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Abstract

This paper considers how news aggregators affect the quality choices of newspapers com-
peting on the Internet. To provide a microfoundation for the role of the aggregator, we build
a model of multiple issues where newspapers choose their quality on each issue. The model
captures both “business-stealing” and “readership-expansion” effects of the aggregator. We
find that the aggregator leads newspapers to specialize their news coverage, and changes
quality choices from strategic substitutes to strategic complements. Overall, the aggregator
tends to increase the quality of newspapers and social welfare, but affects newspapers’ profits
in an ambiguous manner.
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1 Introduction

The traditional ad-based business model of newspapers has been in crisis because of declining
revenues from newspaper advertising and increasing competition from new online media, such
as web-only news, blogs and news aggregators. Newspapers’ revenues from advertising have
fallen approximately 50% since 2000. According to The State of the News Media (2013), print
advertising accounted for $48.7 billion in revenue for newspapers in 2000, compared with only
$19.1 billion in 2012 (See Figure 1).! In particular, entry of online classified-ad competitors such
as Craigslist substantially reduced newspapers’ revenue (Kroft and Pope, 2012, Seamans and Zhu,
2012). Considering that, for most newspapers, about 80% of revenues comes from advertising,
and 20% from sales (FTC, 2010), the numbers above are quite meaningful. Although online
advertising revenue has increased, it is far from reversing the downfall in advertising revenue. In
France, not a single national newspaper is profitable despite around €1.2 billion in direct and
indirect government subsidies.?

Newspapers are in stiff competition with new online media. Online media is the only media
form which has experienced audience growth in the past decade, as can been seen from Figure
2. Among online media sources, news aggregators are the most important. According to Outsell
report (2009), 57 percent of news media users now go to digital sources, and they are also more
likely to turn to an aggregator (31 percent) than to a newspaper site (8 percent) or other news
site (18 percent). Indeed, Pew Research Center (2012) shows that aggregators (Yahoo! News,
Google News, MSN, AOL News and Huffington Post) attract more than half of the online news
traffic in the U.S. (see Table 1). In South Korea, 85% of the total traffic to newspaper sites
originated from the news aggregators of top two domestic search engines; NAVER, the number
one search engine, accounts for 70% alone 3.

The success of news aggregators has generated a debate about the effects of news aggregators
on newspapers. At the heart of the debate is the effect on newspapers’ incentives to produce high
quality content. The debate has already attracted the attention of governments and regulatory
bodies. During 2009 to 2010, the FTC hosted three workshops on the Future of Journalism and
has published a controversial “discussion draft” that hints at copyright reform and the protection
of newspapers from aggregators. In Europe, the German government recently adopted a project

to introduce “Lex Google”, a law intended to make Google pay for indexing the content of

In addition, a Pew Research Center report (2013) shows that, after the recent financial crisis, advertising
revenue bounced back for all media except for newspapers.

2¢Taxing times”, The Economist, 10 Nov. 2012

3See http://www.rankey.com /blog/blog.php?type=columnésub _type—all&writer= &no—=327&page=9&
search type=subject&search wd=
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German news sites*. A similar law was proposed in Italy® and French newspapers wanted the
same®. Recently, France President Francois Hollande revealed the settlement that Google would
create a €60 million fund to help the French newspapers develop their Internet presence.”

In the debate on news aggregators, on the one hand, content producers argue that news
aggregators make money by stealing high quality content. Since this money is pulled out of
content producers’ pockets, they have less incentive to produce high quality content. For instance,
according to Rupert Murdoch (2009), chairman of News Corp.:

“When this work is misappropriated without regard to the investment made, it destroys the
economics of producing high quality content. The truth is that the ’aggregators’ need news
organizations. Without content to transmit, all our flat-screen TVs, computers, cell phones,
iPhones and blackberries, would be blank slates. (p.13).”

On the other hand, news aggregators argue that aggregation drives profitable traffic to the
news sites themselves. In a response to the FTC report (2010), Google (2010) claimed to send
more than four billion clicks per month to news publishers via Google Search, Google News,
and other products. Google’s claim is that each click — each visit — provides publishers with an
opportunity to show ads, register users, charge for access to content, and so forth.

In this paper, we study how the presence of a news aggregator affects competition between
newspapers on the Internet and their quality choice. Our multi-issue model provides a microfoun-

dation for the role of the aggregator. In addition, the model creates rich strategic interactions

4“pPolémique sur la "Lex Google’ en Allemagne”, Le Monde, 30 Aug. 2012
S«“Taxing times”, The Economist, 10 Nov. 2012
SLe Figaro, les Echos and le Nouvel Observateur are in favor of Google tax:
“Taxe Google : Le Figaro, les Echos et le Nouvel Obs veulent étre payés”, ZDNet, 11 Sep. 2012
"“Google Settles Dispute with French Newspapers”, Wall Street Journal, 1 Feb. 2013



Table 1: Where Do People Get between newspapers by allowing each newspaper to choose
News Online? quality for each separate issue. Hence, each newspaper’s

strategy has both a vertical dimension (through quality

Online News Sources % choice) and a horizontal dimension (through choice of issues

Yahoo/Yahoo News 26  to cover with high quality). We embed this multiple-issues
Google/Google News 17  feature into the classic Hotelling model where product differ-
CNN 14  entiation in can be interpreted as ideological differentiation as
Local news sources 13 in Gabszewicz, Laussel, and Sonnac (2001) and Mullainathan
MSN 11 and Shleifer (2005).

FOX 9 We have in mind a sequential reading process in which
MSNBC 6 a reader first reads a homepage (i.e., an index page) and
New York Times 5 then click on the issues that she wants to read more about.
AOL 5 More precisely, a reader spends a mass one of attention on the
Huffington Post 4 homepage by reading titles and abstracts, and spends addi-
Facebook 3 tional > O units of attention per article by clicking through
ABC/ABC News 3 to the original article if it has high quality content. We model
Wall Street Journal 3 the aggregator to resemble Google News: it has no original ar-
BBC 2 ticles and its homepage provides a link to the highest quality
USA Today 2 article on each issue. Therefore, when a reader switches from
Internet service providers 2 her preferred newspaper to the aggregator, she benefits from
ESPN 2 better quality articles but suffers from worse preference (ide-
Washington Post 2 ological) match. This microfoundation allows to capture two
The Drudge Report 2 opposite effects at the core of the debate on news aggregators:

Source Pew Research Center, 2012 the business-stealing effect and the readership-expansion ef-
fect. The former occurs in terms of homepage consumption
as long as some readers switch from a newspaper to the aggregator. The latter arises at each ar-
ticle level: since the aggregator improves the match between readers’ attention and high quality
content, it expands the readership for high quality articles even if the total mass of readers is
constant.

In the baseline model, we consider two symmetric newspapers. We find that the presence of
an aggregator would lead each newspaper to specialize in a different set of issues (i.e., maximum
differentiation) when advertising revenue increases substantially with increase in quality (i.e., §
high) and would lead both newspapers to invest in the same issues (i.e., minimum differentiation)
otherwise. When both newspapers use the maximum differentiation strategy, the presence of

the aggregator changes the strategic interactions of quality choices from strategic substitutes

to strategic complements. As a consequence, the aggregator increases the average quality of



newspapers, which in turn increases consumer surplus and social welfare. However, the effect on
the newspapers’ profits is ambiguous.

The intuition for the change in the strategic interactions is the following. Without the
aggregator, if newspaper 2 chooses a higher quality, this decreases the market share of newspaper
1 and hence reduces 1’s marginal revenue from increase in quality. On the contrary, when
both newspapers use the maximum differentiation strategy in the presence of the aggregator, if
newspaper 2 increases its quality, surprisingly, this expands the market share of the aggregator.
This in turn implies that the high quality content of newspaper 1 can reach a larger number of
readers. Therefore, 2’s quality increase raises 1’s marginal revenue from quality increase.

When the aggregator induces minimum differentiation, it has zero market share and we find
that there is a continuum of symmetric equilibria such that the maximum quality is higher than
the quality without the aggregator, while the reverse holds for minimum quality. However, when
we allow each newspaper to choose to opt out (i.e., to break the hyperlink to the aggregator’s
site), only the equilibrium quality without the aggregator survives. Therefore, the introduction
of an opt-out option leads to a sharp prediction: the aggregator leads either to no change or to
the maximum differentiation equilibrium.

Section 7 considers two extensions. Section 7.1 introduces imperfection in certification tech-
nology of the aggregator and shows that the main results are robust. Section 7.2 allows for
asymmetry among newspapers. In reality, there are many small news sites which would receive
negligible traffic without aggregator. Therefore, these sites have strong incentives to use “the
maximum differentiation and opt-in strategy” to attract traffic from the aggregator. In order
to capture this scenario, we assume that by using the aggregator, consumers can get additional
utility, ur, where T is third party content. When wur is important enough, we find that it is a
dominant strategy for each newspaper to adopt the maximum differentiation and that quality
choices are strategic complements. We find a unique symmetric equilibrium in which quality in-
creases with . To obtain a lower bound on §, we rely on empirical findings of Athey and Mobius
(2012) and Chiou and Tucker (2012) (explained below) and find that the aggregator increases
the quality of newspapers and that no newspaper has an incentive to opt out.

The closest papers to ours among theoretical papers on news aggregators are Dellarocas,
Katona, and Rand (2012) and Rutt (2011). Dellarocas, Katona, and Rand (2012) consider
a single-issue model with focus on interactions between quality choice and link decisions (i.e.,
every newspaper can provide a link to a rival’s content). The aggregator benefits consumers by
providing links to the highest quality content. They show that the presence of an aggregator
might decrease (increase) competition among content providers if content providers can (can
not) link to each other. Rutt (2011) uses an all-pay auction model to study newspapers’ choice

of quality and price when there are two types of consumers (loyal ones and searchers). A loyal



consumer reads only her preferred newspaper while a searcher uses an aggregator to read the
highest quality one among free newspapers. He finds that as the fraction of searchers increases,
free newspapers choose higher quality while the rest choose lower quality. The major difference
between our paper and these is that we consider a model of multiple issues with endogenous
quality and coverage. This together with sequential reading process (from homepage to articles)
allows us to provide a microfoundation for the role of the aggregator and capture the business-
stealing and readership-expansion effects. Furthermore, our result that the aggregator changes
the strategic interactions of quality choices from strategic substitutes to strategic complements
does not exist in these previous papers.®

There are two empirical papers on news aggregators (Athey and Mobius, 2012, and Chiou
and Tucker, 2012). These papers provide evidence for the dominance of the readership-expansion
effect over the business-stealing effect. Chiou and Tucker (2012) study a natural experiment
where Google News had a dispute with the Associated Press and hence did not show Associated
Press content for some period. They find that after the removal of Associated Press content,
users of Google News subsequently visited other news sites less often than users of Yahoo! News,
which did not remove Associated Press content. They conclude that users of aggregators are more
likely to seek additional sources and read further rather than being satisfied with the summary.
Athey and Mobius (2012) study a case where Google News added local content to its homepage
for those users who chose to enter their location. By comparing the consumers who use this
feature with controlled users, they find that users who adopted the feature increased their usage
of Google News, which in turn led to additional consumption of local news. They conclude that
their results support the view that news aggregators are complementary to local news outlets.

More generally, since we model the aggregator as a multilateral platform for interconnection
that provides certification service, our work builds a connection between two important litera-
tures in industrial organization: the one on interconnection and/or compatibility (Farrell and
Saloner, 1985, 1986, Katz and Shapiro, 1985, Crémer, Rey, and Tirole, 2000 etc.) and the one
on information intermediary (Biglaiser, 1993, Lizzeri, 1999, Baye and Morgan, 2001 ). In partic-
ular, Jeon and Menicucci (2011) study interconnection among academic journal websites, either
through a multilateral platform (such as CrossRef) or through bilateral arrangements. CrossRef
is similar to news aggregator in the sense that it allows a reader to seamlessly move from one

article to another by clicking on a link. However, the news aggregator in our model performs

8Calzada and Ordoiiez (2012) study a newspaper’s reaction to the aggregator in terms of versioning (and
linking) decisions in the framework of a monopolist’s second-degree price discrimination. George and Hogendorn
(2012) consider a model of two-sided market in which news aggregators increase multi-homing viewers. They find
that the switching of a given mass of viewers from single-homing to multi-homing is likely to reduce (increase) a
news outlet’s advertising revenue if the outlet initially has a high (small) share of exclusive viewers.



quality certification while this function is absent in CrossRef.?

Our paper also builds on the literature on two-sided markets (Caillaud and Jullien, 2001,
2003, Rochet and Tirole, 2003, 2006, Anderson and Coate, 2005, Armstrong, 2006, Hagiu, 2006,
Weyl, 2010). Two-sided markets can be roughly defined as industries where platforms provide
intermediation services between two (or several) kinds of users. Typical examples include dat-
ing agencies, payment cards (Rochet and Tirole, 2002), media, operating systems (Parker and
Van Alstyne, 2005), video games (Hagiu, 2006) and academic journals (Rochet and Jeon, 2010).
In such industries, it is vital for platforms to find a price structure that attracts sufficient num-
bers of users on each side of the market. In the application to media (Gabszewicz, Laussel, and
Sonnac, 2001, Anderson and Coate, 2005, Armstrong, 2006, Peitz and Valletti, 2008, Crampes,
Haritchabalet, and Jullien, 2009), the two sides refer to readers and advertisers. Since we model
the aggregator as a technology and study how the technology affects media competition, our
paper is related to Anderson and Gans (2011) and Athey, Calvano, and Gans (2012).10 Instead
of explicitly modeling competition in the market for advertising, we describe this market with a
reduced-form (like Gabszewicz, Laussel, and Sonnac, 2001)*! in order to focus on rich strategic
interactions in the newspaper content market. In addition, with this approach, we intend to cap-
ture the fact that newspapers compete with other media and non-media firms such as Craigslist
in the advertising market.

The rest of the paper is organized as follows. We present the model in Section 2. In Section
3, we study newspaper competition without aggregator as a benchmark. Section 4 studies how
an aggregator affects newspaper competition. Section 5 introduces opt-out option and refines
the equilibria obtained in Section 4. Section 6 compares the outcome without the aggregator
to the one with the aggregator in terms of quality, consumer surplus, profit and social welfare.
Section 7 provides two extensions. Section 8 concludes. All the proofs except for the short proof

of Lemma 2 are gathered in the Appendix A or in the Supplementary materials.

In addition, our paper differs from Jeon and Menicucci (2011) in terms of the strategic variables considered:
we study how a news aggregator affects newspapers’ choice of content (when content is free) whereas Jeon and
Menicucci (2011) study how interconnections interact with pricing of academic journals for given content.

19 Anderson and Gans (2011) study content providers’ reaction to ad avoidance technologies and find that their
adoption increases advertising clutter and may reduce total welfare and content quality. Athey, Calvano, and
Gans (2012) study how applying consumer tracking technology to advertising affects competition between online
news media.

! As in Gabszewicz, Laussel, and Sonnac, 2001, we can add a last stage after readers made choices among media
outlets. Since each newspaper has monopoly power to sell access to its readers, it can charge a monopoly price
to advertisers. Our assumption is that this monopoly price is proportional to the total attention of readers.



2 Model

We consider two newspapers and one aggregator and study their competition on the Internet. To
provide a microfoundation for the role of the aggregator, we introduce into the classic Hotelling
model (Hotelling, 1929, Tirole, 1990) some novel features - multiple issues and endogenous choice

of quality and coverage - as is explained below.

2.1 Newspapers and Consumers

Throughout the paper, we assume that consumers single-home!?, which means that without
the aggregator, a consumer consumes only one of the two newspapers. In the presence of the

aggregator, a consumer chooses one among newspaper 1, newspaper 2 and the aggregator.

2.1.1 Product Differentiation

The two newspapers are located at the extreme points of a line of length 1:' newspaper 1 on
the left extreme point and newspaper 2 on the right extreme point. Mass 1 of consumers are
uniformly distributed on the line. A location in the line can represent the ideological view of a
consumer or a newspaper (Mullainathan and Shleifer, 2005, and Gentzkow and Shapiro, 2011).
If a consumer located at x consumes an article from a newspaper located at y, the consumer
incurs a transportation cost of t |z — y| with ¢ > 0. The transportation cost represents utility

losses due to imperfect preference matching.

2.1.2 Multiple Issues and Choice of Quality and Coverage

We assume that there is a continuum of issues which each newspaper covers. Let S be the
set of issues. On each given issue, a newspaper can provide either high or low quality content.
So the strategy of newspaper i, with ¢ € {1,2}, is a subset of issues s; € S which it covers
with high quality content; for the remaining S — s; issues, the quality of content is low. Let u(s)
represent the measure of any set s € S. Without loss of generality, assume p(S) = 1. Then, u(s;)
represents the average quality of newspaper ¢. Therefore, the strategy s; has a vertical dimension

in terms of average quality: from now on, we will refer to u(s;) as the quality of newspaper i.

12This assumption is made to capture the main technological difference between the aggregator and newspapers
in that the former allows consumers to have access to content from all newspapers. Since we consider only two
newspapers, the assumption is needed. However, if we consider a large number of newspapers, we can allow
consumers to read two or three newspapers without using the aggregator and still capture the technological
difference.

13We follow here the maximum differentiation result in the Hotelling model. Mullainathan and Shleifer (2005)
rediscover the maximum differentiation result in the context of media bias. Our results would hold for any
symmetric locations of the newspapers.



Furthermore, even when both newspapers choose the same quality, the strategy has a horizontal
dimension: each newspaper can cover, with high quality content, either an identical or a different
subset of issues. Given 0 < p(s1), pu(s2) < 1/2, for newspaper i € {1,2}, if i chooses s; such
that s; N's; = 0, we say that i uses the mazimum differentiation strategy (equivalently, the
specialization strategy). If i chooses s; such that u(s; N s2) = min (u(s1), u(s2)), then we say

that i uses the minimum differentiation strategy (equivalently, the no-specialization strategy).

2.1.3 Consumer Preferences

We have in mind a sequential reading process in which a reader first reads a homepage (i.e.,
an index page) and then clicks on the issues that she wants to read more about. A homepage
provides the title, a summary and a link to the original article on each issue. After reading the
homepage, each reader decides whether to click on the links to read the original articles. We
assume that each reader clicks on the link of an article only if its quality is high.'* A reader
spends a mass one of attention on the homepage and spends § > 0 additional units of attention
at each original article only if it is of high quality.'®

Let ugp represent a consumer’s utility net of attention cost from reading the homepage of a
newspaper. We assume ug > t, which implies that each consumer consumes one of the newspa-
pers’ homepages. This is a standard full participation assumption in the Hotelling model. Let
Au > 0 represent the utility increase net of attention cost that a consumer experiences from
clicking on the link and reading an original article of high quality. Then, the utility that a

consumer located at z obtains from consuming newspaper 1 or 2 is given by

U (z) = ug + pu(s1)Au — t; (1)

U?(x) = up + pu(s2)Au — (1 — x)t. (2)

Define § as = Au/t. We can interpret 5 as a measure of disloyalty, in the sense that the
smaller f is, the more loyal are consumers to their newspapers. To ensure that each newspaper

has a positive market share in the presence of the aggregator, we assume:!

Al: < 1.

14 Alternatively, after clicking on the link to a low quality article, a reader immediately stops reading it.
151f it is of low quality, a reader does not find it worthwhile to spend extra attention on it.
6Tn the absence of the aggregator, it is sufficient to have 8 < 2 to discard the cornering equilibrium.



2.1.4 Advertising Revenues and Content Production Technology

We consider a business model based on advertising in which newspapers’ Internet content is free.
Each unit of attention brings an advertising revenue of w > 0.

For tractability, we model the cost of investing in news quality by a quadratic function.
Furthermore, we are interested in a situation in which the two strategic decisions are taken
separately: the choice of (average) quality, on the one hand, and the choice of differentiation -
in terms of issues covered with high quality - on the other hand. Therefore, we assume that the

cost of investing in a subset s; of measure p(s;) for newspaper i € {1,2} is given by

A2:
00 1u(s:)

C (u(si) = )
cp(si)® p(si)

INV
N|— DN

where ¢ > 0 is a positive constant. In A2, the cost of investing in a subset of measure greater
than % is infinity. Limiting 4’s choice to u(s;) < % mainly serves the purpose of allowing each
newspaper to make the two decisions separately. Without this assumption, the two choices
cannot be made independently: for instance, when p(s; U s2) = 1, increasing i’s quality implies
an increase in u(s1 N s2). In general, when there is no upper bound on the quality of an article
on an issue, each newspaper is able to make the two decisions separately. We introduce the
restriction pu(s;) < % to capture this situation in our simple model with an exogenous upper
bound on the quality of an article.!”

Thus, in the absence of the aggregator, the profit of newspaper 7 € {1,2} is
Ti(si) = wai [1+ p(si)d0] — C (u(si)) , (3)

where «; is the market share of newspaper 1.

In what follows, without loss of generality, we normalize w to one since what matters is only
¢/w. However, the interpretation of our results will be done in terms of ¢/w (see the end of
Section 6).

17A model of continuous quality choice with no upper bound would be far less tractable without delivering
much new insight. Even our simple model becomes technically involved because of the challenges arising from
providing a microfoundation for the utility that a consumer obtains from the aggregator. As is shown in Lemma
3, in the presence of the aggregator, the denominator in the expression for a given newspaper’s market share is a
function of the strategies (u(s1), p(s2)), which makes the analysis complex. This is why we consider a quadratic
cost function.



2.2 Aggregator
2.2.1 Benefit and cost of using the aggregator

The value-added of an aggregator consists in recognizing high quality content ex post. In the real
world, some aggregators, like Huffington Post, use editorial staff, while others, like Google News,
use an algorithm to find high quality content. After finding high quality articles, each aggregator
posts them on its site. This, however, can be done in different ways. Some, like Yahoo! News,
post the whole article on their site, with no link to the original content. Usually, this is because
the aggregator pays the newspaper for that content and hence has the right to publish it. In
2006, Yahoo! signed an agreement with Newspaper Consortium!® to use their content. Others,
like Google News, show the title and a short summary and provide a link to the original article.
The first pages and sample articles of Yahoo! News and Google News can be seen in Figures 8,
9, 10, and 11. These two types of aggregators bring revenue to newspapers in different ways: the
first by buying a content license, and the second by sending traffic to newspaper sites.

We model an aggregator along the lines of Google News and relegate the licensing issue to
future work. Hence, the aggregator in our model provides only a homepage without having its own
original articles. It benefits consumers by improving the match between their attention and high
quality content. More precisely, for each issue, the aggregator chooses one article and publishes
its title and summary with a link to the original article. In the baseline model, we assume that the
aggregator chooses the highest quality article for each issue and that if both newspapers produce
the same quality articles on a given issue, it chooses one of them with an equal probability.
Section 7.1 considers the more realistic case of imperfect certification technology and shows that
the main results are robust to introducing this imperfection. Providing one link per issue is a
realistic assumption. For instance, Google News provides one link per issue for all issues except
for the top story, for which it shows multiple links (see Figure 11).19

A consumer who goes to the aggregator’s homepage spends a mass one of attention on the
homepage. In addition, the consumer clicks on the link of each high quality article and spends ¢
units of attention (per article) on the newspaper site to which she is directed. The consumer does
not click on the links to low quality articles.?? Therefore, using the aggregator over her preferred
newspaper allows a consumer to access more high quality content, at a higher cost of preference

mismatch. The business-stealing effect captures the reduction in the traffic to the homepages of

Bhttp:/ /www.npconsortium.com/
“Is Yahoo a Better Friend to Newspapers Than Google?”, New York Times, 8 Apr. 2009

1911 reality, Google News indexes content from 25000 news outlets and hence it does not make sense to assume
that the aggregator provides links to all newspapers on every issue even if it seems plausible to provide two links
per article in our simple model.

20 Alternatively, she might click the link of a low quality article but quickly stop reading the article upon realizing
that the quality is low.

10



the newspapers since some readers switch to the homepage of the aggregator. However, there is
also a readership-expansion effect since high quality articles of a given newspaper can reach not
only its loyal readers, but also those using the aggregator. The latter includes consumers who

would read the rival newspaper if there were no news aggregator.

2.3 Timing

In what follows, we analyze the following two-stage game.

e Stage 1: each newspaper i simultaneously chooses s;.

e Stage 2: if there is no aggregator, each consumer chooses one of the two newspapers

(otherwise, one among the two newspapers and the aggregator).

When there is an aggregator, we also study a two-stage game in which each newspaper is
allowed to opt out in stage 1, where opting out means that a newspaper breaks the link with the

aggregator. Then, stage 1 is replaced by

e Stage 1’: each newspaper ¢ simultaneously decides whether to opt out or not, and chooses

S;.

3 No Aggregator

In this section, we analyze the two-stage game without the aggregator. Then, what matters is
only pu(s;) = p; for i = 1,2, because of our single-homing assumption. As usual we use backward
induction and start from Stage 2.

Let x denote the location of the consumer who is indifferent between 1 and 2, which is
determined by:

AU — tr = puagAu — t(1 — x).
Equivalently, we have
%'Z%Jrg(m—/m)-

From A1, we have 0 < z < 1. Therefore, each newspaper’s market share is positive: 0 < a; < 1
fori=1,2.

Newspaper i’s profit is given by

T = [1 + B (i — ,uj)] [1+ ;0] — ep for (ui, py) € [0, 1/2)%.

11



1
2
Figure 3: Best reply function of newspaper 1 when there is no aggregator

If ¢ < 36/2, the profit function is convex. As 7}(0) = B+ 8§ — Bdp; > 0 for any u; € [0,1/2],
newspaper i’s best response is 1/2 for any p; € [0,1/2]. If ¢ > 36/2, the profit function is strictly

concave. The best reply function of 7 is given by

)

2¢—(B+9).
35

1 if 1 <1-— 25—2@4—5)

BRN(NJ):{ B45-86u;

7

where the superscript N means ‘no aggregator’. In this case, the slope of the best reply function

is either zero or —f30/(4c — 2/39). Therefore, we can conclude:

Lemma 1. In the absence of the aggregator, newspapers’ quality choices (u1,u2) are strategic

substitutes.

Without the aggregator, if newspaper j increases its quality, this reduces newspaper i’s
market share and thereby ¢’s marginal revenue from an increase in quality. This is why quality
choices are strategic substitutes.?! Figure 3 describes newspaper 1’s best reply function when
c> (/2.

Let (u3,u5) denote the equilibrium quality in the absence of the aggregator. The next

proposition shows that there is a unique equilibrium.

21The reasoning behind this is similar to that of quantities being strategic substitutes in Cournot competition:
an increase in firm j’s quantity reduces the price of firm i’s good and hence the latter’s marginal revenue from
production. This intuition still holds if we allow newspapers to charge for subscriptions: for any given prices,
quality choices are strategic substitutes.
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Proposition 1. Under A1 and A2, in the absence of the aggregator, there is a unique equilibrium,
which is symmetric. In the equilibrium,
(i) the average quality of each newspaper is
wr=pi=ws=5  if 0<ce<P 4544,
W=t == sy i >0+ 5+ 5
(ii) the profit of each newspaper is 7 = —c,u*2 + g,u* + %

One can easily check that u* and 7 are increasing in § and decreasing in ¢. p* is increasing
in B8 but 7* is decreasing in 5. This implies that newspapers benefit from customer loyalty but
that their quality decreases with loyalty.

From now on, we assume that the equilibrium quality without the aggregator is interior (i.e.,
p* € (0,1/2)):

. B ) B
If A3 does not hold, each newspaper i’s best reply is u; = % for any p; € [0,1/2], which is
not interesting.
4 Aggregator
In this section, the two newspapers compete in the presence of an aggregator.

4.1 Market shares for given qualities

Given (s1, s2), the utility that a consumer with location z obtains from using the aggregator is

given by:
U499 () = ug + p(s1 U s2)Au
= (o =+ (a2 n50) + (1 (oo V) )

1
= (o2 =)+ 5 (a2 s0) +- (1= (o2 U ) (1= o, (@
where s1 — s means s1 N s§. up + p(s1 U s2)Au represents utility from reading gross of the
transportation cost. The transportation cost depends on the composition of the articles covered
by the aggregator, and is equal to the measure of articles from newspaper 1 multiplied by «t plus

the measure of articles from 2 multiplied by (1 — x)t.
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Using p(s1 U s2) = p(s1) + p(s2) — p(s1 N s2) and u(s; — s5) = p(si) — p(s1Ns2), we can
rewrite U499 (x), U'(z) and U?(x) as follows:

UA99(2) = g — &+ (st U so)Au+ 1z — =) (uls2) — a(51)):

2 2
t 1
Ulz) = uo — 5 + pls1)Au +1(5 — @);
t 1
U(x) = u0—§+u(82)Au+t(x—§).

Hence, it is clear that a consumer located at x = 1/2 loses nothing by choosing the aggregator;
U499(1/2) > max{U'(1/2),U%(1/2)} . Consider now a consumer with location z < 1/2. We

have

UA99(2) — UM ) = (u(s1 Usa) — (o) B — (3 —2) (L (o) — (o)) - (9)

Benefit from higher quality

Cost from higher preference mismatch

The benefit of using the aggregator instead of newspaper 1 is captured by the term (u(s1 U s2) — pu(s1)) Au,
which represents surplus increase from consuming more high quality content. This benefit comes
with the cost of greater preference mismatch since, for a consumer with location x < 1/2, the fa-
vorite newspaper is 1. More precisely, the last term in (5) always has a negative sign for x < 1/2
and represents the cost of using the aggregator.
More generally, the following lemma shows that newspapers are not directly in competition

with each other.

Lemma 2. Newspapers are not directly in competition with each other: For any given (s1,$2),
there ezists no x € [0,1] such that min {U(z),U?(z)} > UA99(z).

Proof. To prove the lemma we consider two cases.
1) If 2 < 3, then UA99(z) > U?(x) since u(s2) — p(s1) <
2) If 2 > 1, then UA99(2) > U'(z) since pu(s1) — p(s2) <

N D=

O

Let z; denote the location of the consumer who is indifferent between newspaper i (i = 1, 2)
and the aggregator. Then, for any = < z1, we have U'(z) > U499(x). This, together with Lemma
2, implies U'(z) > U?(z) for any = < x1. Therefore, 1’s market share is given by x7. Similarly,
2’s market share is given by 1 — zo. Furthermore, U499(1/2) > max {U'(1/2),U%(1/2)} means
that 1 < 1/2 < xg. Therefore, the aggregator’s market share is 3 — z1. The next lemma shows

that each newspaper has a positive market share under Al.

Lemma 3. Under Al, for any given (si1,s2) satisfying u(s;) < 1/2 for i = 1,2, the market

shares of 1 and 2 are:
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_ 1 pls2) —p(siNsy) 1

O<O(1—2 1—/_,0(31)—’—/_,[,(82) S 2; (6)
1 ops) —p(sinsg) _ 1

0<a2—2 ﬁl‘*’l«b(sl)—ﬂ(&f?) §2. (7)

The aggregator decreases the market share of the newspapers. Lemma 3 shows that for any
(s1,s2) satisfying u(s;) < 1/2, the market share of a newspaper cannot be larger than 1/2,
whereas without the aggregator it is possible for a newspaper to have a market share larger
than 1/2 (although not in equilibrium). This result holds even when the quality of newspaper 1,
say, is maximal, i.e., 1/2; and the quality of 2 is zero: in such a case the consumers located at
x € (1/2,1] prefer the aggregator to newspaper 1. By using the aggregator, they consume all the
high quality content of 1, and, in the absence of high quality content, they consume low quality
content from 2 half of the time.

The market share of each newspaper decreases in 5, which means that the more loyal con-
sumers are, the greater the newspapers’ market shares. Holding (pu(s1), u(s2)) constant, increas-
ing s1Mso reduces the high quality content available from the aggregator and increases the market
share of both newspapers. In the extreme case of s; = s9, there is no room for the aggregator
and each newspaper shares the whole market equally.

From Lemma 3, we can see the effect of quality, u(s;) with ¢ = 1,2, on the market share of,

for instance, newspaper 1:

e « increases if newspaper i (= 1, 2) increases its quality, u(s;), by investing in those issues

which are also covered by j(# i) too, i.e., by increasing p(s; N s2).

e «; decreases if newspaper i (= 1,2) increases its quality, u(s;), by investing in those issues

which are not covered by j(# i), i.e., by increasing u(s; — s;).

In the subsequent analysis, it is important to understand the above effects of changes in
quality p(s;) on 1’s market share. If newspaper 1 increases its quality by investing in those
issues covered by 2, this increases 1’s market share, which seems to be standard. In contrast, if
newspaper 1 increases its quality by investing in those issues not covered by 2, this reduces 1’s
market share, which looks puzzling. To explain it, let us suppose that newspaper 1 increases its
quality on an issue which 2 covers with low quality and examine how this affects the utility of the
consumer indifferent between newspaper 1 and the aggregator. Note first that the consumer can
enjoy this quality increase regardless of whether she chooses newspaper 1 or the aggregator. But
the quality increase reduces the consumer’s transportation cost from choosing the aggregator

while it does not affect the transportation cost from reading newspaper 1. The reason is that on
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the issue, the probability for the aggregator to direct the consumer to the article of 1 is one after
the quality increase while the probability was a half before the quality increase. This together
with the fact the indifferent consumer is located at = < 1/2 implies that newspaper 1’s market

share decreases after the quality increase.

4.2 Business-stealing vs. readership-expansion for given qualities

Given (s1, $2), newspaper i’s profit is given by:

mi(si) = a; [1 4 p(s3)0] +6(1 — o — ) (,u(si —s5) + %u(si N sj)) — CM(Sz‘)2; (8)

where j € {1,2}, j # i. The term in the middle of the R.H.S. represents the revenue from the
consumers directed by the aggregator.
The following proposition states that there exists no equilibrium in which the set of the

common issues covered by 1 and 2, s; N s9, is neither the maximum nor the minimum.

Proposition 2. Given pu(s;) satisfying 0 < u(s;) < 1/2 for newspaper i € {1,2}, choosing
si such that 0 < p(sy N s2) < min (u(s1), u(s2)) is strictly dominated by choosing s; such that
p(s1Ns2) =0 or pu(s1Ns2) = min (u(s1), pu(s2)). In other words, each newspaper is always better

off choosing mazimum or minimum differentiation.

The proof of Proposition 2 reveals that newspaper ¢’s profit is convex with respect to p(s3 N
s9): profit is therefore maximized at the corners. This result does not depend on A2 and
holds for any arbitrary cost function. From Lemma 3 and the discussions following it we know
that the aggregator’s market share is minimized under minimum differentiation and maximized
under maximum differentiation. Proposition 2 implies that newspaper ¢ finds it optimal either
to “accommodate”’ the aggregator by maximum differentiation or to “fight” it with minimum
differentiation.

Consider a given symmetric quality p(s1) = p(s2) = p € (0,1/2) < 1/2. If newspaper ¢
uses the minimum differentiation strategy, the aggregator gets zero market share and hence each
newspaper’s profit is not affected by the presence of the aggregator. If i uses instead the maximum
differentiation strategy, each newspaper has the same market share (a; = ag = a = 1/2 — fpu)
and obtains identical profits (a[1 + pd] + 0(1 — 2a)p). The difference between a newspaper’s
profit under maximum differentiation and its profit in the absence of the aggregator (which is

equal to the profit under minimum differentiation) is given by:
(= Bu(0p —1)).
(9)

7Ti(,U, M | maX)— Wi(ﬂa ,U)|no aggregator ‘_ﬁ'u * 1, + w

Business-stealing effect readership-expansion effect
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Figure 4: Business-stealing effect and readership-expansion effect from 1’s point of view

The first term on the R.H.S. of the above equation shows the business-stealing effect of the
aggregator: the aggregator reduces the attention spent on the homepages of each newspaper by
B x 1. The second term on the R.H.S. shows the readership-expansion effect of the aggre-
gator: the aggregator improves the match between attention and high quality content, allowing
each newspaper’s high quality content to reach more customers. Note that this readership expan-
sion includes some customers who, without the aggregator, would read only the rival newspaper
(See Figure 4). [u * dpu measures this increase in attention. From the previous discussion, we

have:

Lemma 4. Consider any symmetric equilibrium candidate ju(s1) = p(s2) = p satisfying 0 < p <
1/2. The newspapers will use the mazimum differentiation strategy (respectively, the minimum

differentiation strategy) if o > 1 (respectively, if du < 1).

Although we have only considered the case of symmetric quality, the trade-off between the
business-stealing effect and the readership-expansion effect is quite general. All other things being
equal, as u; increases, the aggregator has a larger market share under maximal differentiation,
and hence the readership-expansion effect is likely to dominate the business-stealing effect from
i’s point of view. As ¢ increases, the profit from high quality content is more important relative
to the profit from low quality content, which likewise makes the readership-expansion effect
more likely to dominate the business-stealing effect. More generally, Figure 5 describes, given
(p1, p2) € (0,1/2]2, under what conditions minimum or maximum differentiation is the optimal
strategy for newspaper 1.

Remark: The previous discussion shows that the presence of the aggregator can never
decrease a newspaper’s profit, given symmetric quality: each newspaper can always reduce the
aggregator’s market share to zero by using the minimum differentiation strategy and thereby

obtain the profit it received without the aggregator. This is a consequence of the fact that
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Figure 5: Best reply function of newspaper 1 given p;, and po

we consider only two newspapers. On the contrary, if there are many newspapers and some of
them use maximum differentiation, a single newspaper cannot reduce the market share of the
aggregator to zero. After completely characterizing the outcomes for two newspapers, we extend
the model to allow the aggregator to provide content from third-party news sites different from
the two newspapers (see Section 7.2).

As a consequence of Proposition 2, there are two equilibrium candidates, one with minimum
differentiation and the other with maximum differentiation. The following subsections address

each one in turn.

4.3 Minimum differentiation (no specialization) equilibrium

In this subsection, we study the existence of the equilibrium in which the newspapers choose
minimum differentiation, or equivalently s; = sa. Let (p!", u5") denote the equilibrium qualities

under the minimum differentiation strategy. We have:

Proposition 3. Under A1-A3, there are (ém,gm) satisfying 0 < 6™ < 6™ such that for any
6 > 0™ there exists mo symmetric equilibrium in which newspapers invest in the same set of
issues: for any 0 < O™ there exist multiple symmetric equilibria in which newspapers invest in
the same set of issues:

@ = =pme[ginl] i +Rei<esivPan

(i = 1 =i € |3 £225] i >3+ 45

Corollary 1. pu™ = u* (where p* is the quality which arises in the equilibrium without the

aggregator) is one of the minimum differentiation equilibria.

18



DO | —lecccccccccccccccccaaaaas

Figure 6: Best reply function of newspaper 1 given min differentiation

The intuition behind this result is simple. If the revenue from high quality content is high
enough, each newspaper has an incentive to use the maximum differentiation strategy: the
readership-expansion effect dominates the business-stealing effect. On the contrary, when the
revenue from high quality content is low enough, the business-stealing effect dominates the
readership-expansion effect and each newspaper uses the minimum differentiation strategy. Since
any equilibrium quality p* is a best response to p5* for the interval of equilibrium qualities
described in Proposition 3, the best reply curve has a slope of 45 degree (see also Figure 6 ).
Hence, quality choices are strategic complements over this interval. The reason is that given
p(s2) = pb, newspaper 1 finds it optimal to “fight” the aggregator by choosing s; = sg, which
leaves zero market share to the aggregator. More precisely, conditional on using the minimum
differentiation strategy, newspaper 1’s profit increases when yi; increases up to p5' and decreases
when when f11 increases beyond p5'. Figure 6 also shows that the equilibrium quality without the
aggregator, u*, belongs to the interval of equilibrium qualities under the minimum differentiation

strategy.

4.4 Maximum differentiation (specialization) equilibrium

In this section, we study the equilibrium candidate with maximum differentiation. The profit of

newspaper i € {1,2} conditional on maximum differentiation is given by:

I M T 2
mi(s; | max) = = + -y — + 03 —"—— —cu;.
i(si | ) 9 2,Uz Bl"‘ﬂj_ﬂi 61—1‘/%—#]‘ Hy
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Figure 7: Best reply functions of newspaper 1

Let (!, ud?) denote the equilibrium qualities under the maximum differentiation strategy.
Figure 7(a) shows the best reply conditional on both newspapers’ using the maximum differen-
tiation strategy. It shows that the curve crosses the 45 degree line only once and has a positive

slope when (and after) crossing it. More precisely, we have

on; 1 — p; — p pi(1 = pj)
= p— B 9sp - I
OpiOp; (1 — pi + p5)? (14 pi — py)3

which is positive for §u; > 1/2. Since du™ > 1 holds from Lemma 4, quality choices are strategic

complements for quality above ™ and for quality just below (and close to) u™.

Lemma 5. In the presence of the aggregator, suppose that a symmetric equilibrium with maz-

M exists. Then, there exists some (' satisfying

imum differentiation strategy p = pd! = pu
1 < M, such that conditional on newspaper i using the mazimum differentiation strategy, an
increase in fi; induces an increase in pi; for any p; > p'. Newspapers’ quality choices (pi1, o)

are strategic complements for p; > .

When newspaper 1 uses the maximum differentiation strategy, an increase in us expands
the market share of the aggregator and hence increases the readership-expansion effect. This
increased readership-expansion effect in turn increases the marginal revenue from an increase in
w1, which makes quality choices strategic complements. Figure 7(b) shows that this property

holds even when a newspaper is not restricted to the maximum differentiation strategy, since it
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is optimal for ¢ to use this strategy for ;1 larger than some threshold (see Figure 5 ).

Proposition 4. Under A1-A3, there exists a threshold 6™ > 0 such that for any § > 6™ there
is a unique symmetric equilibrium, pM = pd! = uM in which newspapers invest in disjoint sets
of issues. This ™ is

(i) 3 if e<§—g+30p;

(i) (*ﬂ+25672c)+\/§;§+25ﬂ72c)2+2525 if e %W .

Moreover, there exists another threshold ™ € (0, 5M) such that, for any § < M there exists no

equilibrium with mazimum differentiation.

rol o[

+
é
R

It follows from Lemma 4 that § > 2 is a necessary condition for the existence of the maximum
differentiation equilibrium (equivalently called, the specialization equilibrium). One can check
that ™ is increasing in d: as the revenue from high quality content increases, newspapers have
more incentive to invest in quality. Moreover, if consumers are less loyal (i.e., as [ increases),

competition becomes tougher and hence the newspapers invest more in quality.

5 Opt-out option
In this section we analyze the following two-stage game:

e Stage 1: each newspaper ¢ simultaneously decides whether to opt out or not and chooses

Si.
e Stage 2: each consumer chooses one among the two newspapers and the aggregator.

Note that if newspaper ¢ opts out, the aggregator has content only from j: in this case we
break the tie by assuming that consumers prefer using newspaper j to the aggregator.?? Then,
we always have an equilibrium in which all newspapers opt out. In this opting out equilibrium,
each newspaper chooses the quality p*. This equilibrium trivially exists regardless of the number
of competing newspapers.

We now check how the opt-out option affects the equilibria under minimum differentiation.
Given p(s;) = p™, does the possibility to opt out induce newspaper i to deviate from choosing
s; = sj7 The answer is yes for any p™ different from p*. Note first that in the minimum
differentiation equilibrium candidate, each newspaper gets the profit it would obtain without the
aggregator from symmetric quality u™. Therefore, as long as p'™ is different from BRZN (u™), i.e.,

newspaper ¢’s best response to pu(s;) = p™ without the aggregator, newspaper ¢ has an incentive

22This tie-breaking makes sense since the navigation between the aggregator’s site and newspaper j’s site is less
seamless than the navigation within newspaper j’s site.
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to opt out and to choose BRZN (™). Since we have a unique equilibrium without the aggregator,
p™ = BRYN (™) holds if and only if u™ = p*. This implies that only ™ = p* survives the
introduction of an opt-out option.

In the maximum differentiation equilibrium, this does not necessarily hold. For a given
p(s1) = p(se) = u™, from (9), each firm gets a higher profit in the specialization equilibrium
than without the aggregator. If i opts out for given u(s;) = M satisfying oM > 1, its
best response is BRZN (,uM ). It is possible that the profit from this deviation is lower than the
equilibrium profit. To see this, note that without the aggregator, an increase in yu; reduces the
marginal profit of 4 and that u™ > p* (see Proposition 6).

Therefore, the introduction of an opt-out option leads to a sharp prediction: the presence of

the aggregator either leads to no change or to the specialization equilibrium. In summary:

Proposition 5. When newspapers can opt out,

(i) There always exists an equilibrium in which every newspaper opts out and chooses the equi-
librium quality without the aggregator (1 = pa = p*).

(i) Among all equilibria with minimum differentiation, only the equilibrium quality without the
aggregator survives the introduction of an opt-out option.

(iii) The mazimum differentiation equilibrium survives the introduction of an opt-out option if

the deviation to “opting out and choosing u; = BRf-V(,uM)” is mot profitable.

6 Comparison: quality, consumer surplus, profit and welfare

In this section, we study how the aggregator affects quality, consumer surplus, profits and welfare.
From Proposition 5, we compare the equilibrium without the aggregator with the specialization

equilibrium. We first address quality:

Proposition 6. Under A1-A3, the quality of newspapers is higher in the mazimum differentiation

equilibrium than in the equilibrium without the aggregator, i.e., p™ > u*.

Note that the existence of the maximum differentiation equilibrium requires § large enough
(ie., ouM > 1). In the presence of the aggregator, for 6 large enough, pu; = ps = p* is not
an equilibrium. This is because the readership-expansion effect dominates the business-stealing
effect and hence each newspaper finds it optimal to respond by increasing quality above u*
and using maximum differentiation. Furthermore, quality choices are strategic complements.
Therefore, newspapers choose p1 = pg = p™M > p*.

We now study how the aggregator affects consumer surplus and newspapers’ profits. Con-
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sumer surplus and the profit of each newspaper in the absence of the aggregator are given by:

1
1 1
t
CS* = / (" Au+ ug — xt) do + / (W Au+up— (1 —2)t)de = p"Du+ug — 1 (10)
0 1

2

J 1
= —cp*? + iu* +3 (11)

Since the aggregator induces each newspaper to choose a higher quality, this increases every
consumer’s surplus. Even if a consumer continues to use her preferred newspaper, she benefits
from the quality increase. In addition, she has the option of using the aggregator.

The profit of each newspaper in the specialization equilibrium is 7 = aM[1 + §pM] + (1 —
20M)6uM — cp™® | where o is the share of each newspaper and, from (6) and (7), is equal to
% — Bu™. Thus, each newspaper’s profit is

M M2 M o 1
™ =p (6 —c)+p (—5+§)+§~ (12)
The presence of the aggregator increases each newspaper’s profit if and only if

uMQ(éﬁ—cHuM(—mgH% > %+gu"‘ — e (13)
Proposition 7. Suppose that the presence of the aggregator leads to the mazximum differentiation
equilibrium. Then, in the presence of the aggregator:
(i) Every consumer gets a higher surplus.
(i) The profits of newspapers increase if the cost is low enough, and decrease otherwise. More
precisely, there exists ¢ such that ™ < 7* for all ¢ > ¢ and 7 > 7* for all ¢ < é.

(i1i) Social welfare is higher.

The profits of the newspapers can be lower in the specialization equilibrium than in the
equilibrium without the aggregator. More generally, Proposition 7 shows that whether the profits
increase or decrease depends on the cost level ¢. As we noted in Section 4.2, for a given quality, the
aggregator cannot decrease each newspaper’s profit. Furthermore, from equation (9), the profit
in the maximum differentiation equilibrium (gross of the investment cost) strictly increases with
pM. This implies that the aggregator increases each newspaper’s profit if the investment cost
does not increase too much (i.e., if ¢ is low enough).

Note that the relevant cost to consider is actually ¢/w where w is advertising revenue per
unit of attention, previously normalized to one. If the Internet creates advertising congestion

(Anderson, Foros, Kind, and Peitz, 2012) by expanding advertising possibilities and thereby
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reduces w, this increases ¢/w. This suggests that the aggregator is likely to reduce the profits
of newspapers, which may explain why the current debate on news aggregators is so heated.
Finally, we show that the presence of the aggregator increases social welfare. We proceed in
two steps. First, for given symmetric quality (for instance, u*), the presence of the aggregator
increases social welfare. This is because both consumer surplus increases, and total traffic to the
newspapers and the aggregator increases. The total traffic increases since traffic to the homepages
is constant, while traffic to high quality articles increases thanks to the aggregator. Second, we
can show that, in the presence of the aggregator, the newspapers choose too low quality from a
social point of view, which implies that the increase in quality from p* to ™ (while maintaining
maximum differentiation) is welfare-improving. To see this, consider a marginal change in py for

any given uo. We have
OSW om Omy Omsa 0OCS
=t ot

Oy Opr Opmp Opyr O

where 74 is the profit of the aggregator. % > 0 is obvious and we can show

From Lemma 3, as pp increases, newspaper 1’s market share decreases under maximum differ-
entiation. This implies that as p; increases, total traffic to the homepages of newspaper 2 and
the aggregator increases. Furthermore, it also implies that the traffic to the high quality articles
of 2 increases. Therefore, an increase in p; generates positive externalities on the joint profit of

newspaper 2 and the aggregator, and on consumers. Hence, if g—f& = 0, then %STVK > 0.

7 Extensions

In this section, we study two extensions of the model for the robustness check of our results.
The first extension considers imperfect certification technology of the aggregator and shows that
our results can be extended to this more general setup. In the second extension, we consider
asymmetric newspapers by introducing content from third parties that can be consumed only
through the aggregator. This extension shows that J plays a crucial role in predicting the impact
of the aggregator on newspapers’ quality and we use the findings from some empirical papers to

pin down a lower bound of § and show that the aggregator increases the quality.

7.1 Imperfect certification technology

When each newspaper provides an article of different quality on a given issue, let (1 + AP)/2
(respectively, (1 — AP)/2) represent the probability for the aggregator to provide the link to the
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high quality article (respectively, to the low quality article) where AP € [0,1]. AP =1 corre-
sponds to the case of perfect certification technology we previously considered. We below briefly
present the most interesting results; more detailed analysis can be found in the supplementary
materials.

First, Lemma 3 on market shares can be extended as follows. The market share of newspaper

1 is given by:

O0<ar =

Bz =+ AP(u + po — 2p12) _
5 <

L+ AP(u2 — p1)

where 12 = p1(s1Nsz). Therefore, newspaper 1’s market share decreases (hence the market share

1 1
2 2

of the aggregator increases) as the certification becomes more accurate (i.e., day/90Ap < 0), all

other things being equal. This is very intuitive. What is more interesting is that we have:

Ooy I3 —2(AP)2(,LL2 — ,ulg) —AP+1

O 2 (1+AP(pz — p))?

This implies that there exists a unique threshold P in (0,1) such that day/0p1 < 0 if and only
if AP > P. For instance, suppose AP = 0 and that newspaper 1 replaces a low quality article
with a high quality one. Then, a consumer can enjoy this quality increase with probability
equal to one by choosing newspaper 1 but only with probability equal to 1/2 by choosing the
aggregator. So 1’s market share increases with its quality. What is even more interesting is that
the aggregator’s market share always increases with p; (for i = 1,2): 9(1 —ag — ag) /Ou; > 0
(the inequality is strict for AP > 0). For instance, for AP > 0 small, even if the aggregator
loses consumers to newspaper 1 after the latter’s quality increase, the aggregator steals more
consumers from newspaper 2. This is because a consumer cannot enjoy the quality increase by
reading 2 but can enjoy it by choosing the aggregator.

Proposition 2 extends to the imperfect certification technology since the profit of a newspa-
per is convex in p12. This implies that the only equilibrium candidates are either the minimum
differentiation one or the maximum differentiation one. Lemma 4 also extends such that in a sym-
metric equilibrium with g1 = uo = u, both newspapers use the maximum differentiation strategy
(respectively, the minimum differentiation strategy) if APdu > 1 (respectively, if APy < 1).
Proposition 5 on equilibrium selection based on opting out still applies to AP € [0,1]. When we
compare the maximum differentiation equilibrium with the equilibrium without the aggregator
by using the necessary condition AP§uM > 1, we find again that the presence of the aggregator
increases the quality (Proposition 6). Moreover, the equilibrium quality increases with AP. This
is because noisier certification weakens the readership-expansion effect.

Finally, we find that the effect of AP on newspapers’ profits in the maximum differentiation
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equilibrium is ambiguous. Using the envelope theorem, we find:

dﬂ'l . 87T1 8#{\4 87T1 8#5\4 (97T1 . 671'1 a,ué\/[ 87T1
dAP — ouM OAP ' 9 OAP T OAP T oud OAP ' OAP’

The direct effect for given quality of newspapers is positive (i.e., aag}g > () since newspapers

benefit more from readership-expansion effect. However, the indirect effect through the rival’s

quality increase has an ambiguous sign due to 0/ 3#5\4 . We can write

omy
Op”

6@1 ) 80414
— + - (1 + AP 99
ot " (1T AF) A"

= (14 0p1)

The aggregator’s market share increases with the quality of newspaper 2 (i.e., 85;‘41\39 > 0) while
2

1’s market share decreases with the rival’s quality (i.e., g:‘]&, < 0). As AP increases, the former
2
om1

is more likely to dominate the latter such that for large AP, Ry
2

aggregator’s certification technology becomes more accurate, the readership-expansion effect is

is positive. Basically, as the

more likely to dominate the business-stealing effect and this tends to increase newspapers’ profits.
This finding offers a possible explanation for newspapers’ complaint against Google News: they

may find Google’s algorithm to select news articles too noisy, resulting in low profits for them.

7.2 Content from third-party providers

We believe what is happening in the online world can be represented by the specialization equi-
librium. However, one may argue that the model does not reflect the real world since each
newspaper has so much market power that it can unilaterally eliminate the aggregator by opt-
ing out. In the real world, a single newspaper has very little effect on the aggregator since the
aggregator contains content from many news outlets.?? In particular, there are many small news
sites which would receive very negligible traffic in the absence of the aggregator. Therefore, these
sites have strong incentives to use “the maximum differentiation and opt-in strategy” in order to
attract traffic from the aggregator. In order to capture this heterogeneity among news sites in
our model, and to show the robustness of our main results, we introduce one important modifi-
cation: by using the aggregator, consumers can get utility ur generated from the aggregation of
content from numerous small third party providers;?* but we maintain the assumption of perfect
certification. Therefore, even if the two newspapers opt out, a consumer can get a utility equal
to ur from using the aggregator. However, in the absence of the aggregator, it is impossible for

a consumer to obtain ur from the numerous small third party providers. This implies that the

ZGoogle News indexes content from 25000 news outlets.
24 Although ur can depend on a consumer’s ideological taste, we abstract from this dimension for simplicity.
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introduction of up does not affect the analysis of the case without aggregator.
In the presence of the aggregator, the utility that a consumer located at x obtains from the

aggregator is given by:
t
UA99 () = p(s1 U so)Au + ug — tep(sy) — (1 — z)u(sy) — 5(1 — p(s1) — p(s2)) +ur.  (14)

The market shares of the newspapers are given as follows:

_ 1 T(p(s2) —p(s1Ns2)) Au+ur,

R A R ETen .
_ 1 1 (u(s1) — p(s1Nsz)) Au+ ur

S P s T B (16)

We focus on the case in which the utility form third party content is sufficiently important:
A4: up > %max{l,% :

To avoid corner solutions under A4 (i.e., to guarantee a positive market share for each news-

paper), we should modify A1l as follows.

AT’ qup <t
A1’ puts an upper bound on ur. Hence, under A1’ and A4, depending on the parameter
values, the equilibrium market share of the aggregator can vary from (close to) zero to (close to)

one.

Proposition 8. Suppose that the utility from third party content is high enough (i.e., A4 holds).
Under A1°, A2, AS3;

(i) For any (u(s1), 1(s2)) € [0,1/2]2, mazimum differentiation, u(s1 N s2) = 0, is a dominant
strategy for each newspaper.

(ii) For any § > 0, newspapers’ quality choices (j1(s1), u(s2)) are strategic complements.

(iii) For any § > 0, there is a unique symmetric equilibrium, u(s1) = u(s2) = p’, where
newspapers invest on disjoint set of issues, u(s1 N sg) = 0. There are two thresholds of § such
that = = 0 for all 6 < 67 and p7 = % for all 5 > 67 (> 6T). Foré e [QT,ST], ul strictly

mcreases with .

When the utility from third party content is high enough, the aggregator already has a non-
negligible market share, independent of what a single newspaper does. Therefore, this induces
each newspaper to accommodate the aggregator by adopting the maximum differentiation strat-
egy, such that the minimum differentiation equilibrium does not exist whereas the maximum
differentiation equilibrium exists for all 4 > 0. As we have seen before, this implies that news-

papers’ quality choices (u(s1), u(s2)) are strategic complements for all § > 0. Furthermore, the
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equilibrium quality is increasing in ¢ such that the presence of the aggregator can increase or de-
crease quality with respect to the case without the aggregator. If ¢ is small (respectively, large),
the business-stealing effect is large (respectively, small) relative to the readership-expansion ef-
fect.

Therefore, the value of ¢ is the key parameter determining whether the aggregator increases
or reduces the quality of newspapers. Even if there have not been any empirical studies directly
estimating 0, we think that the studies by Athey and Mobius (2012) and Chiou and Tucker (2012)
allow us to pin down a lower bound of §. Athey and Mobius (2012) study a natural experiment
in which Google News introduces news from local outlets for readers who enter their zip code.
They find that after adding content from new local outlets to Google News, traffic increases not
only to these new outlets but also to the old (local and non-local) outlets that have been indexed
by Google News. Chiou and Tucker (2012) exploit a contract dispute which led Google News to
remove the content from Associated Press (AP). They show that the presence of the AP content
on Google News would have increased traffic to the news sites indexed by Google News, which
are not necessarily members of the AP network. Therefore, we can infer from these papers that
an increase in the third party content up would increase traffic to the two newspapers, for a
given equilibrium quality of the newspapers, implying

onT

Fu Inr=est> 0eoul >1

"

where 77 is the profit of each newspaper and is given by:

1 6 1
nl = 5 + §MT + ;(MTAU +up)(6p” — 1) — CMT2

This means that the readership-expansion effect is larger than the business-stealing effect at

equilibrium:
T ur ur
¥ (Ma:u ‘ maX) - 7Ti(lufa M)’no aggregator _(B:U’ + 7) *1 + (ﬁ,u + 7) * O
—_———— —_——
Business-stealing effect ~ Readership-expansion effect

= (Bt =) Gu—1) >0,

where Bu + “F is the market share lost by each newspaper to the aggregator. For ot > 1, we
can show that the aggregator increases quality and that each newspaper has no incentive to opt
out in equilibrium.

Proposition 9. Under A1, A2-A4, if s’ > 1:

(i) The presence of the aggregator increases the quality of newspapers, u= > p*;
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(ii) When the aggregator is present, each newspaper has no incentive to opt out;

(iii) The presence of the aggregator increases consumer surplus and social welfare.

The result that each newspaper has no incentive to opt out is proved in the Appendix. To
obtain the result on consumer surplus and social welfare, we can apply the same logic used in

Section 6.

8 Conclusion

In this paper, we studied the impact of a news aggregator on the quality choices of newspapers
by considering two scenarios: symmetric newspapers and asymmetric newspapers. In both sce-
narios we find that the presence of the news aggregator induces each newspaper to specialize, in
order to increase the traffic it receives from the aggregator. This in turn changes the strategic
interactions of quality choices from strategic substitutes to strategic complements. In addition,
when newspapers are symmetric, the aggregator induces them to choose higher quality, which
increases consumer surplus and social welfare. When newspapers are asymmetric such that small
newspapers prefer their content to be indexed by the aggregator, the aggregator can increase or
decrease the quality chosen by large newspapers depending on how sensitively time spent on
news sites responds to quality increase. We found that if adding content indexed by the aggre-
gator increases the traffic to all the newspapers that have been indexed by the aggregator (as
in the empirical findings of Athey and Mobius (2012) and Chiou and Tucker (2012)), then the
aggregator increases the quality (and thereby consumer surplus and welfare).

Our model can be regarded as a first step towards providing a microfoundation for news
aggregators, opening many avenues for future research. We described consumer behavior in a
highly-stylized way. It would be nice to enrich consumer behavior by enabling multi-homing
without aggregator (Kim and Serfes, 2006), allowing each consumer to read a subset of arti-
cles depending on her types or introducing richer interactions between utility from reading and
ideological slant. It would be interesting to study alternative business models for newspapers
such as strengthening the IP protection of their content, versioning or a ‘Google tax’. One can
also analyze the impact of the aggregators on news slanting by making each newspaper’s position

endogenous, as in Gabszewicz, Laussel, and Sonnac (2001) and Mullainathan and Shleifer (2005).

References

ANDERSON, S. P.; anD S. COATE (2005): “Market Provision of Broadcasting: A Welfare Anal-
ysis,” The Review of Economic Studies, 72(4), pp. 947-972.

29



ANDERSON, S. P., @. Foros, H. J. KIND, axnD M. PEITZ (2012): “Media market concentration,
advertising levels, and ad prices,” International Journal of Industrial Organization, 30(3), 321
— 325.

ANDERSON, S. P., anp J. S. GANs (2011): “Platform Siphoning: Ad-Avoidance and Media

Content,” American Economic Journal: Microeconomics, 3(4), pp. 1-34.

ARMSTRONG, M. (2006): “Competition in Two-Sided Markets,” The RAND Journal of Eco-
nomics, 37(3), pp. 668-691.

ATHEY, S., E. CALVANO, AND J. S. GANS (2012): “The Impact of the Internet on Advertising
Markets for News Media,” Working paper.

ATHEY, S., AND M. MoBIUS (2012): “The Impact of News Aggregators on Internet News Con-

sumption: The Case of Localization,” Working paper.

Bavyg, M. R., anp J. MORGAN (2001): “Information Gatekeepers on the Internet and the

Competitiveness of Homogeneous Product Markets,” The American Economic Review, 91(3),
pp. 454-474.

BIGLAISER, G. (1993): “Middlemen as Experts,” The RAND Journal of Economics, 24(2), pp.
212-223.

CAILLAUD, B., anp B. JULLIEN (2001): “Competing cybermediaries,” European Economic Re-
view, 45(4-6), 797-808.

(2003): “Chicken and Egg: Competition among Intermediation Service Providers,” The
RAND Journal of Economics, 34(2), pp. 309-328.

CALZADA, J., AND G. ORDONEZ (2012): “Competition in the news industry: fighting aggregators
with versions and links,” Working Papers 12-22, NET Institute.

CHiou, L., anp C. TUCKER (2012): “Copyright, Digitization, and Aggregation,” Discussion
paper, NET Institute Working Paper No. 11-18.

CraMPES, C.,; C. HARITCHABALET, AND B. JULLIEN (2009): “Advertising, Competition and
Entry in Media Industries,” The Journal of Industrial Economics, 57(1), pp. 7-31.

CREMER, J., P. REY, anp J. TIROLE (2000): “Connectivity in the Commercial Internet,” The
Journal of Industrial Economics, 48(4), pp. 433-472.

30



DELLAROCAS, C., Z. KATONA, AND W. RAND (2012): “Media, Aggregators and the Link
Economy: Strategic Hyperlink Formation in Content Networks,” Working Papers 10-13, NET

Institute.

FARRELL, J., AND G. SALONER (1985): “Standardization, Compatibility, and Innovation,” The
RAND Journal of Economics, 16(1), pp. 70-83.

(1986): “Installed Base and Compatibility: Innovation, Product Preannouncements,
and Predation,” The American Economic Review, 76(5), pp. 940-955.

FTC (2010): “Potential Policy Recommendations To Support The Reinvention Of Journalism,”

Discussion draft, Federal Trade Commission.

GABSZEWICZ, J. J., D. LAUSSEL, AND N. SONNAC (2001): “Press advertising and the ascent of
the "Pensée Unique’,” Furopean Economic Review, 45(4-6), 641 — 651.

GENTZKOW, M., aND J. M. SHAPIRO (2011): “Ideological Segregation Online and Offline,” The
Quarterly Journal of Economics, 126(4), 1799-1839.

GEORGE, L., AND C. HOGENDORN (2012): “Aggregators, search and the economics of new media

institutions,” Information Economics and Policy, 24(1), 40 — 51.

GOOGLE (2010): “Comments on Federal Trade Commission’s News Media Workshop and Staff
Discussion Draft on “Potential Policy Recommendations to Support the Reinvention of Jour-

nalism”,” Discussion paper.

Haciu, A. (2006): “Pricing and Commitment by Two-Sided Platforms,” The RAND Journal of
Economics, 37(3), pp. 720-737.

HoTELLING, H. (1929): “Stability in Competition,” The Economic Journal, 39(153), pp. 41-57.

JEON, D.-S., anp D. MENICUCCI (2011): “Interconnection among academic journal websites:
multilateral versus bilateral interconnection,” The RAND Journal of Economics, 42(2), 363—
386.

Karz, M. L., axnp C. SHAPIRO (1985): “Network Externalities, Competition, and Compatibil-
ity,” The American Economic Review, 75(3), pp. 424-440.

Kim, H., anp K. SERFES (2006): “A Location Model with Preference for Variety,” The Journal
of Industrial Economics, 54(4), pp. 569-595.

KrorT, K., AND D. G. POPE (2012): “Does Online Search Crowd Out Traditional Search and
Improve Matching Efficiency? Evidence from Craigslist,” Working paper.

31



L1zzeRI, A. (1999): “Information Revelation and Certification Intermediaries,” The RAND Jour-
nal of Economics, 30(2), pp. 214-231.

MULLAINATHAN, S., AND A. SHLEIFER (2005): “The Market for News,” The American Economic
Review, 95(4), pp. 1031-1053.

MURDOCH, R. (2009): “From Town Crier to Bloggers: How Will Journalism Survive the Internet

Age?” Before the federal trade commission’s workshop.
OUTSELL (2009): “News Users,” Discussion paper.

PARKER, G. G., AND M. W. VAN ALSTYNE (2005): “Two-Sided Network Effects: A Theory of
Information Product Design,” Manage. Sci., 51(10), 1494-1504.

PErtz, M., anp T. M. VALLETTI (2008): “Content and advertising in the media: Pay-tv versus

free-to-air,” International Journal of Industrial Organization, 26(4), 949 — 965.

PEwW RESEARCH CENTER (2012): “Trends in News Consumption: 1991-2012: In Changing News
Landscape, Even Television is Vulnerable,” Discussion paper, Pew Research Center For The
People and The Press.

RocHET, J.-C., anp D.-S. JEON (2010): “The Pricing of Academic Journals: A Two-Sided

Market Perspective,” American Economic Journal: Microeconomics, 2(2), 222-55.

RocHET, J.-C., anp J. TIROLE (2002): “Cooperation among Competitors: Some Economics of
Payment Card Associations,” The RAND Journal of Economics, 33(4), pp. 549-570.

——— (2003): “Platform Competition in Two-sided Markets,” Journal of the European Eco-
nomic Association, 1(4), pp. 990-1029.

(2006): “Two-Sided Markets: A Progress Report,” The RAND Journal of Economics,
37(3), pp. 645-667.

RutT, J. (2011): “Aggregators and the News Industry: Charging for Access to Content,” Work-
ing Papers 11-19, NET Institute.

SEAMANS, R., anD F. ZHU (2012): “Technology Shocks in Multi-Sided Markets: The Impact of
Craigslist on Local Newspapers,” Working paper.

THE STATE OF THE NEWS MEDIA (2013): “Project for Excellence in Journalism,” Discussion

paper, Pew Research Center.

TIROLE, J. (1990): The theory of industrial organization. Massachusetts Institute of Technology.

32



WEYL, E. G. (2010): “A Price Theory of Multi-sided Platforms,” American Economic Review,
100(4), 1642-72.

33



Appendix A
8.1 Proof of Lemma 3
Proof. We prove it for newspaper 1. Ul(z1) = U499(z1) is equivalent to

_ 1 p(s1Usz) — p(s1)
Tl — =

2 T 1—p(s1)+p(s)

Using u(s1 U sa) = u(s1) + p(s2) — p(s1 N s2), we get

_ 1 p(s2) — pls1Nosg)
T = =

2 U1 p(s1) +pls2)

We now show 0 < z1 < 1/2, which is equivalent to

0 < 5#(82) — p(s1Ns2) -

1
U= p(s1) +plsa) 2

The first inequality is straightforward. The second comes from

p(s2) — pis1N s2) pi(s2) M) 1
1—p(s1) +pls2) — 1—plst) +p(s2) = 1/2+ p(s2) 2
O
8.2 Proof of Proposition 1
Proof. There are four equilibrium candidates.
1) (%, %) This is an equilibrium if and only if % <1- 20_665_ﬁ’ or equivalently ¢ < % + % + g

_ _3B
2 & 3) (;, % and (TC'B%E, %) To have an equilibrium of this kind, the following
conditions should hold

5+5-2 2c—6-8 5 s 3
4c—25§ <1- 655 ‘:)(C_ﬁ_g_fﬁ) (6_155)30

el1-2F B cloc>i+ 0+ 80> 368

As these conditions can not satisfy simultaneously, there exists no equilibrium of this kind.

4) ( 4?_“? 5 4‘21“5’8 ﬁ>: This is an equilibrium if and only if % > 4?:? 5> 1= 25_665_/8 , or equivalently

c>%+g+g.
0
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8.3 Proof of Proposition 2

Proof. We prove the proposition for newspaper 1. We decompose the profit of the newspaper 1,
(8), using (6), (7), u(s1 U s2) = p(s1) + p(s2) — p(s1 N s2), p(s1 — s2) = p(s1) — p(s1 N sz) and
sz = s1) = p(s2) — pls1 N s2).

7 (s1) = daqpu(s1) + a1 +6(1 —a; —az) <u(51) - %u(sl N 82)> — cu(sy)?

dpu(s1 N s2)
1= (u(s1) = pls2))?

= h(p(s1),pu(s2)) + [(s1Ms2) — g (u(s1), p(s2))], (17)

where

S S 2
llon)lsa)) = 5 + gulsn) — B P g IS i) )

9 ). o)) = = s+ o) (2m(s2) = 5+ 3 )+ (1= ton)) (GuGen) = 5) 19

?mri(s1) 208 0
?ou(s1Ns2)? T 1—(p(s1)—p(s2))?
Therefore, it is maximized at the corners, p(s; N s2) =0 or pu(s; N s2) = min (u(s1), u(s2))

The profit function is convex with respect to u(s; N s2)

8.4 Proof of Proposition 3

Proof. We do the proof in two steps. First we compute symmetric equilibria, given minimum
differentiation, p(s; N s2) = min (p(s1), u(s2)). Second, we find under which condition minimum
differentiation equilibria exist.

1) Under minimum differentiation, the newspaper 1’s profit and its derivative is:

(n1—p2)(p1—5p
wy_ [ o8OI ad g
m1 (s1 | min) = 68 (p2—p1)p (p2—pu1) 2 <
21“1 7_71#”2 1 51+,u2 p CHT O H1 S M2
1
5 Hi—p (p1—3p2)
71 (s1 | min) = 2 08 ”Ll 3‘2 * M(H‘“EW)Q 2 HL = He
5§ _ 08 (p2—p1) B p1 B _
2 2 1+p2—m 2 (I+p2—p1)? + (4p2—p1)? 2epn i < i

Any symmetric equilibrium candidate,(u, i), can be seen in three cases:
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1.1) p< ﬁ: In this case, there is always a deviation.

. 5§ 83 4c — 0B B
Wi(sl!mln,u1=u2=u)+=§+7u—2w: 5 (40—55_“>>0

Thus, newspaper 1 benefits from investing more on quality.

. 5 . 5+2
1.2) ﬁ <p< mln{4ct25%,%}: We show for any ﬁ < o < mln{4ct5%,%} the best

response of newspaper 1 is ug, BRy(u2) = pa.

) 1 (p1 — p2) (1 — Su2) el

w1 (s1 | min, gy > p) = §Nl+§+5ﬁ 1+ 1 — o !
1 6
= gtohe - cpy + (i — p2)k(p, p2)

=y (s1 | min, py = p2) + (n1 — p2)k(p1, p2)

where

k(pi, p2) = g + 55% —c(pm + p2)
= g + 66% — (1 — p2) — 2cpz
< g+6ﬁm—0(m —p2) = g —%m
= (11— p2) (WM - C>
< =) (8500 gm) )
< ) (850 570 )
< (Zé__g‘;) <—4c2 + 563¢c — 63 (55 + g))
< (’i; - (‘;;) (-48 +568c — 68 (55 + 526))
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Therefore, 71 (s1 | min, g1 = o) > m (51 | min, g > pe).

) 5 1 68 (pu2 — p1)pr po — f1
my (51| min, py < p2) = 2M1+2_2(1+M2—)M1_ 1(+M2—/11_CM%
19 ,
= 5 Tk — eyt (i = p2)z(p, p2)

= m (81| min, py = po2) + (1 — p2)z(p1, p2),

where 5 58 5
M1
Z(p1s p2) = 5+ — + —c(ur + p2).
(i, o2) 2 21+4pp—m l+p—m (b2 + o)
The derivative of z with respect to py is
Ox(pa,pe) 0B 1tpa B .
o 2 (I+pp—m)* (A+pe—m)?
Since z is convex with respect to juy, it achieves its minimum at u, where %}:2) =0, or
equivalently:
0B 1+
B ey,
T+pue—p 2 14+pe—p
Hence,
21, p2) = 2(p, p2)
6  oB P B
st —c(p+
2T S T T et
o, 08 p 0 1+ pe
= -+t +e(l+ pe—p) —clp+
9 2 1+ ps—p 2 1+ ps—p ( 2 ﬁ) (E H2)
o 4p
= - 4c(1-2u)>0.
5~ 5 + ¢( ) >

As a result, m (s1 | min, ug = pe) > m (s1 | min, uy < p2). We can conclude BRj(u2) = po.

Therefore, any (u, 1), such that p € [ 4Cf 55, min { f:f;%, %}], is an equilibrium under minimum

differentiation.
1.3) g > min {f:f;%, %} Thanks to A2, we only focus on the case where fct%% <p< % There
is always a deviation in this case.
. _ 6 dp de—908 [ 6426
T (81| min, gy = p2 = p) =5t outf—2em=— <4C_55—u <0

Therefore, newspaper 1 benefits from reducing its investment on quality.
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2) So far, we pin down all symmetric equilibria under minimum differentiation. This means
there is no deviation given p(sy N s2) = min (u(s1), u(s2)). However, we should check for any
deviations with p(s1 N s2) < min{u(s1), u(s2)}. According to Proposition 2, the most profitable
deviation for newspaper 1 is s N sy = (). For any equilibrium candidate (u, u), the maximum

gain of newspaper 1 from deviation to pq is:

) 1
d(p, . 0,8,) = Su+ 5 —cp® = (doapn + o1 +6(1 — a1 — a)u — cprf)
1) 30
= oy — (2+55+20M> pi+ (2H+55(1+H)—C> I

5 36 5 5
+ (2—2u2—6u+2cu3> = it i = Bt B + e’ — ep.

Approaching ¢ to zero, § — 0, implies pu < % Therefore,
Yim d(pur, 1,0, 8,0) = epy — (2ep) i + (=) i + (=Bp+ 204°) = B+ Bp® + e — ey
p
< opt — ep) il + (=) + (=B + Bu®) i — B+ Bu® + Sp — e
1
= —epi (1= pd) = (2ep) i} = Bu(l = ) = Bl — ) — ep* <0,

This implies that there exists a §"* > 0, such that for all § < ™ the gain from deviation is
negative, d(u1, i, ,0,3,¢) < 0, due to continuity of d. This means (u, p) is an equilibrium.
(1, 1) can not be sustained as an equilibrium, if d(u, u, , 4, 5,¢) > 0.

d(p 1,0, B,¢) = 6Bp* — >0 op>1

0+28
= 5<4c—6ﬁ)>1
=

62 +308—4c>0=6>0m,

where 6™ is the positive solution of §% 4+ 363 — 4c. Therefore, for all § > §™ there exists no

minimum differentiation equilibrium. O

8.5 Proof of Proposition 4

Proof. First, we compute the equilibrium candidate, and then we find the condition under which
the equilibrium sustained.
Under maximum differentiation, p(s; N s2) = 0, the newspaper 1’s profit and its derivatives

are:
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1 6 2
mi(s1 | max) = 5 + Sy — By o

+ 08— —
2 2 14 pe — 1 ﬁl-l-,ul—MQ H

9
H2 M1 H1

— 12 -9

(14 po — p1)? 614-#1—#2 (1 + g1 — p2)?

—2cu1 (20)

12 206(1 — p2)?
(Lt pe —pm)? (1 +pn — p2)?

7 (51 | max) = -2 —2c

2
7' (s1 | max) = —6.3 K2 _ 605(1 — o)

L+ p2 —p)t (L4 — p2)?

From Lemma 4, we know § > 2 is a necessary condition. Therefore,

) 149 1 2
Fi(sl‘maxvﬂlzo):i_,@mzi—ﬂ§>o.

This and the negativity of 7} imply that 7 achieves its maximum at either % or the solution

of 7} (s1 | max) = 0. As we are looking for symmetric equilibrium, there are not more than two
possibilities:

1) (%, %) is an equilibrium, if 7} (s1 | max, p1 = p2 = %) > 0, or equivalently ¢ < g — g + %5,8.
2) (f1, fr), where [ is the solution of

Qi) = [(~08) + i~ + 250 — 2) 4§ =0, 21)

which is obtained from putting p; = p2 = f in (20). And g < % if and only if ¢ > g - g + %5B.
So far we have shown that there is no deviation given the maximum differentiation. However,

we should check for any deviation with p(s; N s2) > 0. According to the Proposition 2, the most

profitable deviation is choosing the minimum differentiation, p(s1 N s2) = min (p(s1), pu(s2)).
Suppose (u, pt) is the equilibrium candidate. We consider two deviations:

a) p1 < p: There is no profitable deviation, if:

N Y N e e
2 14+p—m ltp—m OV

1 4§ 1 4§

5 T gt = Butopu” —cu” 25+ 5m
where the LHS represent the profit in equilibrium, (p, 1), and RHS shows the profit of newspaper
1 when she deviates from the equilibrium, (u, i), to (g1, ) with minimum differentiation. The

inequality is equivalent to
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(M—ﬁu)<5<—1 5M1>-%du+ﬂﬂ)—ﬂ

- = —6Bu? <0.
SR Ea— >+5u Bu” <

L+p—m

As the coefficient of § in the inequality is negative, there exist a 6; > 0 such that for all § > §;
the left term takes negative values. The negativity of right term, i.e. du > 1, is a necessary
condition to have maximum differentiation equilibrium (Lemma 4). Because newspaper 1 can
deviate by keeping the quality the same, p; = u, but choosing minimum differentiation. du > 1
if and only if:

1 _
Q(g)>0@52+455—4C—45>0@5>52,

where 0y is the positive solution of §2 + 463 — 4c — 4.
b) w1 > p: In this case p(sy N s2) = p. According to the proof of Proposition 2, this deviation
is profitable if u > g (p1, ). From (19), we know % =3(3 —m)+2n—% >0, and
g(p, ) = 2p — 5 > p. Therefore, p < g (pu1, p) for all pg > p. This means there is no profitable
deviation, such that p; > pu.

Therefore, for all § > 6™ = max{gl,gg} there exists an equilibrium in which newspapers
invest on different sets of issues.

Moreover, we can set 7 = §, which implies for all § < 6™ there exists no maximum

differentiation equilibrium. O

8.6 Proof of Proposition 6
Proof. In terms of ¢, we have two cases:
1) e> % - g + 358: From (21), we have
4]
QM) = M (=88) + M (=5 + 288 — 2¢) + 5 =0
From Proposition 1, we know 2cu* — g — %ﬁu* — g = 0. By adding this to the Q(u™), we get

2 — (e~ )

i (08 + (L — gy D
:

1 )
= 0B (G — M)+ M (G - 1)+ (s - 1)
> 0,

where we have uM¢§ > 1 from Lemma 4 to prove the inequality. Hence, u™ > p*.
2) c< g — g + %55: In this case, p™ = %, and therefore ™ > p*. O
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8.7 Proof of Proposition 7

Proof. (ii) First, we show 7 — 7* is decreasing with c. We consider two cases:
a)c > g - g + 358: In this case, p* < M < 1. From (13), we have

Mt = o) = (M — ) (—cmM )+ g) T B (5™ — 1),

8(71'M —7)

M _ 7% is decreasing in ¢, we write =5, as

To show =
! M’ M M 4 * * d M? %2
h'(c)=p —2cp™ + 208 +§,5 + p 20u—§ —(,u — )
From proposition 1, we know cu* = g + g + %ﬂ w*. Moreover, the derivation of (21) gives us
/ ! 2 2
pM (=2ep™ +26ppM) = pM (5,uM +268uM ) + 2uM”. (22)

Hence,

/ 5 %! (5 % %
W(c)=u" (25ﬁuM2+BuM+2—B> + <§+25u ) + M

—ouM

; M _ —4p”
Since 1™ = g5z s r2c 208

and p* = To 550 We get

a —20BuM 4 M (=B 42— 268) —6+28  ,—28—28Bu*+5+ 8
268uM + B+ 2¢ — 208 a dc— 63
2 =308 —2BuM — S+ 28 B — 288" + 6
206 + B +2c—208 M T 4c—op

where for the second equality, we use (21). The left term on the R.H.S. of the equality is always

negative since

2 ) 1\? 1 9

1 52
- <5> (_2+255—55> <0,

where the first and last inequalities are implied by 6™ > 1 from Lemma 4. By the way, we often

use 0 > T}” > % Therefore, we assume the right term, u*%, is positive; otherwise h(c)
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is decreasing in ¢, and the proof is done. Hence,

W (c) < uM —308uM* — 28uM — § + 28 b M —B—20Bp* +6
26B8uM + B+ 2¢ — 2003 4c — 63 ’

or equivalently
2
W (c) B —36BuM" —28M — S 428 5 —268u* +6
uM 208uM + B+ 2¢ — 263 4c — 6f3
We also know the left term on the R.H.S. of the inequality is decreasing in u* (see the online

appendix at the end of the manuscript for the proof). Therefore, we can write

Wie)  —308(3)°-28(3)—5+28  —p—208u" +3
M 268 (5) + B+ 2c — 268 de— 63
(1) % 426858 —B—268u*+5
N (5> 38 +2c— 2683 de— 65

Hence,

Oh'(c) _ —0° 440 — 108  —3p — 20°6u" + 4

uM 65+ 4c— 4683 4c — 68
—0%2 4468 — 108  —6B — 26%Bu* + 62
4ec— 64 de — 60

_ 1 _ _ 2 *
— <4c—66> (303 — 108 — 26°Bu*) .

To show 363 — 108 — 26%26u* is negative, we first prove 6u* > % if opM > 1.

5M>1:>Q(})>O = <5—2+56—B— 5—2+165 + —6—2+365—5
a 5 ©S7 “\3 712 12712 '

The last term in the equality is negative for all §. Therefore,

&2 7 3

—+ =0 o’ > —.

c < 3 + B B=ou" > 1

ou* > % implies 363 — 108 — 26%u* is decreasing with 6. As a result 363 — 108 — 28%8u* <

3(2)8 — 108 — 2(2)?Bu* < 0. This implies h/(c) is negative, or equivalently h(c) is decreasing in
c.

b)g + g + % <c< % - g + 253: In this case, 4‘?:?5 = p* < pM =1 We can write (13) as:
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0
h(c) = i(dﬁ—C)—F% (—ﬁ) —*,u + e
Hence,

1 6§ . / 2 1 2 0
/ - ok * ok * - * * e *
h(c)——4—2,u + 2euFput +pt = —4—|—u + i (—2+20u>
1 2 o (B 6B
= —+p’ + = 0
g THOTH (2 1) <0

where the inequality is obtained from —3 —|— u < 0, and p* < 0. So far we have shown

M — 7* is strictly decreasing with c. To prove (ii) it is sufﬁc1ent to show 7 — 7* gets both

positive and negative values for some values of ¢. For ¢ = 2 + 5 + 5 M = = % Thus,
R :§(§,1) > 0. We also know, forc:ZqLéﬁ—ﬁ,,u <,u —%,and

M —r = (M=) (—C(uM + ) + g)

<y (2 )
= (e ) <o

8.8 Proof of Proposition 8

Proof. (1) We prove newspaper 1 is always better off to invest on disjoint set of issues (maximum

differentiation) for any given (u1, p2). Because of the introduction of ur, we should modify (17):

7 (s1) = daqpu(s1) + a1 +6(1 —a; —asz) <u(51) - %u(sl N 52)> — cu(sy)?

dpu(s1 N s2)
1= (u(s1) = uls2))?

= h(u(s1), u(s2)) + [1(s1 M s2) — g (u(s1), u(s2))],  (23)

where

h(palsn), p(s2)) = % + éu(sl) RO ) * 5M§581) 1 /—T—(Zl(l?)u—+NTEZQ) —cu(s1)? (24)
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3 1 3 1 1
9 1), o)) = (on) o) (o) = 55 ) 0= lse) (uton) = 5 ) + 5 (29
There are two cases:
a) pu1 < p2: Max differentiation is a dominant strategy if and only if py < g(p1, pu2), or equiva-
lently:

3 11 11\ | up
a(p, p2) = =54 + i (2u2 -5t 2) + (1= p2) (2M2 - 5) +xg 2O

The right term, a(0,p2) = (1 —p2) (3p2 — 3) + XL, is positive, as long as XL > 1. And

a(pa, pa) > 0, if po — % + & > 0. Therefore, if 3L > % maximum differentiation is a dominant
strategy for any given (1, pe) satisfying 1 < po.
b) p1 > pa: Newspaper 1 prefers maximum differentiation if and only if pua < g(u1, u2). This is

equivalent to:

3 1 3 1 1 ur
b(pa, pi2) = _§'U% + H1 (2M2 3 + 2) + (1 — p2) (2,“2 - 5) + Au p2 = 0.

b, p2) > 0, as long as pp — 3+ %L > 0. Thus, b(p1, p2) > 0 for any given (u1, po) satisfying
p > g, if (5, pa) > 0.
1 1 1 3 3 ur

L o
b(§,ﬂ2) *—§M2+M2(5+5)+§—%+E

% > 3 implies b(%, ) > 0.
To conclude, 3= > % is the sufficient condition for the dominance of maximum differentia-
tion for any given (u1, 12).

821y
Op10p2

(ii) In this part, we will show > 0.

0%m 1 [—(1—p — p2)Au+ 2ur n ser( = p2 — ) + 28um (1 — ) (26)
Omuz  t (1= 1 + p2)? (1 +p1 — p2)?

The right term is positive. Since 2ur > Awu, the left term is also positive.
(iii) First, we show the best response of newspaper 1 to newspaper 2’s quality, g, is unique.
Second, we compute the symmetric equilibrium. Finally we show the equilibrium quality, u”, is

increasing in 4.
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1) From (24), we can compute the derivatives of newspaper 1’s profit.

! 2t (14 p2—pm)? Lt —pe  t (14 pn— p2)?
! t (L4 p2 —m)? t (L4 p1 — p2)?
sy = 6 peAutur  66(1— p2) (1 — 1 — p2)Au—ur (29)
! t(1+p2 —m)? ¢ (L4 1 — p2)?

There are two cases:
1.1) wp > Aw: In this case, the profit function is concave regardless of I
1.2) ur < Au: The profit function might be convex for some p;. Since the third derivative is
negative, 7'(s1 | u1 = 0) > 0 would be sufficient to prove that there exists a unique best response.
Yoy —0) = O LlmAutur 5 ur
2t (14 pg)? t1— 2
lwAu+ur 1 up

T T rmeE i1om

- t(1+ m)l2(1 — 12 [ur(1+ p2)? = up(1 — p2) — paAu(l — po)]
RETEE M2)12(1 — p2) [ur(p2 + 13) + po(2ur — Au(l — pio))]

> 0.

2) Depending on the value of d, the best response could take three values, 0, % or the solution of

7' (p1, pe) = 0. Therefore, the symmetric equilibrium candidates are:

2.1) (0,0): This is as an equilibrium, if 7/(s; | p; = p; = 0) < 0 for 4,5 € {1,2}. This is
ug [t

UT/?;Fl/Q' _

2.2) (f1, 1) € (0, %) For all § satisfying 67 < & < 67, we have m}(s; | pi = pj = 3) <0 < mi(s; |

pi = pj = 0). Therefore, (fi, ft) is an equilibrium, where f is the positive solution of Q:

equivalent to § < 67 =

o, 0
Q) = '(s1 | 1 = pz = ) = p*(=3B) + p(—B + 268 — 2c — =) + 3

ur
. +=LE=1). (30)

23) (%, %) This is an equilibrium, if Wg(si | s = 1 = %) > 0 for 7,5 € {1,2}. This is equivalent
ST c+Au/2ttur/t
tod >0 = UT/2t+1/2+3£u/4t'

3) Now, we prove that p” is increasing in 6. For § < 87, p” is zero, and for 6 < 67, T is 1/2.
So it is sufficient to prove that u” is increasing in & for 6 € [67,67]. If 6 € [6T,07], u” is the
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positive solution of

T2 T
u(=08) + uT (=B + 208 —2c— — =)+ 5 +

Hence,
uT' 20768 — B+ 268 — 2¢ —upd /] — BuT + uT (28 — ur/t) +1/2 + up/t =0

As —2uT68 — B+ 208 — 2¢ — upd/t < 0, and —Bu’™ + pT(28 — up/t) + 1/2 + up/t > 0, p" is
positive. 0

8.9 Proof of Proposition 9

Proof. (i) From the proof of Proposition 6, we can write

4] 2 30 0
2 Yo~ ) = W (-00) + (O 5= Tt - Dy M
= 56/~LT(% — ")+ BMT(g -1+ g(uTé -1+ UTT@ —1—dur)

> 0,

where we have § > -~ > 2, to prove the inequality.
o
(ii) Please see the online appendix at the end of the manuscript.

(iii) The proof is the same as Proposition 7 (iii).
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Supplementary materials: not for publication

8.10 Proof of Proposition 7 (ii)

2
—388uM" —28M —$ 42

Claim 1. f(u™) = ST

is decreasing in pM.

Proof.

—66262p M — 606%uM —1268cu™M +126282uM — 282 — 4Bc + 528

1o M _
Fws) = (2081 + B + 2¢ — 263)2
- —26%8 — 2% — 4¢P 0
T 28 + B+ 2c—208)2 "

where the last equality is implied by (21), 2cu™ = MMQ(—(W) + M (=B +25B) + %.

8.11 Extension to imperfect certification technology
The reader’s utility from aggregator is:

1+ AP 1—-AP
+ (Au+ ug — at) +

U0 = s —sa) (w0~ (1= 2)0)

1+ AP 1—AP
+ st = o) (PR ut = -0+ 255 oot
t t
+ p(s2Nsy) <Au+u0 - 2> + (1 — p(s2Usy)) (uo - 2>
14+ AP 1-AP
= uo+Au< + p(s2Usy) + 5 M(32ﬂ81)>

t
+ AP(uz = p)at = o (1+ AP(up = jur))

Au
= wuy+ - (1 + po + AP(p1 + p2 — 2p12))

t
+ AP(ug — pr)rt — 5 (1+AP(u2 — 1))
The utility form newspaper 1 is not affected by AP.

Ul(z) = uo + p(s1)Au — at
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The profit of newspaper 1 is:
1 2
m = (1+dpu)a; +0(1 —ag —az) | Pru(sy —s2) + §,u(52 Ns1) | —cpg

1)
= (I+dum)ar+ 51— a1 —ag) (u + AP(u — p12)) — cui

= h(u1, pe) + p12g9(p, g2, 12),

where

d B — p1 + AP(py + p2) 68 po — 1 + AP(py + p2)
hp, = Stom—5 - — 1—-AP
(b, p2) 2" T2 T T AP(us — ) 4 1+ AP(u2 — ) ( i

1
2
0B 1 — po + AP(p1 + pio)
4

+ 14+ AP)uy — cpl,
1 +AP(M1 . M?) ( ):U’l 11
and
BAP
= 1+6
g1, p2, p12) 1+AP(H2—N1)( +0p1)
_ opAP <M2 — 1+ AP(p1 4 p) | — p2 + AP(p + m))
4 14+ AP(pu2 — ) L+ AP(u1 — p2)
SBAP 1
- + + AP(uy —
(T 8Pt T ARG ) (AP )
SBAP? ( 1 N 1 ) st
CStU.
2 T+ AP(us — ) | 1+ AP — ) )
Therefore, 221 > 0. This extends Proposition 2.

’ Opty
To extend Lemma 4, we first note g(u, pu, p) = BAP(1 — APSu). Therefore, if (p, 1) is the

maximum differentiation equilibrium, then

Tlmaz = (s 1) > T1jmin = Bk, 1) + pg(ps o ) = g(p, pop) <0 = APSp > 1.
Similarly, if (u, ¢) is the minimum differentiation equilibrium, then

T jmin = Mt 1) + g1 1y 1) > Tijmae = b, ) = g(p, pp) >0 = APSu < 1.

Proposition 4 extends as follows. The equilibrium quality in the maximum differentiation
equilibrium is u™ = % forc < %Mﬁ—i-% (—BAPQ + %(1 + 3AP2))+%+§(1—AP). Otherwise,
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p™ is the positive solution of

Q) = (—6BAP?)1* + (—BAP2 + %(1 +3AP?) - 2c) [+ g +

p

S1-AP)=0.  (32)

In the maximum differentiation equilibrium, the profit of each newspaper is given by

)
5+ oi = BAPKM 465 (APEM)” — ¢ (i) (33)

On the other hand, we know 2cu* — g — %,u* — g = 0. By adding this to (32), we get

_ 9B, _BAP

)= 5 (APoM = 1)+ AP (5 — 1 = opM) > 0,

2(u™ — ) (e
where we use APSu™ > 1 to prove that the first term is positive. For the second term to
be positive it is sufficient to have § > 2 since § — 1 — 5,uM > % — 1. And 4 > 2 is implied
by § > W > 2. As a result, the aggregator improves the quality in the case of maximum
differentiation, ™ > u*.

We now show how quality is affected by AP in the maximum differentiation equilibrium. We

have:

0Q oM 1 2 2 0f
N aAP<—26BAP — BAP® + = —2¢

+ 2BAP(—6pM -1+ Z‘WM - §(AP5MM —1)=0.

The second term in the first line is negative since ¢ > %. The term in the second line is positive
since APSpM > 1, and —p™ — 1+ 25 > 35 — 1> 0. This implies 947 > 0.

8.12 Proof of Proposition 9 (ii)

5T Autug)
Proof. If newspaper i opts out its best deviation quality would be p; = %. And its
T_ .
market share changes from ap = 1 — Bu? — “L to o = § — W. As a result, the gain

51



from deviation is

(7
(i, p") = i1+ 0ps) — e — ar(1+ 6p") — 25(% + B )" + ep™

(i — ar)(1 4 0pm) — (" — i) [—e(u” + ) + dar] — 2g(UT + " Au)p”

Sur 6 5
(i = or) + = - pi + gﬂmu + ?ﬂﬂf (" = ) [—C(MT + i) + dar] = 2 (ur + it Au)p”
58 58 30
(ai —ar) + 7/%‘MT — (0" = i) |—e(u” + ) + dar + ? + E(M +ul)| - E(UT + " Au)p”

1 3

o7 (! Autur + pilu) + o L (GapT ) — 5701 (1" At ur)

(T — pi) Au _ dur
2t 2t

(" = p) | —elpa + ") +6/2 -

By adding —3Q(pT) (from (31)), and cpt; = 6+ 3 — M + ¢ 5 B 115 to the last term, we get:

(26)d(pi, ) = (pF Au + up 4 piAu) + Spip” Au— 36uT (1 Au+ ur)
—(uT - ui)[uTQ(SAu + u? (Au + Sur) — guTéAu — guwS + ur — Au/2|.

We can rearrange it to

(26)d(pi, pT) = up + 2uT Au — 25,uT2Au —36p  ur
—(pt - ,u,i)[uT25Au + 1T (A + dup — géAu) - guTé + up + Au/2).

From (31), we know —u” (4c — 268) = u”"(268) + 21" (B — 66 + “29) — § — 225 — 1). Also
wi(de —26B) =6+ 5 — w Adding them up gives us

(i — n")(de — 208) =

S

207" 5 Au + 2uT (Au — %5Au + urd) — 3urd + 2ur + Au| . (34)

25 is

Hence, the gain
t
ur + 2MTAu — 26uT2Au — 3(5,uTuT + 5(40 — 256)(MT - ,ui)Q, (35)

or equivalently

50t . . . EIGTPNTAL
Z5Since t is a constant, we can consider the gain as %
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ur’ <;(4c —24p) — 25Au> + 1T (2Au — 36ur — tpi(4e — 208)) + ur + %(40 — 268 3

We first show the gain is decreasing in u”, and then it is negative for u” = p*. Therefore,

opt-out is not profitable for pu? > u*.
Claim 2. The gain from opt-out is decreasing in ' :
The derivative of the gain with respect to u? is
t(de — 268)(uT — i) — 40 Aup” + 2Au — 30up — tu’ (4c — 208)u + tui(4e — 266) ).

We can replace (4c — 263)u; by —68 and t(4c — 263)(u” — ;) from (34). Hence,
—2MT26AU — 20 Au+ 36 Aup” — 26upp” + 3urd — 2ur — Au— 38 Aup’ + 280 — 3dup — S Aupu;,
or equivalently

—2uT25Au — 2T Au — 20urp — 2up + Au — §Auu;,

which is negative since 2ur > Au. O
Claim 3. The gain from opt-out is negative for u’ = p*:

We know:

1 2 2
5uT>1:Q(5)>0 = c<5—+5ﬂ+%

IR (Au—ur) =5
2

5 52uT 5uT
= C<Z+(55—B+ o —T

362 508 o 1  ur

The last term is negative, according to A4, and Al’. Therefore,

4 )

362 568 2
< — — =5u" > =
<t B3

*

If u7' = p*, then t(4c—268)(p* — pi) = dup. Using (35), the gain from opt-out when p? =
is
dur

o Mis

3
—op* (ur + 2p* Au + §uT) +ur + 2u" Au — 5
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which is less than

2 4 ) 2 1)
—guT — gM*AU —ur + up + 2uF Au — %,ui = _§(UT — prAu) — %Mi < 0.

O

Therefore, the gain from opt-out is negative for all 47 > p*. And since 6’ > 1 implies
T > p* opt-out is not beneficial if 6u” > 1.

O
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