗1 − 2θ∗1
2)− (2+ δF

γ
(3θ∗1 − 1))

θ∗1
α
, which is greater than zero

for α large, and is less than zero for α small (close to θ∗1). Finally, for p → 1 and γ → 0, we can

obtain ∂P1

∂α
= ∂P1

∂α
< 0.

For the e�ects on advertising expenditures, we can immediately obtain for p → 1 and γ → 0

that ∂β
∂p

= − θ∗1(1−θ∗1)
α

< 0, ∂β
∂α

< 0, ∂β
∂δC

=
(1−p)(1−2θ∗1)

α

∂θ∗1
∂δC

> 0, ∂β
∂δF

=
(1−p)(1−2θ∗1)

α

∂θ∗1
∂δF

< 0, and ∂β
∂γ

=
(1−p)(1−2θ∗1)

α

∂θ∗1
∂γ

< 0. Similarly, we can obtain ∂(β+φ)
∂p

=
θ∗1

2

α
+ p

α

∂θ∗1
∂p

> 0, ∂(β+φ)
∂α

< 0, ∂(β+φ)
∂δC

= p
α

∂θ∗1
∂δC

< 0,
∂(β+φ)
∂δF

= p
α

∂θ∗1
∂δF

> 0, and ∂(β+φ)
∂γ

= p
α

∂θ∗1
∂γ

> 0.

For the e�ect on the present value of pro�ts, note that the present value of pro�ts can be written

as

π1 + δFπ2 = (1− θ1)(θ1 + δCp(1− p)
θ1(1− θ1)2

2α
− δCγθ1

p

α
)

+δF
θ21(1− θ1)

2α
[[(1− p)(1− θ1) + p]2 + θ1(1− θ1)(1− p)2]. (xi)

Using the envelope theorem we know that to check the e�ect of each of the parameters on the

present value of pro�ts we just need to take the partial derivative of the present value of pro�ts

with respect to each parameter as ∂(π1+δF π2)
∂θ1

= 0, at the optimum. Using also the condition on γ

small compared to (1 − p), p → 1, γ → 0, and δF − δC → 0, we can obtain that the present value

of pro�ts is increasing in δC , δF , and p, and decreasing in γ and α.

Marginal Consumer for Both Behavioral-Based Advertising and Pricing:

For the case of both behavioral-based advertising and pricing, substituting for β∗, φ∗, and P ∗n , in

the equality of the consumer surplus after purchasing in the �rst period with the consumer surplus

of waithing for the second period, we can obtain:

θ∗1 − P1 + δC
θ∗1(1− θ∗1)

2α
(1− p)[1− θ∗1 + pθ∗1] = δC

θ∗1
32α[θ∗1(1− p) + p]3

[4pθ∗1[2[θ
∗
1(1− p) +

p]− 1][θ∗1(1− p) + p] + (1− p)[2[θ∗1(1− p) + p]− θ∗1]2] + δCγ
θ∗1
α
[1− θ∗1 + pθ∗1

− 1

4[θ∗1(1− p) + p]
]. (xii)
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Figure 1: Evolution of the equilibrium 1*, P1, P2, *, *, 1, 2, and 1+2 as a function of , for p=C=F==1.



Figure 2: Areas of different equilibrium cases as a function of p and  for =C=F=1.
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Figure 3: Comparison of equilibrium outcomes with and without behavioral‐based pricing as a function of p for C=F==1 and 
=.1. The superscript b means the case with behavioral‐based pricing.



 
 
 

Figure A1: Rating distribution for question "When I purchase something online I realize that 
this information will be used by the company to send me personalized ads." 

 
 
 

 
 
Figure A2: Rating distribution for question "I subscribe to companies' email lists to receive 
product information." 
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Figure A3: Rating distribution for question "The products advertised in personalized 
recommendations are more likely to fit my needs than random product ads." 
 
 
 

 

 
 

Figure A4: Rating distribution for question "personalized ads can provide information on products 
that I may like but am not aware of." 
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Figure A5: Rating distribution for question "I find personalized product recommendations 
useful." 
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