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The Dynamics of Price and Advertising as Signals of Quality
Musa Ayar !
November 2007

Abstract

A monopolist introduces a new product of either low or high quality.
It advertises to make consumers aware of the product and signals product
quality using both price and advertising. When consumption does not re-
veal product quality, price is higher and advertising is lower than they would
be if product quality is observable. Price rises and advertising falls as the
fraction of aware consumers increases. When consumption reveals product
quality, price is higher and advertising is lower than they would be if prod-
uct quality is observable. Price declines as the fraction of aware consumers
increases and advertising follows an inverted U shape. We find support for
these empirical predictions from a data set on Direct-to-Consumer advertis-
ing on pharmaceutical drugs.

JEL: D82, L15, M37
Keywords: Quality, Signaling, Pricing, Advertising

1 Introduction

When a firm introduces a new product, it advertises to make consumers aware of
the product and signals product quality using both price and advertising. Over
time, as information about the product diffuses, more and more consumers become
aware of the product. This paper examines the impact of increasing product
awareness on advertising and on price. We study this issue in a static model under
two kinds of information environments. For products like fire alarms and hair loss
drugs, product quality is not easily verified since consumption is a highly imperfect
signal of product quality. In these cases, consumers who are aware of the product
remain uninformed about product quality. Hence, the value of signaling increases
as more consumers become aware of the product. For other products like anti-
histamine drugs and CD players, consumption reveals product quality. In these
cases, there are likely to be three kinds of consumers: informed consumers who are

T would like to thank Kenneth Hendricks for his input and advice, Max Stinchcombe, Randal
Watson, Thomas Wiseman, FEugenio Miravete, Mihkel Tombak, and Paul Heidhues for their
helpful comments. All errors are mine. Department of Economics, The University of Western
Ontario, Social Science Centre, Room 4086 London, Ontario CANADA N6A 5C2; Phone: 519-
661-2111; Ext: 85276; E-mail:mayar@Quwo.ca.



aware of the product and know its quality, uninformed consumers who are aware of
the product but do not know its quality, and unaware consumers who do not know
about the product. We model this situation by assuming that consumers who are
aware of the product at the beginning of the period are informed, but consumers
who learn about the product from advertising during the period are uninformed.
In this case, the value of signaling declines as more consumers become aware of
the product and are informed.

In characterizing the predictions of the signaling model, we focus on the unique
separating equilibrium that survives the Intuitive Criterion of Cho and Kreps
(1987). In most cases, this is also the unique equilibrium. Our main findings are
as follows. When product awareness does not lead to knowledge of product qual-
ity, price is higher and advertising is lower than they would be if product quality
is observable and, as the fraction of aware consumers increases, price rises and
advertising decreases. Thus, the distortion on price gets larger and the distortion
on advertising gets smaller. When awareness leads to knowledge of product qual-
ity, price is higher and advertising is lower than they would be if product quality
is observable. As the fraction of aware consumers increases, price declines and
advertising follows an inverted U shape. Thus, the distortion on both price and
advertising decreases as more consumers become aware and informed. We find
support for these empirical implications from a data set on Direct-to-Consumer
advertising on pharmaceutical drugs. After being approved by the FDA in Decem-
ber 1997, annual advertising for the hair loss prescription drug, Propecia, declined
over the period 1998 to 2002. On the other hand, annual advertising for Singulair,
an allergy prescription drug, over the same period follows an inverted U shape.

There is a voluminous theoretical literature on price and/or advertising as
signals of product quality. The seminal paper is by Nelson (1974) and an excellent
review of the literature can be found in Bagwell (2005). Cooper and Ross (1984),
Bagwell and Riordan (1991), and Linnemer (2002) study signaling models in which
all consumers are aware of the product but not all are informed about the quality
of the product. Consequently, advertising can signal but not inform. Bagwell and
Riordan show that the high quality firm will distort price upward and that the price
will decline with the fraction of informed consumers. Linnemer allows the firm to
use advertising as well as price to signal quality and characterizes conditions under
which the firm will engage in dissipative advertising. He argues that advertising
is zero during introductory and mature phases of the product cycle, but positive
during the expansion phase. Our main contribution to this strand of the literature
is to give advertising a positive role in making consumers aware of the product
and to examine how price and advertising will change as more consumer become

aware of the product.
Overgaard (1991), Zhao (2000), Orzach et al. (2002), and Bagwell and Over-



gaard (2005) study signaling models in which advertising enhances demand but
product quality is not observable. In the language of this paper, advertising makes
consumers aware of the product but they remain uninformed. These papers show
that the high quality firm will distort price upward and advertising downward
relative to the case in which product quality is observable. Our contribution to
this literature is the comparative static result that price increases and advertising
decreases with the fraction of aware consumers.

The empirical literature on advertising and product quality has failed to find
a consistent relationship. For example, Caves and Green (1996) find that the
correlation between quality and advertising varies across different markets and
products. When testing the relationship, our model suggests that control should
be made for two key variables: the age of the product and whether consumption
reveals the product quality or not. Horstmann and MacDonald (2003) study data
on advertising and price from the compact disc player market. They find that
price falls at an accelerating pace and that advertising exhibits an inverted U
shape. They were not able to reconcile these results with existing signaling models.
However, the results are consistent with the model developed in this paper under
the assumption that some of the consumers who are aware of the product are also
informed, and that the fraction of informed consumers grows over time.

This paper is organized as follows. In Section 2, we describe the basic model.
In Section 3, we study product markets in which consumers may and may not be
aware of the product but are never informed about product quality. We charac-
terize the separating equilibrium and obtain closed form solutions for advertising
and price as functions of the fraction of aware consumers. In Section 4, we study
product markets in which consumers who are aware of the product may also be
informed about product quality. We characterize the separating equilibrium and
solve for the solution numerically. In section 5, we document several advertising
patterns for prescription drugs. Section 6 provides some concluding remarks, while
the proofs are collected in the Appendix.

2 The Model

A monopolist manufactures a new product of uncertain quality. For simplicity, we
will assume that product quality is either high or low: ¢ € {H,L}, H > L. Let
po denote the ex ante probability of high quality. The monopolist knows product
quality. Production costs of the high (low) quality product are constant and equal
to cy (cr). We impose the following assumptions on product costs and quality: (i)
cy > cp and (i) cg/H < ¢ /L. Condition (i) states that high quality product is
more costly to produce and condition (ii) implies that cost per unit of quality is



lower for the high quality product i.e. efficiency condition.
There is a continuum of consumers for the new product, each with a potential
demand for one unit. A consumer’s utility for a product of quality ¢ is given by

u(q,p) = 0q —p

where p is the price of the product. Consumers are differentiated in their willing-
ness to pay which is modelled by assuming @ is uniformly distributed on [0, R|. All
consumers are willing to pay more for the higher quality good.

Some consumers are aware of the product while others are not. Let A denote
the fraction of consumers who are not aware of the product at the beginning of
a period. The monopolist can increase the fraction of consumers who are aware
of the product by advertising during a period. The probability of an unaware
consumer learning about the product from advertising is given by a/(1 + a) where
a denotes advertising expenditures. Thus, the fraction of potential consumers at

the end of a period is
a

1—X+ .
1+a

In what follows, we distinguish two kinds of product markets. In the first case,
we assume consumers who are aware of the product do not know its quality. This
situation would apply to a product whose quality is not observable and cannot
be learned, at least not until some time elapses. Examples would include hair-
loss products or fire alarms. In the second case, we assume that the fraction
of consumers who are aware of the product at the beginning of the period (i.e.,
1— ) also know its quality but that the fraction of consumers who learn about the
product during the period from advertising (i.e., )\#‘a) do not know the quality
of the product. This situation would apply to a product like an anti-histamines
drug whose quality is not observable but is quickly learned from experience. We
will refer to consumers who are aware of the product and know its quality as
informed consumers and consumers who are aware of the product and do not
know its quality as uninformed. The key difference between these two cases is in
regard to how the monopolist responds to changes in the value of A, which will
be decreasing over time. In the first case, decreases in A reduces the monopolist’s
incentive to advertise but increases its incentive to signal high quality; in the
second case, decreases in A reduces the monopolist’s incentive to advertise and to
signal quality.

Before analyzing these two cases, it will be useful to characterize the solution
to the model when product quality is observable so all consumers who are aware of
the product are informed. This benchmark case does not imply that all consumers
are aware of the existence of the product, but whoever is aware of the product
knows its quality. In this case, the monopolist who supplies product quality ¢
chooses price and advertising to maximize
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() = [1- X4 A | (R= D)= c) - a

where superscript o stands for the fact that product quality is observable. The
high quality monopolist’s (unique) profit-maximizing price is

RH+CH

Py = 9

and advertising expenditure is

VMRH—cy)—2VH = (XH’ 1]

o __ 2vH
ay = o
0 if A€ 0, \g]
where )
- ( 2v/H )
Ap=|—"—1] .
RH — Cy
Similarly, the solution for the low quality monopolist is
o RL + ¢y,
brL = 9
and A VI
AMRL—cp)—2VL . Y
. PARLC2E i )\ e (Mg, 1]
aj = o,
0 if e [0, >\L]
where

- 2V'L ’
Ar=—"—-1] .
RL—CL

For each type of monopolist, optimal prices are independent of A and advertising
levels are nondecreasing in \.

The following lemma compares the solutions of the high and low quality mo-
nopolists.

Lemma 1: (i) If A € [Ay, 1], then a$; > a9, (i) p% > ps.

The Lemma states that the high quality monopolist advertises more and charges
a higher price.



3 Case I: No Informed Consumers

In this section, we study the case where only a fraction of the consumers are aware
of the product and they are not informed. The monopolist uses advertising to
increase the fraction of potential consumers. The high quality monopolist wants
to distinguish itself from the low quality monopolist and can use both advertising
and price to do so.

Let the consumer assessment of the probability that the quality is H after ob-
serving some price and advertising pair, (p, a), be denoted by p(p,a) € [0, 1]. How
consumers make the inference requires an explanation at this point. First, as it
is widely assumed in signaling literature, an unaware consumer who receives an
advertisement observes all advertising spending®. Second, all aware consumers can
observe advertising spending and price. Similarly, in Milgrom and Robert (1986),
all consumers are aware of the product and they all observe advertising spending
and price. With these assumptions, consumers who become aware of the product
observe the firm’s total advertising spending and price; thus, they hold the same
inferences about the firm’s quality, p(p, a). The payoff of the monopolist who sup-
plies quality q and chooses (p,a) is

I,(p, a; p) = D(p,a; p)(p — ¢q) — a,

where

a p
1 +a} (R pH + (1 — p)L)'

Two observations are in line at this point. First, the higher the consumer
assessment of the probability that quality is high, the bigger is the payoff of the
monopolist. In other words, for given (p,a), an increase in p(p,a) increases the
payoff of each type of monopolist. Hence, the low quality firm has an incentive
to mimic the price and advertising selection of the high quality firm, if this fools
potential costumers. Second, when quality is observable, consumers correctly form
the belief of p(p,a) =1 (p(p,a) = 0) for any pair of (p,a) for the high quality firm
(the low quality firm). In case of an information environment where quality is
not observable, we first define our equilibrium concept and present some basic
characteristics of separating equilibria.

A Perfect Bayesian Equilibrium is a set of strategies {(pr,ar), (pu,an)} and
beliefs p(p, a), such that: (i) each strategy is optimal given the beliefs (i.e. (p,,a,)

D(p,a: p) = [1—A+A

2This assumption enables consumers to make the same inference for the product’s quality.
However, consumers do not have to observe all advertising spending. Only having a positive
correlation between the firm’s total advertising and consumer’s observed advertising would be
qualitatively sufficient.



maximizes I1,(p,a;p(p,a))), and (ii) the beliefs, derived from the equilibrium
strategies, are consistent with Bayes’ rule whenever possible. In a separating equi-
librium, each type plays a different strategy (i.e., (pr,ar) # (pwm,an)); hence,
uninformed consumers can infer quality from the strategy of the monopolist (i.e.
p(pu,ag) =1 >0 = p(pr,ar)). In a pooling equilibrium, both types play the
same strategy ( i.e, (pr,ar) = (pu,ay) ); hence, uninformed consumers can infer
nothing from the strategy of the monopolist (i.e., p(py, any) = p(pr,ar) = po)

In a separating equilibrium, the low quality firm is revealed and acts as in
observable quality benchmark case, (p},a9), and earn the corresponding profit
I (p%,a%;0) = I19. Therefore, to separate itself, the high quality firm must
choose a pair (py, ay) which the low quality firm has no incentive to mimic. Hence,
(pu,ay) is incentive compatible for the low quality firm if

Uy (pa,am; 1) <IIL(pg,a7;0) =117.

The following lemma shows that the low quality firm has an incentive to mimic
the high quality firm’s observable quality price and advertising pair, (p%,a%), if
this fools potential costumers.

Lemma 2: TI.(p%, a%; 1) > L (p9,a$;0).

Thus, if the high quality firm is to separate, it must distort its selection
(pu,ay), away from the observable quality maximizer, (p%;, a%; ).

Least-cost separating equilibrium

The only equilibrium outcome that survives Intuitive Criterion of Cho and Kreps
(1987) is so-called least-cost separating outcome. In this equilibrium, the high
quality firm chooses (py,ag) to solve the following problem:

max My(p,a;l) = _1_>\+Alia_ (R—E)(p—cH)—a
subject to
Ho(pasl) = [1=A+A——|(R—1)(p—c) —a <1
i 1+a] H

where



(}zL—z;g—cL)2 + (1—\52%%‘%) if Ae (1]

(RL—cr)’ if A e0,A]

g =

The following propositions and corollaries characterize the solution to the high
quality firm’s maximization problem.

Proposition 1. In the unique separating equilibrium that satisfies the Intuitive
Criteria, (p},a5) = (p},a%) and

((RH—"_CQL\)/\X/X—i_\/K’ [ﬁ(RH—ZL\)/—;‘/ﬁ]_\/Z) if A€ (A, 1

(D, ay) = (BHtetvas () if Ae (k]

(RH;rCL + \/(RZHL—ZZQ)(H_L) ’ O) ’Lf )\ & [O,XL]

where Ag=max{\ : aj;(A\) = 0}, and Ag > .

In the separating equilibrium, denoted by superscript s, the high quality mo-
nopolist employs advertising and /or price to separate itself depending on the frac-
tion of unaware consumers. In the first region, the fraction of unaware consumers
is high enough, (i.e., A € (Mg, 1]), that the high quality monopolist efficiently uses
both advertising and price to separate itself. In the second region, the fraction
of unaware consumers is in an intermediate range (i.e., A € (A, Ax]) so that the
monopolist uses only price to separate. In the third region, the fraction of un-
aware consumers is so low that the monopolist charges a fixed price and does not
advertise at all. In what follows, we explain the characteristics and the underlying
intuition of the separating equilibrium as the fraction of aware consumers changes.

Corollary 1. pj; is strictly decreasing in A and greater than pS;.

The high quality monopolist distorts price above monopoly price and distortion
decreases with A\. Why does the high quality firm distort price upward? The answer
can be seen by considering the mimicry incentive for the low quality firm. The low
quality firm has a lower marginal cost and would like to set a price lower than p%
when consumers believe that it is of the high quality. Hence, in order to decrease
mimicry incentive of the low quality, the distortion in price should be an increase
from p%,. When consumers who are aware of the product remain uninformed about
product quality, the value of signaling decreases with A, which in turn decreases
price distortion.

Corollary 2. (i) If A\ > Mk, then a3, is strictly increasing (i) If X > \p, then
aj < aj.



The advertising is lower than it would be if product quality is observable and
it falls as the fraction of aware consumers increases. More interestingly, the high
quality firm advertises less than the low quality firm in the least-cost separating
equilibrium. From Lemma 1, remember that when quality is observable, the high
quality firm advertises more than the low quality firm. Why does low advertising
expenditure signal product quality? When believed as the the high quality firm,
the low quality firm enjoys an increase in profit margin since it can charge a higher
price. Then the mimicry incentive of the low quality firm is to expand the market
by increasing advertising. By doing this, the low quality firm takes advantage of
high profit margin. As a result, the distortion should be a decrease in advertising
not an increase. Moreover, advertising falls as the fraction of aware consumers
increases for two reasons. First, the need for informative advertising decreases as
the fraction of aware consumers increases. Second, the marginal cost of advertising
is the same while the marginal benefit of advertising decreases as the fraction
of aware consumers increases. Therefore, price becomes a more efficient signal
compared to advertising, which in turn results in further decrease in advertising.

Finally, in the Proposition 1, consider the region where A € [0, A). Why does
the high quality firm set a constant high price and advertise at zero level? In
this region, the marginal benefit of advertising is less than its marginal cost since
the fraction of unaware consumers is so small. Hence, advertising expenditure is
dissipative and can only be used as money burning. It turns out that price is a
more efficient signal for the high quality firm compared to dissipative advertising.
The cost of money burning is the same for both types of the monopolist while
decreasing demand through price hurts the low quality monopolist more due to its
higher price margin. That is why, higher quality product does not advertise and
charges high and constant price.

Existence of the separating equilibrium

The least-cost separating equilibrium exists, when the high quality firm prefer the
equilibrium pair of advertising and price (a$;, p§;) to any other choice of advertising
and price where it is mistakenly considered as the low quality firm, that is,

g (i, ag; 1) > max g (p, a;0).
p,a

The following proposition characterizes conditions under which the separating
equilibrium exists.

Proposition 2. A separating equilibrium satisfying the Intuitive Criterion exists
if (i)(H-L) is not too small and (ii)R is not too small.



3.1 Numerical Example 1:

In this section, we propose a fully specified numerical example that give rise to
above mentioned least-cost separating equilibrium. Assume that R = 10, H =
10,cg = 5,L = 5, and ¢ = 3 with which it is easy to check that both the
efficiency condition, (cy/H < ¢ /L ), and the conditions required for the existence
are satisfied.

The following figure presents advertising expenditure pattern when (i) quality
is observable (ii) quality is not observable and aware consumers are uninformed
about product quality. When product quality is not observable, the high quality
firm advertises less than the low quality firm; which in turn implies that there
is a negative relationship between product quality and advertising. Furthermore,
advertising decreases as the fraction of unaware consumers decreases.

The Advertising Pattern of the High Quality Monopolist (aSH)

15

=
o
T

Advertising

0 0.2 0.4 0.6 0.8 1
The fraction of unaware consumers (A)

The following figure illustrates the unique least-cost separating equilibrium
price pattern for the high quality firm.

When consumption does not reveal product quality, price rises as the fraction
of unaware consumers decreases.

10



The Price Pattern of the High Quality Monopolist (pSH)
87 ‘

Price

85.5

0.2 0.4 0.6 0.8 1
The fraction of unaware consumers (A )

o

4 Case II: Informed Consumers

Consumption reveals product quality for some products like anti-histamine drugs
and CD players. For such products, there are likely to be three kinds of consumers:
informed consumers who are aware of the product and know its quality, uninformed
consumers who are aware of the product but do not know its quality, and unaware
consumers who do not know about the product. We assume that the fraction
of consumers who are aware of the product at the beginning of the period (i.e.,
1 — A) also know its quality but that the fraction of consumers who learn about
the product during the period from advertising (i.e., ﬂ—’\a) do not know the product
quality.

When product quality is observable so all consumers who are aware of the
product are informed, the profit maximizing price and advertising solutions of the
monopolist are characterized in Section 2. To sum up, when quality is observable,
the high quality monopolist advertises more and charges a higher price than the
low quality firm (i.e., a; > a$ and p% > p3).

We now consider the case where quality is not observable. In a separating
equilibrium, the low quality firm is revealed and acts as if quality is observable,
(p%,a%) , and earn the corresponding profit 119 = II;(p$,a9;0). Therefore, to
separate itself, the high quality firm must choose a pair (pg,ay) which the low
quality firm has no incentive to mimic. Hence, the price and advertising pair
(pm,ay) is incentive compatible for the low quality firm if

1j—a(R_£)(p_CL)+(1_)‘)(R_2)(p—cL)—a§H%

IT ;1) =A

11



When some consumers have knowledge of the product’s quality, the LHS of
the inequality represents the low quality firm’s mimicry profit (II(py,ag;1)).
By masquerading as high quality, the low quality monopolist could only deceive
the uninformed consumers, represented by %, but not the informed consumers,
represented by (1 — \). Moreover, since the LHS of the inequality is increasing in
A, an increase in the fraction of informed consumers decreases the mimicry profit
of the low quality monopolist.

In the separating equilibrium, the high quality firm chooses (py,ay) to solve

the following problem:

a
max Oy(p,a;1) = [1—)\4—)\1_1_@] (R—%)(p—CH)—a

subject to

Hu(pail) = (L=N(R=7)p—ecr)+A

a
1+a

(R— )b —er) —a<In

It is not possible to get a closed form solution easily, because the first order
condition with respect to price (advertising) is a nonlinear function of advertising
(price). Instead, in the following proposition, we characterize the properties of the
solution to the high quality firm’s maximization problem.

Proposition 3. In the unique separating equilibrium that satisfies the Intuitive
Criteria, (p%,a3) = (p%,a%) and

(1) if A € (A1, 1], then a$ < a%; with d(a%d—;aﬁ) > 0 and

. . dpst
Py > py with % > 0.

(i1) it X € [0,\], then  (pi7, a3) = (%, afy).

The intuition goes as follows. As the fraction of informed consumers increases,
it becomes more costly for the low quality firm to masquerade as the high quality
firm. Thus, it is optimal for the high quality firm to decrease the distortion in both
price and advertising. When the fraction of informed consumers reaches a certain
threshold, the high quality firm is able to charge its observable quality price and
advertising pair while the low quality firm does not mimic and acts as if quality is
observable.

Ezistence of the separating equilibrium
The least-cost separating equilibrium exists, when the high quality firm prefer the

12



equilibrium pair of advertising and price (a3, p3t) to any other choice of advertising
and price where it is mistakenly considered as the low quality firm, that is,
S%

Iy (p, ajy; 1) > maxIly(p, a;0).

p?a

The following proposition characterizes conditions under which the separating
equilibrium exists.

Proposition 4. A separating equilibrium satisfying the Intuitive Criterion exists
if (i)(H-L) is not too small and (i1)R is not too small.

The following section numerically solves the high quality firm’s maximization
problem and characterizes the separating equilibrium price and advertising levels,
(psy, asy) and (p3, af’) = (p%,a%), where superscript si stands for separating when
some consumers are informed.

4.1 Numerical Example 2:

We assume the same parametrization as in the numerical example of previous sec-
tion i.e., that R = 10,H = 10,cg = 5,L = 5, and ¢, = 3. When awareness
leads to knowledge of product quality, the following graph illustrates the advertis-
ing pattern of the high quality, (p3i, a3t), and the low quality firm, (p$,a$) in the
separating equilibrium.

The Advertising Pattern of the High Quality Monopolist (af_:)

15

=
o
T

Advertising

(53]
T

0 0.2 0.4 0.6 0.8 1
The fraction of unaware consumers (A)

Advertising is lower than it would be if product quality is observable. As the
fraction of informed consumers increases, advertising follows an inverted U shape.

13



The advertising of the high quality monopolist (i.e., a3) first increases, but at a
decreasing rate and then turns downward and converges to its observable quality
advertising level (i.e., a%). More importantly, as more consumers become aware
and informed, the distortion in advertising decreases. The reason is simple. As
the fraction of informed consumers increases, it becomes more costly for the low
quality monopolist to signal a high quality falsely to uninformed consumers. As
a result, the high quality monopolist can signal quality with a smaller advertising
distortion.

From an empirical perspective, the quality-advertising correlation is generally
weak in the early ages of the product, but it becomes stronger as the product
matures. The experience with the product could affect not only the magnitude,
but also the sign of the quality-advertising correlation. Tentatively, this may also
explain the finding of an ambiguous correlation between advertising and quality
in Caves and Greene (1996). Since they consider a cross-section of industries and
do not account for experience with the product, it is likely that some products are
in their early ages and the quality is signaled by modest advertising, while other
products are in mature ages and the quality is signaled by extensive advertising.
In testing the quality-advertising correlation, one has to control for the age of the
product.

When awareness leads to knowledge of product quality, the following graph
presents the price pattern in the separating equilibrium.

The Price Pattern of the High Quality Monopolist (p;i)

90

85

80

751

Price

701

65

60

551 F’S,J:FJ(:| Py

50 ‘ ‘ ‘ ‘
0 0.2 0.4 0.6 0.8 1
The fraction of unaware consumers (A)

Price is higher than it would be if product quality is observable. The intu-
ition is as follows. A low quality monopolist would lose more sales from informed
consumers by charging a high price; hence, uninformed consumers rationally infer

14



higher quality from the higher price. As the fraction of aware consumers increases,
price falls and converges to observable quality price. As more consumers become
aware and informed, distortion in price decreases because it becomes more costly
for the low quality monopolist to mimic a high quality and fool uninformed con-
sumers.

Horstmann and MacDonald (2003) analyze a data set on advertising and price
from the compact disc player market and find that advertising follows an inverted
U shape and that price falls at an accelerating pace. They were not able to explain
these results with existing signaling models while their results are consistent with
the model developed in this paper.

5 Empirical Predictions

Some stylized facts on variation in advertising expenditure patterns can be found
in a data set on Direct-to-Consumer advertising on pharmaceutical drugs. Direct
to Consumer Advertising (DTCA) expenditure, obtained from TNS Media Intelli-
gence, consists of individual brand-name drugs. TNS Media Intelligence monitors
advertising expenditures for various media such as radio, newspaper, magazine,
and TV. Their database includes all advertising expenditures for prescription drugs
that appears in these media. We have total monthly advertising expenditure from
1996 to 2002. The FDA’s Orange Book is used for each drug’s approval date. We
find some evidence that the advertising expenditure pattern differs for individ-
ual prescription drugs and seems to be affected by whether consumption reveals
product quality or not.

The FDA approved Propecia, a hair loss prescription drug 3, in December 1997.
Propecia is an example of a good for which consumption does not reveal product
quality easily. Our model predicts that advertising decreases over the entire life
cycle of the product. Figure 1 presents annual average advertising expenditures
for Propecia, which is consistent with the empirical prediction of our model.

In contrast, Singulair, an allergy relief prescription drug, was approved by the
FDA in February 1998. The average annual advertising pattern of Singulair is
illustrated in the following figure 2. Consumption of Singulair is likely to reveal
its quality. If the fraction of informed consumers grows over time, our model
predicts that the advertising takes an inverted U shape, which is consistent with
the advertising pattern of Singulair.

3From Merck’s webpage “Propecia was developed to treat mild to moderate male pattern hair
loss ...Remembering to take your pill each day is important...Most men see results 3 to 12 months
after starting Propecia...If Propecia has not worked within 12 months, further treatment is not
likely to help.”
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At this point, the demonstration of average advertising expenditure pattern
for a pool of prescription drugs would be an informative exercise. We consider
the drugs which have approval dates between 1996 and 1998 and have stayed in
the market for at least five years. In most of the cases, the approval date and the
launch dates of the products coincide while a few have only a small difference. To
calculate the age of the drug, we consider the approval date as a launch date of
the drug. There are 25 brand-name drugs in this category. Figure 3 summarizes
the average monthly advertising level of these drugs as a function of age of the
drug.

T
E

ar ical Advertising

Total

t=1 t=2 =3 t=4 t=5
Age of Drug: Number of years after approval date

Figure 3:

Significant variation in advertising spending exists among prescription drugs
and whether consumption reveals the product quality or not is a key product
characteristic in explaining the variation. When testing the time series advertising
behavior of experience goods, one should also control for this. With cross-sectional
industry data, one has to be extra careful since it is likely that above mentioned
key product characteristic may vary drastically across different industries.

17



6 Conclusion

This paper develops a model that gives advertising a positive role in making con-
sumers aware of the product and examines the impact of increasing product aware-
ness on advertising and on price. It considers two types of information environment
depending on whether product awareness does lead to knowledge of product qual-
ity or not. When product awareness does not lead to knowledge of product quality,
price is higher and advertising is lower than they would be if product quality is
observable and, as the fraction of aware consumers increases, price rises and adver-
tising decreases. When awareness leads to knowledge of product quality, price is
higher and advertising is lower than they would be if product quality is observable.
As the fraction of aware consumers increases, price declines and advertising fol-
lows an inverted U shape. We also find support for these advertising expenditure
patterns from a data set on Direct-to-Consumer advertising on pharmaceutical
drugs.

This paper also identifies two key variables in determining the quality-advertising
relationship: age of the product and whether consumption reveals the quality of
the product or not. From an empirical perspective, to test the quality-advertising
relationship, control should be made for these key variables.
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7 Appendix

Proof of Lemma 1: B B
(i) We first show that A\, > Ay

- VL

%= ( - 2VH
L= RL—CL

2 )\ _ 2
)" > A (—RH_CH)

VI(RH — c) > VH(RL — ¢1) <= HVL(R — CFH) > LVH(R - %)

In the last inequality, Hv/L > Lv/H is always the case because of the assump-

tion H > L. Also, observe that
CH Cr, Cy, CH
(R >EB-T)=T>F

From the last inequality, we conclude that A\;, > Ay because < <L is the effi-
ciency assumption in this paper.

Now, consider the part (i) of Lemma 1. If A € (Ag, 1], then

VANRH — cy) —2VH VARL —cz) —2V/L

ay > a} = ay = N > a7 = i
2V IVANRH — cy) > 2VHVARL — ¢) < VL(RH — cy) > VH(RL — ¢y)
HVL(R - %H) > IVH(R - %) (1)

We know that HvL > L\/H since H > L. Then, the inequality (??) is
satisfied if

cH Cr H L
R——)>R—- =)= —>—
(R——27) > (R~ F) .
The efficiency assumption of % > <Z leads to ay > af for all A € (Ag, 1]

(ii)
c c c RH+CH c RL+CL
pH>pH<:>pH:T>pH:T
RH—-L)4+cyg—c, >0

where H > L and cy > c¢p. Therefore, the high quality monopolist charges higher
prices compared to the low quality monopolist.
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Proof of Lemma 2:
Observe first that
e (py, 1) > M (pf, a:0) for all A € [0,1]

(o 0i1) = [+ (L= (T (=2 ()
My (o, 050) = [ + (1= N5 () )

The payoff in the equation (?7?) is bigger than the payoff in the equation (?7?)
if following inequality is satisfied

RH—CH RH—l—CH—QCL RL—CL RL—CL
4
(B (R (R (@)
It is always the case that
RH —2 RL —
( *CQH L) > () = RUH = L) + ey — 1, > 0
Moreover, it is also the case that
RH — CH RL — Cr,

CL CH
Y T A Ay )
As a result, in the inequality (?77) both elements of the right hand side are bigger
than the elements of the left hand side. Consequently, we can conclude that
. (p%,a;1) > L (p3,a;0) for all A € [0, 1]

Now recall from Lemma 1 that if A € (A\y, 1], then a$; > a$ while if A € [0, Ay,
then af, = a7 =0

Start with the region where A\ € [0, \y]. Since a4 = a$ = 0 (i.e. they are
equal), the following inequality is the result of first step in this lemma.

L (pYy, a%y; 1) > L (pg,ag;0)

Now, consider the region, A € (Ag,1]. One can show that Il (p%,a%;1) >
1, (p},a9;0) also holds with a%, > af by the following

dHL(p?LIa Q; 1)
da

This last condition means that if the low quality firm can mimic the high quality
firm, it prefers higher level of advertising to a9 (i.e. its profit is higher at a%;)

|a:aj’q> 0

dll;(p%, a; 1) o, = A (RH—CH)(RH+CH—20L)_1>O
da = VA(RH—cp)—=2VH o 2H 2
(1+ T )
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After some straightforward calculations, the inequality reduces to the following
(RH—20L+CH) > RH —cyg < cy > cp,

Thus, the observable quality price and advertising spending (p%,a$;) cannot
be a separating equilibrium. Hence, if the high quality firm is to separate, it has
to distort price and/or advertising from (p%;, a%). In other words, signaling issue
is relevant.

Proof of Proposition 1:
The Lagrangian for the maximization problem is the following;

a p
(L= V(R - 2)(p—cu) —d

T~ P+ (L= IR = 1) — eu) +d]

A=A

The first order conditions are;

ON 2p  cm 2p e,

op gt =0 ©)
oA A D A D

N o @ 11— MR- 2L —0 7
=T = s+ (= )R = )= ) +a - )

By solving (??7) and (?7?)the optimal level of advertising and price in the equilib-
rium 18
VARH —p) - VH

a= NG (8)

In order to find the equilibrium pair of py and ay , we solve equation (??) and
equation (??). The optimal advertising level, ay, is the solution of the following
equation

VHap? — [WANRH — cr) — 2VHlag — [(1 = N[VAXRH —cr) — 2VH] —VH1 - A +a3)? — (1 - N\WH] =0
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The next step is to find the available roots of this function. The roots are a},
and a3, where a}; < a%. Also, there is a corresponding price p}; and p% for each
level of advertising a}; and a? respectively.

It should be shown that (al;,pk) = (aj;,p3;) gives higher profit compared to
(a%,p%) where a}; < a% and p}, > p% and both (ak,pl) and (a%,p%) yield
the same for a mimicking low quality firm. Basically, it is required to show that
4 (ak, ph; 1) > g(a¥, p%; 1) when 1z (aky, pk;1) = [p(a%,p%;1). Then, we
show that (al;, pk) is the least-cost separating equilibrium or the one survives by
standard refinement (i.e., Cho and Kreps (1987)). Observe that

a (agy, i 1) — Ma(agy, pis 1)

= [HH(allLIap}{; 1) - HH(CL%“]D%{; 1)] - [HL(CL}{7P}{; 1) - HL(G/%[,])%{; 1)]

= [en — ci][D(ajy, pi: 1) — Dlag, pps 1)]

Since ¢y > cr, the high-quality firm gains more at (al;, pl;) if demand is lower. It
is easy to show that, however, demand at (al;,pk) is always lower than demand
at (a%,p%) since al; < a?% and p} > p%. This equilibrium can also be called

least-cost separating equilibrium. The only plausible root is;
1 _ [VA(RH—cL)-2VH|-VA

s

where A = [VA(RH —cp) —2VH]2 +4VH[(1— N [VA(RH — 1) —2VH] = VH(1 = A +a2)2 — (1 - \)AVH]
1+a3)VH

Then by using the equality p}; = RH — (T , the separating equilibrium price
is;

s RHA4-cp)VAVA
P = p}{ = ! ZL\)E

In case of A € [XL,XK), a$ is positive in the separating equilibrium with the
profit I19 = At+ag—N? (1-X) = [(RL—cp,)?4+4L]—4vVLVA(RL—cL,)
by

Vs . Then, the incentive
compatibility condition for low-quality firm is satisfied if

» . [(RL —cp)?+4L) — 4V/LVX(RL — ¢;)
(I=NR=F)p—c) =17 = (9)
H AL
The problem reduces to find price levels p3; that satisfies the equation (77).
The only plausible root of this function is

ps - 2
where A} = (RH + c1)* — 4(RHcyp, + JT/%) Now, let’s check the boundary values
of p3; at Ar and Ag. At A=\ = (}fL—\EL)z, the incentive compatibility condition
(??7) reduces to
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—cp)?
(R—B)(pu — c) = S

It reduces to

py(An) =p = Bkes 4 \/(R?HL o L2)(H-L)
Next thing to solve is that what would be the value of p3; at Ag. First, remember
that at A\x = max{\: aj(\) =0}

q, — WARH—cL)—2VH]-VA 0
H — ovH
where A = [VARH —cp) — 2VH]? — Z[VX(RL — ¢1) — 2VL] + 4(1 — NVAVHVLIVL(RH — ¢1) —
VH(RL — cr)]
By plugging A into aj; = 0, we get the following equation:

H(RL—cp)* X +4LH = 4\/ A\xVHVL|(1 =X )VL(RH — c) + Ax VH(RL — )]

(10)
Now, find the optimal price from the incentive compatibility (?7) condition of the
low quality firm

(R=%F)p—rcL) = (RE—cL) +44LL(14<;; Ax(RL=¢1) Now, lets use the equation (77)

in incentive compatibility condition. (R — £)(p —cr) = V/ XK[R%L — R%CL]

Then, py;(Ax) = BreL +\/ (RZHL— cL H=L) b e [B2- o _ R%CL]
pi = RH+cp +\/R2HL—CL2)(H—L —4y/X \/>\/>[\/>(RH—CL)—\/7(RL—CL)}
H 2 i

This last equation is equal to the p%(Ag).

In the region of A € [0, Az], we start with analyzing the case where all consumers
are aware of the product (A = 0). Consumers consist of only aware-type so that
advertising spending only has the role of dissipative signaling (money burning)
and does not directly enhance demand.

The payoft function of g-quality is

I, (p,a; p) = D(p,a; p)(p — ¢q) — a

The profit maximizing equilibrium price and advertising are p} = % and

a3 = 0 for the low-quality firm and p% = £ < and a% = 0 for the high-quality
firm and the profits are 19 = (}%TCL and H" = %.

In the separating equilibrium, the low-quality firm would play the strategy
(p9,a9) = (B4 0). The incentive compatibility condition for the low quality
firm is as follows
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My(pa;1) = (R—5)(p—cr) —a <T0g = Bl (1¢y)

(R—L£)(p—cp) — Eoel < (ICy)

Then, by using IC}, define a function a(p) as the level of advertising required
to deter imitation by a low quality firm for a given price p. Another way to think
of the advertising decision is asking the question, how much advertising should the
high-quality firm employ just to have the incentive compatibility condition of the
low-quality firm satisfied?

a(p) = maz{0, (R — &) (p — er) — FLoely

It is easy to show that I = (RL4_LCL)2 = Ilp(p;1) = Tlo(p; 1) < Hp(pg;1) <

I, (p%y; 1) < Hp(pf';1) where p < p§ < pf! < p% < p along with the values

RH+cp _ \/ (R2HL—c1?)(H—L)

4L
o _ RL+cp
L — 2
H _ RH+4cg
pPrL = 2
o _ RH+cy
Py = 2

— c R2HL—c12)(H-L
p:RH;LJF\/( e1?)(H-L)

Even under the most favorable beliefs, the low quality firm does not mimic any
price below p and above p since corresponding profit is less than its observable
quality profit. Hence, p ¢ (p,p), advertising spending is not required to ensure
separation. However, given that price is in the region of (p,p), at least an amount
a(p) of advertising has to be spent to deter the mimicry of lower quality. There-
fore, the maximization problem for the high quality firm could be written in the
following form;

_ (RH—p)(p—cp)

max Ilg(p,a;1) i —a
p,a
subject to
(i) a > a(p)
(i) p e lppl

The firm will choose the lowest possible advertising, a = a(p), to minimize the
cost; then, its profit and the maximization problem reduce to
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i (p, a;1) = (RH—p)(p—cr) _ a(p) = (RH—p)(p—cm) __ [(RH—p)(p—CL) _ (RL—CL)2]

(ca—cL)p  (cm—cL)RH + (Rl—cp)?
H H 4L

max Iy (p,a;1) =
p,a
subject to

p € [pDl

Since the payoff function of the high-quality firm increases in price, it is op-
timal to increase the price to p. Also, for the region pe(0,p) | J(P, ), the price
itself is enough to ensure separation; therefore, it is again optimal to choose 7. To
sum up, higher quality would price at p and does not advertise in the separating
equilibrium.

For A € (0, Az], the idea of the proof is similar. The low quality firm does not
mimic the high quality.

(1—>\)(R—pﬁH)(pH—cL):H"L:(l_)\)M ICy,

RHtcp | \/(RQHLchQ)(H—L)

Hence, the equilibrium price is pj; =p = L

Proof of Corollary ?77:
If A € (Ak, 1], the separating equilibrium price is

b — (RH + c))VA+ VA RH +c, VA
H 2v/\ 2 2V A

where A — M(RH—c)VL—(RL—cp)VH|[(RH—cp)VL+(RL—cp)VH—4VAVHVL]
= L
ps _ RHter N \/A[(RH—CL)\/f—(RLch)\/ﬁ][(RH;cL)\/f+(RL7cL)\/ﬁ74\&\/ﬁ\/f]
H 2 2v/\
s _ RHtep | V(BH—cp)VI—(RL—cp)VHN/ (RH—cp)VI+(RL—cp)VA-AVAVHVL
Pn="3 -+ 2vL

Let’s take the derivative of pj; with respect to A

dpy _ \/(RH—cp)VI—(RL—cL)VH . AVE _
° VL V/(RH=c, WI+(RL—c, WH—-4VAVHVL VA
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As ) increases, the high quality firm’s price p3; decreases.
Now, let’s turn to the second part of the Corollary, pj; > p%. The proof of
py > py follows immediately from the proof of a3 < a%.

as, — a® — [(RH—cL)VA—2VH]-VA  (RH—cy)VA-2VH
H H — 2\/ﬁ 2\/ﬁ

s _ 0 __ (CH—CL)\/X—\/E

g — g = 2VH

All we need is the sign of (cy — cL)\/X — V/A; hence, multiplying it with some
other positive expression is not going to affect the sign.

VA — (cir — ct)VA[VA + (e — ep)VA = A — XNew — cr)?

sign{A — XNy — c)?} = —sign{(cy — cL)V' A — VA}
We are interested in the sign of A — ey — cr)?

A—Neg —cp)? = [VXRH —cp) — 2VH]? + 4VH[(1 — M)VARH — ¢1) — VH|
—4H(1 = X+a$)? —4H(1 — M)A — Mg — cp)?

= [VARH —cy) —2VH + (cy — cr)VAN? + 4VH[(1 — N)[VARH — ¢1) — 2VH|
—VH(1 = X+a9)? — (1= NMWH] - Meyg —cp)?

= [VAXRH — cg) — 2VH)?> + 2[VAX(RH — ¢g) — 2V H|(crr — cp)VA
4VH[(1 = N[VANRH —cp) —2VH] — VH(1 — A +a$)? — (1 — \)MWH]

Let’s plug a} into the equation and multiply it by L.

A —Neg —cp)? = LIVARH — cy) — 2V H)? + 2L[VAX(RH — cy) — 2V H](cy — cp)VA +
ALVA((L -~ NVARH — c) — 2VH] ~ VH(1 ~ A+ PE=en=2VE)2 (1 \)\V/H]

> ALVH(1 = NVARH — c1,) — 2VH] — 4HVE[(1 = N[VA(RL — ¢1) — 2VI)
—AHL(1 = \)%2 —4HL(1 — M)A

= AVIVH[(1 = )VAVL(RH — c¢g) = VH(RL —c) > 0
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First inequality follows form the fact that

LIVARH — cy) — 2VH]? > HVARL — ¢1) — 2VL)?
The second inequality follows from the fact that
H o L
CH cr,

Hence A — ey —cp)? > 0 and sign{(cy —cp)vVA—vVA} < 050 that a3, < a4

s _ .0 _ (RH+cp)VMVA _ (RH+ch)
DPr Py = 27\ 3

S o \/Z*C —C \&
pH_pH: (QI;I/X L)

In fact, we have just shown that

sign{VA — (¢ — cL)VAY > 0

Hence, p3; > p%.

Proof of Corollary ?77:

(i) If A € (A, 1], the separating equilibrium advertising level is
as; = [VA(RH—cp)—2VH|-VA

2vVH
aty = VA[BE=cr) _ VIEH—ep)VE-(RL=cr)VH(RH e )VI+(RL—el)VH-4VOVHVI]) _ 4
H oVH 2VHVL
dag; _ A=05 [(BH—er) _ \/[<RH—cL>fL—(RL—CL)\/ﬁJ[(RH—cL>ﬁ+<RL—CL>\/ﬁ—4ﬁ\/ﬁﬁ1]+
ax 2 2VH 2VHVL
VA[ - [(RH—c)VI—(RL—c)VH)(RH—c )WI+(RL—c )WH—-4VAVAVL)] "° 5\ —05 /guT ]>0
2VHVL vz )
e

(ii) If A € (Ak, 1], @y — a5, can be written as follows

oo VARH —c) —2VH] - VA -2VHay A-B-VA
S o/ WH
where A = VA(RH — ¢;) — 2/ H and B = 2V Ha3.

Now, the task is to write down A in terms of A and B.

A= [VAXRH —c1) —2VH?> + 4VH[(1 = N)[VAX(RH —¢) —2VH] = VH(1 = A+ a$)? — (1 — )AVH]

A =[VARH —cr) —2VH]? + 4VH[(1 = N)VA(RH — c) — 4H[(a3)? + 2(1 — N)a$ +2(1 — V)]

We also know that ag = W & A= (RL—cp)—2VL
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A= A%+ 4VH(1 = N[A+2VH] — 4H[(a3)? +2(1 — Nar] + 8H(1 — \)]

= A2 4+ 4VH(1 — N)A—4H[(a3)? + 2(1 — N)ay]

[A+2VH(1 = N2 —4H(1 = \)?2 —4H[ag + (1 — \)]2 +4H (1 — \)?
[A+2VH(1 - N)]?—[2VHar +2VH(1 — \)]?

[A+2VH(1 =N = [B4+2VH(1 - \)]? = (A— B)[A+ B+4VH(1 - \)]

A=(A-B)A+B+4VH(1 - ))]

Now, let’s go back to our original problem and substitute for A

as, — a® = A-B—VA

H L 2vH
s o A—B—+/(A—B)[A+B+4VH(1-)\)] _ \/AfB[\/Afo A+B+4vH(17A)] 0
g — a4 = 2vH - 2vVH <

Proof of Proposition 77

Let’s first calculate the high quality firm’s profit in the separating equilibrium
3 s s RH+cp)VAVA  [(RH—cp)VI—2VH|-VA
If/\E(ALal]vthen (pHvaH>:(( +2L\)A = 7[( L)2\/ﬁ ] ) and

o (nS as- 1) — [(RH—cL)VA—VA—2HN[(RH+cr, —2c)VA+VA]—2VHN(RH —c1,)vVA—VA—2/H]
H(pHaaHv )— 4HX
where A — A[(RH—CL)\/Z—(RL—CL)\/H][(RHZCL)\/Z+(RL—CL)\/H—4\/X\/H\/Z]

And the H-quality firm’s profit is in case of deviation from the separating equi-

librium

(RL—cpy)?—4vVIVA(RL—cy)+4L
4T,

maXp,a l_IH (pv a; 0) =

The separating equilibrium exists if the H-quality prefers the separating equi-
librium pair to any other pair where consumer mistakenly believes that it is of a
low quality firm.

Iy (py,aj; 1) > max Iy (p, a;0)
p7a

I (psy, afy; 1) — max Iy (p, a; 0) > 0
p7u‘

[(RH—cp)VA—VA—2VHN[(RH+c,—2cy)VA+VA]—2VHA(RH —c)VA—VA—2VH]
4HX
_ (RL—cy)?*~4VLVX(RL—cy)+4L ~0

iL
After some algebra, the inequality reduces to the following;
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(e —cL)A2L(YA + e +2VHVN) —H(ch +c+4vVIVN)]
I (pjy, ay; 1) — max I (p, a3 0) = AT R ST >0

The increasing marginal cost assumption (i.e., cy > cp) is necessary for the exis-
tence. The following part of the last inequality determines the conditions under
which the separating equilibrium exists.

2L(Y3 + Aep + 2VHV) — H(en + ¢ + 4VIVA)] > 0
<~
2LYR > H(cy + e+ 4VIVX) = 2L(Ac, + 2VHVN)
Let’s take the square of both sides

2128 > [H(cy + e + WWIVA) — 2L(Aer, + 2VHVA))?

Now substitute A = AUELH—cL?)(H-L)—4 ’\LLH(R‘ LH-cL)VH-VD) i1 the equa-

tion;
AL(R2LH —c1,2)(H — L) > [H(cy + cp +4VLVX) — 2L(Acp, + 2vVHVN)]? + 16 LVALH(RVLH — ¢ ) (VH — /L)

This inequality is satisfied if (i) (H-L) is not too small and (2) R is not
too small.

Let’s now calculate the high quality firm’s profit at the proposed separating
equilibrium (p3;, a3;) = (p,0) when A € [0, Af]

My (py, i 1) = (P, 051) = (1= (R = 2)(p — cz)

(RL — CL>2 (RH - ]_9)(CH - CL)
=1 =N i )
The following is the high quality firm’s profit when it deviates from the separating
equilibrium. Realize that the high quality firm would not advertise in case of
deviation because A € [0, \z] i.e., even the low quality firm with lower marginal
cost does not advertise.

max;, Ty (p, 0; 0) = max, (1 — \)(R — 2)(p — cr) = (1 — \) Elel®

The separating equilibrium exists if the the following condition is satisfied;

T (ply, afp; 1) = (1 — A)(Bhenl - BEDen—er)y o o Ty (p, 0;0) = (1 — A) el

(car—cp)[H(2RL—cp,—cy)—4L(RH—p)]
H—CL 4LLH H Pl <
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In what follows, we show that the following equation is satisfied if (i) (H-L) is not
too small and (2) R is not too small.

sign{ H(2RL — ¢, — cy) —4L(RH —Dp)} > 0
Let’s substitute p = % + \/(RQHL_Zf)(H_L) into the last equation.

sign{—Hecy — Hep, + 2Ley, + 2V L\/(R2HL — 2)(H — L)}

sign{2vV/L\/(R2HL — ¢2)(H — L) — [H(cy + c1) — 2Lcy]}

Let’s multiply the last equation with the following positive equation

2V L\/(R2HL — &)(H — L) + [H(cy + 1) — 2Lcy]

Then the inequality turns out to be;
sign{4L(R*HL — ¢2)(H — L) — [H(cg + c1) — 2Lcr)?}

After some algebra, this equality reduces to the following;
sign{[2RVHL/H — L)? — [H(cyg + c1)]*}
sign{2RVHLVH — L — H(cy + c1)|[2RVHLVH — L+ H(cy +cr)]}

Finally, the separating equilibrium(p3;, a3;) = (p,0) exists if

sign{2RVHLH — L — H(cyg +¢)} > 0

This inequality holds if (i)(H-L) is not too small (ii) R is not too small.

Finally, if A\ € [Az, Ag], then (p3,a3) = (%,0) and Iy (p3,a) =
(1 —=XN(R - %)(pfq — cg). In case of deviation, we have specified the off-the-
equilibrium path beliefs such that consumers believe it is of low quality. In what
follows, we describe the deviation profit of high quality
M (p,a;0) = (1 =A) + AL (R=2)(p—cn) —a

ey VARL—cg)—2V'L
(P, afy) = (Rlgen PUL—en) VL)
L

With A € [Ap, Ag], there are two separate cases: (i)aj; = 0 < ak < a9 and
(ii)aky = a$; =0 < a9
Case(i): The H-quality firm’s deviation advertising is positive, i.e. aj =

0 <
al, = MLZ;W < a$. Hence, the following inequality Iy (p3,af;1) >
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g (ph, aly; 0) where

_ Pu

Wa(pir, azr; 1) = (1= A)( F)(Pfq —cn)
RH +cp + A1, RH + ¢, + VA
=1 -MN(R- ¥ =)( = - —cn)
2H 2
HH(pﬁ, aqu; O) _ (RL—cH)2—4\/i\:/X(RL—cH)+4L

After some algebra, the inequality reduces to

(CH — CL)[ZRL —C, — CH — 4\/3\/X — (1 — )\)(RH — C, — \/A_l)] Z 0
Case(ii): By using the previous case where A € [0,\;], it is easy to show that
p > p3; > p. The following is the incentive compatibility condition for H-quality
firm

(v, aiy) = (1= V) (R~ 22) (3, — )

> (1= N(R=-L)5—cn)

H
RL —cy)?
> (v afy0) = (1 - )Ttk

However, this is the same inequality with the case where \ € [O,XL]; hence, the
separating equilibrium exists if (i)(H-L) is not too small (ii) R is not too small.

No pooling equilibrium:

The proof is similar to Bagwell (2005). Before destabilization of pooling equilibria,
we first introduce the method by Bagwell and Ramey (1988). Let’s define the
demand of any firm when the initial prior of being high-quality is pg

D(p, a; po) = A5 (R — sqmfior) + (1= MR — Somfior)

Let’s define the following heuristic payoff function

(p,a;c,p) = (p — ¢)D(p,a;p) — a

where p represents the probability that the firm is of high quality. In fact, there
are only two marginal cost levels: ¢y and cy while ﬂ(p,a;c) is heuristic payoff
function with marginal costs ¢ and demand D(p, a;1). Let’s assume that for any
given ¢, there exists a unique p(c) and a(c) that maximizes the payoff function
which is concave in both p and a.

v(c) = (p(c), a(c)) =argmax f[(p, a;c, 1)

p7a
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As a special case, v(cy) = (p%(cu), a%(cy)) where p3, and a9, are observable qual-
ity price and advertising spending of a high-quality firm respectively. Furthermore,
let’s assume that, there exists ¢ > ¢z, and ¢, > ¢ with the boundary condition that
max{IL, (7(2); 1), Iy (7(0); 1)} < 13 = I(3(c1))

In a candidate pure strategy pooling equilibrium such as (p,a), let’s assume
that both type of firms play this strategy with probability one and all exposed
consumers believe that the firm is indeed a high-quality with probability py. In
our case, under the condition that c¢; < ¢y and the low-quality firm is indifferent,
demand reducing changes shall make the high-quality better off as we have shown
before. With ¢;, < ¢y and the boundary conditions , there exists ¢ > ¢y, that gives
the following Indifference equality

(P — cL)D(B, a; po) — a — (p(¢) — cr)D(p(¢),a(¢); 1) +a(¢) =0

Here, there might be a ¢ < ¢, that satisfies the last equality but we prefer ¢ since
it induces a profitable deviation by decreasing the demand for the high-quality
firm while ¢ does the opposite. In order to destabilize the candidate pooling
equilibrium all we need is another pair of price and advertising in which high-
quality firm becomes better off while low-quality firm is indifferent(Cho and Kreps
(1987) refinement).

We also have the following inequality by construction

(p(¢) =) D(p(¢), a(é);1) — a(é) — (p — &) D(p, a; po) + @ > 0

By adding up last two equation, We drive the following inequality
(¢ = cr)[D(p, a; po) — D(p(¢), a(c); 1)] >0

Hence, it is a fact that D(p, a; po) > D(p(¢),a(¢é); 1) since ¢ > ¢y,

The next step is to show that this pair of strategies (p(¢),a(¢)) makes the
high-quality firm better off compared to pooling strategy (p,a). The sign of the
following equation determines whether deviation would be profitable for the high-
quality firm;

(B — cu)D(p, a; po) — a — (p(¢) — ) D(p(¢), a(é); 1) + a(¢)
Now, subtract the indifference equation to get
(cL = cu)[D(P, G; po) — D(p(¢), a(c); 1)] <0

Therefore, the high-quality firm has incentive to deviate from the candidate
pooling equilibrium pair (p, a) to the pair (p(¢), a(¢)) and also consumers correctly
believes that this deviation is an act of high quality firm with Cho and Kreps
(1987). So, no pooling equilibria can survive under Cho and Kreps refinement.
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Proof of Proposition 77
The incentive compatibility condition of the low quality firm (/Cp)is

Tra (B =)+ (1= X)(R = D)p—cx) —a < T,

If the IC}, is satisfied for the pair (p%,a%), the high quality firm prefers setting
(p%,a%) to maximize its payoff for any value A € [0,1]. We characterize the
properties of the (p3, as) in three steps.

In the first step, we argue that at A = 1, aforementioned maximization problem
of the high quality firm perfectly coincides with the maximization problem in
Section 3. When all consumers are unaware of the product (i.e., A = 1), the
fraction of aware consumers is zero so that whether aware consumers have the
knowledge of product quality does not matter. Therefore, we conclude that the
solutions at A = 1 have following properties: a3; < a$ < a% and p3i > p% > pS.

In the second step, we show that 119 (i.e., the RHS of IC}, ) is decreasing in A
and I1.(pY, a%; 1) (i.e., the LHS of IC}) is increasing in A. The optimal observable
quality profit for the low quality firm is

HL(p> a; 1) =A

RL—2vVL—cp)? 1—vVA)(RL—c . ~
o ( v L) 4 3(@ L i Ne (A2, 1]
9 =

(RL—cr)’ it \el0,A]

It is easy to show that if A € (A1, 1], then

dl1g 1. _1RL—¢y
- Y = - - O
o 2T o
and d’I1e 1 RL
PN R ()
D 4 N
Thus, II9 is decreasing and convex in A. Similarly,
RH + cy — 2¢
ML (0, ai 1) = (MRH — er) = 2VAWH) (=)
+(1 = A (R(2L — H) — cp) (FHEg=2er)
dlly (p%, a%; 1) 1 RH + ¢y — 2¢ RH + ¢y — 2¢
- = ((RH —cn) = A VH)( 4; =) = (RQ2L — H) — cx)( 45 “)

After some simplification, this equality reduces to the following

dHL(p‘I’{,a‘}{;l) _ <H—L)(HR+CH
d\ L VH
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At A =1, % > (. Moreover, the % takes the value of zero at

It is also easy to show that
A’ (pYy, agy; 1)
d\?

Hence, if A € (\*, 1], I (p%, a%; 1) is increasing and convex in A\. To be able

to argue that Il (pg, ag; 1) decreasing in whole region of A € [Ag, 1], we need to
show that the value \* is less than \g.

= gy > = [(i)(lRH“H)]

<
i [z
RH—CH (H—L)(RH+CH)

2(%)(HR+ en) > (RH — i)

>0

Thus, A\* is always smaller than \g.

In the third step, we argue that (i) at A = 1, I19 (i.e., the RHS of ICy, ) is
less than I (p%,a%; 1) (ie., the LHS of ICL) (ii) at A = Ay, 119 is bigger than
I (p%y,a%;1). At A = 1, the maximization problem in section 3 coincides with the
one we are analyzing here. From Lemma 2, it is the case that II(p%, a%;1) > 119
at A = 1. To show part (ii), remember that if A < Ay, then a% = a$ = 0. By
definition of p$, the following inequality is always satisfied at A = Ay

(05, 0:1) = (1L AR~ 2y — e0) < 113 = (1= N (B~ Py — cy)

Now, by combining step two and three, we can conclude that there exists a
unique A; such that

r(pgy, ag; 1) <Tg if A€ [0,X;)
Oy (pYy,aS; 1) =109 if A= );
I (p%y, a%; 1) > 119 if A€ (A, 1]
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Thus, the high quality firm has to distort price and advertising from (p%,a$;) if
A € (A1, 1]. For all other values of ), it sets its optimal observable price and
advertising (p%, a$;) and there is no distortion.

Now, from second step, we know that I19 — II.(p%,a%; 1) is maximized at
A = 1 and decreases as A\ decreases. Basically, the distortion in both price and
advertising is highest when there is no informed consumer. Over time, as the frac-
tion of informed consumers increases, the distortion in both price and advertising
decreases.
Proof of Proposition 77
The nice property of the solution pair (ps, asr) is that the distortion decreases as
A decreases. In other words, if one can find the conditions under which

HH(pﬁ,aﬁ; 1) > maxIlg(p, a;0)
p,a

at A = 1. Then, as the fraction of informed consumers increases, distortion de-
creases and Ty (p§, asr; 1) increases. As a result, the existence is satisfied for all
other values of A under the same conditions. However, the conditions under which
this inequality is satisfied at A = 1 is already characterized in Section 3. The
separating equilibrium (p$, ay) exists if (i) (H-L) is not too small (ii) R is not too
small.
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