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Competing for Consumers Online:

The Advertising Strategies of Vertically Di¤erentiated Firms

Abstract

This paper studies the strategic decisions of vertically di¤erentiated �rms that promote

their products online utilizing display or search engine advertising. Our �ndings indicate

that �rms�advertising strategies in equilibrium critically depend on the type of advertising

used and the degree of quality di¤erentiation. Firms�decisions may lead to informational

disparity in the marketplace that softens price competition and thus increases both �rms�

pro�ts. Speci�cally, a low-quality �rm may choose not to run a display advertising campaign,

even when administering such a campaign is costless, if the degree of vertical di¤erentiation

between the goods is small. Moreover, as the degree of advertising e¤ectiveness goes up,

resulting in more customers that only consider the high-quality good, we show that the

low-quality �rm can be better o¤ (despite not advertising). In the case of search engine

advertising, the high-quality �rm acquires the top sponsored link over a large range of the

parameter space, as the value of advertising is typically greater for it. However, if advertising

e¤ectiveness is moderate and vertical di¤erentiation is small, the low-quality �rm will win

the auction for the top link.

Keywords: Online Advertising, Display Advertising, Search Engine Advertising, Compe-

tition, Game-Theory



1 Introduction

�We hypothesize that there is a cycle of interplay between display ads, visitation

to comparison sites and incremental searches, and ultimately all of these lead to

increases in sales.� - Lenovo Marketing Manager (2009)

The online world has created a new environment for informing consumers and generating

sales. In this brave new world, �rms have websites which allow them to communicate their

marketing messages to consumers without contamination from alternative product o¤erings.

In addition, �rms can realize sales directly to consumers through their websites and they are

increasingly dependent on online sales. For instance, Dell�s main sales channel is dell.com

and the company�s online sales �gure totaled $4.8 billion in 2008 (Calnan 2009).

Online advertising is an important vehicle to drive tra¢ c to a manufacturer�s website. A

�rm can inform consumers about its o¤erings by utilizing display ads on content provider

websites or by using sponsored links on search engines. In a recent survey 89% of marketing

managers reported that they plan to increase their interactive advertising budget (Forrester

2009). However, being exposed to online ads is not the only way a consumer can learn about

products over the Internet. The interactive nature of the web facilitates information seeking

on o¤erings and a consumer can do so by visiting a product review website or performing a

search. This dynamic environment brings forth opportunities and challenges to the marketing

manager as the Internet becomes the most important medium for reaching today�s consumer.

In 2010, for the �rst time ever, time spent online was higher than time spent watching

TV �the previous dominant medium for many decades� for the average US consumer. If

the current trends prevail, this gap is expected to exacerbate: time spent watching TV

was relatively stable in the last 5 years (a modest 5% increase) while time spent online

thrived (121% increase) in the same time period (Forrester 2010). Most US consumers

have Internet access as 79% of US households and 40% of mobile phones have Internet

connection (comScore 2010). While sur�ng the web, these consumers actively search for
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information on goods and sometimes they make purchases: 60% of adults with Internet

access report purchasing products online at least once a month (Forrester 2010). Therefore,

reaching consumers on the Internet is critical for marketing managers and they employ online

advertising ever more. The industry shows strong growth, with last year�s (2010) ad revenues

soaring by 14.9% to $26 billion (IAB 2011).

The most popular formats to communicate marketing messages online are display ad-

vertising and sponsored links on search engines. In 2010, 38% of the online ad industry

revenues came from display advertising and 46% came from search engine advertising (IAB

2011). Display advertising takes place on content provider websites such as NYTimes.com,

Boston.com and Yahoo.com, and includes banner ads, rich media, digital videos and spon-

sorships. Display ads are similar to TV or print ads in the sense that consumers�main

motivation is content consumption and they are exposed to ads in the meantime. This

makes display advertising a convenient tool to build interest in a product. In Kotler�s (2003)

framework presented in Figure 1, display advertising may trigger consumers to realize a

need, hence lead them to Stage 1, problem recognition. Alternatively, by advertising on a

search engine a �rm can reach consumers that are already interested in a product category

and are hence in Stage 2, information search. When a user performs a search on a web-

site such as Google.com or Bing.com via keywords, suggesting she is interested in learning

more about a particular product type, the search engine provides a list of manufacturers�

sponsored link ads in addition to organic links that might include manufacturer websites,

product review/comparison websites and e-tailer websites.

A common feature of these di¤erent advertising formats is that they are interactive.

Consumers can click on an online ad, whether display or sponsored link, and be directed

to the advertiser�s website where they can learn about the advertiser�s product. This is

advantageous for the advertiser because at the website consumers are exposed to further

marketing messages without contamination from information on rival products. Moreover,

consumers may even make a direct purchase from the website. Given the bene�ts of having
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Figure 1: The Consumer Buying Process, (adapted from Kotler�s 2003)

more consumers browse the manufacturer�s website, advertising e¤ectiveness is vital for the

success of an online ad. For example, if display advertising is e¤ective, consumers that

attend to the ad have a greater chance of visiting the advertiser�s website. Exposure to

the ad combined with further marketing messages at the advertiser�s website may facilitate

a brand�s entrance to a consumer�s consideration set. On the other hand, the display ad

may also initiate a general interest in the product category and trigger some consumers

to search for alternative o¤erings. Similarly, if a search engine ad is e¤ective, consumers

have a greater probability to click on it and consequently have the advertised brand in their

consideration set. Nevertheless, some consumers will scroll down and check out the organic

links that might have information on alternative products. From this point of view, both

display advertising and search engine advertising can create informational disparity in the

marketplace that results in asymmetric consumer consideration sets.

While both ad formats can produce informational disparity, they are fundamentally dif-

ferent in the way ad space is allocated to advertisers. Display advertising space is sold on

a cost-per-mille (CPM) basis: a �rm that wants to advertise on a content provider�s web-

site buys a number of impressions in bulk and the advertising campaign lasts until the ad

downloads that many times. Search engine advertising space, on the contrary, is allocated

through an auction mechanism: a new, separate auction is run each time a consumer per-

forms a search and a �rm that has a greater valuation will bid higher for acquiring a better

position. The discrepancy in the duration of each ad format has an e¤ect on the strategic

decisions of �rms that wish to advertise. For instance, a �rm that is running a display

advertising campaign over a few weeks can change the price of its product over that period
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of time, while price is stickier for a �rm that is bidding in an instantaneous search engine

auction.

The focus of this paper is on the interaction between �rms that advertise and sell their

products primarily over the Internet. We concentrate on goods for which relevant information

for a purchase decision is available online without the need to inspect the good physically in

a brick and mortar store. In Lal and Sarvary�s (1999) context, the purchase decision for the

products in our study primarily depends on digital attributes as opposed to nondigital ones.

The top 2 growing online retail product categories in 2010 were consumer electronics and

computer hardware, with 19% and 17% growth rates, respectively (comScore 2010.) Digital

attributes, such as processing power in laptops or image resolution in digital cameras, are

crucial in evaluating these goods and better performance on digital attributes is typically

more desired. Therefore, in this paper, we concentrate on �rms that produce vertically

di¤erentiated goods.

A marketing manager that wants to promote a product like a Lenovo laptop needs to

make a decision on its online presence. It can act passively and depend on product review

websites, e-tailer websites and on organic links in search engines that feature information

on Lenovo products. Consumers that are interested in the laptop category may learn about

Lenovo laptops from any of these sources. On the one hand, this method has the advantage

of being free. On the other hand, one should also consider that at the review/comparison and

e-tailer sites consumers will also be exposed to alternative products that may be of higher-

quality. Alternatively, a more proactive method to reach consumers would be to advertise

online. Doing so ensures that one�s brand will be in all consumers�consideration sets, but

this might start a price war if all �rms advertise and quality di¤erentiation is low. Whilst

developing an online advertising strategy, the manager needs to balance these considerations.

Both display ads and sponsored links are alike in the sense that they can divert consumers�

browsing paths to the manufacturer�s website. However, the di¤erent methods of selling ad

space for each of these formats and consequently the di¤erence in duration of advertising
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campaigns is an issue to consider. Last but not the least, the marketing manager also needs

to take into account rivals�expected actions. For instance, running a display ad campaign

while the rival does not advertise may create an informational disparity in the number of

consumers that consider only the �rm�s product. In search engine advertising, getting the

most desirable top link may have an additional bene�t of pre-empting a rival from attaining

it.

In this paper we study strategic online advertising decisions by two vertically di¤erenti-

ated �rms, focusing on the following research questions:

� What governs the incentives to advertise online, given the various formats like display

ads and sponsored links?

� Should we always expect a high-quality �rm to advertise? When can we see ads from

a lower-quality �rm?

� Does greater advertising e¤ectiveness always hurt the non-advertising �rm?

To answer these questions, we construct a stylized model in which two vertically di¤er-

entiated �rms can promote their products online using display or search engine advertising.

Through their strategic advertising decisions, �rms can create informational disparity in

consumers�consideration sets. Advertising e¤ectiveness determines the ratio of consumers

who click on the ad and browse the advertiser�s website. Remaining consumers can learn

about the rival �rm�s product as well; for instance, they can visit a product review website

for a comparison of alternatives.

The analysis reveals that the attractiveness of advertising for a �rm depends on the level

of quality di¤erentiation. If vertical di¤erentiation is small and consumers are informed

about both goods, price competition between the �rms is �erce. This creates an incentive

for informational disparity. When some consumers have only one of the products in their

consideration set, the manufacturer of that good can increase price in order to skim their

surplus. This alleviates price competition and hence makes informational disparity appealing
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to the non-advertising �rm, even though it means that some consumers will not be aware of

its product.

Speci�cally, with display advertising a low-quality �rm may elect not to advertise, even

at zero cost, if its product is not di¤erentiated enough from its rival�s. When consumers

are fully informed, the low-quality �rm is at a great disadvantage because of intense price

competition. Therefore, the low-quality �rm may be better o¤ in a situation in which the

high-quality �rm is the only advertiser compared to a case in which both �rms advertise.

Moreover, in an equilibrium in which the high-quality �rm is the only advertiser, an increase

in advertising e¤ectiveness may actually enhance the low-quality �rm�s pro�t because of the

corresponding increase in the level of informational disparity.

With search engine advertising, a �rm can achieve a favorable position by acquiring the

top sponsored link on the search results page. This is decided by an auction and �rms�bids

are determined by their valuation of attaining the top link. The high-quality �rm usually

has an incentive to outbid its rival. However, we show that if advertising e¤ectiveness is

moderate and vertical di¤erentiation is small then the low-quality �rm obtains the top link

and price competition is mitigated.

The rest of the paper is organized as follows. In the next section we relate our work to the

extant literature. Section 3 sets up the model and presents the classic vertically di¤erentiated

duopoly as a benchmark. Sections 4 and 5 analyze display advertising and search engine

advertising, respectively. Section 6 concludes and provides managerial implications. All

proofs have been relegated to an Appendix that is available from the authors upon request.

2 Related Literature

The tremendous growth, over 300% in the last ten years, of the online advertising industry

has correspondingly elicited scholarly work on the topic. For a detailed description of the

industry including a review of display and search advertising see Evans (2008, 2009). The
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author provides a detailed account of business models, ways of allocating advertising space

and pricing of ad space for both types of online advertising. Parallel to the increase in online

advertising spending, a desire to understand how �rms should best allocate their resources

has arisen, particularly concentrating on advertising e¤ectiveness.

The interactive nature of the web has provided a new metric for measuring the e¤ec-

tiveness of online ads: click through rates (CTR). To discriminate between attended and

non-attended ads, CTR is often utilized (for example, Novak and Ho¤man 2000 and Dahlen

2001). Although in some cases the immediate CTR is low (Dreze and Hussherr 2003), Rutz

and Bucklin (2009) �nd that banner ads in�uence consumers�subsequent browsing behav-

ior by increasing their likelihood of seeking information on an advertised brand. Further

research shows that exposure to display ads increases brand awareness, site visits and pur-

chases (Ilfeld and Winer 2002, Sherman and Deighton 2001, Manchanda et al. 2006). In

our paper, we assume that exposure, immediate clicks and subsequent longer-term site visits

help get an advertiser�s product in consumers�consideration sets and hence might lead to a

purchase; and de�ne that as ad e¤ectiveness.

The research on search advertising has mostly concentrated on the auctioning of keywords

(Varian 2007, Edelman et al. 2007, Katona and Sarvary 2010). In these papers, �rms have

a constant value for each of the sponsored link positions and the focus is on the bidding

behavior according to these exogenous values. However, in our paper, we are interested

in strategic interaction among advertisers in the product market; therefore the values of

the positions are endogenous and depend on product market competition. For instance by

acquiring the top link, in addition to the usual bene�t of informing consumers about its own

o¤ering, a �rm also prevents its competitor from attaining this coveted spot.

In this paper, we adopt an informative view of advertising (see Bagwell 2007 for an

exhaustive survey of views on advertising). There is a rich literature on how �rms select

the level of informative advertising (e.g. Butters 1977, Grossman and Shapiro 1984), but

in this literature products are either homogeneous or di¤erentiated horizontally. Our focus
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is on advertising decisions of �rms that sell vertically di¤erentiated goods. Another stream

of literature studies advertising in the context of vertically di¤erentiated �rms (e.g. Nelson

1970, Milgrom and Roberts 1986). These papers treat advertising as a signal of quality

and �nd that high-quality �rms advertise more. However in our paper, consumers are not

uncertain of a product�s quality, provided they are informed about it. In other words, digital

attributes (Lal and Sarvary 1999) determine the value of a good for the consumers in our

study, but advertising can e¤ect which products are considered.

3 Model Setup

3.1 Firms and Products

Consider a market with two �rms, indexed 1 and 2, each o¤ering a vertically di¤erentiated

product. The �rms are di¤erentiated on a single attribute which we call quality and this

attribute determines the value of each good to consumers. The quality level of product

i is denoted vi and without loss of generality we assume that �rm 1 is the high-quality

manufacturer. The price of product i is denoted pi and we assume zero marginal cost of

production for both �rms.

3.2 Websites

The �rms operate online; that is, each �rm maintains a website and sells its product to

consumers directly through it. In addition to �rms�sites, there are 3 more type of websites

that provide information on product o¤erings: content websites, search engines and product

review/comparison websites. The �rst two websites attract consumers by providing content

and search results, respectively, and sell ad space to the �rms. The ads on the content

provider websites are display ads and the ads on the search engine are sponsored links. If

a consumer clicks on either of these online ads, she is transferred to the advertising �rm�s

website. There is also information on both �rms�goods on product review websites. After

8



being exposed to an ad, consumers may decide to visit the review site in order to learn about

the products in the market and make a comparison.1

3.3 Consumers

We assume that the market is composed of a unit mass of consumers that have the same

preference ordering among the products when o¤ered at the same price. All consumers

prefer higher over lower-quality, but they are heterogeneous in their willingness to pay for

quality. The marginal valuation of quality, �, is distributed uniformly on [0,1]. The utility a

consumer of type � derives from buying product i is Ui = �vi � pi while the utility from not

purchasing, U0, is normalized to zero. A consumer buys at most one unit and prefers the

good that provides greater utility. However, a consumer can only purchase a product that

she is informed about. That is, consumers �rst form consideration sets and then decide to

purchase or not from that set (Moe 2006). Consumers are prompted to get information on

a product in two ways: they might be exposed to an online ad or they might actively search

for information on a search engine or a product review website.

3.4 Benchmark: Vertically Di¤erentiated Duopoly

We use the classic vertically di¤erentiated duopoly model (Shaked and Sutton 1982, Moorthy

1988) as the benchmark. In this model, consumers are assumed at the outset to be fully

informed about �rms� o¤erings and they have both products in their consideration sets;

hence �rms do not engage in advertising to inform them. In order to solve the benchmark

case, we �rst �nd the marginal consumer who is indi¤erent between buying a product or

1Our focus is on products that are mainly purchased online; however, some consumers may decide to
visit brick and mortar stores upon seeing an ad. Consumers that physically visit a retailer will be exposed
to alternative products on the shelf and/or by the salespeople. These consumers will be equivalent to the
group that visits product review websites and will have both goods in their consideration sets. Similarly,
consumers that go to an o ine store that carries a single brand, such as an Apple store, will be equivalent
to the group that visits a manufacturer�s website and will have only the manufacturer�s product in their
consideration sets. Analyzing a model with both online and o ine purchases is beyond the scope of this
paper.
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Figure 2: Benchmark Case Demand Structure

not. For instance the valuation of the marginal consumer for product i, �i, satis�es Ui =

�ivi � pi = U0 = 0. Thus, all consumers who have a higher valuation, � > �i = pi
vi
, derive

positive utility from product i. The valuation of the marginal consumer between products

1 and 2, b�, satis�es U1 = b�v1 � p1 = U2 = b�v2 � p2. Thus, consumers that have valuation
greater than b� = p1�p2

v1�v2 prefer product 1, and the rest of the consumers prefer product 2, as

long as they get positive utility from purchase. Firm 1�s demand is x1 = [1 � b�] and �rm
2�s demand is x2 = [b� � �2] (see Figure 2). Note that this demand structure is realized if
�1 > �2. If this were not true, �rm 2�s product would be dominated because any consumer

who derives positive utility from product 2 would get greater utility from product 1. Hence

�rm 2 never selects a price that is too high in equilibrium and this ensures that ��2 =
p�2
v2
< ��1

holds.

The corresponding pro�t functions are:

�B1 = (1� b�)p1 (1)

�B2 = (1� b�)p2 (2)

The equilibrium prices and pro�ts are given in Table 1 under the heading �Benchmark�.
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Figure 3: Display Advertising Timeline

4 Display Advertising

In this section, contrary to the benchmark case, we assume that consumers are not initially

aware of the products. However a �rm may inform consumers about its o¤ering through

display advertising. Let there be a content provider website that consumers visit regularly.

This website sells ad space to �rms and each �rm can decide to execute a display advertising

campaign on the content provider�s website.

Display ad space is sold by the cost per mille method, usually in the order of millions of

eyeballs.2 Because of this, a display ad campaign typically runs for an extended period of

time until the number of impressions (measured by downloads) are shown. In order to model

this, we devise a two stage game. In the �rst stage the �rms decide whether to advertise or

not and in the second stage they set prices (see Figure 3). This setup re�ects the fact that

price is relatively easy to change and �rms can modify their prices during the course of an

advertising campaign. The cost of running a display advertising campaign is C, and without

loss of generality it is normalized to zero.3

We assume that if a �rm decides to advertise, all consumers in the market are informed

about its product. In other words, the advertiser�s product automatically gets in the con-

sideration sets of consumers. Trivially, if neither �rm advertises, both �rms will face zero

demand as consumers� consideration sets will be empty. If both �rms advertise, all con-

2For example, Yahoo.com has a minimum limit of 500,000 eyeballs if a �rm wants to purchase display ad
space on its homepage.

3Allowing C to be positive would not change our results as long as it is not too high. The details are
presented in a separate Technical Appendix available from the authors upon request.
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sumers will be informed about both goods and consequently, the outcome will be the same

as the outcome of the benchmark case (presented in subsection 3.4.)

A more interesting situation arises when only one �rm, say �rm i, advertises. In this

case all consumers will become aware of product i. Some consumers may click on the ad

and be directed to �rm i�s website where they can learn more and possibly purchase �rm

i�s product. We de�ne display advertising e¤ectiveness, �, as the percent of consumers who

end up with only the advertiser�s brand in their consideration set. The remaining consumers

may choose to learn about the alternative products in the category when responding to

the ad and visit the review/comparison websites. These consumers will have both products

in their consideration set. As can be seen in Figure 4, such �rm actions will generate an

informational disparity between the consideration sets of consumers.

Several of our model assumptions merit further discussion. First, for simplicity, we

assume that all consumers respond to the ad in some way. In reality, upon being exposed

to a display ad, a number of consumers will respond to the ad and take action while the

remaining consumers simply ignore the ad. We are interested in only the consumers that

take action after seeing the ad, and normalize the size of this group to one.4 This way, we can

focus on subsequent browsing behavior of consumers that are triggered by the ad and realize

a need for a product. In other words, we distinguish between advertising responsiveness and

advertising e¤ectiveness. Second, we assume that advertising e¤ectiveness determines the

outcome of the actions consumers take upon seeing an ad. For instance, if a consumer is

interested in the speci�c brand advertised, she clicks on the ad and is immediately transferred

to the advertiser�s website. In fact, the bene�t of a display ad is not limited to that; there

is evidence that banner ads in�uence more than half of the consumers�subsequent browsing

behavior by increasing the chance that they visit webpages that contain information on the

advertised product (Rutz and Bucklin 2009). We simply refer to these consumers�longer-

term visitations also as clicks. Third, we assume that consumers who click on the ad and visit

4We discuss the issues related to advertising responsiveness in the Technical Appendix.
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Figure 4: Display Advertising - Only One Firm Advertises

the advertiser�s website have only the advertised brand in their consideration set. Naturally,

there will be consumers who do not stop there and visit the comparison site as well. In

our model these consumers are simply in the 1 � � percent of the consumers. One could

easily micro model these consumers of size y, by creating a new variable �0 = � � y with �0

being the adjusted advertising e¤ectiveness (so that 1� �0 = 1� � + y). This speci�cation

would not change our results. In summary, we simply refer to advertising e¤ectiveness as the

percent of consumers who end up with only the advertiser�s product in their consideration

set.5

We solve the model through backwards induction. If neither �rm advertises, both �rms

face zero demand and charge the marginal cost that is equal to zero. If both �rms advertise,

all consumers are fully informed and the �rms will choose the prices as in the benchmark

case. However if only one �rm, say �rm i, advertises, there will be an informational disparity:

� percent of consumers will only consider product i and 1 � � percent of consumers will

have both goods in their consideration sets. In order to set the pro�t maximizing price,

5It is possible to have distinct advertising e¤ectiveness level for each �rm such as �1 and �2. However,
we want to avoid asymmetric outcomes due to asymmetric advertising e¤ectiveness. Moreover, in order to
concentrate on pure strategy equilibria, we assume that advertising e¤ectiveness has an upper limit depending
quality level of each product, � < �(v1;v2).
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�rm i needs to consider pro�ts from both of these segments. Had �rm i been operating

only in the � sized market of consumers that click on its ad, the optimal price would be the

monopoly price, vi
2
. Conversely, had �rm i been operating only in the 1� � sized market of

consumers that are aware of both products, the optimal price would be the benchmark price,

pBi . Nevertheless the �rm operates in both markets and needs to quote a single price on its

website. The pro�t maximizing price will be less than the monopoly price and greater than

the benchmark price. The following Proposition shows that the equilibrium price depends

on the size of each segment �hence on advertising e¤ectiveness�and quality di¤erentiation

between the goods. The equilibrium expressions are given in Table 1 under the heading

�Display�.

Proposition 1 The high-quality �rm always advertises, the low-quality �rm advertises only

when quality di¤erentiation is large enough such that v1
v2
> 1 + 3

p
1��
4
.

Proposition 1 is the result of a trade-o¤ between the gain from reduced price competition

and the loss from potential demand. Since the cost of advertising is zero, one could intuit

that it is always a dominant strategy to advertise. Consider that this is the case and that

both �rms advertise; resulting in the benchmark equilibrium in which price competition

is severe as consumers are fully informed. In this situation, by not advertising, a �rm

can create an informational disparity that will lessen price competition. Of course, not

advertising also means that � percent of consumers will not be informed about the �rm�s

product, and consequently there is a loss in potential demand. Therefore, when the �rms are

deciding whether to advertise or not, they need to consider the bene�t from the potential

informational disparity that arises in terms of reduced price competition. Speci�cally, if

vertical di¤erentiation is small, the low-quality �rm elects not to advertise and foregoes the

chance to inform a � portion of consumers, even though advertising is costless. However, it

is dominant for the high-quality �rm to advertise. This happens because the cost of losing

potential demand is much smaller for the low-quality �rm. Indeed from the benchmark

case we know that losing a potential customer is at least 4 times costly for the high-quality
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�rm compared to the low-quality �rm.6 Thus, when price competition intensi�es, i.e., when

vertical di¤erentiation is small, the low-quality �rm is more willing to sacri�ce potential

demand in order to soften price competition and it achieves this by not advertising. The

high-quality �rm anticipates this decision and advertises even when vertical di¤erentiation

is minimal.

The trade-o¤ for the low-quality �rm is evident in the inequality given in the proposition.

The ratio v1
v2
is a measure of quality di¤erentiation and the right hand side decreases in �.

In words, if advertising e¤ectiveness is high, the low-quality �rm is more likely to advertise

even when vertical di¤erentiation is small because not advertising means that a large number

of potential customers will not be aware of its product. At the limit case when � = 1, the

right hand side is equal to 1 and the low-quality �rm will always advertise. At the other

limit (� ! 0), the maximum value of the right hand side is 7
4
, which means that if there

is su¢ cient quality di¤erentiation (v1
v2
> 7

4
) the low-quality �rm will advertise even when

advertising e¤ectiveness is very low. In summary, if there is su¢ cient vertical di¤erentiation,

both �rms will advertise and the equilibrium will be as in the benchmark case. However, if

quality di¤erentiation is small and advertising e¤ectiveness is not too high, the low-quality

�rm will adopt a �passive�advertising strategy �not advertise�and depend on the consumers

who visit review websites.7 Moreover, the low-quality �rm may even be better o¤ with an

increase in advertising e¤ectiveness in such a case:

Proposition 2 The low-quality �rm�s pro�t increases in advertising e¤ectiveness when qual-

ity di¤erentiation is small. That is @�D12
@�

> 0 for v1
v2
< 1 + 3(1��)

4
.

Proposition 2 states that, when vertical di¤erentiation is small, i.e., in the region where

6When all consumers are informed about both products (as in the benchmark case), in equilibrium, we
have x�1 = 2x�2 and p

�
1 > 2p�2. A potential customer�s type is � � U [0; 1]. This means that a potential

customer that is aware of both products is two times more likely to buy from �rm 1 and pays at least two
times p�2.

7On a technical note, if advertising e¤ectiveness is high, i.e., � > �(v1;v2), there is no pure strategy
equilibrium in the system because the best response functions of the �rms do not intersect when the low-
quality �rm is the only advertiser.
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Figure 5: Display Advertising Outcome

the low-quality �rm does not advertise per Proposition 1, the low-quality �rm�s pro�t may

actually increase in advertising e¤ectiveness (See Figure 5).8 This is surprising because in

this region only the high-quality �rm advertises and a greater advertising e¤ectiveness means

that the proportion of consumers that only consider the high-quality product is larger, while

the proportion of consumers that also consider the low-quality product is smaller. That is,

the low-quality �rm might be better-o¤ if more consumers have only the high-quality product

in their consideration sets. This result is due to the impact of informational disparity on

price competition. When quality di¤erentiation is small, prices are very close to marginal

costs and the pro�ts are very low. In such a case, an increase in advertising e¤ectiveness

leads to a greater level of informational disparity and alleviates price competition because it

prompts the high-quality �rm to raise price. This allows the low-quality �rm to raise price

as well, and consequently its equilibrium pro�t increases. In other words, the low-quality

�rm might be better-o¤ if fewer consumers have its product in their consideration sets.

8Note that 1 + 3(1��)
4 6 1 + 3

p
1��
4 .
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Figure 6: Sponsored Link Advertising - Browsing Paths

5 Search Engine Advertising

In this section we assume that consumers are already interested in the category at hand, but

they are unaware of speci�c brands. In order to learn more, they perform a search on the

product category. The search engine provides a results page that includes sponsored links

and organic links. The sponsored links are basically advertisement space sold by the search

engine. These links transfer consumers that click on them to the advertiser�s website. On

the other hand, organic links direct consumers to webpages that previous searchers with the

same query most often selected to visit.

When a popular keyword is typed in, the search engine almost always presents a few

sponsored links at the top of the search results page. There is consensus among industry

experts, advertisers and scholars that the �rst position is the most desirable one on the

sponsored links list (Evans 2008). The �rst link the consumers see, the top sponsored link,

has the highest probability of being attended to. Our focus is on �rms�desire to be placed at

top of the sponsored link list, and we assume that all consumers become aware of the brand

that has acquired this link. Consequently, we de�ne search engine advertising e¤ectiveness, �,

as the percent of consumers who click on the top link, visit the advertiser�s website and have
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its product in their consideration set. If the top link fails to be a good enough hook for some

consumers, they will gaze down to the other links which could be sponsored (e.g., alternative

good�s advertisement) or organic (e.g., product review sites, e-tailer sites, manufacturer sites)

and they will be informed about the alternative product as well. Therefore, 1�� proportion

of consumers have both brands in their consideration sets.9 This is captured in Figure 6;

attaining the top sponsored link can create favorable informational disparity for a �rm in

the market. Also note that there can be only one �rm that acquires the top link, in contrast

to the general display advertising model in which both �rms could have advertised at the

same time on a content provider�s website.

We focus on the strategic interaction of two vertically di¤erentiated �rms and the prospects

of informational disparity; hence we will not investigate the details of the auction mecha-

nism. The �rms in our model are di¤erentiated only in quality, so we will assume that they

are similar in all other respects that the search engine evaluates them on when deciding the

order of the sponsored links.10 This will enable us to make the simpli�cation that whichever

�rm has a higher value for the top link bids more than its opponent and wins the auction

(Edelman et al. 2007). We assume that the search engine runs a second price auction,

meaning that the �rm that has the higher bid wins the top link but pays an amount equal

to the next highest bid.11 Since these �rms are the only �rms in this product category, we

assume that no other party bids in the auction (i.e., wants to be associated with the relevant

keywords).

In order to �gure out a �rm�s valuation for having the top link, we need to consider the

di¤erence in its pro�t between two alternative cases: when it has the top link and when

9If there are consumers who visit other links in the search results page in addition to the top link
advertiser�s website, they learn about the alternative product as well; therefore they are part of the 1 � �
segment of consumers.
10Search engines allocate the positions on the sponsored links list to the advertisers via a complicated

bidding system. Their algorithm makes use of amount bid, click through rates and a �quality score�of the
advertiser. For some papers that deal with the details of this bidding system and how positions are allocated
see, Edelman et al. 2007, and Katona and Sarvary 2010.
11This is not a critical assumption. The outcome is the similar for any auction mechanism in which the

winner is the highest valuation party.
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its opponent has the top link. For instance, the value of the top link for �rm i would be

�ii � �
j
i , where the superscript denotes the �rm that has secured the top link. Firm 1 wins

the auction when its value is higher than �rm 2, i.e.,

�11 � �21 > �22 � �12. (3)

Rearranging Equation 3 we get:

�11 + �
1
2 > �

2
1 + �

2
2. (4)

Thus, the winner of the top link can be determined by a comparison of total industry

pro�ts. If the total pro�t of the two �rms is greater in the case where �rm 1 acquires the

top link compared to the case where �rm 2 acquires it, then �rm 1 will win the auction and

the reverse is true otherwise.

In contrast to a display advertising campaign, where �rms buy millions of eyeballs that

typically last for some time, an auction takes place each time a consumer performs a search.

Therefore, the sponsored link advertising decision has a much shorter duration �almost

instantaneous�compared to display advertising. For example, Google.com executes 4 auc-

tions per second for the keyword �laptop�. This fast pace leaves no time for price adjustment;

the �rm that has higher value for the top link, say �rm i, decides on price at the same time

it places a bid on the auction. The �rm that has lower value, �rm j, will not win the top link

and it has more leeway in setting the price. We model this by making �rm j set its price

after the winner of the auction is determined (See Figure 7).

We solve the model through backwards induction and the equilibrium results are given

in Table 2 under the heading �Search Engine�.

Proposition 3 The high-quality �rm wins the auction for the top link except when adver-

tising e¤ectiveness is moderate and quality di¤erentiation is small. Speci�cally, �rm 2 wins
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Figure 7: Search Engine Advertising Timeline

the auction for � < � < � and v1
v2
< v and �rm 1 wins the auction otherwise.

Per Equation 3, winning the bidding game is related to the value of the link for each

�rm. Intuitively, this value should be greater for the high-quality �rm and this is indeed

the case for much of the parameter space. But when advertising e¤ectiveness is moderate

and vertical di¤erentiation is small, the low-quality �rm has a greater value and is willing

to bid more. To understand this, consider three cases with di¤erent levels of advertising

e¤ectiveness: high, low and moderate.

First, when advertising e¤ectiveness is high (� > �), the �rm that acquires the �rst

position on the sponsored links list will grasp a large segment of consumers that only consider

its product. This is extremely desirable and not surprisingly, the value of the top link for

the high-quality �rm is greater.

Second, when advertising e¤ectiveness is low (� < �), the size of the segment that

consider only one product is relatively small. One could think that, if the high-quality �rm

is ever going to cede the top link, it should be now as the loss of potential customers is

minimal. However, if �rm 1 surrenders the top link, its gain from softened price competition

is also very small. When the low-quality �rm has the top link, to set the optimal price, it

needs to take into account two segments of consumers: the ones that only have product 2 in

their consideration set (�) and the ones that consider both products (1� �). Since � < �,

the size of the �rst segment is small, and �rm 2 will select a price close to the benchmark

case in order to stay competitive in the 1 � � sized segment. Thus, the high-quality �rm�s

gain from reduced price competition does not cover the loss of the � sized segment and it
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outbids the low-quality �rm.

Third, when advertising e¤ectiveness is moderate (� < � < �), the high-quality �rm is

more willing to cede the top link to �rm 2 as doing so softens price competition substantially.

Because in such a case, the size of the segment that only considers product 2 is moderate and

�rm 2 is better-o¤ charging the monopoly price (v2
2
) and maximizing pro�t on the � sized

segment instead of setting a lower price and competing in the 1 � � sized segment. Firm

1�s best response to v2
2
is to charge monopoly price (v1

2
) as well. For the high-quality �rm,

leaving the top link to its rival means losing a moderate amount of potential consumers.

But it also brings the bene�t of avoiding price competition. The importance of this bene�t

depends on the degree of quality di¤erentiation between the �rms. If vertical di¤erentiation

is high (v1
v2
> v), price competition would not be severe when the high-quality �rm acquires

the top link. However, for low levels of vertical di¤erentiation (v1
v2
< v), price competition is

detrimental to pro�ts if �rm 1 attains the top link. Therefore, �rm 1 is better-o¤ ceding the

top link to �rm 2 and mitigating price competition.

Proposition 4 The high-quality �rm�s pro�t decreases in advertising e¤ectiveness when ad-

vertising e¤ectiveness is moderate and quality di¤erentiation is small. That is @�S21
@�

< 0 for

� < � < � and v1
v2
< v.

Proposition 4 states that, when advertising e¤ectiveness is moderate and vertical di¤er-

entiation is small, i.e., in the region where the high-quality �rm cedes the top link to the

low-quality �rm per Proposition 3, the high-quality �rm�s pro�t decreases in advertising ef-

fectiveness. This is in contrast to the result presented in Proposition 2. The regions indicated

in Propositions 2 and 4 are similar in the sense that in each one a �rm makes a strategic

advertising decision that will create an informational disparity in favor of its rival. Specif-

ically, in display advertising model, when quality di¤erentiation is small (v1
v2
< 1 + 3(1��)

4
),

the low-quality �rm foregoes free advertising. And in search advertising model, when quality

di¤erentiation is small (v1
v2
< v) and advertising e¤ectiveness is moderate (� < � < �), the

high-quality �rm cedes the top sponsored link to the low-quality �rm. In both of these cases,
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informational disparity in favor of the rival is advantageous because it softens price compe-

tition. This e¤ect is continuous in the display advertising case: as � increases, �rm 1 raises

price and this in turn assists �rm 2�s pro�t. On the other hand, the bene�t is discontinuous

in the search advertising case: as �, increases �rm 2 raises its price continuously until �,

but jumps to the monopoly price (v2
2
) at � eliminating price competition per Proposition 3.

Once advertising e¤ectiveness reaches �, any further increase only results in loss of potential

demand for �rm 1; hence decreases �rm 1�s pro�t.

6 Conclusion

In this paper, we analyzed the strategic decisions of two vertically di¤erentiated �rms that

wish to promote their products online utilizing display or search engine advertising. Our

study yielded a number of important managerial insights.

We have shown that informational disparity in both formats of online advertising can

be an e¤ective tool for reducing price competition, especially when quality di¤erentiation is

small. In the case of display advertising, a �rm may even forego free advertising and leave

a number of consumers uninformed about its product in order to soften price competition.

Because it makes a smaller margin, lost demand is less important to the low-quality �rm,

and it will choose not to advertise when vertical di¤erentiation between the goods is small.

In such a case, an increase in advertising e¤ectiveness increases the level of informational

disparity and raises the pro�t of the low-quality �rm that does not advertise.

Winning the top sponsored link in a search engine can also create favorable informational

disparity for a �rm. The bidding process ensures that the �rm with the higher valuation for

the top link will win. Not surprisingly, the high-quality �rm bids more for a large range of

parameter space. Nevertheless, we �nd that when advertising e¤ectiveness is moderate and

vertical di¤erentiation is small, the low-quality �rm will acquire the top link. Contrary to

the display advertising model, in such a case, an increase in advertising e¤ectiveness lowers
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the pro�t of the high-quality �rm that does not have the top link.

From a managerial standpoint, these �nding have a number of implications. First, a low-

quality �rm may not always want to use display advertising. The gain from informational

disparity may be more bene�cial than the lost potential demand. If quality di¤erentiation

is small and price competition is intense, a low-quality �rm should not advertise even if

the cost of doing so is minimal. Second, a high-quality �rm should not always bid more to

acquire the top sponsored link in the search engine. If advertising e¤ectiveness is moderate

and vertical di¤erentiation is small, the high-quality �rm may want to cede the top link. In

this case, the low-quality �rm will price very high and skim consumers who click, enabling

the high-quality �rm to raise its price to those consumers that continue search.

We would like to acknowledge that our analysis is based on a stylized model that makes

a number of simplifying assumptions. We did so in order to address the strategic online

advertising decisions of �rms that produce vertically di¤erentiated goods. The focus has

been on how informational disparity can soften price competition and how �rms should

strategize to take advantage of this.
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Table 1: Display Advertising Equilibrium

Benchmark Display

Advertiser Firm 1
�
v1
v2
6 1 + 3

p
1��
4

�
Both

�
v1
v2
> 1 + 3

p
1��
4

�
p1 pB1 =

2v1(v1�v2)
4v1�v2 pD11 = 2v1(v1�v2)

4v1�v2�3�v2 pB1 =
2v1(v1�v2)
4v1�v2

p2 pB2 =
v2(v1�v2)
4v1�v2 pD12 = v2(v1�v2)

4v1�v2�3�v2 pB2 =
v2(v1�v2)
4v1�v2

x1 xB1 =
2v1

4v1�v2 xD11 = 2(v1��v2)
4v1�v2�3�v2 xB1 =

2v1
4v1�v2

x2 xB2 =
2v1

4v1�v2 xD12 = v1(1��)
4v1�v2�3�v2 xB2 =

2v1
4v1�v2

�1 �B1 =
4v21(v1�v2)
(4v1�v2)2

�D11 = 4v1(v1�v2)(v1��v2)
(4v1�v2�3�v2)2

�B1 =
4v21(v1�v2)
(4v1�v2)2

�2 �B2 =
v1v2(v1�v2)
(4v1�v2)2

�D12 = v1v2(v1�v2)(1��)
(4v1�v2�3�v2)2

�B2 =
v1v2(v1�v2)
(4v1�v2)2

Superscript Di denotes the Display Advertising case in which only �rm i advertises. Superscript B

denotes the Benchmark case or the Display Advertising case in which both �rms advertise. Note that in

both of these two cases consumers are fully informed and the equilibrium values are the same.

Table 2: Search Engine Advertising Equilibrium

Benchmark Search Engine

Top Link Firm 1
�
� =2

�
�; �

�
^ v1

v2
< v

�
Firm 2

�
� 2

�
�; �

�
_ v1

v2
< v

�
p1 pB1 =

2v1(v1�v2)
4v1�v2 pS11 = v1(v1�v2)

2v1�v2��v2 pS21 = v1
2

p2 pB2 =
v2(v1�v2)
4v1�v2 pS12 = v2(v1�v2)

2(2v1�v2��v2) pS22 = v2
2

x1 xB1 =
2v1

4v1�v2 xS11 = 1
2

xS21 = 1��
2

x2 xB2 =
2v1

4v1�v2 xS12 = v1(1��)
2(2v1�v2��v2) xS22 = �

2

�1 �B1 =
4v21(v1�v2)
(4v1�v2)2

�S11 = v1(v1�v2)
2(2v1�v2��v2) �S21 = (1��)v1

4

�2 �B2 =
v1v2(v1�v2)
(4v1�v2)2

�S12 = v1v2(v1�v2)(1��)
4(2v1�v2��v2)2

�S22 = �v2
4

Superscript Si denotes the Search Engine Advertising case in which �rm i acquires the top link.
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Appendix

Proof of Proposition 1. We assume � < � in order to concentrate equilibria in pure

strategies and solve the model through backwards induction. If neither �rm advertises,

consumers are unaware of the products and trivially both �rms make zero pro�ts. This is

a dominated strategy pro�le. On the contrary, if both �rms advertise, consumers will be

fully aware and this is equivalent to the benchmark case. In the last stage of the benchmark

model �rms set prices maximizing (1) and (2). Solving the �rst order conditions with respect

to prices yield the subgame equilibrium prices pB1 =
2v1(v1�v2)
4v1�v2 and pB2 =

v2(v1�v2)
4v1�v2 . These are

the pro�t maximizing prices as the second order conditions are negative. Pro�ts in the

benchmark case follows: �B1 =
4v21(v1�v2)
(4v1�v2)2

and �B2 =
v1v2(v1�v2)
(4v1�v2)2

.

Now we direct our attention to scenarios with informational disparity. First, we will

analyze the case in which �rm 1 is the only advertiser. The pro�t functions are as follows:

�D11 =
h
� (1� �1) + (1� �)

�
1� b��i p1 and �D12 = (1� �)

�b� � �2� p2. Di¤erentiating with
respect to prices and setting equal to zero we get the �rst order conditions that yield pD11 =

2v1(v1�v2)
4v1�v2�3�v2 and p

D1
2 = v2(v1�v2)

4v1�v2�3�v2 . The second order conditions are met and the subgame

equilibrium pro�ts are �D11 = 4v1(v1�v2)(v1��v2)
(4v1�v2�3�v2)2

and �D12 = v1v2(v1�v2)(1��)
(4v1�v2�3�v2)2

. Deviations from

this pro�le are not pro�table for either �rm. Second, we consider the case in which �rm

2 is the only advertiser. The pro�t functions are as follows: �D21 = (1� �)
�
1� b�� p1

and �D22 =
h
� (1� �2) + (1� �)

�b� � �2�i p2. Solving the �rst order conditions gives pD21 =

(v1�v2)(2v1��v2)
4v1�v2�3�v2 and pD22 = v2(v1�v2)(1+�)

4v1�v2�3�v2 . The second order conditions are met and the subgame

pro�ts are �D21 = (v1�v2)(2v1��v2)2(1��)
(4v1�v2�3�v2)2

and �D22 = v2(v1�v2)(v1��v2)(1+�)
(4v1�v2�3�v2)2

. Note that this pro�le

assumes that �rm 2 has positive demand from both segments, hence �D22 =
pD22
v2
< �D21 =

pD21
v1

which holds for � < v1
v1+v2

< �. When �rm 2 is the only advertiser, we also need to

take into account �rm 2�s option to deviate, increase price and only sell in the � sized

segment. In that case �rm 2 is a de facto monopoly in this segment as these consumers

have only product 2 in their consideration set. Therefore �rm 2�s pro�t maximizing price

would be the monopoly price pM2 = v2
2
yielding �D1M2 = �v2

4
. This would be more pro�table
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than charging the competitive price pD22 in the region that satis�es �D1M2 = �v2
4
> �D22 =

v2(v1�v2)(v1��v2)(1+�)
(4v1�v2�3�v2)2

; that is, for � > � =
4v21+8v1v2�3v22�(2v1+v2)

p
4v21�4v1v2+9v22

2v2(4v1+5v2)
. Nevertheless, a

candidate equilibrium pro�le in which �rm 2 charges monopoly price is not a stable. Firm

1�s best response price to pM2 is BR1
�
pM2
�
= pM1 , �rm 2�s best response price to pM1 is

BR2
�
pM1
�
= p

0
2, BR1

�
p
0
2

�
= p

0
1, and �nally BR2

�
p
0
1

�
= pM2 completing the full circle.

Comparing the subgame equilibrium pro�ts, it is easy to see that �D11 = 4v1(v1�v2)(v1��v2)
(4v1�v2�3�v2)2

>

�B1 =
4v21(v1�v2)
(4v1�v2)2

> �D21 = (v1�v2)(2v1��v2)2(1��)
(4v1�v2�3�v2)2

. Thus, advertising is a dominant strategy for

the high-quality �rm. Hence, for the low-quality �rm we only need to compare the cases in

which �rm 1 advertises. It is also easy to see that �B2 =
v1v2(v1�v2)
(4v1�v2)2

> �D12 = v1v2(v1�v2)(1��)
(4v1�v2�3�v2)2

is

satis�ed for v1
v2
> 1+ 3

p
1��
4
. The low-quality �rm will advertise only when there is su¢ cient

quality di¤erentiation.

Proof of Proposition 2. The derivative of �rm 2�s pro�ts when �rm 1 is the display

advertiser with respect to advertising e¤ectiveness is @�D12
@�

= v1v2(v1�v2)[(7�3�)v2�4v1]
(4v1�v2�3�v2)3

. An

inspection of this expression shows that @�
D1
2

@�
> 0 for v1

v2
< 1 + 3(1��)

4
.

Proof of Proposition 3. Suppose the high-quality �rm attains the top link. In the

second stage �rm 2 maximizes �S12 = (1� �)
�b� � �2� p2. The optimal price is pS12 =

pS11 v2
2v1

.

Substituting the subgame equilibrium price, �rm 1�s pro�t function in the �rst stage is

updated to �S11 =
h
� (1� �1) + (1� �)

�
1� p1�pS12

v1�v2

�i
p1. The �rst order condition yields

pS11 = v1(v1�v2)
2v1�v2��v2 . Substituting pS11 we get pS12 = v2(v1�v2)

2(2v1�v2��v2) , �
S1
1 = v1(v1�v2)

2(2v1�v2��v2) and

�S12 = v1v2(v1�v2)(1��)
4(2v1�v2��v2)2

. All of the second order conditions are met and there are no pro�table

deviations from this pro�le.

We next analyze the case in which the low-quality �rm acquires the top link. The low-

quality �rm has two options. It can charge a competitive price, pC2 , such that �2 < �1 and get

demand from both segments, or it can charge the monopoly price, pM2 = v2
2
, and maximize

pro�ts from the � sized segment. In this second scenario, the high-quality �rms best response

is pM1 = v1
2
in the second stage yielding pro�ts �S2M1 = (1��)v1

4
and �S2M2 = �v2

4
. Note that

since price is sticky in the search advertising model, the �rm that has the top link cannot
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change price in the second stage. Also note that at these prices �2 = �1 and hence �rm 2

gets no demand from the 1� � sized market.

The low-quality �rm�s other option is charging a lower price and securing positive sales

from both segments. Assuming �2 < �1, �rm 1 maximizes �S21 = (1� �)
�
1� b�� p1 in the

second stage. Solving the �rst order condition gives pS21 =
pS22 +v1+v2

2
. In the �rst stage

the low-quality �rms pro�t function becomes �D22 =
h
� (1� �2) + (1� �)

�
pS21 �p2
v1�v2 � �2

�i
p2.

Di¤erentiating with respect to p2 setting equal to zero and solving yields pS2C2 = v2(v1�v2)(1+�)
2(2v1�v2��v2) .

Substituting this price we get pS2C1 = (v1�v2)(4v1�v2+�v2)
4(2v1�v2��v2) , �S2C1 = (v1�v2)(4v1�v2+�v2)2(1��)

16(2v1�v2��v2)2
and

�S2C2 = v2(v1�v2)(1+�)2
8(2v1�v2��v2) .

When we compare these two options, it is easy to see that �rm 2 charges monopoly price

if �S2M2 = �v2
4
> �S2C2 = v2(v1�v2)(1+�)2

8(2v1�v2��v2) . Simplifying this inequality we conclude that �rm 2

charges monopoly price for � > � = v1�v2
v1+v2

.

Now in order to �nd the winner of the auction we need to compare the subgame equi-

librium industry pro�ts per Equation 4. First consider the case when advertising e¤ec-

tiveness is low � < �. If �rm 2 attains the top link it will set the competitive price.

Using algebra, it is easy to see that �S11 = v1(v1�v2)
2(2v1�v2��v2) + �

S1
2 = v1v2(v1�v2)(1��)

4(2v1�v2��v2)2
> �S2C1 =

(v1�v2)(4v1�v2+�v2)2(1��)
16(2v1�v2��v2)2

+ �S2C2 = v2(v1�v2)(1+�)2
8(2v1�v2��v2) for � < �. Thus, for low advertising ef-

fectiveness �rm 1 acquires the top link. We now consider higher advertising e¤ective-

ness � > �, that induces the low-quality �rm to charge the monopoly price. Comparing

�S11 = v1(v1�v2)
2(2v1�v2��v2) + �

S1
2 = v1v2(v1�v2)(1��)

4(2v1�v2��v2)2
and �S2M1 = (1��)v1

4
+ �S2M2 = �v2

4
, we conclude

that �rm 2 acquires the top link in the region � < � < � and v1
v2
< v. Therefore the

low-quality �rm attains the top link for moderate advertising e¤ectiveness and small quality

di¤erentiation.

Proof of Proposition 4. The derivative of �rm 1�s pro�ts when �rm 2 acquires the top

link with respect to advertising e¤ectiveness is @�
S2
1

@�
= �v1

4v
< 0.
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