STRATEGIC INFORMATIVE ADVERTISING

IN A HORIZONTALLY
DIFFERENTIATED DUOPOLY

Levent Celik

CERGE-EI

Charles University

Center for Economic Research and Graduate Education
Academy of Sciences of the Czech Republic

Economics Institute

WORKING PAPER SERIES (ISSN 1211-3298)

Electronic Version 359



Working Paper Series 359
(ISSN 1211-3298)

Strategic I nformative Advertising
In a Horizontally Differentiated Duopoly

Levent Celik

CERGE-EI
Prague, September 2008



ISBN 978-80-7343-159-4 (Univerzita Karlova. Centrum pro ekonomicky vyzkum
a doktorské studium)
ISBN 978-80-7344-148-7 (Narodohospodarsky ustav AV CR, v.v.i.)



Strategic | nformative Advertising
in a Horizontally Differentiated Duopoly’

Levent Celik
CERGE-EI'

September, 2008

Abstract

When firms possess information about their competitors’ products, their advertisements
may leak extra information. I analyze this within a duopoly television market that lasts for
two periods. Each station may advertise its upcoming program by airing a tune-in during the
first program. Viewers may alternatively sample a program. I find that each station’s
equilibrium tune-in decision depends on both upcoming programs - thereby revealing more
information than the actual content - when the sampling cost is sufficiently low. Otherwise,
tune-in decisions are made independently. It is welfare improving to ban tune-ins in the latter
case but not in the former.

Abstrakt

Pokud spolec¢nosti vlastni informace o produktech svych konkurentt, jejich inzerce v sobé
muze nést dalsi informace. Analyzuji tuto hypotézu na duopolnim trhu televiznich stanic,
ktery trva dvé periody. Kazda stanice mize inzerovat svij nadchdzejici potfad vysilanim
upoutdvek béhem prvniho potadu. Divaci mohou piipadné zhlédnout ukézku z potadu. Zjistil
jsem, Ze rovnovazné rozhodnuti kazdé stanice ve vysilani upoutavek zavisi na obou
nadchdzejicich poradech -- tudiz odhali vice informaci nez soucasny obsah -- pokud cena
piepinani a prohlizeni jinych potradi je dostatecné nizka. Jinak jsou rozhodnuti o
upoutdvkach Cinény nezévisle. Zakazani upoutavek v prvnim piipadé vede ke zvySeni
bohatstvi, v druhém piipad¢ nikoli.
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1 Introduction

It is common in the literature on informative advertising to assume that consumers are initially
unaware of market existence or that search costs are prohibitively high so that consumers never
engage in searching.! Thus, advertisements (henceforth, ads) inform them about product ex-
istence along with several other product characteristics. In particular, consumers do not make
any inferences for the products about which they have not been informed through ads. Many
differentiated-products markets do not fit these specifications. In several consumer markets,
product existence is common knowledge and/or consumers actively search for product infor-
mation. The television (henceforth, TV) industry is a good example. Although many people
may have limited or even no information about program attributes, the existence of TV pro-
grams is common knowledge to everyone.?

The present paper proposes a two-period model of informative advertising in a TV market
with two TV stations when potential viewers are uncertain about their match values with the
programs in the latter period. A key element of the model is that the TV stations know how their
own as well as their rival’s program fits viewers’ preferences. It is shown that this information
structure leads to an equilibrium in which the decision of a TV station to advertise its own
program may strategically depend on its rival’s program, thus indirectly revealing information
about it as well.

| focus on the provision of tune-ins.® Tune-ins constitute an important component of TV
advertising. There are several TV programs which generate high audiences, and in turn, high
advertising revenues. Nevertheless, TV stations continue to allocate a significant amount of
time to tune-ins.* Although the main role of tune-ins is to convey program information to
imperfectly informed viewers, they are different from most common forms of informative ad-
vertising. Most importantly, they do not impose direct costs on TV stations. Rather, TV stations
incur opportunity costs for not having allocated the same time slots to commercial ads. There-

fore, the net costs of tune-ins depend on the audience size of the program during which they

LFor examples, see Grossman and Shapiro (1984) and Christou and Vettas (2008).

2The lack of information about program attributes may be due to the fact that the programs are newly intro-
duced, or that the costs associated with gaining information are relatively high. Furthermore, individuals have
limited memories.

3Tune-ins are preview ads for broadcasters’ upcoming programs.

“For instance, the number of minutes allocated to tune-ins during the Super Bowl in 2000 was 16.5 out of a
total of 87 non-program minutes while the price of a 30-second commercial was $2 million.



are aired and of the one which they promote.

TV stations forgo about 20% of their advertising revenues to air tune-ins for their upcoming
programs (Anand and Shachar (1998)).° This fact, on its own, suggests the importance of the
incomplete information structure in the TV market, yet most of the related literature assumes
that viewers possess full information about program characteristics. Had viewers already been
fully informed about the upcoming programs, there would be no need for tune-ins.

Tune-ins often provide direct information about program characteristics.® The level of
information they provide is quite high. Based on a detailed panel dataset on viewer choices,
Emerson and Shachar (2000) report that about 65% of all viewers continue to watch the same
network broadcaster (including the times when a tune-in has not been aired). This observation
demonstrates that tune-ins achieve their main goal: raising the audience size of the promoted
programs.

In Celik (2008a), | take a look at the extent to which a single TV station is willing to
air tune-ins. The model is developed in a simple Hotelling framework in which there is a
continuum of potential viewers distinguished by their ideal programs. This is represented by
assigning to each potential viewer a unique location along the unit line. As usual in Hotelling
models, a viewer’s net utility is lower the further away the actual program is from her ideal
program. The TV station airs two consecutive programs. The location of the first program is
assumed to be common knowledge. The location of the second program is ex-ante unknown
to viewers. However, the viewers know that the TV station is privately informed about its
location. Therefore, they rationally expect the TV station to share this information with the
first-period audience if it is a profitable strategy to do so. The cost of airing a tune-in is the
forgone revenue from a commercial ad during the first program. In this setting, it is shown that
there exists a (unique, under mild conditions) perfect Bayesian equilibrium (PBE) in which the
TV station airs a tune-in whenever the two programs are similar enough. In the absence of a
tune-in, no viewer within the first-period audience keeps watching TV.

In order to extend the analysis above to include a second station, one has to introduce the

SAnand and Shachar (1998) report that in 1995, three major network stations in the U.S. devoted 2 of 12
minutes of nonprogramming time to tune-ins. Since advertising revenues represent almost all of the revenues of a
network, the share of revenues spent on tune-ins is proxied as 20%.

61t is necessary to distinguish between tune-ins for regular programs, such as everyweek sitcoms, and those for
special programs, such as movies. The latter are expected to be more effective on ratings in the sense that people
may possess little or no information about the timing and attributes of such programs.



possibility of switching from one station to the other. In fact, Celik (2008b) introduces as an
extension to Celik (2008a) the possibility of switching off after sampling a few minutes of a
program. While a PBE similar to the one described above still exists, it is no longer unique. For
a low value of the sampling cost, there exists another PBE in which the TV station never airs a
tune-in. In this paper, | move one step further by incorporating viewers’ switching behavior into
the same setup when there are two TV stations. | assume that the amount of time required for
learning the actual location of a program is fixed and the same for all programs and individuals.
However, this process entails an opportunity cost when a viewer does not continue to watch
the program she chose to sample.

The process of costly sampling plays a crucial role for two reasons. First, for an equilibrium
that involves the use of tune-ins to exist, sampling cost (or equally switching cost) has to be
positive. Had it been zero, viewers could costlessly learn about the programs at both stations
and make their decisions without any uncertainty. Therefore, there would be no need for tune-
ins. Second, a positive sampling cost may create an incentive for a station to choose not to
air a tune-in. This is because the cost of sampling becomes sunk once a viewer chooses to
engage in sampling. That is, when there is costly sampling, some individuals may end up
watching a program that they would not choose to watch with complete information. By the
same token, an individual’s final decision may not be the one that maximizes her utility with
complete information.

When a TV station is informed about the content of its rival’s program, its decision to air a
tune-in may transmit information about not only its own program but also its rival’s program.
Since sampling is costly, a station is relatively more inclined to air a tune-in in order to keep
its current viewers tuned in when its rival has a similar program. However, this may signal to
the recipients of that tune-in that the program at the other station is likely to be a good match.
Similarly, when a station does not advertise its upcoming program, it does not necessarily mean
that it is a bad match for that station’s viewers. It could rather be the case that it is a better match
compared to the program at the other station.

In this paper, | am primarily interested in exploring the nature of strategic behavior de-
scribed above, and ultimately in finding out if an equilibrium in which viewers’ priors are

changed at the interim stage exists. | show that such an equilibrium exists although it is not



unique. Without any restrictions on viewers’ beliefs, there is another equilibrium in which
viewers’ beliefs about either program are unchanged. Tune-ins exist in all equilibria regardless
of the value of the sampling cost. This is in contrast with the finding in a monopoly setting
where, for low values of the sampling cost, there exists a PBE in which the TV station never
airs a tune-in (Celik (2008b)).

Signaling has traditionally been investigated within the context of vertically differentiated
products. When consumers are uninformed about the actual quality of an experience good, a
high-quality seller can credibly signal this information by setting a high price or by spending
a non-trivial amount of money on (uninformative) advertising. My findings suggest that sig-
naling is also possible in horizontally differentiated markets. Signaling occurs regardless of
whether a station chooses to or not to air a tune-in. In the former case, only information about
the other program is signalled. In the latter, information about both programs is signalled.
However, a fully separating equilibrium can not be achieved in the current setting; viewers
cannot locate the programs with certainty.

For certain program locations, the model can also be interpreted as one with vertical differ-
entiation. To be more specific, when a station’s upcoming program is better suited to all of its
current viewers than the other station’s upcoming program, the two programs are effectively
vertically differentiated for those viewers. In such a situation, | find that the former station
does not air a tune-in. Although this result is strikingly different from what traditional models
of signaling predict, a direct comparison may be misleading since TV programs are not expe-
rience goods. Nonetheless, it is interesting to highlight that signaling is possible even in the
absence of advertising.

| also analyze the welfare effects of a possible ban on the use of tune-ins. | find that when it
is not a credible strategy for a station to behave strategically, it may be welfare improving to ban
tune-ins. In such a situation, stations advertise their programs more often. Although viewers
enjoy a higher surplus as a result of improved information, social welfare is reduced because
the decrease in revenues of the TV stations overweighs the increase in consumer surplus.

The paper is organized as follows. The next section reviews the related literature. In section
3, I introduce the main model and characterize the equilibria. Section 4 argues when it may be

welfare improving to ban tune-ins. Finally, section 5 discusses the findings and concludes.



2 Related Literature

Directly informative advertising has been the topic of several previous studies. Butters (1977)
was the first to model the informative role of advertising. In his paper, products are homoge-
neous and advertising conveys information about prices, hence also about the existence of the
products indirectly. However, much advertising involves informing consumers about product
attributes other than just about prices. Grossman and Shapiro (1984) study an extended model
in which consumers are heterogeneous in their preferences and advertising informs them not
only about the existence but also about the characteristics of the products. Common to both
of these papers is that advertising technology is exogenous and people cannot change their
likelihood of receiving an ad.

The current paper has several similarities with the latter of the two papers above; con-
sumers are heterogeneous in their preferences and seek to watch the program vyielding the
highest (expected) benefit, programs are horizontally differentiated, and advertising provides
information about their attributes. | assume that it is free to watch TV, and that the number of
total non-program breaks is given exogenously. Therefore, my analysis does not involve price
advertising. However, | depart from Grossman and Shapiro (1984) in several ways, mainly in
how advertising is modeled. Advertising in this paper is exclusive; only the viewers who watch
the first program may receive a tune-in of the second program at that station. It is also strategic
in the sense that a station’s decision to air or not to air a tune-in conveys information about the
programs at both stations.

Confining attention to the literature that focuses on informative advertising in horizontally
differentiated oligopoly markets, a related paper is Meurer and Stahl (1994). They analyze the
welfare properties of informative advertising in a duopoly market where a fraction of buyers
are uninformed about the product characteristics. There are two types of buyers. One type is
ideally matched with one firm and the other type is ideally matched with the other firm. As in
Butters (1977), Grossman and Shapiro (1984) and many others, a firm chooses its advertising
intensity and a random fraction of consumers receive the ad. Advertising informs a buyer of
her best match. Firms choose their prices after advertising takes place. They treat product
information as a public good, which implies that information about one product provides infor-

mation about the others as well. They characterize a unique subgame perfect Nash equilibrium



in which the level of advertising provided may be more or less than socially optimal. While ad-
vertising improves the match between consumers and products, it gives firms a higher market
power by increasing brand loyalty.

Within the same strand of literature, another related paper is Anand and Shachar (2006).
They use the same setup with that of Meurer and Stahl (1994) with three major differences.
First, a firm can only advertise through one or both of two available media channels, and
consumer preferences over product attributes are perfectly correlated with their choice of media
channel. So, for instance, if consumers of media channel 1 are ideally matched with product
1, then firm 1 can target these consumers by advertising through media channel 1. Second,
advertising messages are noisy in the sense that consumers may get the wrong idea from a
firm’s informative ad. Therefore, firms advertise more than once. Finally, firms do not choose
prices, which are therefore suppressed in the analysis. In such a setting, Anand and Shachar
(2006) characterize a separating equilibrium in which a firm advertises only to those consumers
for whom that product is the ideal one. As long as the ads are not completely noisy — in which
case the ads would equally be interpreted right or wrong — there exists a threshold amount of
advertising which ascertains a consumer that the advertised product is her best match. Thus,
regardless of the content of the ad, each consumer purchases the product that she was advertised
to.

There are major differences between my model and those of Meurer and Stahl (1994) and
Anand and Shachar (2006). First, in both of these papers, products are experience goods, so
consumers do not have the option of obtaining product information by a costly search. In the
current paper, | treat TV programs as search goods since program sampling is a common prac-
tice in real life. If I rather treated them as experience goods, the unique symmetric equilibrium
would involve no strategic behavior by the stations. Therefore, sampling plays a crucial role
for the results in this paper. Second, there are only two distinct types of consumers in both
papers, one ideally matched with one product and the other with the other product. In Meurer
and Stahl (1994), this assumption implies that an informative ad by one firm necessarily in-
forms the recipient about the other firm’s product, and therefore plays a critical role for their
results. In Anand and Shachar (2006), it is a necessary assumption for perfect separation. In

my model, on the other side, there is a continuum of people who may or may not be ideally



matched with either program. Therefore, the tune-in decision of a station is a function of the
program location of the other station. Third, advertising in my model is purely informative
unlike in Anand and Shachar (2006), and reaches a nonrandom group of consumers unlike in
Meurer and Stahl (1994). In this sense, | use a different advertising technology in the current
paper.

To the best of my knowledge, there are no previous theoretical papers that analyze tune-ins.
There are, however, several empirical studies of the effects of tune-ins on viewing choices of
individuals. Anand and Shachar (1998) estimate the differential effects of tune-ins on viewing
decisions for regular and special shows. They find that a viewer’s utility from a regular show
IS a positive concave function of the number of times she is exposed to its tune-ins. They
also find a significant difference between the effectiveness of regular and special tune-ins, with
special ones being less effective when there are few tune-ins and more effective when there are
many. In Anand and Shachar (2005), the content of tune-ins is modeled as a noisy signal of
program attributes. Consumers are a priori uncertain about program attributes and exposure to
tune-ins affect their information sets. Consumers have additional sources of information other
than tune-ins, such as word-of-mouth and media coverage. Before each period starts, they
update their beliefs based on the tune-ins they have been exposed to and the other information
they have received, and then choose the program that maximizes their utility. They find that
while exposure to advertising improves the matching of viewers and programs, in some cases
it decreases a viewer’s tendency to watch a program.

There are important differences between the model in this paper and the two papers by
Anand and Shachar. I improve upon their models by assuming forward-looking viewers rather
than myopic. Therefore, viewers correctly anticipate the tune-in strategy of the TV station.
Most importantly, they infer that unadvertised programs are not likely to offer a good match.
Anand and Shachar only analyze the viewer behavior thereby ignoring the optimal tune-in
choices of TV stations. However, tune-in choices of TV stations depend on the viewing de-
cisions of people. By explicitly modeling the optimal TV station behavior, | offer a more
thorough analysis of tune-ins and their effects on people’s viewing choices.

The findings in this paper are also (weakly) related to the literature on quality signaling

with multiple senders when firms have common knowledge of product qualities. Hertzendorf



and Overgaard (2001a) consider a static duopoly in which nature selects one firm as the high-
quality producer and the other as the low-quality producer. Both firms observe their qualities
before they make their price-advertising decisions. Thus, one firm’s price-advertising choice
also reveals information about the quality of the other firm’s product. Assuming that variable
costs are independent of quality, they identify a unique separating equilibrium in which the
high-quality producer uses dissipative advertising to signal its quality when the quality differ-
ence is sufficiently small. For higher quality differentials, a high price is sufficient to signal
quality without any advertising. Similarly, Fluet and Garella (2002) consider a static duopoly
model in which each firm is informed about the quality of both products (which may be either
high or low). Assuming that variable costs are increasing in quality, they similarly find that a
positive level of advertising by a high-quality firm is necessary for separation when the quality
difference is sufficiently small.

Bontems and Meunier (2005) also consider a two-sender duopoly model of quality signal-
ing when the products are both vertically and horizontally differentiated. As in Hertzendorf and
Overgaard (2001a), nature assigns only one of the firms as the high-quality producer. How-
ever, this assignment occurs after firms choose their locations. In contrast with Hertzendorf and
Overgaard (2001a) and Fluet and Garella (2002), the authors find that a positive level of ad-
vertising is necessary for separation regardless of the degree of vertical differentiation. Firms
choose maximal horizontal differentiation when the quality difference is small and minimal
horizontal differentiation when it is sufficiently high.

Matthews & Fertig (1990) consider an incumbent-entrant setup where product quality of
the entrant is known to the firms only while that of the incumbent is known by everyone in the
market. Prices are exogenous and the incumbent may advertise in order to inform consumers
about the product quality of the entrant; i.e. it may counteract misleading attempts by a low-
quality entrant. In sharp contrast with the existing models of quality signaling, they show that
a high-quality entrant can successfully signal its quality by spending an infinitesimal amount

on advertising.’

"For other studies of signaling when there are multiple senders with common information, see Bagwell and
Ramey (1991), de Bijl (1997) and Hertzendorf & Overgaard (2001b).



3 The Model

There are two TV stations, station Y and station 7, each airing two programs in two consecu-
tive time periods. The programs are characterized by their locations on the unit interval [0, 1].
They are of the same length and have zero production costs. Each station is fully informed
about all program locations. There is a discrete number, A > 1, of time slots to be allocated
to non-program content during each program, where A is taken as exogenous.® | will hence-
forth refer to these as ads. Thus, the game in this paper may be thought of as a subgame of a
larger game where the choices of program locations and the amount of non-program minutes
are already made.

There is a large number of advertisers that are willing to pay up to $p per viewer reached
for placing a commercial during a program in each period. Each commercial is one time-slot
long. Alternatively, each TV station may choose to air a tune-in (or tune-ins) during the first
program for the purpose of promoting the next program. Production of a tune-in does not entail
any costs. | assume that a tune-in has the same length as a commercial. Each TV station splits
the available A ads during the first program between commercials and tune-ins (so, an ad may
be in the form of a commercial or a tune-in). Hence, the TV stations incur an opportunity cost
for placing tune-ins. | assume that the TV stations cannot lie in a tune-in; i.e. they are legally
bound to advertise a preview of the actual program in the tune-in, and that the tune-in is fully
informative. Finally, the objective of a TV station is to maximize its total advertising revenue
which is generated by payments received from advertisers for placing commercials.

On the other side of the market, there is a continuum of N potential viewers who are
uniformly distributed along the unit interval with respect to their ideal programs. To each
possible program location on the unit line, there corresponds a viewer for whom that program

is the ideal one. A viewer who is located at A obtains a net utility « (A, z) = v — |\ — x| from

8While U.S. broadcasters are free to choose the amount of their non-program minutes, advertising ceilings
are imposed on broadcasters in most European countries. Therefore, in most cases, especially at prime-time, the
amount of non-program minutes that mazimizes a broadcaster’s revenue falls below the imposed ceiling. There
are also technical reasons for making this assumption. First, if TV stations were allowed to choose the amount
of non-program minutes, then people would rationally form priors about it. Second, and most importantly, the
amount of non-program minutes in the first period would possibly provide a signal for the location of the second
program. Addressing these issues is beyond the scope of this paper, since the main focus is on the role of tune-ins.
Doing so is an excellent area for future research.

10



watching a program located at =.°-1° Viewers’ locations stay the same across the two periods.
Not watching TV yields zero benefits.**

The locations of the first programs are assumed to be common knowledge. Although people
know that each station offers two consecutive program, they do not know where on the unit
interval the second programs are located at. Denoting the location of the second program of
station Y with y and that of Z with z, | assume that viewers’ priors are given by a simple
discrete uniform density: y, z € {0, %, 1}, where each of these three locations is equally likely
to be the actual location of either of the two programs from viewers’ point of view. Viewers
know that the stations know the location of their own as well as their rival’s program.

A viewer makes a decision at each time that maximizes her total utility. Viewers have
the option of switching to the other station or simply turning the TV off after sampling a few
minutes of a program. | assume that the amount of time required to learn the true location of a
program is constant and same for both programs and for all viewers. Let & denote this amount
of time. The sampling process entails a cost of ¢ > 0, which becomes sunk once a viewer
chooses to sample a program. | will henceforth refer to it as the “sampling cost”. A viewer
incurs a sampling cost in one of the following three situations:

(1) Suppose a viewer samples the programs of both stations and ends up watching the one
that yields a higher utility. She incurs —c in this case since she will have missed k& minutes of
the program she ends up watching.

(i) Suppose a viewer decides to turn her TV off after sampling only one of the programs.
Then her net utility is —c since she has missed & minutes of the outside option.

(iii) Suppose a viewer decides to turn her TV off after sampling both programs. Then her
net utility is —2c since she has missed 2k minutes of the outside option.

In the first period, viewers have full information and therefore they simply watch the pro-

gram that yields a higher utility for the whole period. They do not switch between the two

9The gross utility v can capture how interruptions during a program affect a viewer. Specifically, the effect of
an increase (a decrease) in the nuisance cost of a commercial on a viewer’s utility can be captured by lowering
(raising) the gross utility. Note that, in this formulation, tune-ins also create a nuisance.

10 Alternatively, v can be interpreted as the quality of a program which enters into everyone’s utility in the same
way.

1A constant, ¢, can be put in front of |\ — x| that measures the disutility associated with one unit of distance
from the ideal program location. However, since the value of not watching TV is zero, utility can easily be
expressed as r — |\ — x|, where 7 = 2.

11



stations since sampling is costly.> However, sampling one or both of the stations may be opti-
mal in the second period. Once viewers’ sampling is finalized, audience shares of the stations
and, in turn, the revenues are realized.

Under complete information, the utility of watching a program located at x for a viewer
located at A is u (A, x1) = v — |A —z|. This is nonnegative when X\ lies within v units of
distance around z. If there are two programs to choose between, xy < xz, then the marginal
viewer will be the one located at the halfway;, i.e. % She will simply randomize between
the two programs. Viewers with locations max{0,zy — v} < A < % watch program zy
while the ones with locations % < A < min{zz + v, 1} watch program x .

I maintain the following three assumptions throughout the analysis.
Assumption 1 i +e<v< % — ¢, where ¢ > 0.
Assumption 2 1 + 55 < v < 3 — &, where 4 > 0.

Assumption 3 The first programs at stations Y and Z are located at % and % respectively, and

this is common knowledge.

The first two assumptions rule out equilibria in which neither station airs any tune-ins. To
be more precise, take Assumption 1. When v is small, sampling becomes relatively too costly
and a viewer is less likely to sample the program at the other station. Therefore, a TV station
has a lesser incentive to air a tune-in. Similarly, sampling becomes relatively too cheap when
v is large, and a viewer is more likely to sample the program at the other station. Once more,
a TV station has a lesser incentive to air a tune-in. The second assumption places similar
bounds on the value of v relative to the (opportunity) cost of airing a tune-in (% is the per-
viewer (opportunity) cost of a tune-in).*® This shall be more clear as the analysis proceeds. By
restricting v to lie in the specified interval, Assumption 2 also (indirectly) imposes an upper

bound on the value of the sampling cost: 0 < ¢ < % The third assumption is made in order to

2In practice, a viewer may start watching the program that yields a higher utility, then switch to the other
station and hope during the sampling period that she will see a tune-in for the upcoming program. Since there
is at most one tune-in in equilibrium, the chances of seeing one is quite low. Furthermore, if she does not see a
tune-in, this does not necessarily mean that the station did not air one. The same viewer has the option of sampling
the other station’s upcoming program in the second period and learning its location perfectly. In either case, the
viewer incurs the same cost. So, switching in the first period is a dominated strategy.

Note that 1 + 55 < £ — 4 implies 4 > 6. This lower bound is quite reasonable since, empirically, we

observe a hig number of ads during regular TV programs.
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simplify the analysis. Together with Assumption 1 (i.e. v > i), it simply says that viewers on
the lower half of the unit line watch station Y in the first period and the ones on the upper half
watch station Z.

The timing of the moves is as follows. First, people make their first-period viewing deci-
sions. Then the first program starts, and the TV stations make their tune-in decisions during the
first program. Having watched the first program, people update their beliefs about the second
programs depending on whether or not they were exposed to a tune-in. The second programs
start and people make their optimal sampling decisions. After each individual completes sam-
pling one or both (or none) of the stations, they make their final second-period viewing choices
and the payoffs are realized.

The equilibrium concept used is perfect Bayesian equilibrium (PBE). That is, the TV sta-
tions make optimal tune-in decisions taking the location of their rival’s program and the ratio-
nality of people into account, and people make optimal sampling and viewing decisions after
observing the tune-in decision of the station they have watched. In particular, people’s infer-
ences (or posterior beliefs) after the first period about the locations of the second programs
must be correct, and the TV stations should not have any incentive to deviate.

The advertising revenue of a TV station is the payments received from advertisers. So, in
each period, the total revenue of a station is the total number of people watching that station,
given by NN times the audience share in that period, times per-viewer revenue. If a station airs
a tune-in, then its per-viewer revenue is (A — 1)p. If it does not, then the per-viewer revenue is
Ap.

As discussed earlier, TV stations may choose to behave strategically due to their knowledge
of the rival station’s program. However, regardless of the location of the rival’s program, a
station clearly never airs a tune-in for a program that none of its current viewers would like to
watch. This case arises for station Y when y = 1, and for station Z when z = 0. Given that a
station cannot communicate any information with the viewers of the other station, it does not
pay off for either station to air a tune-in for such programs.

Let ¢; (y, z) be a binary variable that assumes a value of 1 if station ¢ airs a tune-in when
the two programs are located at (y, z), and 0 otherwise. So, if station Y airs a tune-in for y = 0

when z = 0, then we have ¢y (0,0) = 1. The following lemma is immediate.
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Lemmal gy (1,2) = 0forall z, and ¢z (y,0) = 0 for all y.

Next, consider a situation in which neither of the stations air a tune-in for their upcoming
programs regardless of their locations. Suppose that these strategies constitute a PBE. | will
refer to it as the “no tune-in” PBE. At such a PBE, people’s priors would be unchanged. This
means that all viewers are indifferent between sampling either station in which case | assume
that a random half initially sample Y and the remaining ones sample Z (if sampling occurs at
all).

Lemma 2 Suppose a ““no tune-in”> PBE exists. Then all viewers sample at least one of the
stations. If the location of the program sampled first is less than i + % units away from a
viewer’s own location, then that viewer stops sampling. Otherwise, she samples the program

at the other station, too.

The proof of Lemma 2 (as well as all the remaining proofs) can be found in Appendix A.
We can now express the second-period audience shares of stations Y and Z for all possible
values of (y, z) under a “no tune-in” PBE. Audience share of a station is to be understood as

the fraction of the whole population watching that station.

Lemma 3 Suppose a ““no tune-in”> PBE exists. Then, the audience shares of station Y and Z
under all program combinations are given by (the first number in each box is station Y’s share

and the second one is station Z’s share):

z=0 z:% z=1
T T
y=0| &2 |2 vtcts|vtevte
il T 1 T 1
y=s|vtct+q | vteovtce|vte+ 4,7
_ 1 1 v+c vtc
y=1|v+cv+c Z’U+C+Z o

Table 1. Audience shares of station Y and ~.

A “no tune-in” PBE exists only if neither station has any incentive to deviate. As it turns

out, under Assumptions 1 and 2, there is always a profitable deviation.

Proposition 1 A ““no tune-in” PBE does not exist.
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Corollary 1 If a symmetric PBE exists, then it must be true that gy (0,0) = gy(3,3) =
qZ(%v %) =4z (17 1) =1

Corollary 1 simply follows from the proof of Proposition 1, and its proof is therefore
omitted. When (y,z) = (0,3) or (3,0), it can be shown that deviating from a “no tune-
in” PBE is profitable for station Y if A[(; + %) — 1] > 3, or equivalently if Ac > 1. Al-
though this condition is different than what was shown to be necessary for a deviation when
(y,2) € {(0,0),(3,2)}, itis in general more restrictive compared to 3 — v > +. Together
with Assumption 1, Ac > 1 implies 1 53— > 1 - However, 2 53— > 1 4 does not necessarily
imply Ac > 1. An important thing to note is that viewers’ optimal sampling behavior depends
on their inferences from the observed tune-in decisions of the TV stations. As will be argued

shortly, a strategy in which station Y airs a tune-in only when (y, z) € {(0,0), (3, %)} cannot

27 2)
actually be part of a PBE. So, it is not nesessary to assume that Ac > 1 for this outcome to
arise.

To see this, consider an equilibrium in which station Y airs a tune-in only when (y, z) €
{(0,0),(3,3)}, and station Z does so only when (y,z) € {(3,3),(1,1)}. For these strate-
gies to constitute a PBE, viewers’ inferences from observed tune-in decisions must be correct.
Therefore, when station Y advertises y = 0, the first-period viewers of Y infer that z = 0 as
well. This means that each station ends up with an audience size of £ as each viewer will watch
the first station they choose to sample. Both stations are actually worse off compared to the “no
tune-in” regime. However, it is in fact optimal for station Y to switch back to the “no tune-in”
regime if Z is going to air a tune-in when (y, z) € {(3,1),(1,1)}. If a A-type viewer who is
initially indifferent between the two stations continues to stay at Y after not seeing a tune-in,
she will infer (incorrectly) that = is either % or 1 upon seeing that y = 0. If A > i + ¢, itis
worth checking out station Z, too. But when she discovers that z is also 0, she will one more
time be indifferent between the two stations provided that A < v + ¢. Similarly, if she starts at
Z and sees that z = 0, she will infer that y is either § or 1, and will switchto Y if A > 1 + .
The second-period audience size of station Y is thus X< as opposed to ¥, which means that
station Y has an incentive to not air a tune-in when (y, z) = (0,0). But viewers anticipate this
correctly and it was previously shown that this cannot be an equilibrium either.

One way to get around this problem is airing a tune-in more often. That is, when a TV
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station airs a tune-in for a particular program location, its viewers should not be able to infer
the exact location of the other program. For station Y, the strategy of airing a tune-in for y = 0
only when z = 0, 1 (similarly, the strategy qY(%, z) = 1 only when z = %, 1) cannot happen in
equilibrium. This is because station ¥" would also air a tune-in when (y, z) = (0, 1) so as to
(incorrectly) signal to its viewers that z is either 0 or 1. So, no first-period viewer of Y would
switch to Z, and thus Y would get an audience size of v. If station Y did not air a tune-in — as
would be anticipated by viewers in a PBE — all of its current viewers would switch to station Z
and would infer that y is either 0 or 1 upon seeing that z = % In this case, those viewers with
A< i — ¢ would switch back to station Y and stay there upon discovering y = 0. So, airing
a tune-in is profitable when v — (i —c) > ﬁ, which is true by Assumption 2. Note that this
condition is satisfied even when the sampling cost is infinitesimally small.

This leaves us with two possible strategies. For station Y, these strategies are (i) air a tune-
inunless y is 1, (ii) air a tune-in unless y or z is 1. Similarly, airing a tune-in unless z = 0 and
unless z or y = 0 are the only two possible strategies for station Z. In what follows, I will refer
to a strategy in which a station’s tune-in decision does not depend on the program of the other
station as a non-strategic behavior, and to an equilibrium that involves non-strategic behavior
as a non-strategic equilibrium. Similarly, a tune-in strategy that depends on the program of the
other station will be referred as a strategic behavior, and the corresponding equilibrium as a

strategic equilibrium.

3.1 Strategic Equilibrium

Suppose each station behaves strategically. How would viewers behave if this were a PBE?
Since the two stations are identical in every aspect except for the locations of the first programs,
the viewing behavior of people in the second period will be symmetric with respect to which
station they watched in the first period. Therefore, | can focus on finding only the optimal
sampling and final viewing decisions of the viewers who chose to watch Y in the first period.
There are three distinct cases to analyze. The first and the second cases are when Y airs
a tune-in for y = 0 and for y = % respectively. In both cases, the viewers of Y infer that
z € {0, %}. So, their prior beliefs are changed and therefore they will base their decisions on
their posterior beliefs. In the third case, Y does not air any tune-ins. Now, it could be that

Y did not air a tune-in because either y = 1 or z = 1 (or both). So, there is a total of five
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possibilities to analyze:

(v:2) € {(0,1). (5, 1),(1,0),(1, ), (1, ).
Their posterior beliefs assign a probability of % to each one of these possibilities. Now, the
optimal behavior is more complicated to figure out. For example, suppose they sample station
Y first. If they observe that y = 0, then they can perfectly locate z, and therefore there is no
need to continue sampling station Z. But when they observe that y = 1, they can say nothing
about z. Furthermore, one needs to check if sampling at all is optimal for a viewer. All of these

are carefully analyzed in the proof of the following lemma.

Lemma 4 Suppose a strategic PBE exists. Then, the audience shares of station Y and Z under

all program combinations are given by:

z=0 z:% z=1
y=0|iv+c—3|1v+c+3]|vt+cuvtec
y==%|v+e+1, 1| vtcvte|v+e+i g
y=1|v+cv+c|tv+te+i|v+ec—1,1

Table 2. Audience shares of station Y and Z in a strategic PBE.

A strategic PBE exists only if neither station has any incentive to deviate. The next propo-

sition establishes when it exists.

Proposition 2 The following constitutes a symmetric PBE if v 4 ¢ + % < %: Y airs a tune-in

unless y or z is 1, Z airs a tune-in unless y or z is 0.

When v + ¢ + % > % people have no reason to expect the strategies in Proposition 2
to be played by the TV stations. This condition is satisfied when v + ¢ is large and/or the
number of non-program breaks is small. Intuitively, a larger value of v is associated with a
higher audience size since more viewers end up watching TV. A higher sampling cost means
that if sampling occurs in the absence of a tune-in, a higher fraction of those who sample stay
tuned. When the number of non-program breaks is small, the marginal benefit of promoting
the upcoming program is lower. So, in all three cases, the incentive for passing up on airing a

tune-in is higher.
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From viewers’ point of view, the ex-ante expected value of station Y’s per-viewer profits
is the weighted average of the profits in each of the possible nine cases. Per-viewer revenue
in the first period is pA times the audience share in the first period (which is %) in each case.
Per-viewer revenue in the second period is the average of the audience shares given in Table 2
for all of the nine cases, multiplied with pA. Since Y is expected to air a tune-in in four of the
nine cases, its expected per-viewer (opportunity) cost is % times the audience share in the first
period. So, the ex-ante expected per-viewer revenue of station 7, j = Y, Z, can be expressed

as (the superscript S stands for strategic)

A 6(v+c)+1)A 2

3.2 Non-strategic Equilibrium

What happens when v + ¢ + % > %? Based on the analysis so far, one possibility is when
each station airs an additional tune-in relative to the PBE in Proposition 2. For station Y, this
is when ¢y (0,z) = 1 forall z and ¢y(3,2z) = 1 unless z = 1, or gy (3, 2) = 1 for all z and
qy (0,z) = 1 unless z = 1 (symmetric for Z). These are summarized in Table 3 below (for

station Y only).

Hypothetical Strategy 1 Hypothetical Strategy 2
z=0 z:% z=1 z=20 z:% z=1
y=0| 1 1 1 y=0| 1 1 0
y=2| 1 1 0 y=2| 1 1 1
y=1| 0 0 0 y=1| 0 0 0

Table 3. Value of gy (y, ) in two hypothetical strategies.

When Y does not air a tune-in, all of its viewers switch to Z since it is highly likely that
y = 1. If z turns out O or % then they are certain that y = 1, and none of them come back
to Y. When it turns out that = = 1, however, viewers will get confused. Station Y might
have played the first or the second strategy. If it played the first strategy, y could be % or1
with equal chances. If it played the second one, on the other hand, y is 0 or 1. Without any
further information, viewers just assume that the two strategies are equally likely to be played,

and therefore their inference will be Pr(y =0) = Pr(y = 1) = 1, Pr(y=1) = 1. But
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sampling Y would be optimal for all A € [0, 5] with these posteriors. This means that station Y’
could have done better by deviating and reverting back to the strategy in Proposition 2. Since
viewers anticipate this beforehand, we cannot have either of these strategies being played in a
symmetric PBE.

A second, and the only other, possibility when v+c—|—% > % is the non-strategic equilibrium
in which the TV stations air a tune-in unless their second program is located at the farther end
of the unit line compared to their first-period program. In this case, the priors of viewers who

watch Y in the first period about z are unchanged regardless of the tune-in decision of Y.

Lemma 5 Suppose a non-strategic PBE exists. Then, the audience shares of station Y and 7

under all program combinations are given by:

z=0 z:% z=1
y=0 %—1—% %—I—i v
y:% v—i—%%—% v+c v—l—i—%
y=1 v+ s—tlv—141

Table 4. Audience shares of station Y and Z in a non-strategic PBE.

Note that deviation is not possible in this case, since none of Y’s current viewers would
keep watching or would come back later when ¢,- = 0. So, the unique symmetric PBE when

v+c+ % > % is the one in which the two stations play non-strategically.

Proposition 3 When v + ¢ + % > % the unique symmetric PBE is the one in which Y airs a

tune-in unless y = 1, and Z airs a tune-in unless z = 0.

Arguing along the same lines as before, the ex-ante expected per-viewer revenue of station

j,»J =Y, Z, can be expressed as (the superscript V.S stands for non-strategic)

A (bv+4c+1)A 1
E[H?]S]: §+ 9 —g P

Simple comparison yields that £[I17] is always greater than £ [II*]. Even though it is on
average more profitable to behave strategically, the existence of profitable deviations induces
the TV stations to behave non-strategically. When v + % > % even an infinitesimally small

value of the sampling cost gives rise to the non-strategic equilibrium.

19



When v+c+% < % both equilibria can be supported as PBEs. However, as long as viewers
rationally expect the TV stations to play the less costly strategies, the non-strategic equilibrium
can be ruled out. To be more precise, provided that v + ¢ + % < % it is always optimal to
play strategically for the TV stations when the viewers expect them to do so. However, if the
viewers are pessimistic in the sense that they only expect the worse when they do not see a

tune-in, the unique PBE is the non-strategic one.

4 Social Value of Tune-ins

In this section, | analyze the effects of a possible ban on the use of tune-ins. | compare the
expected social welfare under a “no tune-in” regime with that of no restrictions. In Appendix
B, I find the expected utility of a random viewer in all of the possible three situations: the
strategic equilibrium (S), the non-strategic equilibrium (NS), and a “no tune-in” equilibrium
(NT).

In a regime of no tune-ins, ex-ante expected per-viewer revenue of a station in the second
period is just the average of the audience shares given in Table 1, multiplied with the number
of commercials and the per-viewer price. The stations are symmetrical in every manner, so the
total ex-ante expected per-viewer revenue of station j, j = Y, Z, is given by

1 6(v+c)+1

BT =A 5 5

Let W denote the social welfare which is defined as the summation of the total revenue
of the two stations and viewer well-being. The change in expected social welfare when the

non-strategic PBE arises is expressed as

E[WNS —wWNT] = N [E\ [UY° = U] +2B[11° — 1177
N {(1—5 —c— 611)E - Z(Y—9 + %)]

2 9 3 9

15 c 2p
= N|[(——-—c—6v—4A4)- — —|.
{(2 c— 6v )9 31

In the notation above, £\ [U}®] refers to the expected utility of a viewer located at A in the
non-strategic PBE where expectation is taken over \. So, it is the expected utility of a random
viewer in the non-strategic PBE. As mentioned before, please refer to Appendix B to see how
E\[UNS], E\[UNT] and E\[U3)] are calculated.
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Note that (2 — ¢ — 6v — 4A4) < 0 by Assumption 1 (even a much smaller value of A would

imply the same result). So, E [WNS — W~T] < 0 for all parameter values. This means that

1
27

it is welfare improving to ban the use of tune-ins when v + ¢ + % > =, since non-strategic
equilibrium is the unique symmetric PBE for these parameter values. Although viewers are
obviously better off when there are tune-ins, it may be the case that lost revenues are too high,
and therefore it is better to ban tune-ins. The primary reason for why the stations lose that much
revenue is that fewer people watch TV when there are more tune-ins in general. In the absence
of a ban, the “no tune-in” regime is not sustainable as an equilibrium because of unilateral
deviations.

The same result does not carry over to the strategic equilibrium. The reason is that the
expected audience size in the strategic equilibrium is equal to that in the “no tune-in” regime.
Recalling that E[Hf] = [é + w — g] p, the change in expected social welfare when

the strategic PBE is the outcome is

E[WS—-W"T] = NI[E\[UY - UY"] +2E[I — I1}]]

c 4p
= N|l=-—-——).
5-%)
which is negative when p > % These findings are summarized in the next proposition.

Proposition 4 If the outcome is the strategic PBE, it is welfare improving to ban tune-ins only
when p > % If it is the non-strategic PBE, on the other hand, it is always welfare improving

to ban tune-ins.

It immediately follows from Proposition 4 that it may be welfare improving if the two
stations collude and maximize total ad revenues. By Lemma 2, it is optimal to air no tune-ins
in such a case since all viewers get engaged in sampling without any tune-ins. Thus, as long
as the conditions of Proposition 4 hold, collusion is better for the society as a whole. This is

formally stated in the next proposition.
Proposition 5 Collusion between the two stations improves welfare when p > %

Tune-ins clearly benefit viewers. Without tune-ins, viewers would engage in too much
sampling and some would end up watching TV although it yields a negative utility. If viewers

had complete information about program attributes, TV stations would serve a smaller audience
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size. However, information is incomplete and it is not feasible to inform everyone about TV
programs. In a non-strategic equilibrium, TV stations are forced by market conditions to air
too many tune-ins. This is due to two factors. First, an equilibrium with no tune-ins is not
feasible because of the oligopoly structure; without tune-ins, more people would switch away.
Second, strategic equilibrium is not credible when ¢ and/or % is large. Had viewers believed
that the strategic equilibrium would arise, neither station would air any tune-ins at all. When ¢
is large, a station can still capture an audience size that is high enough to make it worthwhile
to deviate. When A is small, second-period revenue is not that large anyway, so deviation
is again profitable. But, viewers are rational and they perfectly anticipate these incentives
beforehand. As a result, the stations are forced to air a higher number of tune-ins. The higher
the number of tune-ins, the better choices people make, which implies a smaller audience size
in the second period. So, the stations are double jeopardized when the strategic equilibrium
cannot be attained; a higher number of tune-ins and fewer viewers on average. The revenue
they lose in such a situation is larger than the increase in the well-being of viewers. Therefore,
banning tune-ins is welfare enhancing.

The former one of the two factors above is also present in the strategic equilibrium. How-
ever, since c or % is small enough, strategic equilibrium is credible. Therefore, the second
factor does not arise. When the strategic equilibrium is attainable, stations do not end up airing
too many tune-ins. Consumer surplus is now lower since viewers more often get stuck watch-
ing a program that is a bad match. When the per-viewer commercial price is low relative to
the sampling cost, the decrease in the well-being of viewers is smaller than the increase in the

revenue of the TV stations due to fewer tune-ins, and therefore no intervention is necessary.'*

5 Discussion and Conclusion

In this paper, | have introduced a framework in which the advertising decision of a firm (indi-
rectly) provides information to people about the attributes of the product of the other firm in

a horizontally differentiated duopoly market. | have chosen the TV industry for this analysis

1488.5 million U.S. viewers watched the 2000 Super Bowl. The average price for a 30-second commercial was
$2.1 million. So, the per-viewer price was approximately 2.4 cents. Although it is impossible to make an ordinal
comparison of the per-viewer price and the sampling cost, common sense suggests that an average viewer loses
more following an unsuccessful sampling.
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for several reasons. Most importantly, network stations do not price their programs, tune-ins
are directly informative ads, they are special to the TV industry and they are exclusive (in the
sense that a TV station cannot advertise to other stations’ audiences).

| have analyzed the provision of tune-ins in a two-period model of TV broadcasting where
programs are provided by two TV stations and are only horizontally differentiated. For simplic-
ity, I assumed that the first programs at each TV station are known to viewers beforehand, and
that the market is completely covered in the first period. The locations of the second programs
are ex-ante unknown to people, although they know that the TV stations have this information.
Therefore, viewers know that the tune-in decision of the TV station they watch in the first pe-
riod may provide them with information about the location of the other station’s program. In
this context, | have characterized the symmetric perfect Bayesian equilibria in which tune-in
decisions of the stations and the following inferences of viewers are in accordance.

The main aim of the analysis is to characterize the nature of strategic behavior when TV
stations are privately informed about both programs. Therefore, | have restricted the parameter
values so as to ensure that an equilibrium in which no tune-ins are aired does not exist. These
restrictions simply require that the number of advertisements during a program is not very
small, and that the value of the sampling cost is small relative to the gross utility people derive
when they watch their ideal programs. The latter one implies that viewers always choose to
sample a station if their priors for the program at that station are unchanged. However, it is also
implied that the gross utility is not very large so that all of the viewers do not end up watching
the second program until the end. | believe that these assumptions are in line with empirical
regularities and do not impose restrictions on the findings.

Existence of two symmetric PBEs has been shown. In the first one — referred to as the
strategic PBE in the text — each station’s tune-in decision depends on the location of its own
as well as the location of its rival’s program. A station chooses not to air a tune-in whenever
at least one of the programs is such that no first-period viewer of that station would watch it.
Not airing a tune-in when a station’s own program is not appealing to its first-period viewers is
optimal because a tune-in would not bring in any viewers. Similarly, it is not optimal to air a
tune-in when a station knows that its first-period viewers will not like the program at the other

station, and therefore anyone who may initially switch to the other station will come back.
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The second possible PBE — referred to as the non-strategic PBE in the text — is the one
in which each station’s tune-in decision only depends on the location of its own program. A
station chooses not to air a tune-in only when its program is such that none of its first-period
viewers would watch it. This PBE is shown to exist as long as Assumption 1 is satisfied, and
it is unique when either the sampling cost is relatively high or the TV stations have a small
number of ads (or both). In the opposite case, both equilibria are valid. It is at first ambiguous
as to which one of these equilibria would be selected. If viewers are extremely pessimistic,
they would expect the worst scenario upon not seeing a tune-in. This belief structure would
eliminate the strategic PBE. However, there is no reason for viewers to be pessimistic in the
current model. Since they perfectly know the incentives of the TV stations, they would most
likely anticipate that the TV stations would choose the strategies resulting in higher revenues.
From their point of view, the expected revenues are higher in the strategic PBE since the sta-
tions air fewer tune-ins on average compared to the non-strategic PBE. So, there is not much
reason to believe that the stations would behave non-strategically. If, however, viewers were
exogenously assumed to be pessimistic, we would have had the non-strategic PBE as the unique
PBE.

In the strategic PBE, viewers update their priors about the location of the other station’s
program upon observing the tune-in decision of the station they have watched in the first period.
So, the tune-in decision of the station they have watched in the first period serves as a signal
for the program of the other station. There does not exist a fully separating equilibrium in
which viewers are able to locate the other station’s program with certainty only based on the
tune-in decision of a TV station. If a station does not air a tune-in, it is inferred by that station’s
first-period audience that the upcoming program is probably not a good match for them. This
deters them away from staying tuned to the same station. However, they also infer that it could
actually be the other station’s program that is a bad match. In the strategic PBE, this additional
inference exactly offsets the deterrence effect. As a result, viewers are indifferent between
choosing either one of the two stations to start watching. After learning the location of the
program they choose to sample first, they update their beliefs about the other program and then
make their final decisions. At some instances, perfect revelation may occur after sampling one

of the stations. Suppose a viewer watches station Y in the first period and station Y does not air

24



a tune-in for its upcoming program. If this viewer continues to watch station Y and discovers
after sampling that the program at Y is appealing to her, then she perfectly infers the location of
the program at the other station. Had the TV stations behaved non-strategically, this inference
would be impossible to reach.

The stations are better off on average in the strategic PBE compared to the non-strategic
one. The same is not true for the viewers; sampling occurs more frequently in the strategic
PBE since TV stations air fewer tune-ins. From a welfare perspective, it may be desirable to
ban tune-ins. In the non-strategic PBE, total revenue of the stations is significantly reduced
compared to the strategic PBE and this reduction overweighs the increase in the aggregate
viewer surplus. So, it is always desirable to ban tune-ins in the non-strategic PBE. In the
strategic PBE, it is desirable only if the value of the sampling cost is sufficiently low. A direct
implication is that whenever banning tune-ins is desirable, collusion between the two stations
is desirable, too. This follows from the fact that a monopolist would not air any tune-ins in this
market.

Real life is clearly not as simple. It is almost impossible to represent TV programs in
a unidimensional space. It is also not likely that viewers’ preferences stay the same over
time, and that viewers have nonrandom utilities. Nevertheless, this paper raises a question that
has not been touched on before, and constitutes a starting point for a more thorough analysis
of signaling by advertising in horizontally differentiated markets and of (indirect) signaling
by advertising when firms have common knowledge of the attributes of all the products in a

market.
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Appendix A

Proof of Lemma 2 It suffices to analyze the behavior of viewers with locations A € [0, 1]. The
remaining possibilities are simply symmetrical. Suppose a A-type viewer chooses to sample
one of the programs. If A issuchthat0 < A\ < % — v — ¢, then this viewer knows that she
would only watch a program located at 0. If the program that she first samples is not at 0,
should she also sample the program at the other station? Unless the other program happens to
be located at 0, she would turn her TV off, and her net utility would be —2¢ since she would
have sampled both programs and ended up taking the outside option. So, the expected utility
of sampling the other station is 3 (v — ¢ — A) + 2 (—2¢). On the other hand, if she switches off
without sampling the other station, she would enjoy a utility of —c. Hence, she should engage
in a second sampling if 3 (v —c— X) + 2 (—2¢) > —c, or equivalently if v — X\ > 2c. The
left-hand side is decreasing in A, so if this inequality is satisfied at A = % — v —c, ithasto be
true forall A < 3 — v — c. Evaluatingat A = 1 — v — ¢, we get 2v — ¢ > 1 which is always
true by Assumption 1.

We also need to check if engaging in sampling is optimal at all for this person. Expected
utility of doing so is 3 (v — A) + 2 [3 (v — ¢ — \) + 2 (—2c)], where the second term is due to
the fact that it is also optimal to sample the other station when the first program sampled is not
at 0. If this is nonnegative, then it is optimal to engage in sampling for viewers with locations
A< % — v — ¢. Rearranging, expected utility becomes g [v — X\ — 2¢], which is nonnegative if
v — A > 2¢. This is the same condition as in the previous paragraph, and therefore expected
utility is nonnegative.

Now, take a viewer with location \ € [% —v—c, ﬂ and suppose that this viewer samples
station Y. She stays at Y if y is located at 0. If it turns out that y = % she may also want to
check out station Z in the hope of finding out z = 0. But there is also the chance that z is %
or 1. If z = 1, she would switch back to station Y. If, on the other hand, z = %, she would
be indifferent between the two stations. So, the expected utility of switching to station Z when
y=3iss(v—c—A)+2(v—c—1+). If this expression is greater than the utility of staying

aty,v— (% — A), she should switch to and sample the program at station Z. This is satisfied

, itis optimal to also sample Z for the viewers with locations
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switchingto Z is 5 (v —c— A) + 5(v — ¢ — 5 + A) + 3 (—2¢) which equals 3(2v — 4¢c — 3).

This is greater than —c when 20 — ¢ > % which is again true by Assumption 1. m

Proof of Lemma 3 Suppose, for instance, that (y, z) = (0, 3). A random half of the viewers
sample station Y” first. Among these viewers, those with A < 1 + 3¢ stay at Y while the rest
switch to Z. Since z = % those with A > % + v + c turn their TVs off. From among the
other half who chose to sample Z first, the ones with A € [1 — 2 3 1 %] stay at Z while the
others switch to Y. Those with A < 1 — 3¢ stay at Y. The same is not true for A\ > 3 4 3¢,
The program y = 0 is not favorable for them, so those with locations A € [2 + 3¢ 1 + v 4 ]
switch back to station Z while the rest switch off. So, all together, we get an audience share of
(2 4+3%) + 43— 3y = L forstation Y. Similarly, itis3(2 +v+c— (3 +3) +1(E +v+
¢ — (3 — %)) = v + cfor station Z. Arguing along similar lines, we get Table 1 in Lemma 3.

Proof of Proposition 1 Suppose Y aired a tune-in when (y, z) = (0,0). For the indifferent
viewer from the first-period audience of station Y, the expected utility of switching to 7 is
T(v=A) +3(v—3+A) +1(v—c—A), where the first term is the utility she would enjoy
at Z when z = 0, the second term is the utility she would enjoy at Z when z = % and the
third term is the utility she would enjoy at Y when z = 1. This expression equals the utility of
staying at Y, v — A, for the viewer located at ; + £, so the viewers with A < 1+ £ do not switch
to Z. Since this is a unilateral deviation, the behavior of the first-period viewers of station 2
remains the same. The ones who switch to Z do not come back to Y since they would incur the
sampling cost. So, station Y would gain an extra audience of (% +5) -5t = % by airing
a tune-in, and thus its second-period advertising revenue would go up by AN p%. The cost
of airing a tune-in is the revenue forgone in the first period from a single commercial, which is
Np3i. Thus, itis profitable to deviate as long as 3 — v > <.

Suppose the program locations are (y,z) = (3,3). If neither station airs a tune-in, they
each receive an expected audience size of v + ¢ in the second period. From the previous

analysis, if station Y airs a tune-in, viewers with locations A\ € [ — £, 1] continue to stay
with Y while the others, A < i — 5, switch to Z. The ones who switch to Z will stay there
once they discover that z = % since switching back to Y means missing the first few minutes

of the program at Y. When this is a unilateral deviation by Y, behavior of the first-period
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viewers of Z does not change. A random half of them still switch to Y right after the first
period ends. Among these viewers, the ones with locations A € [3,3 + 3] stay at Y. The
others go back to Z to check out the program there. Once they discover that z = % those
with locations at most v + ¢ apart from % choose one of the stations at random as their final
destination. Similarly, among those who stayed at Z at first, A € [3 -+ 3¢, 1] also sample Y and
a random half of \ € [% + %, % +ov+ c] stay at Y. Hence, station Y collects a total audience
size of (§ + £) + 3 (v + ¢) as opposed to v + c. Since this is a symmetric game, station Z will
have the same incentives. When both stations air a tune-in, they each get an audience of v + ¢,
the same as before but with different composition. Thus, we get the following audience sizes

when (y, 2) = (,2):

qz =0 az =1
@ =0 (vt cuto) (F-iFc3t+3+0
a=1]G+i+6F—3+0) wtevto)

The unique Nash equilibrium in this game is (¢v, ¢z) = (1,1) provided that + — v > .
This is true by Assumption 1 and thus the stations face a Prisoners’ Dilemma situation. That is

why a “no tune-in” regime cannot be maintained in an equilibrium. m

Proof of Lemma 4 In a strategic PBE, there are three distinct cases to analyze:

Case (1): Y airs a tune-in for y = 0.

In this case, the viewers of Y infer that = € {0, 3}. Those with locations closer to  will have
a tendency to switch to Z. Whatever the location of z turns out, none of these people would
come back to Y. So, the solution is simple; A < i stay with Y, the others switch to Z. Those
who switch to Z will have the sampling cost sunk, and therefore i < A < v+ cwill stay with
Z when z = 0. The others just switch off in this case. If z turns out % then all of them stay
with Z.

Case (2): Y airs a tune-in for y = %

In this case, the viewers of Y infer that = € {0, 3}. Those with locations closer to 0 will have
a tendency to switch to Z. Similar with case (1), A > i stay with Y, the others switch to Z.
Those who switch to Z will have the sampling cost sunk, and therefore 3 — (v +¢) < A <

will stay with Z when z = % If z turns out 0, then all of them stay with Z.
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Case (3): Y does not air a tune-in.
The inference of viewers in this case is that Y did not air a tune-in because either y = 1 or

z = 1 (or both). There are five possibilities:

(1) € {(0.1), (5, 1),(1,0), (1, ), (1. 1)}

So the posterior probability that y = 0 is same with the probability that z = 0, which is %
Similarly, Pr(y = ) = Pr(z = 3) = 3, and Pr(y = 1) = Pr(z = 1) = 2. This means that
viewers are indifferent between the two stations, and a random half will choose Z first. For
those who stayed with Y, the actual location of y will determine their further behavior.

If y = 0, they infer that = = 1. So viewers with locations less than v + ¢ stay with Y, and
the rest switch off. Note that for v < A < v + ¢ switching off yields a disutility of ¢, so it is
better to stay tuned.

If y = 3, they infer that = = 1. So viewers with locations 5 — (v +¢) < A < & stay with

Y, and the rest switch off.

1
2

If y = 1, they infer that = € {0,1, 1}, each with equal probability. If the viewers with

locations 0 < A\ < % — (v + ¢) choose to sample the program at station Z, they will only
stay there when z = 0. So, the expected utility of sampling Z for a generic \-viewer from

this interval, denoted by E [U}} given that station Y did not air a tune-in (i.e. given that
¢ (0)=(1,2))is

B0} 6 (0)= (1L5)] = 5 (== ) — 3 (20).

Note that the highest utility a viewer may get in this case is v — ¢, since she started sampling
with station Y and incurred the sampling cost. Viewers would stay tuned if the expected utility
of sampling Z is not less than —c. Otherwise they turn their TVs off right after the first program
ends. For A =  — (v + ¢), the expected utility of sampling is (20— 1) — 2 (2¢). Thisis at least
as great as —c if 2v — § > ¢, which is true by Assumption 1. Since £ [U3 | ¢;" (0) = (1, 2)]
is decreasing in ), all of these viewers would choose to sample Z.

Viewers with locations 1 — (v +¢) < A < 1 would stay with Z unless z = 1. So, their

expected utility is

B0} 0)=(12)] = 5 |@=c=A)+@=ec—(5-X) - (2)
1 1
= 5(21)—40—5).



This expression is greater than or equal to —c when 2v —% > ¢, which is the same condition

as before. Hence, it is satisfied for all A\ € [1,3]. The choices of viewers with locations on
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3, 5) are just symmetric with those on [0, i], so they all sample Z as well. If the program turns

out to be located at 0 or £, station Z gets an audience size of N (v +¢). If = = 1, everyone
switches off.

For those of 0 < A\ < % who switched to Z initially, the subsequent choices are similar.
Now, I need to check if sampling one of the stations is desirable at all, conditional on not seeing

atune-in. For0 < \ < % — (v + ¢), the expected utility of starting sampling with station Y is

1 1 3 _
B0} ay=0] = 2 (0= N+ 3 (-9 + 2B [U3 | 5 (0) = (1,2)]
Similarly, for 3 — (v +¢) < X < 7, itis
\ 1 1,1 3 ot
ElUzlar =0l =z (=N +z=5+N+zE[Uz]¢" (0)=(1,2)].

We need this value to be nonnegative for a viewer to sample Y. For 0 < X < 1 — (v +¢),
E[U}| gy =0] = 2(v—c—\) — £(2¢). This is negative if X is greater than 3¢ — v. If

% — (v +c¢) is less than (or equal to) 3¢ — v, then all of these people engage in sampling.

s —(v+c¢) < 3c—wifc> g By Assumption 1, we must have 1 + ¢ < 3 — ¢, which
implies ¢ < % By monotonicity of £ [Ué gy = O] (increasing up to A = i and decreasing
thereafter), we can conclude that sampling is desirable conditional on ¢y = 0.

Everything is symmetrical for station Z. So, the audience shares in Table 2 are straightfor-

ward to calculate. m

Proof of Proposition 2 Suppose (y, z) = (0,0). If station Y deviates and does not air a tune-
in, then a random half of its viewers stay with it while the other half switch. Those who stayed
would think that = = 1 upon seeing that y = 0, and the ones with locations less than v + ¢
would continue staying. Those who initially switched to Z would think that y = 1 upon seeing
z = 0, and therefore none of them would switch back to Y. So, station Y would end up with

an audience share of <. It is profitable to deviate if

1 wv+ec
A(Z_ 5 )<

where the left hand side is the marginal per-viewer revenue of a tune-in and the right hand

1
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side is the per-viewer cost of a tune-in. So, Y would not deviate if v + ¢ + % < % The
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same is true for (y,z) = (0,1),(3,0) and (3, 3). Note that deviation is not profitable when
y = 1 since station Y can only communicate with its own viewers, and none of them would
watch a program located at 1. It remains to analyze if it is profitable for Y to deviate when
(y,z) = (0,1)or (3,1). Inboth cases, station Y" is already getting the highest possible audience
share from its first period without a tune-in. So, airing a tune-in cannot increase Y’s audience

size. Therefore, deviation is not profitable in these two cases, either. m

Proof of Lemma 5 In a non-strategic PBE, there are three distinct cases to analyze:
Case (1): Y airs a tune-in for y = 0.
Since there is also the chance that z = 1, only the viewers with A > i + 5 sample Z. If z turns
out to be located at 1, the ones with A < v come back to Y. If z = 0 or 3, none of them come
back.
Case (2): Y airs a tune-in for y = 1.
This case is symmetric with Case (1).
Case (3): Y does not air a tune-in.
In this case, it is inferred that y = 1, and therefore none of the current viewers of Y will watch
it.
Everything is symmetrical for station Z. So, the audience shares in Table 4 are straightfor-

ward to calculate. m

Proof of Proposition 3 Proof is obvious since deviation is not possible in a non-strategic PBE.
Furthermore, this is the only possible form (left) for a non-strategic PBE, so it must be unique

if it exists. m
Proof of Proposition 4 The calculations are in the text preceding Proposition 4. m

Proof of Proposition 5 Proof is obvious by the argument in the paragraph preceding Proposi-

tion 5 in the text. m
Appendix B

Here, I find the utility of a random viewer under three specifications; the strategic PBE (S), the

non-strategic PBE (NS), and the “no tune-in” regime (NT). | assume that the viewer located
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at % watches station Y in the first period, and that whenever a viewer is indifferent between
staying at a station or sampling the other one (or switching off), she chooses to stay (these
assumptions do not change the results since there is a continuum of viewers). The findings in
this appendix help me calculate the social welfare in Section 3. In each one of the nine possible
program locations, average viewer derives a different level of utility since the TV stations, and
in turn the viewers, behave differently in each one. Only the first five cases are analyzed in

detail. The remaining four cases are symmetric with the first four ones.

Case (1): (y,2) = (0,0).

S: Station Y does, Z does not air a tune-in. Among those who watched Y in the first period,
A < i stay with Y while the others switch to Z before the second period starts. After seeing
that = = 0, A > v + ¢ switch off. The ones who watched Z in the first period end up sampling

both stations and eventually turn their TVs off. So

v—X ,if0<A<v+ec
Uj=¢ —c jfotc<A<i
—2c jif3<A<1

NS: Station Y does, Z does not air a tune-in. Among those who watched Y in the first period,
A< i + 5 stay with Y after seeing a tune-in for y = 0 while the others switch to Z. The
ones who watched Z in the first period only sample Y since they infer that = = 0. But they
eventually turn their TVs off. So

NS {U—A,WOSA§U+C
U)\ -

—c Mfo+e< A <1

NT: A random half of viewers start with Y and the other half with Z. Viewers with locations
A< i + % settle on the first station they sampled, thus incurring no sampling cost, while those
with i + % < X < v+ ¢ sample both stations and choose one at random. All others switch off

after sampling both stations. So

v—A f0<A< i+%
CwT: v—c—A,ﬁi <A<w
—2c ,ifv+c<>\§1
So, we have the following:
HO<SAN< T+ %
Uy —UYT =4 ¢ jifi+E<r<]
0 ifi<A<1



WW—WW:{OJ

Integrating over \, we get:

&Uﬁ—wﬁuygzmﬁﬂ::<l—§>a

4 2
3 3
B0 -0 =00 = (F-5)e

Case (2): (y,2) = (0,3).

S: Station Y does, Z does not air a tune-in. Among those who watched Y in the first period,
A< %1 stay with Y while the others switch to Z and stay there. Among those who watched Z
in the first period, a random half stay with Z. After seeing that z = % they infer that y = 0, so
l <2< l + v + c stay and the others switch off. The other half start sampling with Y. After

seeing that y = 0, they infer z € {0, 3,1}, so all switch to Z. Those with 4 <A <1 +v+¢

’ 9
stay, the others switch off. So

v— A fFO< A<
1 H 3 1
Uy = 11)_(5)\_)\)1 1 N L ’II%<i§? :
?(v— +1§)+§(v—c— +3) ] ?< <s+tv+tec
5(—C)+§(—20) ,|f§+’U+C</\§1

NS: Both stations air a tune-in. A < i + 5 among those who watched Y in the first period stay
with Y after seeing a tune-in for y = 0 while the others switch to Z and stay there. Behavior
of the ones who watched Z in the first period is similar. Those with A > % + 5 initially switch
to Y in the hope of finding out y = 1. After discovering thaty = 0, 2 + £ < X\ <1 + v come
back to Z while the others turn their TVs off. So

v— A FO< A< T4

DY jflre<a<d

UNs = U—Q—g) jfl<a<3 s
v—c—(A—3) Jifi+E<A<S+0

—c ifs+ov<a<l1

NT: A random half of viewers start with Y and the other half with Z. Viewers with locations

1 — 3% < X < 1+ % settle on the first station they sampled, thus incurring no sampling
cost, while the others may end up sampling both stations. For A < + — =5, if the viewer is

lucky and started with Y/, she stays there. If she started with Z, she also samples Y. Similarly,

i + 3C <A <3 + < end up at Z either immediately or after initially sampling Y. All others
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sample both stations and those with 2 + 3¢ < X\ < 1 + v + ¢ stay tuned. So

(S(v=A)+i(v—c—)) ,!f0§A<i—%
B T S T

S I Ut SR R {CE el R RI Rl SP
A To=2d+DH+Lw—c—a+d) jifs<r<dp &

v—c—(A—-3) f2+d<A<s+v+te
| —2¢ ifs+ov+e<A<1
So, we have the following:
( c H 1 3c
P, omsasia
Ty M rs)
A SR T B S
5 M+ 5 <A<3
0 < A<34 &
c 3 3c
L 3 ,Ifz+?<)\§1
c H 1 3c
[} msaTia
1Ty Myt sMsatg
RIS S AL A
T =4 8, PRI
—3 T+ <A<i+3
0 i< A<i+w
A=3)—v jifi+v<A<i+v+c
e ifs+o+e<A<l

Integrating over \, we get:

1 3 9¢\ ¢ 9
S __ 7INT _ = _ Q Z 4=
FE, {UA U | (y, 2) <O, 2)} <4 2) 2 + 5

E\ %fys'—llyTl(y,Z)==<o,%>} _
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Case (3): (y,2) = (0,1).

S: Neither station airs a tune-in. Among those who watched Y in the first period, a random
half stay with Y and infer that z = 1 after seeing y = 0. So, 0 < A < v + ¢ stay and the
others switch off. The other half initially switch to Z. All of these viewers also sample Y after
discovering that z = 1 and 0 < A < v + ¢ stay. Behavior of the viewers who watched Z in the

first period is just symmetric. So,

T(o=XN+3(v—c—A) o< A<wv+ec
U ={ 1(=c)+1(-2) fo+e<A<l—(v+c) .
sW=1+N+3(w—c—1+A) ifl-—(v+c)<A<1
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NS: Both stations air a tune-in. So, A < I + £ continue to stay with Y while  + £ < X <wv

come back to Y after initially sampling Z. Behavior of the viewers who watched Z in the first

period is just symmetric. So,

v— A FO< A< 14
v—cCc—\ ,if%+§<)\§v
U/J\VS: —c Jfo<A<l—o
v—c—(1=X) Jifl-v<Ar<d ¢
v—(1—-X) if2—c <A<l

NT: The viewing choices here are similar with the previous case.

T(o=XN+3(v—c—A)

P 1 3c
FO<S A< 3+ 5

v—c—\ ,if%+%<)\§v+c
UNT ={ —2¢ fo+e<A<l—(v+c)
v—c—(1-2X) fl—(v+e)<A<d-—%

To=14+N+3v—c—14)) [if3-E<N<1

So, we have the following:

Uy — U =

Ol O

~

O = O yO|w|n
|
e

Nl

NS NT __
Uy”—UV =

|
>

|
S

Nl

,
[\ e}

,ifl+%<)\§v
o< A<v+e
fo+e<A<l—(v+c)
ifl—(v+c)<A<l—w
,ifl—v<)\<%——
qfd -3 <N <3 ¢

Integrating over \, we get:
E\[U; = UM | (y,2) = (0,1)] =
B[O =UT | (y,2) = (0,1)] =

0).

S: Station Y does, Z does not air a tune-in. Among those who watched Y in the first period,

Case (4): (y,2) = (3

2

A > i stay with Y while the others initially switch to Z and stay there after seeing that = = 0.

Among those who watched Z in the first period, the random half that started sampling with Y
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are lucky as they infer that = = 0. So, those with % <A< % + v + c stay, the others turn
their TVs off. The other half sample both stations and those with % <A< % + v+ cend up
watching Y. So,

v — A ,ifO§A<i
US: 11}_(%_)\)1 1 1 ,!f%S)\S% .
A T(v=A+3)+3(v—c—A+1) |ifi<A<S+v+c
5 (—¢) + 3 (—20¢) Jfs+ut+e<A<1

NS: Station Y does, Z does not air a tune-in. Among those who watched Y in the first period,
A > 1 — & stay with Y while the others initially switch to Z and stay there after seeing that
z = 0. The viewers who watched Z in the first period switch to Y and those with % <A<

1
5 + v + cstay there. So,

v
UNS: v =

(3
) v—(A=1) Lifd<

NT: Same with Case (2). So,

(2(v=AN)+3(v—c—]) Jfo<a<i -
s=A)+3(v—3+N) Jifl - <l
UNT — | sw—=3+N+3(v—c—3+N) ifI+E <A< 3

AT so=A+ ) +3(v—c—A+1) ,!f%<)\§%+%
v—c—(A—13) Jf2 A< tu+te

[ —2c ,if%+v+c<)\§1

So, we have the following:
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Integrating over \, we get:

1 3 9\ c 9
E/\[UE—U?[T’(%Z):(?O)} = (Z_?)§+7
- \8 47
1 5 9\ c
E,\{U,{VS_UQ[TH%Z):(?O)] = (Z_7>§+4C2
(5,7
= (gt7)¢

Case (5): (y,2) = (3, 2).

272
S: Both stations air a tune-in. i <A< % stay with the stations they watched in the in the

first period. The others initially switch to the other station; those with A < 1 — v — ¢ and

A > 1+ v + ¢ switch off while the others stay. So,

—c ,if0§)\<%—v—c
v—(3-A) ,ifs—v—c<A<3

1 .
v 2

—c Jfs+ut+e<Aa<l

NS: Both stations air a tune-in.

i 5 <AL % + 5 stay with the stations they watched in

the in the first period. The others initially switch to the other station and stay there, except for
A<s3—v—cand X > i+ v+ c So, UY® remains the same as above.

NT: Those with ;1 — 3¢ < X < 3 4 3¢ stay with the stations they sample first. Others sample

both stations and those with 3 —v —¢ <A <1 —3¢and 3 4 3¢ < \ <1+ v + ¢ choose to

watch one of them at random. The others turn their TVs off. So,

( —2¢ ,ifO§A<%—v—c
v—c—(3-A) |ifs—v—c<A<i %
[NT _ U_(%_)‘) ’ifi_%ﬁ)\ﬁé
Yoo u=(=g) ifs<A<i+ T
v—c—(A—13) ,!f%+%<)\§%+v+c
[ —2¢ Jfs+v+e<Aa<l
So, we have the following:
c ,if0§A<i—%
Uy —UY" =0 - =¢ 0 jif; -2 < <24

c jifi+Ear<i
Integrating over \, we get:

11 11
B -0 0= (55)] = B U -0 160 = (35)]



The remaining four cases are symmetric with the first four cases, and therefore are omitted.

Finally, integrating over (v, z), we get the following:

1

N I YC
E,\[UiVS—U/{VT} = é(%—&)—c)c

These are the expressions | use for welfare comparison in Section 3.
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