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1. Introduction

Search advertising, also known as a position auction, allows advertisers to submit bids to online publishers on specific
keywords in order for their ads to appear prominently in the search results. Online publishers use a combination of sub-
mitted bids and ad relevance to rank the ads. Search advertising is considered as one of the most effective forms of online
advertising because it is close to the user’s buying decision and matches it to the user’s stated information needs. Online
publishers, such as search engines, social media and e-commerce marketplaces have succeeded in generating significant
revenues from search ads. According to the financial reports of these companies, Google, Facebook, and Amazon generated
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advertising revenues of $209.49 billion, $115 billion, and $31.16 billion respectively in 2021, with paid search ads comprising
the bulk of this revenue.

Given the success of this business model in practice, a range of related literature has theoretically investigated the bid-
ding strategies of advertisers and the revenues of online publishers, as well as the impact of online advertising on consumer
surplus and social welfare (Varian, 2007; Chen and He, 2011; Athey and Ellison, 2011; Xu et al., 2011). Most studies have
considered uniform search advertising, in which all consumers receive the same ad given by a position auction. However,
with the rise of big data and artificial intelligence, online publishers have been able to collect and process unprecedented
amounts of consumer-level data, such as consumers’ browsing behavior, their profiles on company sites, shopping habits
and other basic demographic information, which online publishers can use to tailor ads to consumers’ interests and spe-
cific traits.! Targeted advertising is important as it increases brand awareness and the engagement rate with consumers.
For example, Google allows all advertisers to run interest-based ads on its display network (Bazilian, 2011). Advertisers on
Facebook can use consumers’ demographic information, social activities on the platform, as well as social networks to target
their potential customer base.>? Amazon’s sponsored ads can also be targeted to individual products, product categories or
buyer interest.’

This paper incorporates targeted advertising into the traditional position auction model and examines whether and how
online publishers should use consumer data for targeted advertising. We also examine how targeted advertising changes
firms’ bidding strategies in position auctions and their pricing strategies in product markets, and whether targeted advertis-
ing has a positive impact on welfare.

The existence of consumer heterogeneity is crucial for online publishers to develop targeted advertising. This paper con-
siders two types of heterogeneity. First, consumers are heterogeneous in product preference. Based on their tastes, some
consumers prefer one product over the other, whereas other consumers may rank the products in an opposite order. Sec-
ond, consumers differ in search preference, i.e., some are experienced online shoppers, who prefer to surf and find the best
deals (Childers et al., 2001), while others may be constrained by time or skills and therefore search only a limited number
of advertisers.

In some cases, data on online activity can only support online publishers in deriving a consumer’s product preference.
For example, an e-commerce marketplace can only track a user’s product purchase history, i.e., which products he/she has
purchased, but not his/her browsing behavior, i.e., how many products he/she searched for before making a final purchase
decision.* Another example is that a consumer’s geographical location derived from his/her IP address is useful for inferring
their product preferences, e.g. people living in Sichuan province in China generally prefer spicy food, while those living in
Jiangsu province prefer sweet food. However, this type of data provides little information about consumers’ search prefer-
ences, as consumers in one province are unlikely to search more frequently than those in another province on a systematic
basis. Thus, in this case, online publishers can target their ads based only on product preference (TP).

In other cases, online publishers can infer both product and search preferences. Cookies and user accounts profiles en-
able online publishers to track consumer browsing history,” time spent on each clicked content, and search habits while
shopping, allowing publishers to accurately infer a consumer’s search preference. In this case, online publishers can deliver
targeted advertising based on product preference (TP), based on search preference (TS) or both (T2). Our study encompasses
these two dimensions of consumer heterogeneity and discusses the effects of different targeting techniques.

In our model, we consider an online publisher, two firms A and B, and a continuum of consumers with measure one.
The online publisher allows the two firms to compete for a prominent ad position through a second-price position auction.
The product of the firm that wins the prominent ad position will be advertised and thus first noticed by each consumer.
After the position auction, firms compete on price in the subsequent product market. Consumers differ in their product
preferences. A type i consumer prefers product i to product j in the sense that product i is more likely to suit her taste
than product j. We assume that firms are asymmetric, with firm A stronger than firm B, i.e., the proportion of type A
consumers is higher than the proportion of type B consumers. Consumers also differ in their search preferences. Similar to
Varian (1980), we assume that shoppers always search for both products, whereas nonshoppers search only for the product
that is prominently displayed.

Targeting techniques allow the online publisher to divide the whole market into different submarkets, based on con-
sumers’ preference types. The online publisher can thus choose between uniform advertising (UA) and targeted advertising.
Under UA, no targeting techniques are implemented and the prominent ad position is for the entire market. This means, the
product of the firm that wins the position auction will appear prominently to all types of consumers. On the other hand,
under targeted advertising, a position auction is organized in each submarket, which generates an advertised product (i.e.
a prominent product) in that submarket. A firm may lose the position auction in one submarket, but win elsewhere. This
means that the advertised products need not be the same for all the submarkets.

1 By “targeting” we mean the act of distinguishing between different groups of consumers by an online publisher. The term has a completely different
meaning in the marketing literature, where targeting is often considered a strategy by which sellers increase their market reach by providing relevant
information to otherwise uninformed consumers.

2 Please refer to https://www.facebook.com/policies/ads for details.

3 Please refer to https://amzn.to/ebook-vu?resource=guide for details.

4 This occurs when consumers delete cookies to hide their past browsing activities.

5 A study by the Wall Street Journal (Angwin, 2010) shows that the top 50 websites in China use an average of 64 tracking technologies.
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Existing literature on targeted advertising and targeted pricing focuses on the case where the online publisher can only
identify consumers’ product preferences and thus choose between UA and TP. In our model, the publisher has data on two
dimensions of consumer preferences, and can choose among four types of targeting techniques: UA, TP, TS and T2. To the
best of our knowledge, this situation has never been studied in the literature.

In the benchmark model, we focus on the case where firms can charge targeted prices based on targeted advertising,
i.e.,, where firms charge different prices in different submarkets. Our results show that different targeting techniques have
qualitatively different effects on final equilibrium and welfare. Compared to UA, TP changes the advertisements that appear
prominently to consumers of type B, while TS does not change the advertisements to consumers. Under UA, the strong firm
A appears prominently to all consumers. Under TP, each firm wins its strong market, i.e., firm i wins prominence to type i
consumers, for i = A, B. Under TS, the strong firm A still wins prominence toward nonshoppers, while prominence toward
shoppers is irrelevant, as they always search for both products.

TP generates two different effects on the publisher’s auction revenue. On the one hand, the implementation of TP in-
creases the asymmetry of the firms and thus reduces price competition in the product market, which increases firms’
incentives to bid for the prominent ad position. On the other hand, the increase in asymmetry also reduced compe-
tition between firms in the position auction. TP benefits the online publisher if and only if the former effect domi-
nates, which occurs when there are a sufficient number of shoppers. Because TP reduces price competition between
firms in the product market, it increases industry profits and reduces consumer surplus. In addition, TP displays con-
sumers’ favorite products in their prominent advertising slots, which increases the likelihood of trade and overall social
welfare.

The implementation of TS has a different effect on firms’ pricing strategies in the product market and their bidding strate-
gies in the position auction. In the position auction, the prominent position facing shoppers generates no value to firms as
shoppers always search for both products. However, the prominent position in the submarket of nonshoppers generates a
higher value because the prominent firm can charge monopoly prices and earn monopoly profits given that nonshoppers
only visit the prominent position. We show that the increase in auction revenue from the nonshopper submarket outweighs
the loss from the shopper submarket, so that TS always benefits online publishers. In the product market, TS intensifies
firms’ price competition for shoppers, but mitigates competition for nonshoppers. Intuitively, shoppers search more than
nonshoppers, so firms have less monopoly power over shoppers. We show that the fall in the average price for shoppers
outweights the rise in that for nonshoppers, and therefore TS always reduces industry profits and increases consumer sur-
plus. Furthermore, TS does not change the product displayed in the prominent position for each consumer, and therefore
does not affect the likelihood of trade or overall social welfare.

Our results show that, compared to T2, the publisher’s total auction revenue is higher under TS. This means that the
publisher may not prefer to apply targeted advertising by using all the information available. Specifically, data on consumer
product preference should never be used whenever data on consumer search preference is available. We compare T2 with TS
by asking the question that whether the publisher should additionally conduct TP when TS has already been implemented.
As mentioned before, the positive effect of applying TP is that price competition in the product market is moderated and
therefore the valuation of the prominent position is increased for both firms. However, under TS, for the submarkets of
shoppers, the position auctions always generate a zero revenue, regardless of whether TP is employed or not. Thus, the
effect of additionally implementing TP lies only in the submarkets of nonshoppers. Note that TS has already reduced price
competition in the submarkets of nonshoppers to the greatest extent - the prominent firms are able to charge monopoly
prices in the product markets. Thus, with the presence of TS, the positive effect of TP is greatly weakened and therefore
additionally implementing TP is detrimental to the online publisher.

We further examine the case where price discrimination is not allowed. Thus, consumers in all submarkets must receive
the same price for each product. A somewhat surprising result is that, in the absence of price discrimination, TS has no
effect on equilibrium and is arguably meaningless. Thus, TP is the only relevant targeting technique. The reason is that
TS does not change the advertisements displayed to consumers and, therefore, the demand functions of the firms remain
unchanged regardless of whether the publisher implements TS or not. Additionally, we show that, when price discrimination
is prohibited, UA always generates higher auction payoffs to the publishers than TP does. This is because TP has a limited
moderating effect on price competition in product markets in the absence of price discrimination. Our results show that in
the absence of price discrimination, publishers do not implement targeted advertising in any form.

The rest of the paper is organized as follows. We review the relevant literature in Section 2 and present the formal model
in Section 3. In Section 4, we address the market equilibrium for each targeting technique, based on which we derive firms’
bidding strategies in the position auctions. We then compare the online publisher’s auction revenues, equilibrium prices,
industry profits and consumer surplus for different targeting techniques in Section 5. We examine the case where price
discrimination is not permitted in Section 6, and discuss policy implications in Section 7. Section 8 provides extensions, and
Section 9 concludes the paper. All omitted proofs are provided in the Appendix.

2. Literature review

This paper relates to the literature of search prominence, in which consumers follow a specific search order rather than
searching randomly. Armstrong et al. (2009) were among the first to investigate how search prominence affects equilibrium
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prices and welfare.® Armstrong and Zhou (2011) and Haan and Moraga-Gonzalez (2011) explored sources of prominence,
including advertising, commission payments, prices, repeat purchases, and position auctions. Traditional position auction
models examine firms’ bidding strategies and auctioneers’ optimal design of auction rules, as well as consumers’ subse-
quent search behavior and firms’ pricing behavior in the post-auction product markets (Athey and Ellison, 2011; Chen and
He, 2011; Anderson and Renault, 2015).” However, to the best of our knowledge, no studies in this literature have con-
sidered the possibility that publishers can collect data on consumer preferences and use this data to implement targeted
prominence/position auctions. Our contribution to this stream of literature is our inclusion of targeted advertising and our
exploration of the impact of targeting techniques on market behavior and welfare.

Our study also adds to the literature on targeted advertising. Most of this literature focuses on firms’ choices of indepen-
dent advertising expenditures in targeted advertising models without publishers/platforms and without position auctions.
Iyer et al. (2005) showed that, as a means of differentiation, firms strategically choose to advertise less in weaker submarkets
than in stronger submarkets. In contrast, Esteves and Resende (2016) examine firms’ advertising strategies in the presence
of price discrimination and show that firms are likely to advertise more intensively in weaker markets. Gal-Or and Gal-
Or (2005) and Galeotti and Moraga-Gonzalez (2008) showed that targeting techniques can soften firms’ price competition
in the product market and increase their profits. Brahim et al. (2011) study targeted advertising under Hotelling competition
without price discrimination and show that targeting techniques may reduce firms’ equilibrium profits. Johnson (2013) in-
vestigated the effect of targeting techniques when consumers can make efforts to avoid advertising and showed that tar-
geting techniques are beneficial to firms but harmful to consumers. They also demonstrated that price discrimination may
increase as well as decrease firms’ profits. Zhang and He (2019) studied targeted advertising strategies for asymmetric firms
and show that targeting techniques may benefit high-cost firms at the expense of low-cost firms.

Our study of online advertising differs from the above literature in two respects. First, publishers have detailed consumer
data and play a key role in online advertising by deciding whether and how to use targeting techniques. The interests of
online publishers are generally different from those of firms. Publishers may choose not to use targeting techniques even if
doing so would increase the firms’ profits. In the above study, publishers’ strategies were not considered, and we believe this
is inadequate when examining online advertising. Second, in our analysis, online advertising is exclusive and determined by
position auctions. This means that firms can no longer choose their advertising expenditures independently, i.e., if one firm
wins the auction, the other loses prominence and the amount the winning firm has to pay for advertising is determined by
the bids of the losing firm.

To the best of our knowledge, Chen and Stallaert (2014) is the only relevant paper that combines position auctions with
targeted advertising. They considered a model in which the online publisher can target ads based on consumers’ product
preferences, with each consumer’s click value being exogenous to the advertiser. They showed that when there are many
advertisers, targeting techniques can increase auction revenue for online publishers. However, UA always generates higher
auction revenue when there are only two advertisers. Our paper differs from theirs in two important respects. First, in
their paper, advertisers’ valuation of prominence is exogenously given, whereas we argue that the value of prominence
is endogenously determined by firms’ pricing behavior in subsequent product market. We show that TP generates higher
auction revenues for the publisher even with only two advertisers, which contrasts with their results. Second, we also
consider the possibility of targeting ads based on consumers’ search preferences, which was not considered in their paper.
The reason for studying TS is twofold: firstly, there is indeed considerable heterogeneity in consumer search behavior, and
advances in information technology have enabled online publishers to infer these qualitative heterogeneities from online
activity; secondly, as we will show in Section 5, TS has a qualitatively different impact on equilibrium outcomes compared
to TP.

Finally, our paper is related to the literature on price discrimination based on competitive behavior (e.g., Villas-Boas,
1999; Fudenberg and Tirole, 2000; Fudenberg and Villas-Boas, 2006). A common finding is that firms typically face a pris-
oner’s dilemma: all firms practice price discrimination and earn lower profits in equilibrium, even though they may be
better off by cooperating and agreeing to a uniform pricing strategy. In contrast, our study shows that price discrimination
combined with targeted advertising can mitigate price competition and increase industry profits, echoing the findings of
two studies by Chen and Pearcy (2010) and Shin and Sudhir (2010).

3. The model

Two firms, A and B, sell products to a unit mass of consumers on an e-commerce marketplace. Production costs are
normalized to zero. Firms first submit bids to an online publisher for a prominent advertising position. The position auction
is modeled as a second-price auction, where the firm with the highest bid wins the prominent position and pays the sec-
ond highest bid.®8 A prominent position can be interpreted as the top sponsored advertising slot listed on an e-commerce

6 See also Wilson, 2010;Rhodes, 2011; Zhou, 2011; and Fishman and Lubensky, 2018; Moraga-Gonzalez et al. (2021).

7 See also Edelman et al., 2007; Varian, 2007; Chen et al., 2009; Ghose and Yang, 2009; Katona and Sarvary, 2010; Liu et al., 2010; Jerath et al., 2011; Xu
et al.,, 2011; Yao and Mela, 2011; Zhu and Wilbur, 2011; Desai et al. 2014; Liu and Viswanathan, 2014; Sayedi et al., 2014; Yang et al., 2014; Amaldoss et al.,
2015; Lu et al., 2015; Shin, 2015; Yu et al., 2018.

8 Alternatively, we can consider the following second-price “per-click” auction. Each firm submits a per-click bid. The result of the auction is based on a
score that is equal to the per-click bid multiplied by the expected number of clicks for which the firm is placed in a prominent position. The firm with the
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platform or search engine. After observing who wins the prominent position, firms compete for consumers by simultane-
ously setting the prices of their products in the subsequent product market.

Consumers have unitary demand and different preferences for the two products. We assume that a y proportion of
consumers, called type A consumers, have a relative preference for product A; while a 1 — ¢ proportion of consumers, called
type B consumers, have a relative preference for product B. Without loss of generality, we assume y > 1/2 so that firm A is
stronger than firm B. In what follows, we refer to the strong (weak) firm in the market as the high-type (low-type) firm.

Let v{ denote the valuation of product i for a type j consumer, satisfying the following conditions:

i 1 with probability c;;
| 0 with probability 1 — a;’

With probability «;;, product i matches the taste of a type j consumer and delivers a utility normalized to 1. With probability
1 — a;j, product i does not match the taste of a type j consumer and delivers zero utility.

We assume that asy = ogg = o, 0ap = gy = &, and 1 > a, > o) > 0. That is, product i has a higher probability of match-
ing the taste of a type i consumers than product j # i, where i, j € {A, B}. The matching probability of product A to a random
consumer is equal to a4 = Yy, + (1 — ¥); and that of product B is equal to ag = yo; + (1 — ¥ ). Since y > 1/2, we have
op = Op.

Consumers search for ad slot(s) to obtain price information and valuation(s) of the product(s). We assume that all con-
sumers will first search for the prominent position. Similar to Varian (1980), consumers’ search behavior is heterogeneous.
B proportion of consumers are shoppers, who always search for both firms. (1 — 8) proportion of consumers are nonshop-
pers, who only search for the prominent position. We assume that consumers’ search preferences are independent of their
product preferences.

The publisher has full or partial information on consumer types. There are four types of consumers: type A shoppers,
type B shoppers, type A nonshoppers and type B nonshoppers. Thanks to information technology, online publishers are able
to accurately infer consumer preferences. Existing literature on targeted advertising and targeted pricing focuses on cases
where online publishers identify only the product preferences of consumers. However, recent developments in tracking
technology have enabled online publishers to obtain detailed data on consumers’ online activities, including browsing and
search habits when shopping, so that publishers can also accurately infer consumers’ search preferences. The case studied
in this paper is that online publishers can target advertisements based on product preferences (TP), search preferences (TS)
or both preferences (T2).

Based on the targeting techniques, the publisher can divide the whole market into different submarkets, according to
consumers’ preference types. It is thus possible to conduct a position auction in each submarket, which generates an adver-
tised product in that submarket. As a result, consumers from different submarkets may see different ads in the prominent
positions. Finally, the publisher may choose not to use targeting technology and implement a uniform position auction (UA)
for the entire market, so that all consumers receive the same advertisements.

Since the publisher has the technology to display different advertisements in different submarkets, it is technically feasi-
ble for firms to charge different prices in different submarkets. Thus, in the basic model, we consider the case where firms
can charge targeted prices based on targeted advertising. In Section 6, we will examine the case where price discrimination
is not permitted, so that consumers in different submarkets receive the same price for each product.’

The timing of our model is as follows. In the first stage, the publisher announces the rules of the auction and firms
decide on their bidding strategy. In the second stage, firms observe who wins the position auction and simultaneously set
prices for their products. In the third stage, consumers search for position(s) and make purchase decisions.

Benchmark. First, let us examine a benchmark setting. Assume that all consumers are shoppers and have the same
product preferences. Furthermore, the probability that product i matches a consumer’s taste is «;, i = 1, 2. Without loss of
generality, we assume that oy > oy, i.e., firm 1 (firm 2) is the high-type (low-type) firm.

We first derive the equilibrium prices in this case. All consumers are shoppers and search for both firms. A a;o; pro-
portion of consumers will find that both products match their preference, and buy from the firm with the lower price. A
slightly lower price than its competitor helps a firm to attract this fraction of consumers, thereby increasing a discontinuous
growth in demand and profit. For any (p,-, pj), where p; <1 and p; < 1, the demand of firm i is

a; if p; < pj
Di(pi. pj) = Y (1 - %) if pi=p;. (1)
a;(1 - ;) if p; > p;
Due to the discontinuity of the demand function, there is no pure-strategy equilibrium. Using a technique similar to

Narasimhan (1988), we can derive the mixed-strategy equilibrium. We use F,(p) to denote the probability that firm i will
set its price below p as the cumulative distribution function of its mixed strategy.

highest score wins the prominent position and pays on a pay-per-visit basis, so the per-visit payment generates a score equal to the second highest score.
Such a “per-click” auction is equivalent to the auction we are considering here.

9 It is possible that firms may perceive online price discrimination as potentially risky. As an example, consider the backlash following Amazon’s alleged
attempts at price discrimination (Anderson and Simester, 2010).
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Lemma 1. Assume that all consumers are shoppers and the matching probability of product i for each consumer is «; with
o1 > op. Then, K (p) is continuous on [1 — ay, 1) with
1- [0%) 1

= (2)

o p
Fy(p) is continuous on [1 — oy, 1) with
1 1-ay1

F = — — .
1(P) @ o D

5@=%—

3)
Moreover, F; (p) has a mass point at p =1 with a measure of 1 — g—f
The expected profit of firm 1 is

71 =01 (] 7“2), (4)
and the expected profit of firm 2 is

T =Ot2(] 7&2). (5)

The above lemma characterizes an asymmetric price equilibrium when two firms have different matching probabilities
and all consumers are shoppers. Price dispersion arises in equilibrium for the same reasons as in Narasimhan (1988). In fact,
the model is equivalent to that of Narasimhan’s (1988) in that a oe,-(l - oej) proportion of consumers are loyal to firm i and
a ajorj proportion of consumers buy from the lower-price firm. Firms will weigh the benefits of charging higher prices to
their loyal consumers against the benefits of attracting switching consumers through lower prices.

From the expressions of 1 and 5, the high-type firm (i.e., firm 1) always benefits when its own matching probability
increases (o1 1) or its competitor’'s matching probability decreases (o5 | ). However, the low-type firm (i.e,, firm 2) may or
may not benefit when its own matching probability increases (o, 1). Specifically, firm 2 benefits (hurts) from a marginal
increase in its own matching probability when its own matching probability is initially low (high). Similar results can be
found in the standard duopoly model with vertical quality differentiation (Shaked and Sutton, 1982).

The intuition is that, increasing the matching probability for high-type firms not only leads to higher demands, but also
eases price competition, ultimately benefiting high-type firms. However, an increase in the matching probability for low-
type firms has two opposite effects on their profits. On the one hand, a higher matching probability also increases the
low-type firm’s demand, which is beneficial for the profits. On the other hand, as the low-type firm’s matching probability
increases, the price competition between the two firms becomes increased, which can lead to lower profits. The demand
effect dominates when the initial matching probability for the low-type firm is low, while the effect regarding price competi-
tion dominates when the initial matching probability of the low-type firm is high. These results and intuitions are important
for the analysis that follows.

4. Equilibrium

This section derives equilibrium pricing strategies for the product markets and bidding results for the position auctions
with different advertising techniques.

4.1. Uniform advertising

In this subsection, we consider uniform advertising (UA): the publisher does not implement targeted advertising and
conducts a uniform position auction for the entire market. We first examine the price competition between the two firms
when the prominent position is exogenously given, and then derive the bidding strategies for the uniform position auction.

Recall that the matching probability of firm A with a random consumer is «4 and the probability of matching firm
B with a random consumer is «p. First, suppose firm A wins prominence. A shopper searching for both firms’ products
has a matching probability of a4 for product A and «p for product B. A nonshopper searching only for product A has a
matching probability of o4. Equivalently, a nonshopper can be considered as a shopper searching for both products, but
with a matching probability of 0 for product B. For any ps <1 and pg < 1, the demands for the two firms’ products are:
ap if pa < pp
Da(pa, Pg) = § aa(1 - £82) if ps = pp (6)
oa(1 — Bag) if pa > ps
and
Bag if ps < pa
Dy(pa. ps) = | Bas(1 — %) if pa = ps. (7)
Bos(1 — o) if pg > pa
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Comparing (1), (6) and (7), the demand functions are the same as when both consumers are shoppers and the matching
probabilities for product A and product B are o4 and Bajp, respectively. Therefore, the following lemma holds.

Lemma 2.

1) Suppose that firm A wins the prominent position. Then the pricing strategy for the mixed-strategy equilibrium is the same as
when all consumers are shoppers, and the matching probabilities for product A and B are oy and Bag, respectively. The profits
of the two firms are:

748 = ap(1 - Bag) (8)
and
748 = Bag(1 — Pag), 9)

where 711.';{‘ denotes the profit of firm i under UA and uniform pricing when the order of advertising position is i — j.

2) Suppose that firm B wins the prominent position. Then the pricing strategy for the mixed-strategy equilibrium is the same as
when all consumers are shoppers, and the matching probabilities for product A and B are ag and oy, respectively. The profits
of the two firms are:

Baa(1 —ap) if B>
BA __ 27}
A= {ﬂom(l — Boun) if B < % (o)
and
p [on(l—an) if p = 2
b = {aBa — oup) if < ()

The above lemma suggests that placing a product in a less prominent position is equivalent to discounting the matching
probability by B. If firm A wins the prominent position, it is still the high-type firm since o4 > Bag. However, if firm A loses
the prominent position, the matching probability drops to Bo,, which is higher than the matching probability of firm B if
and only g > g—ﬁ. Therefore, both firms’ profit functions have a kink at 8 = g—ﬁ.

The valuation of the prominent position for firm i can be derived as V;, = nl.”u— T[l]L which is the difference between
the profits of firm i for winning and losing the prominent position. From (8), (9), (10) and (11), we have

L
oall = B+ P(oaa—ap)] if B < E
and
_Jas(1 =BT = (A + B)as] if B> G2
Bu_{OlB[l_(1+aA)/3+/32aB]ifﬂ<gi.

It is widely believed that being prominent always benefits firms (Armstrong et al., 2009; Armstrong and Zhou, 2011).
However, in our model, this conventional wisdom may not be true, as the following proposition states.

Proposition 1. For high-type firm A, the prominent position is always valuable, i.e., V4 , > 0 always holds. However, for low-type
firm B, maintaining a prominent position may be detrimental. In particular, when ag > 1/2, there exists a threshold B € (0,1)

such that when and only when 8 > B, the valuation of the prominent position is negative.

For high-type firms, the benefits of prominent position are twofold. Firstly, nonshoppers only search for prominent po-
sitions, so if the firm stays in a prominent position it will get more clicks. Secondly, if the low-type firm stays in a less
prominent position, price competition is mitigated due to the increasing difference in matching probability between the
two firms. However, for low-type firms, there is a trade-off between exploiting a prominent position and easing the price
competition. On the one hand, maintaining a prominent position allows the low-type firms to get more clicks and thus
more surplus from nonshoppers. We call it the attention-capture effect, which adds value to the prominent position. On the
other hand, low-type firms now face fiercer price competition from high-type firms who are eager to capture shoppers by
lowering their prices, creating aprice-competition effect, which reduces the value of the prominent position. As the propor-
tion of shoppers increases, low-type firms become more concerned with price competition. In particular, when 8 > B the
price-competition effect dominates the attention-capture effect and, the value of the prominent position therefore becomes
negative. In this case, low-type firms prefer to pay in order to avoid being placed in a prominent position.

In a related study, Xu et al. (2011) showed that prominent positions may have no value if the price of a product market is
endogenous. Contrary to our results, strong firms may not value prominent positions, while weak firms always value them.
This is because, in their model, firms have the same matching probability but different marginal production costs, whereas
in our model, firms have different matching probabilities but identical production costs.

7
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It is more in line with common sense that the prominent position is of value to both firms, except in the case of og > 1/2
and 8 > ;‘3 Therefore, our subsequent analysis will focus on these cases. That is, we assume that either ag < 1/2 or ag > 1/2
and 8 < B.

In the second-price auction, both firms bid truthfully for the prominent position. Thus, firm A bids V,, and firm B bids
Vi y. if Vi =V}, firm i wins the position auction and pays V;, to the publisher.

Lemma 3. High-type firm A always outbids low-type firm B, and the publisher receives a payoff of Vg, from the position auction.

The high-type firm always has a greater incentive to be placed prominently and thus wins the position auction. Firstly,
prominence means more clicks from nonshoppers. High-type firm has a higher matching probability and therefore bene-
fits more from clicks from nonshoppers than the low-type firm. In addition, prominence generates a higher value to the
high-type firm because price competition is mitigated (intensified) when the high-type firm (the low-type firm) is in the
prominent position.

4.2. Targeted advertising based on product preference

Suppose the publisher targets advertising based on consumers’ product preferences (TP). The overall market is therefore
divided into two submarkets, each consisting of consumers with the same product preferences. Suppose submarket i consists
of all type i consumers, where i = A, B.

In submarket i, the matching probability is ¢, for firm i, and «; for firm j # i, for each i = A, B. Clearly, in this subsection,
the auction game and the subsequent pricing game are just special cases of UA with y =1 in the previous subsection. Thus,
we have the following results:

Lemma 4. Suppose the publisher implements TP.

i) Firm i always wins the prominent position in submarket i, i = A, B;
ii) In submarket i, firms’ prices and profits are given by (2)-(5), replacing o1 by o), and o by Be. In particular, the profits
are given by:

nii.tp =a(1 - Bay)
and
]tp ﬁal(l _ﬁal)

where yr]’ represents the expected profit of firm j in submarket i under TP.
iii) The total auctlon payoff to the publisher from the position auction is given by:

[ =B = A+ By if B = &
P a[1- A ranB+ Ba]if p<

4.3. Targeted advertising based on search preference

Suppose a publisher has implemented targeted advertising based on consumer search preferences (TS). The whole mar-
ket can be divided into two submarkets, one for the shoppers and the other for the nonshoppers. For the submarket of
shoppers, since shoppers always search for both firms, the prominent position has no value to the firms. As a result, the
online publisher obtains a zero payoff from the position auction. In the product market, firms’ pricing strategies are given
in Lemma 1 with o7 = @4 and a5 = .

Now we consider the submarket of nonshoppers. Nonshoppers seek only the advertised product, as long as the product
matches their preferences and the price is no higher than 1. The prominent firm will thus charge a monopoly price of 1.
And the firm in the second position receives no clicks and therefore receives zero profit. Therefore, in this submarket, the
valuation of the prominent position is o4 for firm A, and op for firm B. Since a4 > «p, firm A always wins the position
auction and pays op to the publisher. Under TS, the publisher’s total expected payoff from the position auction is equal to

(1-B)ap.

4.4. Targeted advertising based on both preferences

Suppose that the publisher has implemented targeted advertising based on both consumer search and product prefer-
ences (T2). Similar to TS, the prominent positions in the shopper submarkets generate no value to the firms, and therefore
the position auctions in these submarkets result in zero revenue. For each i = A, B, the pricing equilibrium in the submarket
with type i shoppers is given by Lemma 1 with oy = o, and o = ;.

For nonshopper-submarkets, the prominent firm always charges the nonshopper a monopoly price of 1, while the non-
prominent firm receives no clicks and therefore earns zero profit. In the submarket with type i nonshoppers, the prominent
position is valued as «, for firm i and «; for firm j # i, where i, j € {A, B}. Therefore, each firm wins the position auction in
its strong submarket and pays «; to the publisher. The total expected revenue from the position auctions is thus (1 — 8)«;.

8
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5. Comparison

This section compares auction revenues, equilibrium prices, industry profits and consumer surplus for different targeting
techniques.

5.1. Comparison between UA and TP

We first compare firms’ pricing strategies in the product markets between TP and UA. For any i, j € {A, B}, let p;, denote
firm i's stochastic pricing strategy under UA, and ﬁlj‘tp denote firm j’s stochastic pricing strategy in the submarket with type
i consumers under TP.

Lemma 5. The pricing strategy f)'l: tp first-order stochastically dominates p,, and ﬁ"j tp first-order stochastically dominates pg,,
fori,je{A,B} and j #i.

The above lemma shows that equilibrium prices under TP are higher than those under UA. Note that the high-type
firm always wins the position auctions. The matching probabilities for the two firms are o4 and ap under UA, and o, and
o; under targeted advertising, respectively. Recall that oy = Yo, + (1 — )y <y and ag = yo;+ (1 — y)a, > «, ie., the
difference in matching probabilities between firms is greater under TP. The stronger product differentiation mitigates price
competition under TP, so that both firms charge higher prices in the sense of first-order stochastic dominance.

The following proposition compares the publisher’s auction payoffs between TP and UA.

Proposition 2. There exists a threshold value yy € [1/2, 1], so that (i) the publisher’s auction payoff is higher under UA than
under TP whenever y > y,; (ii) when y < J,, there exists a threshold value B € (%’ 1], so that the publisher’s auction payoff is

higher under TP than under UA if and only if § > B

From Lemma 3, the publisher’s auction payoff equals the low-type firm’s valuation of prominence. The low-type firm
trades off between the attention-capture effect and the price-competition effect. Due to the attention-capture effect, the low-
type firm is willing to pay more for the prominent position under UA than under TP, as the low-type firm has a higher
matching probability under UA and can retain nonshoppers better after being prominent. Due to the price-competition effect,
the low-type firm is willing to pay less for the prominent position under UA than under TP. This is because, under UA, the
low-type firm has a greater incentive to avoid intense price competition by not being prominent.

If y is large enough such that the difference in matching probabilities between the two firms is very large, then price
competition under UA is sufficiently moderated and the incentive to soften price competition is sufficiently low. In this case,
the attention-capture effect dominates the price-competition effect, implying that UA is superior to TP. However, if y is small,
i.e., close to 1/2, the difference in the matching probabilities between the two firms is small. This makes the low-type firm
more concerned with the price-competition effect, as it becomes more important to mitigate price competition. Whether the
attention-capture effect remains dominant in this case depends on the proportion of nonshoppers. Specifically, the attention-
capture effect dominates the price-competition effect if and only if the proportion of nonshoppers is sufficiently high, i.e., if 8
is small.

In Chen and Stallaert’s (2014) study, the publisher always tend to choose UA when there are only two firms competing for
a prominent position, which contrasts with our results. The reason for this is that in their model the firms’ pricing strategies
are exogenous, while in our model they are endogenous. In the case of exogenous product prices, TP only mitigates firms’
competition in the position auction, leading to a lower payoff for the publisher. However, when product prices are endoge-
nous, TP also mitigates firms’ price competition in the subsequent product market, thereby increasing firms’ valuations of
the prominent position.

Next, we look at firms’ profits and industry profits.

Proposition 3.

1) Industry profits are higher under TP than under UA.
2) Firm B always prefers TP to UA, while firm A always prefers TP to UA at small and large values of B, but may prefer UA to TP
at intermediate values of B.

The intuition for result 1) is straightforward. Firstly, TP mitigates price competition in each submarket compared to UA.
Secondly, TP allocates the prominent position to the strong firm in each submarket so that consumers are always matched
the products they liked best, i.e., type i product always appears prominently to type i consumers, for each i =A,B. As a
result, firms are more likely to retain nonshoppers under TP, which generates higher profits.

For result 2), the low-type firm B always loses position auction under UA, but wins prominence in its strong submarket
(i.e., submarket with type B consumers) under TP. Furthermore, price competition in the product market is mitigated under
TP. Therefore, firm B always tends to prefer TP. However, for the high-type firm A, TP has two opposite effects. On the one
hand, compared to UA, TP eases competition in the product market and thus generates higher profits. On the other hand,
firm A suffers a loss of profit under TP because it loses its prominence in a weak submarket, whereas under UA it always
appears to be prominent.
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Finally, we discuss the impact of TP on consumer surplus and total welfare.
Proposition 4.

1) There exists a threshold value 7, € (1/2,1) such that type B nonshoppers prefer TP if and only if y < ;. All other types of
consumers (type A nonshoppers, type A shoppers, and type B shoppers) prefer UA. Total consumer surplus is higher under UA
than under TP.

2) Total surplus is higher under TP than under UA.

Shoppers always search for both firms. As a result, they are only concerned with the expected prices. Targeted advertising
eases price competition for firms in the product market, so the expected prices are higher, which ultimately hurts the
shoppers. For type A nonshoppers, product A appears prominently to them under both UA and TP. Therefore, they only
care about price and prefer UA. For type B nonshoppers, product A appears prominently under UA and product B appears
prominently under TP. In other words, for type B nonshoppers there is a trade-off: the product that appear prominently to
them has a higher matching probability but also a higher price under TP than under UA. As a result, they may or may not
prefer TP. As TP only benefits type B nonshoppers to the detriment of all other types of consumers, its overall impact on
total consumer surplus is negative.

The total surplus depends only on the probability of trading. Shoppers always search for both firms and will buy as long
as at least one of them matches their preferences; therefore, TP does not affect shoppers’ trading probabilities. On the other
hand, nonshoppers only search for the prominent products and therefore, under TP, they always visit their favorites products
in each submarket first. Thus, TP increases the trading probability and therefore the total surplus compared to UA,.

5.2. Comparison among UA, TS, TP and T2

Advances in information technology have enabled online publishers to collect detailed information about online con-
sumer activity, on the basis of which online publishers can infer not only consumers’ product preferences, but also their
search preferences. As a result, publishers can implement targeted advertising based on full or partial information about
preference types. The following proposition suggests that targeted advertising based on both types of preferences (T2) is
never optimal for publishers.

Proposition 5. TS always increases the publisher’s auction payoff. Conditional on TS, TP decreases the publisher’s auction payoff.
Thus, of the four possible advertising techniques: UA, TP, TS, T2, the publisher receives the highest payoff from the position auction
under TS.

The publisher’s payoff is equal to the valuation of the prominent position by the low-type firm. The prominent position
is valuable to the firms because nonshoppers only visit and buy from the prominent firm. However, if the publisher imple-
ments TS, the firm in the prominent position can charge nonshoppers a monopoly price. Therefore, implementing TS always
increases the publisher’s payoff.

Note that T2 can be considered as a combination of TS and TP. Thus, we can compare TS and T2 by asking the question
that whether the publisher should additionally conduct TP when TS has already been implemented. Conditional on TS, the
publisher’s payoff is equal to the monopoly profit that the low-type firm receives from nonshoppers, which increases with
the matching probability for the low-type firm. If the publisher additionally implements TP, then the matching probability
for low-type firms decreases from op to «; in each submarket with nonshoppers. Thus, TP reduces the monopoly profit
of the low-type firm and thus reduces the publisher’s auction payoff. Our results suggest that the two types of targeting
techniques, TS and TP, are substitutes for each other. The publisher may prefer to implement TP if TS is not feasible. As long
as TS is feasible, the publisher will not implement TP.

We now proceed to the welfare analysis. The following proposition shows how TS affects welfare.

Proposition 6.

1) TS hurts both firms A and B and reduces total industry profits.
2) TS hurts nonshoppers, benefits shoppers, and increases total consumer surplus.
3) TS has no effect on total surplus.

The above proposition implies that the impact of TS on welfare does not depend on whether the publisher has imple-
mented TP. In other words, the proposition holds when comparing UA and TS or TP and T2. For example, result 1) implies
that both firms prefer UA to TS and TP to T2.

TS hurts both firms. In the submarket with shoppers, TS increases price competition and therefore lowers firms’ profits.
For the nonshopper submarkets, the low-type firm always loses in the position auction and earns zero profit, while the
high-type firm makes a higher profit in the product market but also pays more to the publisher in the position auction. The
overall effect of TS on each firm’s net profit is negative.

The result for consumer surplus is straightforward. TS increases price competition for firms facing shoppers, but eases
competition facing nonshoppers. Thus, TS is benefitial to shoppers and detrimental to nonshoppers. The gains for shoppers
outweigh the losses for nonshoppers and, therefore, total consumer surplus increases.
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The total surplus depends only on the trading probability. The implementation of TS only changes equilibrium prices, not
the advertisements displayed prominently to each consumer. Therefore, it has no effect on the trading probability and total
surplus.

The table below summarizes our analysis.

6. Targeted advertising without price discrimination

This section examines the situation where price discrimination is not permitted in product markets. Here, targeted ad-
vertising is still permitted, and firms can bid for prominent positions in each submarket. The following proposition suggests
that once price discrimination is prohibited, information about consumers’ search preferences is meaningless.

Proposition 7. Assuming that price discrimination is prohibited, then TS has no effect on a firm'’s pricing strategy in the product
market. In other words, from the perspective of firms’ pricing strategies, UA is equivalent to TS and TP is equivalent to T2.

Intuitively, the advantage of distinguishing between nonshoppers and shoppers is that firms can charge higher prices to
nonshoppers, as nonshoppers are less likely to compare prices. However, when firms are forced to charge the same price to
shoppers and nonshoppers, the distinction between shoppers and nonshoppers becomes meaningless.

Since firms’ valuation of prominence is determined by price competition in the product market, the above proposition
suggests that TS has no effect on firms’ bidding behavior and hence on publishers’ auction payoffs. Therefore, we only need
to consider the case of UA and TP, since TS is equivalent to UA and T2 is equivalent to TP.

When price discrimination is prohibited, the TP situation under uniform pricing is complex. Since prices must be the
same in all submarkets, a firm’s valuation of a prominent position in one submarket depends on whether the firm wins
prominent positions in other submarkets. This interdependence of valuations makes it difficult to analyze position auctions
when prominent positions are auctioned simultaneously. To simplify our analysis, we consider only the case of symmetric
firms, i.e., y = 1/2, and assume that prominent positions are auctioned sequentially. Without loss of generality, we assume
that the publisher first auctions off the prominent position in the type A submarket, and then in the type B submarket.

We first examine price competition in the product market. The UA case, already analyzed in Section 3.1, is equiva-
lent to the case where all consumers are shoppers and the matching probability of the firm in a prominent position

is ahT“"’ and the matching probability of the other firm is M In equilibrium, the profit of the prominent firm is
wh= %Tw’(l - w) and of the other is 7} = Bzl The industry profit is [T, = 7/t + 7} = (1 + B)x/". In the position

auction, each firm bids 7! — 7! has a winning probability of 1/2. The publisher’s auction payoff is equal to 7/t — 7.

Under TP, there are four possible scenarios for the final winning position. 1) A wins the type A submarket and B wins
the type B submarket; 2) A wins the type B submarket and B wins the type A submarket; 3) A wins both submarkets; 4) B
wins both submarkets.

Case 1) is equivalent to a model in which all consumers are shoppers and both firms have matching probability

%’%". The revenue of each firm is 7; = %(1 - %ﬁ“’) and the industry profit is IT; = 27r;. Case 2) is equivalent

to the model in which all consumers are shoppers and both firms have matching probability %M" Each firm earns

Ty = O"Jrzﬂ 1- Oﬂﬂ and the industry profit is IT, = 27,. Case 3) and 4) are equivalent to UA.

We now solve the sequential auction under TP by backward induction.
Lemma 6.

1) Conditional on firm A winning the type A submarket, either firm A or firm B can win the type B submarket.
2) Conditional on firm B winning the type A submarket, firm B always wins the type B submarket.

As firms must charge a uniform price, the valuation of prominent positions in the two submarkets is interdependent.
Conditional on winning the first auction, firms have a greater incentive to win subsequent auctions. Thus, if a firm wins
its strong submarket in the first auction, it is likely to win its weaker submarket in the second auction as well. This result
stands in stark contrast to the case of price discrimination, where firms never win their weaker submarkets.

Now, consider the first stage of the auction. The following lemma shows the outcome for winners in each submarket.

Lemma 7. Suppose the publisher implements TP. If 1, > I14, then either firm A or firm B wins both submarkets. If T1, < I;,
then firm A wins the type A submarket and firm B wins the type B submarket.

Finally, we examine whether publishers should implement TP.
Proposition 8. Assume that price discrimination is prohibited, the publisher’s auction payoff is lower under TP than under UA.

Since the two auctions are interdependent, there are cases where a firm can win both submarkets even if the publisher
implements TP. In this case, the advertising and pricing results for the product market are the same as under UA. However,
the publisher’s auction payoff is lower than under UA. Intuitively, under TP, if firm i wins the first auction, it will win both
submarkets. If it loses the first auction, it will lose both submarkets. The difference between the profit of winning and losing

1
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Table 1
The most preferred advertising technique from different perspectives.
Publisher Firm A Firm B
TS TP/UA TP
Shoppers Type-A nonshoppers Type-B nonshoppers
TS UA TP/UA
Industry profit Consumer surplus Total welfare
TP TS TP and T2

the first auction is equal to the valuation of the prominent position under UA, which is the publisher’s auction payoff under
UA. Firm i ’s valuation of winning the first auction is equal to the profit difference above minus firm i ’s future payment for
winning the second auction. If firm i pays its own valuation for the first auction, then TP generates the same auction payoff
for the publisher as UA. However, as the auction is a second-price auction, firm i pays less than its own valuation in the
first auction, which means that the total auction payoff under TP should be lower than under UA.

There are also situations where each firm wins its strong submarket, leading to the same advertising results as under TP
with price discrimination. However, the implementation of TP is no longer an advantage for the publisher, which contrasts
with the case of price discrimination. As mentioned earlier, the advantage of implementing TP is that firms are relieved
of price competition in their product markets, as each firm has a high degree of monopoly power in its strong submarket.
However, when price discrimination is prohibited, this advantage is limited because firms must take the entire market into
account when pricing. As a result, the disadvantage of implementing TP prevails due to weaker competition in position
auctions, which leads to lower auction payoffs under TP.

In summary, our results suggest that publishers have no incentive to implement targeted advertising in the absence of
price discrimination. Chen and Stallaert (2014) also show that publishers always choose not to implement targeted adver-
tising if the valuation of the firm is exogenous and there are only two firms. Thus, our results generalise their results by
enabling endogenous prices in the product market and including targeted advertising based on search preferences. These
results appear to be invalid, as we see targeted advertising frequently in reality. Note, however, that we only studied two
firms in this article. As suggested by Chen and Stallaert (2014), targeted advertising would benefit publishers if there were
more than two firms. In addition, the targeted advertising we studied involved segmenting the consumer market based on
demand, whereas in reality, targeted advertising also involves the precise delivery of advertising messages to otherwise un-
informed consumers. While it is always beneficial to provide accurate advertising messages to uninformed consumers, our
results suggest that segmenting consumer markets may be detrimental to publishers. The message that this article attempts
to convey is that one of the advantages of TP is that it mitigates price competition, which is maximized while allowing for
price discrimination.

We now discuss the welfare implications of prohibiting price discrimination. In targeted advertising with price discrimi-
nation, the publisher chooses TS in equilibrium. In targeted advertising without price discrimination, the equilibrium is UA.
Therefore, we only need to compare TS and UA. From proposition 6, we know that TS has no effect on total welfare, always
increasing total consumer surplus and decreasing industry profit. Thus, we have the following table.

7. Policy implications

This section discusses the policy implications in light of the previous analysis. For the case where price discrimination
is permitted, we investigate policy interventions under different primary goals of competition law. We then discuss what
happens and the scope of different advertising techniques if consumers have control over their personal data.!? Finally, we
discuss the policy implications regarding price discrimination in light of the analysis in Section 6.

Policy interventions depend on the overall mission of competition policy in a given jurisdiction, i.e., whether consumer
welfare or total welfare is the primary objective. As mentioned by Motta (2004), in the US, both courts and antitrust agencies
seem to favor the consumer welfare objective, while in other jurisdictions, such as Canada, New Zealand and Australia,
competition authorities seem to favour the general welfare criterion. In what follows, we will consider both objectives and
discuss the policy interventions in each case.

We begin with a discussion of the cases where price discrimination is permitted. Table 1 shows that total welfare is
the same and highest under TP and T2. However, in equilibrium, the publisher will choose TS. Thus, when the publisher
has information about consumers’ search preferences, it will make too little use of information about consumers’ product
preferences. Policymakers concerned about total welfare should adopt policies that encourage publishers to collect and use
data on consumers’ product preferences, but discourage publishers from collecting and using data on consumers’ search
preferences.

Table 1 also shows that consumer surplus is highest under TS and that the publisher also chooses TS in equilibrium. The
point 71 (on page 29) of the OECD (2018) report on Personalized Pricing establishes that the consumer welfare criterion is
used by most jurisdictions: “According to a survey by the ICN, in 89% of the jurisdictions consumer welfare is the primary goal

10 We thank an anonymous referee for the suggestions on policy implications in this section.
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Table 2

The effect on welfare of the prohibition of price discrimination.
Industry profit Consumer surplus Total welfare
- + unchanged

or one of the goals of competition law (Figure 13)... ” Hence, our analysis shows that there is no reason for policy interventions
in most jurisdictions.

Our model can also shed light on how consumers can provide or hide their personal data. Data privacy regulations in
the EU (General Data Protection Regulation)'! and China'? allow online consumers to completely remove all tags, including
those passively tagged by artificial intelligence algorithms and those voluntarily provided by consumers. Empowered by
these regulatory policies, consumers are free to control their personal data. From Proposition 4 and Proposition 6 (see also
Table 1), shoppers are better off under TS, but worse off under TP. Thus, shoppers always have incentives to disclose their
search preferences, but hide their product preferences. On the other hand, nonshoppers always tend to hide their search
preferences because they are worse off under TS. It is worth noting that even though consumers have control over personal
data, online publishers can still infer the search preferences of all consumers: all shoppers disclose their search preferences,
while those who do not disclose their search preferences are nonshoppers. However, shoppers’ product preferences can no
longer be inferred. Finally, according to Proposition 4, whether a nonshopper is motivated to reveal her product preferences
depends on her type: nonshoppers loyal to large brands tend to hide their product preferences, while nonshoppers loyal to
small brands may reveal their product preferences if and only if the brand differences between the products are not too
great. In other words, nonshoppers’ product preferences can only be inferred by online publishers if the two brands are
close in popularity.

According to Table 2, the policy implications regarding price discrimination are clear. A policy maker who is only con-
cerned with total welfare is indifferent to implementing or prohibiting price discrimination. If the policymaker also cares
about consumer surplus, then she will be more willing to prohibit price discrimination. In the absence of price discrimina-
tion, consumer control over personal data becomes irrelevant because in this case, online publishers have no incentive to
implement targeted advertising.

8. Extensions

Commission fees. We have assumed that the online publisher only generates revenue from their advertising marketplace.
This applies to search engines (e.g., Google and Baidu) and social media (e.g., Facebook and Tencent). However, e-commerce
platforms (e.g., Amazon and Alibaba’s Taobao Mall) also profit from commission fees from sellers in their product market-
places. For example, Taobao Mall charges a 2% - 5% fee and Amazon charges 10% of the final price in most categories.

The revenue composition of a publisher can influence the optimal choice of targeting technique. From Corollary 1, if
the publisher’s main revenue comes from position auctions, then TS appears to be the best choice. However, if the main
revenue comes from commission fees charged in the product marketplace, then the firm should choose a target technique
that maximises industry profits, i.e. TP. Our results suggest that different online platforms may be interested in different
dimensions of consumer data. E-commerce platforms are more interested in data on consumers’ product preferences, while
search engines and social media are more likely to collect data on consumers’ search preferences.

Endogenous targeting quality. In the previous analysis, we have assumed that the publisher chooses between perfect
targeting and no targeting, and showed that both can be optimal, depending on the parameters. This suggests that if we con-
sider continuous targeting quality, publishers’ auction revenue may increase or decrease with targeting quality. One wonders,
then, whether it is optimal for the publisher to choose a modest level of targeting quality. We show that for the symmetric
case defined below, it is always optimal for the publisher to choose extreme targeting quality. Therefore, it is harmless to
consider only perfect targeting and UA.

Assuming that the publisher does not observe true preferences, but rather noisy signals of consumer preferences, the
publisher is free to choose the targeting quality defined below.

Suppose that the publisher implements TP. For simplicity, we consider the case of symmetric firms, where y = 1/2. The
publisher observes a noisy signal o; based on the type of each consumer, with Pr (o;|type-i) = a > 1/2, for each i = A, B. The
probability a can thus be interpreted as the quality of targeting, which can be optimally chosen by the publisher. The cases
of UA and perfect targeting correspond to a = % and a = 1, respectively.

Due to symmetry, the probability of observing o; is equal to 1/2. Using Bayes’ rule, we can easily obtain that
Pr (type-i|o;) = a. Thus, conditional on o;, the matching probability for product i is ocf,i =aay + (1 —a)a; and the match-

ing probability for product j is aéi =ao; + (1 — a)ay,. Note that océ,i > a{;x_ ; therefore, firm i is the strong firm which wins
prominence in the type o; submarket.

1 See Articles 7, 16, and 17 of GDPR: https://gdpr-info.eu/.
12 See Articles 13, 16 and 47 of Personal Information Protection Law of the People’s Republic of China: http://www.npc.gov.cn/npc/c30834/202108/
a8c4e3672c74491a80b53a172bb753fe.shtml.
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The publisher’s auction payoff is given by:

o, (1= B)[1- (1 + Bre ] if B = 2

oc},X

V= e
i : i . ol
al[1-B—abp+pal]if < o
Proposition 9. Given any 0 < o <, < 1 and 0 < B < 1, the auction payoff V always reaches its maximum at a=1/2 ora = 1.
That is, the publisher only chooses perfect targeting or no targeting.

Bergemann and Bonatti (2011) investigated how improved targeting techniques affect ad prices in the advertising market.
They showed that an increase in targeting quality rotates the demand curve for advertising and therefore first increases
and then decreases the equilibrium price of advertising. At moderate targeting quality, the equilibrium price of advertising
reached a maximum. Here, we study a similar problem in the context of online advertising, namely position auctions, and
show that publishers’ revenues are maximised at the extremes of targeting quality. Both the setup and the results differ
from theirs. Gal-Or et al. (2006) investigated how advertisers should allocate resources to improve targeting quality. They
distinguished between two types of targeting quality: accuracy and recognition. Accuracy was defined as the probability
that a consumer is actually a type i consumer, provided that he/she is observed to be a type i consumer from the data
(i.e. Pr (type-i|o;)), while recognition was defined as the probability of being identified as a type i consumer, as long as the
consumer is a type i consumer. The authors showed that an increase in accuracy does not affect price competition, while
an increase in recognition increases price competition and reduces industry profit. In our model, these two parameters
degenerate to a single parameter g, and an increase in a may either increase or decrease industry profits.

Now suppose the publisher implements TS. The publisher observes oj, i = s, n, where s represents shopper and n repre-
sents nonshopper. For each i, suppose that Pr (o;|type-i) = b, with b > 1/2. To simplify our analysis, we consider the case
B = % The probability of observing o; is % Using Bayes’ rule, we have Pr (type-i|o;) = b. In both the o5 market and the o,
market, firm A is the winner.

Proposition 10. Suppose that the publisher implements TS and B = 1/2. Then the publisher’s auction payoff is increasing in the
targeting quality b.

With imperfect targeting, the prominent positions for both types of consumers are valuable to firms. Moreover, when
firms observe oy, they are unable to charge monopoly prices. An increase in the targeting quality b eases price competition
in the o, market, but intensifies price competition in the o5 market. As a result, with the increase b, publishers increase
their auction revenue in the o, market and decrease their revenue in the os; market. The above proposition suggests that
increasing the targeting quality of TS will have an overall positive effect on the publisher’s revenue.

9. Conclusions

In this article, we examine the economic impact of different targeting techniques. We show that targeted advertising
based on consumer product preference (TP) has a fundamentally different impact from targeted advertising based on con-
sumer search preference (TS). The implementation of TP mitigates price competition among firms in product markets, which
benefits the publisher, but also mitigates competition among firms in position auctions, which detriments the publisher. As
a result, publishers may or may not benefit from the implementation of TP. However, the implementation of TS mitigates
price competition by allowing firms to charge monopoly prices to nonshoppers, but intensifies price competition among
firms facing shoppers. Publishers always benefit from the implementation of TS. If a publisher is free to choose between TP
and TS, it will make the best decision to implement only TS.

TP improves the match between consumers and products, thereby increasing social welfare. However, it also reduces
price competition between firms in the product market and increases industry profit at the expense of consumer surplus.
TS, on the other hand, does not change the probability of matching between consumers and products, and therefore has no
effect on social welfare. It does, however, lead to higher prices for nonshoppers and lower prices for shoppers. The overall
effect of TS on consumer surplus is positive, while the effect on industry profit is negative. These welfare analyses have
important policy implications for whether to impose strict data protection rules on the use of private consumer data.

The present research can be extended along several lines. First, the model could be extended to more than two firms. As
Chen and Stallaert (2014) pointed out, the number of firms may be an important factor in determine a publisher’s choice of
targeted advertising. The difficulty is that once there are more than two firms, there are multiple equilibria in the pricing
game of the product market. In addition, analyzing position auctions becomes more complex as firms must bid for multiple
positions. Second, we assumed that consumers are either shoppers who always search for both firms or nonshoppers who
only search for the firm recommended by advertisement. However, it is more realistic to assume that consumers have
heterogeneous but positive search costs and make an endogenous decision about whether to search for another firm. In our
current model, shoppers correspond to consumers with low search costs, while nonshoppers correspond to consumers with
high search costs. Finally, consumers may be harmed by targeted advertising and may therefore take actions to avoid being
tracked by online publishers, such as deleting and blocking browser cookies, using multiple online identities, or strategically

14



S. Li, H. Sun and J. Yu International Journal of Industrial Organization 87 (2023) 102924

buying from unrelated sellers. It would therefore be interesting to include endogenous consumer decisions in our model
and to examine the strategic interactions between consumers, firms and online publishers.
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In this section, we provide technical proofs for all the lemmas and propositions in the main text.

Proof of Lemma 1. The model is essentially equivalent to Narasimhan (1988) in that for i, j € {1,2} and i # j, there is
ai(l - ozj) proportion of consumers loyal to firm i and there is a faction of ¢;oj consumers who are switching consumers
and buy from the lower priced firm. According to Proposition 1-5 of Narasimhan (1988), the equilibrium pricing strategy
must be mixed for both firms, with the following properties: (i) the price support of each firm is convex (i.e. there is no
gap in price support); (ii) the upper and lower bounds on price support are the same for both firms, with the upper bound
equal to 1; and (iii) the strong firm, i.e. firm 1, has at the upper bound a mass point, which is the unique mass point in the
price distribution for both firms.

Let F(p) be the distribution function of firm i’s mixed strategy with i = 1, 2. Let py be the common lower bound on price
support. Let m € (0, 1) be the measure of mass point of firm 1 at p=1, i.e. [(1)=1-m.

To solve the equilibrium problem, note that the expected profit of firm 1's is given by

1 = poay = a1 (1 —az), (12)

where the first equation holds when firm 1’s price is equal to the lower bound pg, and the second equation holds when its
price equals the upper bound p = 1.
The expected profit of firm 2 is given by

7T = podz = (1 —m)ox (1 —ay) + may, (13)

where the first equation holds when firm 2’s price is equal to the lower bound, and the second holds when its price ap-
proaches the upper bound p =1 from below, so that with probability (1 —m), firm 2 attracts only its loyal consumers, and
with probability m, firm 2 attracts both loyal and switching consumers.

It follows from (12) and (13) that

po=(1-a2)
m:]—%
(03]

Finally, the distribution function F(p) can be easily derived from the following constant payoff condition
i =p-[ei(1 - ;) + (1 - Fj(p))] for any p e [(1 - a), 1)
withi,je{1,2}andi#j. O
Proof of Lemma 2. Recall that, under UA, the demands of the two firms are:
oq if pa < pp
Da(Pa. Ps) =  aa(1 — 252) if pa = pp (14)
oa(1 — Bag) if pa > pp
and
Bag if ps < pa
Dy(pa. pp) = | Bap(1 — %) if pa = ps. (15)
Bos(1 — o) if pg > pa
On the other hand, if all consumers are shoppers, the demand of firm i is
i if pi < p;
Di(pi. pj) = { (1 - %) if pi=p;. (16)
ai(1—aj) if p; > p;
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Comparing (14), (15) and (16), the demand functions are the same as when both firms are shoppers, and the matching
probabilities of product A and product B are a4 and PBagp respectively. Therefore, Lemma 2 follows immediately from the
results of Lemma 1. O

Proof of Proposition 1. Recall that under UA, the valuation of each firm’s prominent position is as follows.
(1- By if f = &

oAl = B+ Blas —ap)] if B < & (17)

VA,u =

and

ag(1=B)[1 - (1 + Bag] if p =3¢

B

A

ap[1— (1 +ap)p + Bap] if <2

V44 > 0 always holds from (17). From (18), since ey > ap, the sign of Vg, is the same as that of V3, where
(1-8)1 = +Pas]if p = 52

1-(+a)p+pPagif < g8

oa

VB,u = (18)

VB,u =

We can easily verify that V;, is decreasing and continuous in 8 for any S € (0, 1). Note that the maximum value of \73,“,

i.e. when B =0, is strictly positive, while the minimum value of V5, when 8 =1 equals (1 - %ﬁ)(l — 2ap). Thus, when

ag < 1/2, we have Vg [g_q =0, so Vg, >0 for any e (0,1). When ap > 1/2, we have Vz,|g_; < 0. Then, there exists a
unique threshold j e (0, 1), such that Vg is negative if and only if 8 > 8. O

Proof of Lemma 3. From (17) and (18), after a simple calculation, we get
(1= B)loa—as(1 = (1+Bap)] if = 3
apB(B+1)(oa—ap) if B <32 ’

which is always positive. O

VA,u - VB,u = {

Proofs of Lemma 4 and Lemma 5.. Lemma 4 and Lemma 5 can be easily drawn from Lemma 1. O

Proof of Proposition 2. We define g(8) = Vi — V. Recall that, under TP, the total auction payoff for the publisher is as
follows:

Ve = {Oll(1 =B -QA+pa]if p= gt .
a[1- A +ap)f+pa] if B < &
From (18) and (19), we have
(1= B)[1 = (14 Byou] — (1 — B)[1 — (1 + Pag] if B = &
g(B) = yau(1=PB)[1 = (1+B)ay] — ag[1 — s — B + BPag] if a<B<gr
a1 —apB — B+ B —ag[1 —aaf — B+ Bas] if B < &
Note that g(B) is a continuous function of 8 on [0, 1].
Recall that ag = yo; + (1 — y)oy, and oy = yop + (1 — ). For B < %’1 we have
g(B) < ag[(1—anB — B+ B2a) — (1 - axB - B + Bas) ]
= ap[ B(aa — ay) + B (a; — ap) | < 0.

In particular, we have g(ﬁ)|ﬁ:ﬂ <0.
%

(19)

9 op
For a < B < @ we have

gB) = (1= B)[1 = (1 + B)ay] —ap[1 — s — B + et

= (1= B ¢ (14 B)(aF - o) - (enan + - ) .

For 8 > g—ﬁ we have
gB)=a(1=P)[1 - A+ Byl —ag(1 - B)[1 - (1+ B)ag]
=1 =B)(ap—a)((1+B)(+oap) = 1).
Define
h(ﬁ):{(Ols—al)((1+,3)(0ll+as)—1)ifﬂz?,ﬁ .
) 4 ((1+B)(0f —af) — (asoa+ag —a)) if &+ < f < &

27
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Since g(8) = (1 — B)h(B) for all %’1 < fB <1, g(B) and h(B) have the same sign. Furthermore, it is easy to observe that on
the interval [‘%’1’ 1], h(B) is continuous and increases in S. Since g(,3)|ﬂ=37, <0, we know that h(ﬂ)|ﬂ=ﬂ < 0. Note that

h %
h(B)|g=1 = (ap — ) (2(e + ap) — 1), which is negative if and only if &) + g < 1/2.
Therefore, we have:
i) If ¢y + g <1/2, then h(B) <0 for B ¢ [2‘—,’], 1]. This implies g(B8) <0 for B [0, 1];

ii) If o + g > 1/2, then there exists B e (t%lx’ 1] such that g(B8) <0 for B ¢ [0, ,3] and g(B) > 0 for B e (B.1].

Since ag = yo; + (1 — ¥)ap, we have oy +ag < 1/2 & y > %’1/2

Note that y € [1/2,1). We define:
i aptoy—1/2
1/2 if % <1/2
fo = GesV2 jf 1/2 < @becl2 <
. -1/2
1if % > 1
such that the threshold value 7, is always in the interval [1/2, 1] and satisfies o + g < 1/2 if and only if y € [}, 1). O

Proof of Proposition 3. We denote by I, and IT, the industry profit in the product market under TP and UA respectively.
Then,

ep = o (1 = Boy) + By (1 - Bay), (20)

Hu = OlA(] - /30[3) + ﬁOtB(l - ﬂO{B), (21)
Note that Iy is a function of y and I¢p = Ty, 1.

Iy

3y (ap —ap)(1 - B+ B(aa—ag+2Bag)) > 0.

Therefore, industry profit is higher under targeted advertising.

Denote 7;¢,, 7;, as firm i's profits in the product markets, and 7;,, 7;, as its net profits under targeted and UA,
respectively. In position auctions, the high type firm always wins, and pays the low type firm’s valuation of the promi-
nent position, while the low type firm loses and does not pay anything. We have g, = gy, oy = Tau—Vau farp =

)/( itp V]’tp)+(1—y)n]’fytp,andﬁg,tpz(1—y)<71’ ‘/]'tp)+yn]tp

Tpep = Tpu = (1 - V)(nii,tp Vjtp) + WTJ tp ~ 7By
(1 =y)(on(1 = Bay) —a(1-B)(1 - (1 +,3)041))
+yBai(1 - Bay) — Bag(1 - Pag) if = 2L
(=) (an(1 = Bay) — o1 — B — B + Br])
+yBai(1 - Bay) — Bag(1 - Pag) if B < 7
Note that ag = ya; + (1 — ¥)ay, > o Thus, for 8 > O” , we have:
Apep — Apu = (1 = y)(apn((1 = Bay) = B(1 .3053)) —oy(1=-4)(1 = (1+B)a))
+ you(B(1 - Boy) — B(1 - Bag))
= (1 =y)(an(1 = Bo)(1 =) —oy(1 - B)(1 - (1+B)ay))
=21 -y)od-Ba)(d-p)—a1-4)1 -1+ p)u))
=1 -y)(1-pB)af>0.

Similarly, for 8 < g— we have:

Rpep — Rpu = (1= ) (an((1 = Bey) — B(1 — Bag)) — (1 -y — B + fy))
+ vy (B(1 - Bay) — B(1 — Bag))
> (1—y)(an((1 = Ba) = B(1 = Bay)) — (1 - — B+ fP))
=1 —y)(an—a)(1-B+p%)>0.

Thus, the low type firm always prefers targeted advertising.
For the high type firm A, we have:

Taep — Fau = V(Tfii,tp jtp) +(1- V)n]l:,tp — (Tau — VBu)-

17
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For 8 < 3—1’1, we have

Fipep = Fau= (1= y) (e —a)(1 - B+ (au +ap)p®) > 0.

28, then we have
A

Furthermore, it follows from the expressions of V]!‘.tp and Vg, that if % <B<
Raep = au=(1=y)(an—a)(1 - B+ (v +ap)p?) + yaf — yaap,

. o
and if B8 > ﬁ,then we have

Raep = au=(1=y)(an—a)(1 - B+ (v +ap)f?) + yaf — af — ya,opf + asaap.

Note that 74, — s, is a convex function of 8 on [g—; 1]. Furthermore, it is easy to verify that 7a .y — faulg=1 =

(o —a)((1 = y)oy + y (g — o)) > 0. Thus, if min/g [a, 1] Riaep — fau < 0, then there exist two threshold values ,31 and
€ W'

Bz, such that 75 ;p — 74, <0 for B e [,31 BZ] and 74, — ftpy > 0 for B € [0, 31) U (,32, 1]. Note that when y =1 and B €

o « . . . . . . . .
(ﬁ ﬁ) we have 75 ;p — 4, < 0. Thus, there exist cases in which mmﬂe[%l ]} fiaep—flau<0. O
s

Proof of Proposition 4.
1) Shoppers always search for two firms. The expected utility of type A shoppers under UA is:
Upu=oan(1—o)(1 = Epay) +o(1 —an)(1 — Eppu) + yop (1 — Emin (Pau, Psu))
and his/her expected utility under targeted advertising is:

Unep = on(1 = o) (1 = ERf ) + (1 — o) (1 = EBfy,,)) + ety (1 — Emin (B, B y))-

It follows from Lemma 5 that ﬁg,tp first-order stochastically dominates f, , and ﬁ’gw first-order stochastically dominates
Ppu- Therefore, Uy > Ua ¢p.

Similarly, we can show that a type B shopper prefers UA.

Now, we consider nonshoppers. Under UA, product A wins and appears prominently to all consumers. The expected
utility of type A nonshoppers is:

. 1 1—ap 1
Uy = op(1 —EPau) =ah</1 (1-p) de)
ap

oy p?

and the expected utility of type B nonshoppers is

- 1 1-—ap 1
Upu =) (1 —EPay) =Oll(/1 1-p) de).

ay  p?

Under targeted advertising, product i wins the prominence with type i consumers.Thus, nonshoppers gain regardless of
their preference for the product:

~i 1 1- [67]
Uiy = e (1 = ERfy) =en( [ (1= p)ig

—q

1 .
?d p), i=AB.
Since ﬁ;: , first-order stochastically dominates p4 ,, we have Ug , > Uj¢p.

Usu — Uiep = (1 — EPau) — (1 — Ef} ).

We define x=1—«ap and f(x) = f)} a- p);‘—zdp =1-x+xInx. Then, f'(x) =Inx < 0.

0(Usu — Ui d gt a do
Was “hs) _ i iy iy
dy dy s dy
Asy - 1,1—Eps, — 1—Ep. , it follows that Ug, — Ujply—1 <O.
Now, let us prove Ug,uly_l > Uj¢p. Note that Up y|a,=e; = Uj¢p- Thus, in order to prove Ug_u|y_l > Uj tp, We only need to
=1 : -1

Wpul,_1
prove that —;—2 > 0. Note that

ap

o
UB,u|y=% = 1—_le(x)
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gyl 1
We only need to prove ;Xy’f <0, sincex=1- ““TW’ is decreasing in oy,
AUgy|,_1
Uly=3 o A
= X X
T aog O TR ®
= 5 (1 —x+1Inx)
(1-x)
1
o 1
- / (]——)dp <o.
(1-%) X p
Now, we have proved that Ug, —U;;, is decreasing in y, with UB,u|y,1 > Ujp and Upyly—1 < Uj¢p. Thus, there exists
-2

71 € (1/2,1), such that type B is better off under UA if and only if y < .
Considering the total consumer surplus of nonshoppers, we have:

Y (Uau = Uiep) + (1 = ¥) (Usu = Uiep) = (vetn + (1 =)o) (1 — EPaw) — (1 - EB},)

1 1—-op 1 1 1—(111
=0, 1- —dp| -« f 1-— —d
A<f(w)< R p) h<1m( P dp

=f(1-ap) - f(1-oy)>0.

Thus, the total consumer surplus of nonshoppers is higher under UA. Since shoppers are also strictly better off under UA,
the total consumer surplus is higher under UA.

2) Define TS;p and TSy as the total surplus under TP and UA respectively. We have:
TStp= (1= PB)ap+p(1— (1 —ap)(1—ay)). (22)

TSu=(1-Baa+ B -1 -ap)(d-a)). (23)

It follows that TSy, > TSy. O

Proof of Proposition 5. The publisher’s payoff under TS is (1 — B)ap, which is higher than (1 - 8)«, i.e. its payoff under

T2. It is also easy to verify from (18) and (19) that (1 — B8)«p is greater than V, and Vi{m. O
Proof of Proposition 6.

1) Let Il;s and IT;, denote the industry profit under TS and T2 respectively. We have:
s — Ty = Baa(1 —ap) + (1 = Baa — ((oa + Bap) (1 — Bag))
= —Bap(1 - Bap) <0,

My — Tep = Bap(1 —ap) + (1 = Bay — (a1 = Bay) + Bay (1 - Bay))
=—PBao(1-Boy) <0,

implying that TS reduces industry profit.
We also have:

iy = Tis = Bap(1 —ap) + (1 = B)ay — (Baa(1 —ap) + (1 - B)aa),
T~ (- ) (B(1 - am) + Ban + (1= ) <0,

Note that Iy, — Its|, -1 = 0. Therefore, Iy, — Its > 0. Furthermore, we already know from Proposition 3 that Igp > ITy.
Thus, TP increases industry profit, whether or not the publisher implements TS.
For firms, we have:

7 — Tges = Bap(1 — Bap) — Bag(l —ap) > 0,

Tip — a2 =y (1= Bay) + (1= ) (e (1 = Bay) = V7))
—(yBa(1—a)+ (1 -y)(Bar(1 —ap) + (1= B)(ap —@))))

=y Ba(a;— Bay) + (1 - V)((l - B _Vi,Jtp) >0,

where the last inequality is due to the fact that (1 - 8)¢; > V{tp. Therefore, TS always hurts firm B.
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Similarly, we have:
Tpu—Taes = oa(l = Pog) = Vpu — (Bata(1 —ap) + (1 - B)(aa — ag))
=(1-B)ag—Vgy >0
and
Faep—Raz= (1= y)B(1 =Bt +y((1 - oy —V},)) >0,

where 775 5 = Byan(1— o) + B(1 - y)oy(1 — o) + (1= B)y (a — ).
Therefore, TS always hurts firm A.
Finally, we have:

Mg — Tges = (1= B)(1 = y)(an — ) + Bog(ap — ap) > 0.
This means that TP always benefits firm B, regardless of whether the publisher has implemented TS or not.

2) The results for nonshoppers are obvious, because nonshoppers get zero utility if the publisher implements TS. The results
for shoppers are also straightforward, because TP eases price competition and therefore shoppers pay lower prices.

Now, we consider the total consumer surplus:

CSu—CSes =[(B(1— (1 —aa)(1 —ap)) + (1= B)aa) — Tlu] = [(B(1 — (1 —aa)(1 —ap)) + (1 — B)aa) — is]
=TIl - Iy <O,

CStp = CSa =[(B(1 = (1 —aa)(1 —ap)) + (1 = Bap)v — Mip] = [(B(1 = (1 — aa) (1 — ap)) + (1 = o) v — 2]
= th — Htp < 0.

Thus, TS increases the total consumer surplus.
We also have:

CS[S —CSIZ = th — Hts + (1 — ﬂ)(aA —O[h)
= Bap(1—a)) + (1 - Bay — (Baa(l —ap) + (1 - B)aa) + (1 — B)(aa —ap)
=Bap(1—o) —aa(1—ap)) = (1= y)(op —a) (¥ (o —a) + 1)
> 0.

In other words, TP always reduces consumer surplus, regardless of whether the publisher has implemented TS or not.

3) Total surplus depends only on the trading probability. TS does not change the advertisement displayed prominently to
each consumer and, therefore, does not change the trading probability. O

Proof of Corollary 1. Corollary 1 follows immediately from the previous results. [

Proof of Proposition 7. We prove the equivalence of UA and TS, and the proof of the equivalence of TP and T2 is similar.
Suppose that under UA, firm i wins the prominent position. Under TS, firm i wins the prominent position facing non-
shoppers (it does not matter who wins the prominent position to shoppers since shoppers always search for both firms).
Then, the demand function for the firms under UA is given by (14) and (15). Now, we consider the demand functions for the
two firms under TS. Shoppers always buy from the lower priced firm, while nonshoppers buy only from firm i. If p; < pj,
then firm i's demand is ¢; and firm j’s demand is Boj(1 — «;); if p; > pj, then, firm i's demand is ,30(,-(1 - ocj) +(1-Pp); =

oz,-(l - ﬁoej) and firm j’s demand is Ba;; if p; = pj, then firm i's demand is ﬁ(ot,-(l - Olj) + afj) +(1-P);= a,-( - @)

and firm j’s demand is ﬂ(aj(l — o) + afj) = ,Baj(l - %) The demand functions for the two firms are the same as

(14) and (15). Therefore, the firms’ pricing strategies under UA are the same as those under TS. O

Proof of Lemma 6. Assume that firm A wins type A market in the first auction. Conditional on A winning the first auction,
firm A will bid

Vaiu = 7T£‘ — T
and firm B will bid
VB\A =71 — JTLII.

Firm A outbids firm B if and only if V4 > V4, which is equivalent to TT, > IT;. After a simple calculation, we have:
1 1
My —Th = 5(1 —,3)[051 —ay+of +/3<06ﬁ =5 (@ —051)2>]7
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which can be either positive or negative, depending on the parameters.'
Now, assume firm B wins type A market in the first auction. In the second auction, firm A will bid

Vap =12 — 7&’,
and firm B will bid
VB\B = 7'[[’: — T0).

Firm B outbids firm A in the second auction if and only if Vg g > Vj 5, which is equivalent to IT, > IT,. After simple calcula-
tions, we have:

Hu*H2=%U*ﬂﬂ@h*%ﬂ2*5Wh*%D+Q“ﬂl+ﬂ»ZQ

which is positive. Conditional on winning its weak market in the first auction, firm B always outbids firm A for its strong
market in the second auction. O

Proof of Lemma 7. We have two cases:
Case 1: Iy > I14. In this case, whoever wins the first auction wins both markets. In the first auction, A will bid

Vo=l — Vga — 7l
and B will bid
VB = 77.'3 — VA\B — JTli

Firm A outbids firm B if V4 — Vg > 0. We have V4 — Vg = Vyp — V4 = 72 — 71, which can be either positive or negative. There-
fore, in the first auction, either firm A or firm B can win, depending on the parameters.

Case 2: I, < I14. Then, regardless of who wins the first auction, B always wins the second auction. In the first auction,
A will bid

VAZJT]—T[!‘

and B will bid
Vs =7t — Vyg — 1.

A wins the first auction if V4 > Vg, which is equivalent to
[Ty > Ty — Vyp.

This holds because I, < IT;. Therefore, in this case, A always wins the first auction. O

Proof of Proposition 8. If IT, > IT;, the publisher’s auction payoff is equal to Vg + Vg4 = 71l — 7} + Vg — Vajp <l — 7t}
if A wins the first auction, and equal to Vj + Vyp = 71l — 7t} + Vajp — Vga < 7l — ), if B wins the first auction. Note that

st — 7l is the publisher’s auction payoff under uniform pricing. The publisher strictly prefers UA.
If Iy < T4, the publisher’s auction payoff is equal to Vg + Vau < V4 +Vyp = 1y — ) + 7l — 1y = ! — ). Therefore, the
publisher prefers UA. O

Proof of Proposition 9. Substituting the expressions for af,l, and a(j,'_ into the expression for V, we get:
Vi if a > ag
- {Vz if1/2<a<dy
where
Vi=(1-B)(an— (an —o)a)[1 = (1 + B)ay + (1 + B)(atn — )]
Vy = (a — (o — o)) [1 = B — oy + BPay, — (B + B*) (et — o)a

J - N
s~ ap—Boy . . _ g dga+(1-dg)ay
and 4y = [CEDIEE which satisfies =2l = doanr (1do )
Note that V5 is a quadratic and convex function of a and therefore reaches a maximum at a = 1/2 or a = dy. Furthermore,

V1 is a quadratic and concave function of a. Solving %Lal =0 gives:

4 20+ By —1
'T 22—+ B)

B In particular, if o > a4 (1 — o), then T, —T1; = 0 for all B €[0,1]; if o <oy + L (ap —y)® — 202, then T, —T1; <0 for all B €[0,1]; if oy +

Lig, —a)? — 202 _ _ i _ap(-an)- _ i an(-ap)-a
3 (o —ap)” —2af <oy < ap(1—ay), then I, — I > 0 if B > P Y— and IT, - I1; <0if B < T’
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According to the expression for V, the optimal a* should satisfy a* € {1/2, 4y, d;, 1}.
It is easy to calculate:

V(l/2)=%t(l —ﬁ)(l —%,Bt), (24)
V(d) = %m ~ B - po),

R 1-8
V() = mv (25)

where t = o, + ;.
Since % 1ﬂﬂ and 1 - —ﬂt > 1 - Bt, we have V(1/2) > V(dy). Therefore, it must be the case that a* € {1/2, d, 1}.

In what follows, we prove our results by contradiction. Suppose a* = d;. We must have dy < d; < 1, which implies that

ah—ﬂa, - 2(1-}—,3)0(;1—1

@n—ay(A+B) - 2@ a1 p) ~

1

T ran =P 2w ! (26)

Since 0 < B < 1, in order for condition (26) to hold, we must have:

o <1/2 and o + o) > 1/2

1/2 <t < 3/2, where t = o, + ;. (27)
From (24) and (25), we have:

VA/2) -V@) = =Pt + B2 -ty - 1]

Eh
- B
~ G [,

where f(B8;t) =t(1+B)(2-Bt) - 1.

Note that due to condition (27), we have:
flg=o=2t—-1>0,
flg—1 = —2(t—1)> =10,

Since f(B;t) is a concave function of B for any given t, we must have f(8;t) >0 for all 8 € (0,1) whenever condition
(27) holds. This contradicts the previous assumption that a* = d;. O

Proof of Proposition 10.
1) g—i < % The publisher’s auction payoff is:

V=221 -b)(1 - (1 +b)ag) + b(1 = (2 - byap)]

ifbsl—g—ﬁ; and

= 2[A =)A= (1 +baw) + (1= (1 +a)(1 = b) +ap(1 - b)°)]

ifb>1-28
Therefore, we have

ov a,}(zb—l)>0ifb§1—g—i
b |lap2ap(2b—1)+ x> 0ifb>1-2
2) g—ﬁ > % The publisher’s auction payoff is
V= %[1 —(+a))b+agh?> +1— (1+ay)(1—b)+ap(l —b)z],
if b< 2E; and

L7

V= %[(1 —b)(1 = (1+b)ag) + 1 — (1 +a2)(1 - b) + (1 - b)?],
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if b> ZB.

Therefore, we have

v  [az2b-1)>0ifb<gt

b~ | lap[2a5(2b— 1)+ aa] > 0 if b > @

O
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