
 

 

PONTIFICIA  UNIVERSIDAD  CATOLICA  DE  CHILE  
I N S T I T U T O   D E   E C O N O M I A  
DOCTORADO   EN   ECONOMIA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TESIS DE GRADO 

DOCTORADO EN ECONOMIA 

 

Guadalupi, Carla 
 

Junio, 2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

PONTIFICIA  UNIVERSIDAD  CATOLICA  DE  CHILE  
I N S T I T U T O   D E   E C O N O M I A  
DOCTORADO   EN   ECONOMIA  

 

 

 

 

 
 

 

 

Prices as Signals of Quality: Experimentation and Information 

Acquisition 
 

 

 

 

 

 

Carla Guadalupi 

 

 

 

 

 

Comisión  

 

Nicolás Figueroa, Juan Pablo Montero, Joaquín Poblete y Carlos Ponce 

 

 

 

 

 

 

 

Santiago, Junio de 2015 

 

 

 

 

 

 

 

 



 

 

PONTIFICIA  UNIVERSIDAD  CATOLICA  DE  CHILE  
I N S T I T U T O   D E   E C O N O M I A  
DOCTORADO   EN   ECONOMIA  

 

 

 

 

 

 

 

 

 

 

 

 

Prices as Signals of Quality: Experimentation and 

Information Acquisition 

 

 

 

 

 

 

 

 
 

 

 
ACKNOWLEDGEMENTS: I would like to express special thanks and appreciation to my advisor Nicolás Figueroa, who 

has been a tremendous mentor, both through encouraging my research and for allowing me to grow as a research scientist. 

I would also like to thank the committee members, professor Joaquín Poblete, professor Juan Pablo Montero, professor 

Carlos Ponce and professor Gonzalo Cisternas for their time and effort. In large part due to their contributions, my defense 

was an enjoyable moment, and thanks to their brilliant comments and suggestions, I am happy with the resulting work. 

Special thanks are given to Conicyt for the financial support. A special thanks to my family and friends who supported 

and encouraged me to strive towards completing my goal. Finally, I would like to express appreciation to my husband 

Paul Wander for his unconditional support. 



 

 

 

α

α

α

 

 

 

 

 

 

 

 

 



Strategic Experimentation and Price Signaling: Low

Prices Signal High Quality

Carla Guadalupi

Abstract

This paper examines the optimal pricing strategy for newly introduced experience goods

in a two-period monopoly market with experimentation and private information about quality.

Consumers learn about quality through price signaling and experimentation, and communicate

their �ndings to other buyers via word of mouth. We show the existence of a unique separating

equilibrium that satis�es the intuitive criterion. In this equilibrium, a high-quality seller signals

high quality through a low introductory price that rises in the next period (after experimentation

has occurred), while a low-quality one charges a high introductory price, which declines over time

because the revealed information is likely to be bad. This result helps explain recent empirical

evidence and case studies on the introductory pricing strategies of �rms entering foreign product

markets.
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1 Introduction

Extensive literature deals with the optimal pricing strategy for new products of initially

uncertain quality (Dean 1969; Krishnan, Bass and Jain 1999; Noble and Gruca 1999). On

the one hand, high introductory prices may signal high quality, according to the folk wisdom

"you get what you pay for", while low-quality products are always cheaper (Bagwell and

Riordan 1991). The logic behind this adage takes many forms, but high prices generally

signal high quality because increased production costs are seen to imply both higher prices

and higher quality. On the other hand, the experimentation literature suggests that since

every purchase yields additional (valuable) information about quality, �rms prefer consumers

to have more quality information rather than less, so that they often penetrate the market

with a low introductory price to encourage use and build reputation (Schlee 2001). A good-

quality product bene�ts from consumer experimentation, while a low-quality product will

likely see fewer repeat customers.

In the case of newly introduced experience goods, a �rm often has a precise idea of the quality

of the product it provides (its "type"), but consumers are unable to observe quality prior

to purchase. Consider for example, the market for premium wines, in which the producer

knows considerably more about growing-season climate, the production process, and the

�nal characteristics of a bottle of wine than consumers. Given this imbalance, consumers

can draw inference from the price (signaling), but they can also learn about quality through

repeat purchases and word of mouth (Arndt 1967; Chen and Xie 2008; Zhu and Zhang

2010) (experimentation). These mechanisms do not necessarily operate in isolation and

their interaction can lead to new implications for the introductory pricing strategy. For the

wine industry, some authors �nd that high prices re�ect high quality (Rosen 1974; Landon

and Smith 1998; Storchman and Schnabel 2010), while others show that the wine price-

quality relationship is hard to predict, especially for lesser-known wines (Oczkowoski 2001;

Lecocq and Visser 2006; Miller et al. 2007). In the case of newly introduced premium

wines, reputation and country of origin are found to have a higher impact on price than

true quality (Roberts and Reagan 2007; Berríos and Saens 2012; Rodriguez and Felzensztein
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2013), and this "country brand trap" may explain the aggressive entry strategy of wines

from the New World (Australia, New Zealand, Argentina, Chile, South Africa, Canada and

Israel) into international wine markets, such as the US and the UK. Macchiavello (2010)

found empirical evidence for low introductory prices, that increase over time, for premium

Chilean wines entering the UK market. The empirical and anecdotal evidence suggests that

in many cases �rms encourage experimentation using penetration prices rather than relying

on high prices as a signal of quality.

We approach this issue by setting up a dynamic monopoly model with experimentation and

asymmetric information regarding quality, in which a long-lived monopolist faces a sequence

of short-lived consumers. The monopolist can be good or bad, and is aware of its type (here

the probability of producing high quality). Consumers are initially uninformed about the

�rm's type, but they have two learning mechanisms: price signaling and/or experimentation.

The monopolist's pricing strategy provides a signal from which buyers can infer its type, even

as the quantity sold determines the di�usion of information regarding product quality. More

sales lead to higher product exposure in the subsequent period, which ampli�es the good (or

bad) news generated by the product, so that prices become an instrument through which

the �rm may encourage or discourage experimentation. We look for separating and pooling

(pure-strategy) equilibria and apply the intuitive criterion re�nement (Cho and Kreps 1987)

to eliminate implausible o�-equilibrium path beliefs. First we characterize the separating

and pooling equilibrium when both types have zero marginal cost and consumers only learn

through experimentation. We then study how this equilibrium changes when price signaling

operates as an additional intertemporal information di�usion mechanism, i.e. when con-

sumers learn through both signaling and experimentation. Finally we consider the case in

which high quality is more costly to produce.

For the �rst scenario, we show the existence of a unique (�rst-period) separating equilibrium

in which low prices signal high quality. The good monopolist signals high quality through a

low introductory price, which rises in the next period, after experimentation has occurred,

while a low-quality one charges a high introductory price, which declines over time because
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the revealed information is likely to be bad. We show that when experimentation and

signaling interact the (low price) experimentation result dominates. Moreover, the e�ect of

signaling may switch directions as low prices act as a signaling tool for high quality. The

intuition is that low prices are costly, and will only be used by �rms con�dent enough that

increased experimentation will yield good news and therefore increased future demand. We

also characterize the set of pooling equilibria and show that no pooling equilibrium satis�es

the intuitive criterion. Our second result is that the (low) separating price charged by the

good monopolist in equilibrium decreases as the impact of signaling on consumers' beliefs

increases: a good �rm must work harder to discourage the bad one from mimicking its

behavior if consumers pay less attention to experimentation. The separating equilibrium

disappears altogether if the weight given to signaling is su�ciently high. Finally, we obtain

a new separating equilibrium in which the good monopolist signals high quality through high

prices, when allowing for correlation between quality and cost.

We contribute to the existing literature by developing a dynamic monopoly model with

experimentation and asymmetric information about quality. Most strategic experimentation

models consider a setting of incomplete but symmetric information, in which the �rm has the

same (lack of) information as the buyers. We extend this branch of the literature by assuming

that consumers are alone in facing uncertainty regarding product quality. Moreover, only

few signaling models allow for experimentation to be used as a learning mechanism, and

most assume correlation between cost and quality. Finally, very little has been said about

the optimal introductory price when both experimentation and signaling interact. We �nd

that low prices signal high quality, which low-quality �rms cannot mimic because of learning

e�ects. The price charged by the high-quality �rm in equilibrium is even lower than in the

absence of asymmetric information, as in the experimentation literature. Our results help

explain the �ndings of several empirical and case studies. In fact, it is consistent with the

initially low introductory prices that rise over time observed for New World premium wines

entering the USA and UK markets (Macchiavello 2010), and for high-quality antidepressant

drugs in the US market (Chen and Rizzo 2012).
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Related Literature. Generally, the logic behind the concepts of strategic experimentation

and signaling suggest di�erent optimal pricing strategies for new experience goods. A low

introductory price may dominate in an environment de�ned by experimentation, where the

pricing strategy and subsequent purchase decisions help both the �rm and the consumers

observe quality. In a duopoly with price competition, the equilibrium price is lower than

the myopic price, and the amount of experimentation in equilibrium is e�cient because

experimentation costs are equally distributed between buyers and sellers (Bergemann and

Valimaki, 1996). In a similar model, in which an established �rm and a new entrant compete

in prices, the equilibrium price is associated with excessive early sales by the new �rm, that

decrease over time as buyers and sellers become informed about the quality of the new

product (Bergemann and Valimaki, 1997). The same result is obtained in the monopoly

case (Schlee, 2001). If the monopolist has private information, the decision to trade or not

becomes strategic and buyers learn by observing ex-post outcomes and the monopolist´s

decision to trade or not. In equilibrium, good �rms never stop selling, while bad �rms still

sell with positive probability (Bar-Isaac, 2003).

The signaling literature, however, suggests that a high introductory price may lead consumers

to infer that the product is of high quality. In general, this result is due to cost e�ects.

Signaling through high prices generates lower sales, which are less damaging to a higher-

cost producer. In a dynamic monopoly model, in which both the introductory price and

advertising may be used to signal quality, advertising as �money-burning� indicates that

the product is of high-quality. Price signaling can also occur, but the extent to which each

instrument is used depends on the di�erence in costs across qualities (Milgrom-Roberts,

1986). For example, in a static market for durable goods, in which quality is correlated with

costs, high prices signal high quality (Bagwell and Riordan, 1991). Moreover, as consumers

gain knowledge about product quality, prices decline over time. The result is con�rmed when

advertising is allowed: the monopolist e�ciently signals high quality via high prices and

dissipative advertising (Linnemer, 2002). Finally, even if quality and costs are uncorrelated,

high prices signal high quality when the buyers and the seller possess some amount of private

information (Judd and Riordan, 1994).
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2 The model

We consider a two-period model, in which a �rm produces a new experience good of un-

observable quality to consumers. The quality of the product may be either high or low,

q ∈ {H,L}, and depends on �rm type θ, which is private information and can be either

good or bad, θ ∈ {g, b}. A type-θ �rm produces high quality with probability θ and low

quality with probability (1− θ), with 0 < b < g < 1. The production technology is common

knowledge and both types have zero marginal cost1. We relax this assumption in section 3.4,

allowing a correlation between costs and quality. The �rm's decision variable is the price

charged in each period and we assume no discounting.

Each period a continuum of consumers of mass 1, with unit demand, enters the market2.

Consumers have common reservation values for the low-quality product xi (L) = 0, for every

i. Moreover, they have heterogeneous reservation values for the high-quality product, which

are uniformly3 distributed on the unit interval, xi (H) ∼ U [0, 1]. Therefore, given a belief µ

about �rm type, consumer i will buy the product if xi (H) [µg + (1− µ) b] − P ≥ 0, which

leads to the aggregate demand:

Q (P, µ) = 1− P

µg + (1− µ) b
.

Consumers have two possible learning mechanisms: they can interpret the price as a signal

of quality (price signaling) and experiment in order to ascertain quality (experimentation)4.

At the beginning of period 1 consumers believe the �rm is good with probability µ0 and this

prior belief is common knowledge. After observing �rst-period prices P1, they update beliefs

1Product quality is treated as exogenous and is unrelated to marginal costs. The quality of wine produced by a
given vineyard in a given year, for example, depends on the length of growing season, rainfall, humidity and many
other climate-related factors determined before the �rm chooses how to introduce the product. Similarly, we can
think of quality as determined by R&D prior to production and sale.

2Assuming short-lived consumers is standard in the literature (see Bergemann and Valimaki (2000), and Bagwell
and Riordan (1991)). This assumptions is also made for convenience as having long-lived buyers would require a
value function for consumers too, complicating the analysis.

3The uniform distribution is convenient because it generates a linear demand for a high-quality product.
4 The sales level, itself a function of consumers' purchase decisions and monopolist's pricing strategy, determines

the di�usion of product quality information.
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to µ1 = Pr (θ = g | P1) and make their purchase decisions5. Note that pooling prices do not

provide any information and the posterior belief will be the same as the prior (µ1 = µ0),

whereas separating prices induce the belief µ1 = 1 if P1 = P g
1 and µ1 = 0 if P1 = P b

1 , where

P g
1 and P b

1 denote the separating equilibrium prices charged by the good and the bad �rm,

respectively.

At the beginning of period 2, new consumers arrive with beliefs µ2,q. In order to capture

signaling and experimentation e�ects on consumers belief formation, we think of µ2,q as a

weighted average of µ1, the belief derived from (indirect) observation of �rst-period prices,

and the belief derived from (indirect) experience6 with the product:

µ2,q = αµ1 + (1− α) [µqQ1 + µ0 (1−Q1)] , (1)

where Q1 is the quantity sold in the �rst period, which in�uences the speed of information

di�usion, q ∈ {H,L}, and µq is the Bayesian update after observing the realized quality:

µH = Pr (θ = g | q = qH) =
µ0g

µ0g + (1− µ0) b

µL = Pr (θ = g | q = qL) =
µ0 (1− g)

µ0 (1− g) + (1− µ0) (1− b)
.

This construction of µ2,q corresponds to the following intuition: second-period buyers re-

ceive two di�erent signals, both noisy, about quality. Previous period prices and previous

users observed quality are weighed when forming beliefs. An alternative interpretation for

µ2,q is that second-period consumers interact with previous users with probability α, and

communicate about price. Nevertheless, with probability (1− α) they do not interact with

them, and consumer reports or expert recommendations are the only information source

available. Generally, when α = 0 we think of second-period consumers as learning only

through experimentation, while with α = 1 we assume that they only learn through prices.

The beliefs equation 1 represents a reduced form and a formal argument for it can be found

5It is worth noting that period 1 consumers only learn through prices, given that, for an experience good, product
characteristics and quality can be ascertained only upon consumption.

6We say that experimentation and signaling are indirect because they only occur through any sort of communica-
tion between di�erent period consumers. It is not the case that second-period consumers directly observe prices nor
experience the good by buying it. Therefore, online reviews, consumer reports and word of mouth are an important
example of information source for newly arrived consumers.
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in the appendix.

Given this belief structure, the expected pro�ts of a type-θ �rm, setting an introductory

price P1 and believed to be good with probability µ1, are given by:

Πθ (P1, µ1) = P1Q
θ
1 + θπ2 (µ2,H) + (1− θ)π2 (µ2,L)

where π2 (µ) denote second-period pro�ts (given beliefs µ), expressed as:

π2 (µ) = max
P

P

[
1− P

µg + (1− µ) b

]
=

1

4
[µg + (1− µ) b] .

The timing of the game is as follows: Nature determines �rm's type θ ∈ {g, b} at the

outset. At the beginning of period 1 the �rm sets the introductory price P1; consumers,

after observing P1, update beliefs to µ1 and make their purchase decisions. Quality is then

realized. At the beginning of period 2, new consumers start the stage game with beliefs

µ2,q and the �rm sets P2 as a function of the updated beliefs. Buyers make their purchase

decisions and second-period pro�ts are realized.

3 Equilibrium

We now look for separating and pooling (pure-strategy) equilibria and apply the intuitive

criterion re�nement (Cho and Kreps, 1987) to eliminate implausible o�-equilibrium path

beliefs. First we consider that both types have zero marginal costs and second-period beliefs

only depend on experimentation, i.e. α = 0. We then analyze the case with α > 0, exploring

the e�ect of price signaling as an intertemporal information di�usion mechanism. Finally we

consider the case in which high quality is more costly to produce.

3.1 Separating Equilibrium with α = 0

We analyze conditions for the existence of a separating equilibrium with α = 07. The beliefs

7 With α = 0 second-period consumers cannot observe previous period prices and only learn through experimen-

tation. In this case P1 in�uences second-period beliefs only through quantity, but not through the informational

content of the separating strategy.
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equation 1 reduces to:

µ2,q = µqQ1 + µ0 (1−Q1) .

We solve the game by backward induction. In t = 2 there is no reason for �rms to di�erentiate

themselves8 and the second-period pooling price is given by P ∗2 (µ2,q) = [µ2,qg+(1−µ2,q)b]
2

with

pro�ts π2 (µ2,q) = 1
4

[µ2,qg + (1− µ2,q) b] .

A separating equilibrium in t = 1 is a sequential equilibrium at which consumers can dis-

tinguish good and bad �rms by the di�erent pricing choices they made. Separating prices

induce beliefs µ1 = 1 if P1 = P g
1 and µ1 = 0 if P1 = P b

1 . Moreover, o�-equilibrium prices

P1 6=
{
P g

1 , P
b
1

}
are assumed to induce pessimistic beliefs µ1 = 0. Firms' expected pro�ts are:

Πg (P g
1 , 1) = P g

1Q
g
1 + g [π2 (µ2,H)] + (1− g) [π2 (µ2,L)]

Πb
(
P b

1 , 0
)

= P b
1Q

b
1 + b [π2 (µ2,H)] + (1− b) [π2 (µ2,L)]

where Qg
1 = 1 − P g1

g
and Qb

1 = 1 − P b1
b
. Moreover π2 (µ2,H) and π2 (µ2,L) depend on P g

1 and

P b
1 through the quantity sold in the �rst period.

De�nition 3.1. (Separating Equilibrium) A separating equilibrium in t = 1 is a pair
(
P b

1 , P
g
1

)
such that three conditions hold:

C1. Πb
(
P b

1 , 0
)
≥ Πb (P1, 0), for every P1 6= P g

1 .

C2. Πb
(
P b

1 , 0
)
≥ Πb (P g

1 , 1), and

C3. Πg (P g
1 , 1) ≥ Πg (P1, 0) , for every P1 6= P g

1 .

For the bad �rm, P b
1 must dominate any price P1 6= P g

1 under beliefs µ1 = 0 (C1). Moreover,

the bad �rm should not have incentives to mimic the good one, even if this implies optimistic

8It can be easily shown that the only second-period equilibrium is given by pooling prices.
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beliefs, µ1 = 1 (C2). For the good �rm, P g
1 must dominate any other price P1 that induce

beliefs µ1 = 0 (C3).

Lemma 3.2. In any separating equilibrium P b
1 = P b∗

1 , where P b∗
1 is the maximizer of P1

(
1− P1

b

)
+

bπ2 (µ2,H) + (1− b) π2 (µ2,L)9.

Proof. This is a necessary condition for C1 to be satis�ed. �

Note that P b∗
1 > b

2
, the static monopoly price under beliefs µ1 = 0. The bad �rm charges

a higher price than in a static environment because the gains of increased sales in the �rst

period are outweighed by the existence of a second period sub-game with improved informa-

tion. Moreover C2 implies that Πb
(
P b∗

1 , 0
)
≥ Πb (P g

1 , 1), which rules out the possibility that

the bad �rm would mimic the good one. Analogously for the good �rm the following lemma

holds:

Lemma 3.3. For the good �rm, it is su�cient to check that Πg (P g
1 , 1) ≥ Πg (P g∗

1 , 0), where

P g∗
1 is the maximizer of P1

(
1− P1

b

)
+ gπ2 (µ2,H) + (1− g) π2 (µ2,L).

Proof. The price P g
1 is a separating equilibrium if it dominates any other price P1 that induce

beliefs µ1 = 0 (C3). Thus it is su�cient to control for the best deviation, which occurs at

the price that maximizes pro�ts over both periods under the worst belief.�

We now examine in more detail the prices available to the good �rm in a separating equi-

librium. Lemma 3.2 allows us to restrict attention to prices P g
1 such that Πb

(
P b∗

1 , 0
)
−

Πb (P g
1 , 1) ≥ 0. This inequality asserts that a bad monopolist would choose its maximizing

price, under the most pessimistic beliefs, rather than mimicking the good monopolist in order

to be perceived as good. The bad �rm has no incentive to mimic prices that are either �too

low� or �too high�: P g
1 ≤ P b or P

g
1 ≥ P b, where P b and P b are the roots of the quadratic

inequality Πb
(
P b∗

1 , 0
)
− Πb (P g

1 , 1) ≥ 0. For prices below P b, the gain of increased sales is

outweighed by the loss due to improved information. For prices above P b, the loss of overall

sales outweighs the gain from keeping the low-quality product relatively unknown. The gains

9It is worth noting that µ1 = 0, and µ2,q depends on P1 through Q1, as in (1).
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Figure 1:

outweigh the losses inside the parabola, where the bad monopolist has incentives to imitate

the good one as shown in �gure 1. On the other hand, separation can occur only if the good

monopolist chooses not to monopolize the market, being perceived as a bad �rm. Lemma 3.3

allows us to consider only prices P g
1 such that Πg (P g

1 , 1)−Πg (P g∗
1 , 0) ≥ 0, which implies that

a good monopolist would rather choose the equilibrium price P g
1 and be perceived as good

than be perceived as a bad �rm and optimize accordingly. The good �rm has no incentive

to deviate when the equilibrium price P g
1 is such that P g ≤ P g

1 ≤ P g , where P g and P g

are the roots of the quadratic inequality Πg (P g
1 , 1)− Πg (P g∗

1 , 0) ≥ 0. When the separating

equilibrium price is either �too high� or �too low�, the cost of selling at extremely low or high

prices outweighs the bene�t of inducing the belief µ1 = 1. These conditions are shown in

�gure 1 and summarized in the following Corollary10.

Corollary 3.4. A separating equilibrium in t = 1 is a pair
(
P b∗

1 , P
g
1

)
such that P g

1 ∈(
P b, P b

)c ∩ [P g, P g

]
.

10See the appendix for the expressions of the quadratic inequalities.
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In a separating equilibrium, a good �rm signals high quality through low prices, while a

bad one charges a higher price (the pro�t maximizing price). The intuition is simple: a

good monopolist su�ers less from separating through low introductory prices, because they

result in more sales, increased knowledge of product quality and �nally better second-period

pro�ts. On the other hand, a bad monopolist bene�ts more from high introductory prices,

which induce low sales in the �rst period, limiting the di�usion of information regarding

quality and allowing for second period sales, even though the realized quality was poor.

In Spence's famous job-market signaling model, good-type workers signal high-quality via

increased education, which at some critical point bad types are unable to replicate because

education is assumed to be more costly for them. Here, the logic of the signaling mechanism

does not depend on cost di�erences across types, instead copycat behavior is prevented by

repeat purchases due to the existence of a second-period with improved information. Thus,

when allowing for experimentation, signaling generates an inverse relationship between price

and quality. The situation in which a separating equilibrium exists is depicted in �gure 2.

Moreover, this equilibrium exhibits the following price dynamics: the price of high (low)

quality products increases (decreases) over time, as consumers learn about product quality.

Since the second period pooling price is linear in beliefs, it will be higher (lower) if good

(bad) news were revealed in the �rst period when the product was introduced.

Proposition 3.5. There is always a separating equilibrium with P g
1 ≤ P b, but there is no

separating equilibrium with P g
1 > P b if P b >

g
b
P b∗

1 . Since P b < P g∗
1 , in a separating equilib-

rium, the good monopolist always charges a price P g
1 which is below the pro�t maximizing

price P g∗
1 .

Proof. See Appendix.�

Most of these separating equilibria involve beliefs that are implausible, since any deviation

is interpreted as coming from a bad �rm. We now restrict attention to equilibria that satisfy

the �intuitive criterion� of Cho and Kreps. To understand the Cho and Kreps re�nement in
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Figure 2:

this context, consider an equilibrium in which the good monopolist's pro�ts are Πg (P g
1 , 1)

while the bad �rm earns pro�ts Πb
(
P b∗

1 , 0
)
. The equilibrium fails the intuitive criterion if

there exists a price P ' such that: a) Πg
(
P
′
, 1
)
≥ Πg (P g

1 , 1) and b) Πb
(
P
′
, 1
)
< Πb

(
P b∗

1 , 0
)
.

That is, if there exists a price P
′
such that the good �rm is better o� by deviating and the

bad and makes more pro�ts following the equilibrium price, even if consumers have the most

optimistic beliefs. Intuitively, if such a price P
′
exists, consumers should interpret such a

deviation as coming from a good �rm, making the equilibrium fail.

Proposition 3.6. The pair
(
P b∗

1 , P b

)
is the only separating equilibrium that satis�es the

intuitive criterion.

Proof. The proof consists of two steps. We �rst show that there is no equilibrium price

P < P b that satis�es the intuitive criterion. Consider the price P < P b such that
(
P b∗

1 , P
)

is a separating equilibrium. De�ne P
′

= P + ε. Then it is easy to see that a) Πg
(
P
′
, 1
)
≥

Πg (P, 1) and b) Πb
(
P
′
, 1
)
< Πb

(
P b∗

1 , 0
)
. Let P g∗∗

1 be the price that maximizes the good

�rm's pro�ts under the most optimistic belief µ1 = 1. Noting that P g∗∗
1 > P g∗

1 and P
′
<

P b < P g∗
1 , we get that P < P

′
< P g∗∗

1 . Therefore Πg
(
P
′
, 1
)
≥ Πg (P, 1). By Corollary 1 we

know that Πb (P, 1) < Πb
(
P b∗

1 , 0
)
, and by continuity Πb

(
P
′
, 1
)
< Πb

(
P b∗

1 , 0
)
. Thus for any
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price P < P b condition a) is not satis�ed, violating the intuitive criterion. We now show

that
(
P b∗

1 , P b

)
satis�es the intuitive criterion, that is there is no equilibrium price P

′
such

that a) Πg
(
P
′
, 1
)
≥ Πg (P b, 1) and b) Πb

(
P
′
, 1
)
< Πb

(
P b∗

1 , 0
)
. If P

′
< P condition a) is not

satis�ed. Moreover, P
′ ≥ P b otherwise b) is not satis�ed. By Corollary 1 we have that, for

P
′
> P b, Πg

(
P
′
, 1
)
< Πg (P g∗

1 , 0). Then
(
P b∗

1 , P b

)
is the only separating equilibrium that

satis�es the intuitive criterion. �

3.2 Pooling Equilibrium with α = 0

We now analyze conditions for the existence of a pooling equilibrium11 with α = 0 and show

that there is no pooling equilibrium (P g
1 = P b

1 = P1) that satis�es the intuitive criterion. Un-

der pooling equilibria prices are uninformative and only re�ect consumers' prior expectation

of quality.

We solve the game by backward induction. We know the second-period pooling price is

given by P ∗2 (µ2,q) = [µ2,qg+(1−µ2,q)b]
2

with associated pro�ts π2 (µ2,q) = 1
4

[µ2,qg + (1− µ2,q) b] .

In t = 1 the posterior belief µ1 = µ0. As before we assume that o�-equilibrium prices P̃1 6= P1

induce µ1 = 0. Firms' expected pro�ts are:

Πθ (P1, µ0) = P1Q1 + θπ2 (µ2,H) + (1− θ)π2 (µ2,L) ,

with Q1 = 1− P1

µ0g+(1−µ0)b
, and θ ∈ {g, b}.

De�nition 3.7. (Pooling Equilibrium) A pooling equilibrium in t = 1 is a price P1 that

satis�es Πθ (P1, µ0) ≥ Πθ
(
P̃1, 0

)
for every P̃1 6= P1 and for θ ∈ {g, b}.

Lemma 3.8. For both types, it is su�cient to check that: Πθ (P1, µ0) ≥ Πθ
(
P θ∗

1 , 0
)
, where

P θ∗
1 is the maximizer of P1

(
1− P1

b

)
+ θπ2 (µ2,H) + (1− θ) π2 (µ2,L), for θ ∈ {g, b}.

Proof. The de�nition of Pooling Equilibrium requires that P1 must dominate any other price

P̃1 that induce beliefs µ1 = 0. Thus it is su�cient to control for the best deviation, which
11We do not study the implications or details of the pooling equilibria here, but such equilibria may be worthy of

further study given the fact that Chilean wines entering the Chinese market have been shown to use pooling prices.
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Figure 3:

occurs, for both types, at the price that maximizes pro�ts over both periods under the worst

beliefs.�

Lemma 3.8 states that pooling can occur only if both types prefer not to monopolize the

market, which allow us to consider only prices P1 that satisfy the following inequalities:

Πb (P1, µ0)−Πb
(
P b∗

1 , 0
)
≥ 0 and Πg (P1, µ0)−Πg (P g∗

1 , 0) ≥ 0. These inequalities assert that

both types would rather choose P1 and be perceived as average quality than be perceived as

bad �rms and optimize accordingly. The �rst-period pooling equilibrium prices P1 are such

that P b ≤ P1 ≤ P g, where P b and P g are the roots of the previous quadratic inequalities.

Moreover, no pooling equilibrium satis�es the intuitive criterion. The situation in which a

pooling equilibrium exists is depicted in �gure 3.

Proposition 3.9. There is always a pooling equilibrium with P1 ≤ P g, but no pooling equi-

librium satis�es the intuitive criterion.

Proof. The proof consists of two steps. The �rst step is presented in the appendix and show

15



the existence of pooling equilibria. We now show that no pooling equilibrium satis�es the

intuitive criterion. Fix some pooling equilibrium P1. At this equilibrium price, a type-θ �rm

earns pro�ts Πθ (P1, µ0) = P1Q1 + θπ2 (µ2,H) + (1− θ) π2 (µ2,L) . We show that there exists

a price P < P1 that the good �rm would strictly prefer to deviate to if by doing so it would

be seen as good; whereas the bad �rm would rather adhere to the equilibrium price, even if

deviating leads to be thought of as a good monopolist. Thus if consumers observe the price

P , they would automatically believe that the �rm is good. In other words, we show the

existence of a price P < P1 that violates the intuitive criterion by satisfying the following

conditions:

a) Πg (P1, µ0) < Πg (P, 1) and

b) Πb (P1, µ0) ≥ Πb (P, 1).

Let consider a price P < P1 such that Πg (P1, µ0) = Πg (P, 1). It is easy to show that the

bad �rm is strictly worse o� by charging P (Πb (P1, µ0) > Πb (P, 1)). We denote U2 (Q1, θ)

the second-period pro�ts of a type-θ �rm who sold the quantity Q1 in the �rst period. We

can rewrite the expected pro�ts of a type-θ �rm, that charges P1 inducing beliefs µ1 in the

�rst period, as Πθ (P1, µ1) = P1Q1 + U2 (Q1, θ) . Then

Πb (P, 1)−Πb (P1, µ0)

= P

(
1− P

g

)
+ U2

(
1− P

g
, b

)
− P1

(
1− P1

µ0g + (1− µ0) b

)
− U2

(
1− P1

µ0g + (1− µ0) b
, b

)

< P

(
1− P

g

)
+ U2

(
1− P

g
, g

)
− P1

(
1− P1

µ0g + (1− µ0) b

)
− U2

(
1− P1

µ0g + (1− µ0) b
, g

)
= 0,

where the �rst inequality comes from the fact that g > b, and the second equality comes

from the assumption about P such that Πg (P1, µ0) = Πg (P, 1). Thus there exists a price P

such that Πg (P1, µ0) = Πg (P, 1) and Πb (P1, µ0) > Πb (P, 1). Therefore, P ′ = P − ε violates

the intuitive criterion for any su�ciently small ε .�
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3.3 Intertemporal Price Signaling: α > 0

We now turn to the general case with α > 0, in order to capture simultaneously signaling

and experimentation e�ects on second-period consumers beliefs. When forming second-

period beliefs, consumers now give weight to both experimentation and �rst-period prices,

which act as an intertemporal information mechanism12.

The main result here is that a higher impact of �rst-period prices on second-period beliefs

(higher α) decreases the separating price charged by the good �rm in t = 1. A good signal

in the �rst period (P1 = P g
1 ) carries more positive information to second-period buyers,

making it more attractive. To discourage the bad �rm from mimicking, a lower price must

be charged by the good monopolist. For su�ciently high α, the separating equilibrium might

disappear: even at P g
1 = 0 incentives for the bad �rm to mimic the good one might be too

strong. In the limiting case with α = 1 second period consumers only learn through prices.

Thus the only existing equilibrium is a pooling one.

Proposition 3.10. The separating equilibrium price P g
1 is decreasing in α. Moreover, if b ≥ g

2

a separating equilibrium always exists if α < 1; if b < g
2
, there exists an α < 1 such that a

separating equilibrium exists if and only if α ≤ α.

Proof. From section 3.1 we know that a separating equilibrium is such that P g
1 ≤ P b and

the only pair that satisfy the intuitive criterion is
(
P b∗

1 , P b

)
. It is therefore enough to prove

that: 1) P b is monotonically decreasing in α and 2) P b becomes negative, for su�ciently

high α and b < g
2
.

1) When P g
1 = P b, the bad �rm is indi�erent between following the equilibrium strategy(

P b∗
1

)
and mimicking the good-type �rm. We rewrite the condition Πb

(
P b∗

1 , 0
)

= Πb (P b, 1)

as H (α) = Πb (P (α) , 1) , where

H (α) = max
P1

P1Q1 + bπ2 (µ2,H) + (1− b) π2 (µ2,L) .

12Second-period beliefs are now given by equation 1.
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Using the Envelope Theorem we can calculate:

∂H (α)

∂α
=

(g − b)
4

[
b
∂µ2,H

∂α
+ (1− b) ∂µ2,L

∂α

]
< 0.

Moreover, ∂Π(P (α),1)
∂α

> 0. Thus the bad �rm payo�s are decreasing in α when it follows the

separating equilibrium strategy P b∗
1 , but they also are increasing in α when it mimics the

good �rm by charging P g
1 . Therefore, the condition Πb

(
P b∗

1 , 0
)
≥ Πb (P g

1 , 1) weakens as the

parameter α increases, which implies that P b is decreasing in α.

2) We show that if b ≥ g
2
a separating equilibrium always exists if α < 1, whereas if b < g

2

, there exists an α < 1 such that a separating equilibrium exists if and only if α ≤ α. In

particular, we consider the extreme case with α = 1 and we calculate the smaller root of the

quadratic inequality Πb
(
P b∗

1 , 0
)
− Πb (P g

1 , 1) ≥ 0 , P b. When α = 1, second-period buyers

only consider �rst-period prices as signals when forming second-period beliefs, consequently

µ2,q = µ1. Given α = 1, the price that maximizes the bad-type �rm pro�ts is P b∗
1 = b

2
, the

myopic monopoly price. We can easily calculate the negative root of the quadratic inequality

P b =
1−
√

2(1− b
g )

2
g

, which is negative for b < g
2
. We conclude that for su�ciently high α and

b < g
2
, P b < 0 and it is to be too costly for the good �rm to distinguish itself from the bad

one, which makes the separating equilibrium collapse. In the other case, b ≥ g
2
, for every

α > 0, the good-type �rm separating equilibrium price will be P g
1 ≤ P b.�

3.4 Separating Equilibrium with Cost Heterogeneity

The result presented above is contingent on the assumption that quality and cost are not

correlated. In this setting low prices signal high quality when experimentation is possible.

Bagwell and Riordan (1991) analyze a monopoly market for durable goods in which high

quality goods are more costly to produce. In their static setting, (same period) price is the

only signaling instrument available. Experimentation does not come in to play and high

prices signal high quality. We arrive at a similar result when a marginal cost c > 0 is

introduced for the good monopolist, even we allow experimentation.
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Following Bagwell and Riordan, since no second-period pooling equilibrium satis�es the

intuitive criterion (our chosen re�nement tool), we only focus on separating equilibria. In

t = 2, the sole separating equilibrium that satis�es the intuitive criterion is analogous to the

Bagwell and Riordan result: a low-quality, low-cost �rm does not mimic the high-quality,

high-cost �rm because its monopoly output is well above the separating level, given its low

cost of production, and the distortion costs of mimicry outweigh the gains. The second-

period separating equilibrium eliminates the incentive for the good monopolist to utilize the

experimentation channel to provide information because second-period consumers can infer

quality directly from second-period prices. The setting is therefore reduced to a static game,

traditional price signals dominate (even when α = 0) and the only separating equilibrium

that satis�es the intuitive criterion is one in which a good monopolist signals high quality

through high prices while a bad monopolist charges a lower price.

4 Conclusion

This paper studies the optimal pricing strategy for new experience goods in a dynamic

monopoly model with experimentation and private information about product quality. The

monopolist's product may be of high or low quality, and the probability of producing high

quality (the monopolist's type) is private information. The interaction of two di�erent learn-

ing mechanisms (signaling and experimentation) makes low introductory prices a powerful

tool to signal high quality. Our main result is that low prices signal high quality. The

intuition is that low prices are costly (they imply a short-term revenue loss), and will only

be used by �rms con�dent enough that more introductory sales will lead to higher future

pro�ts (through higher consumer experimentation). This equilibrium exhibits the following

price dynamics: the introductory price of high (low) quality products increases (decreases)

over time, as consumers learn about product quality.

Our prediction of low but increasing prices as signal of high quality helps explain recent

empirical and case studies on introductory pricing strategies adopted by �rms entering foreign

markets or launching new products. In fact, it is consistent with the initially low introductory
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prices that rise over time observed for New World premium wines entering the USA and UK

markets (Macchiavello 2010), and for high-quality antidepressant drugs in the US market

(Chen and Rizzo 2012). Moreover, our �ndings have important managerial implications

for �rms considering new product introductions and designing word-of-mouth advertising

campaigns.

Many interesting extensions can be derived from this two-period framework. For example,

the �rm can separate and communicate quality through other instruments, such as future

discounts for repeat consumers, return policies or advertising. Adding these instruments

can test the model's robustness. Advertising, for example, can reveal the importance of

the price instrument when word of mouth is the main learning force. As signaling becomes

more important in belief formation, the importance of advertising as a signaling tool should

increase. On the other hand, when experimentation is the only learning mechanism, the use

of low introductory price does more to improve future sales than advertising. Furthermore,

relaxing the assumption of short-lived consumers or allowing for mixed strategies could

allow us to endogenize experimentation. We could also compare welfare results between the

separating and the pooling equilibria and analyze price convergence to the static monopoly

price by extending the model to an in�nite time horizon.
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Appendix

1. Second-period beliefs

In order to capture signaling and experimentation e�ects, we construct µ2,q as a weighted

average of three noisy signals: µ0(the prior belief), µ1 (the belief derived from (indirect)

observation of P1), and µq (the belief derived from (indirect) experience with the product):

µ2,q = αµ1 + (1− α)Q1µq + (1− α) (1−Q1)µ0,

where α ∈ (0, 1) and Q1 is the quantity sold by the monopolist in the �rst period, which

in�uences the speed of information di�usion. We assume that µ0, µ1 and µ2,q are normally

and independently distributed. Speci�cally we assume that µ0 ≡ µ + ε0, where ε0 is a

normally (i.i.d) distributed error with mean 0 and precision s, (ε0 ∼ N (0, s)), µ1 ≡ µ + ε1,

with ε1 ∼ N (0, s1 (Q)) and µq ≡ µ+ ε2, with ε2 ∼ N (0, s2 (Q)). Normality has the pleasent

feature of implying linear updating rules for consumers, who learn about µ through the

observations of the µ0, µ1 and µq. This learning process is well-known given the normality

and independence assumptions about the signals:

µ2,q =
s1 (Q)

s+ s1 (Q) + s2 (Q)
µ1 +

s2 (Q)

s+ s1 (Q) + s2 (Q)
µq +

s

s+ s1 (Q) + s2 (Q)
µ0.

Since we have one degree of freedom, for arbitrary s, we solve for s1 (Q) and s2 (Q):

s∗1 (Q) = s

(1−α)[ 1
α
− (1−α)Q

α
−Q]

s∗2 (Q) = (1−α)s

α(1−α)[ 1
α
− (1−α)Q

α
−Q]
− s,

with
∂s∗1(Q)

∂Q
> 0 and

∂s∗2(Q)

∂Q
> 0.

Note that the precisions s∗1 and s
∗
2 depend positively on the quantity sold, which means that

more sales are associated with more (precise) information di�usion. Any functional form for
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beliefs µ2,q such that ∂2µ2,q
∂µq∂Q

> 0 allows for signaling and experimentation e�ects. We choose

the functional form presented in section 2 for simplicity.

2. Separating Equilibrium with α = 0: Quadratic Inequalities

Condition 2 of De�nition 1 rules out the possibility that the bad �rm would mimic the good

one, and allows us to restrict attention to prices P g
1 such that Πb

(
P b∗

1 , 0
)
− Πb (P g

1 , 1) ≥ 0.

The bad �rm has no incentive to mimic prices that are either �too low� or �too high�: P g
1 ≤ P b

or P g
1 ≥ P b, where P b and P b are the roots of the quadratic inequality depicted in Figure 1:

Πb
(
P b∗

1 , 0
)
− Πb (P g

1 , 1) = P g2

1 − P
g
1Xb + Yb ≥ 0

where

Xb =

{
g +

µ0 (g − b)
4

− µ0 (1− b) (1− g) (g − b)
4 [µ0 (1− g) + (1− µ0) (1− b)]

− µ0bg (g − b)
4 [µ0g + (1− µ0) b]

}
,

Yb =

{
−g
b
P b∗

2

1 + P b∗1

[
g +

µ0g (g − b)
4b

− µ0g (1− b) (1− g) (g − b)
4b [µ0 (1− g) + (1− µ0) (1− b)]

− µ0bg
2 (g − b)

4b [µ0g + (1− µ0) b]

]}

P b∗1 =

{
b− µ0bg (g − b)

4 [µ0g + (1− µ0) b]
− µ0 (1− b) (1− g) (g − b)

4 [µ0 (1− g) + (1− µ0) (1− b)]
+
µ0 (g − b)

4

}
.

At the same time, Condition 3 of De�nition 1 states that separation can occur only if the

good monopolist chooses not to monopolize consumers and be perceived as a bad �rm. Thus

the good-type �rm has no incentive to deviate and monopolize the entire market when the

equilibrium price P g
1 is such that P g ≤ P g

1 ≤ P g , where P g and P g are the roots of the

quadratic inequality depicted in Figure 1:

Πg (P g
1 , 1)− Πg (P g∗

1 , 0) = −P g2

1 + P g
1Xg + Yg ≥ 0
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where

Xg =

{
g +

µ0 (g − b)
4

− µ0 (1− g)2 (g − b)
4 [µ0 (1− g) + (1− µ0) (1− b)]

− µ0g
2 (g − b)

4 [µ0g + (1− µ0) b]

}
,

Yg =

{
g

b
P g∗

2

1 − P g∗1

[
g +

µ0g (g − b)
4b

− µ0g (1− g)2 (g − b)
4b [µ0 (1− g) + (1− µ0) (1− b)]

− µ0g
3 (g − b)

4b [µ0g + (1− µ0) b]

]}

P g∗1 =

{
b− µ0g

2 (g − b)
4 [µ0g + (1− µ0) b]

− µ0 (1− g)2 (g − b)
4 [µ0 (1− g) + (1− µ0) (1− b)]

+
µ0 (g − b)

4

}

3. Pooling Equilibrium with α = 0: Quadratic Inequalities

Lemma 8 states that we can restrict attention to pooling prices P1 such that two quadratic

inequalities simultaneously hold: Πb (P1, µ0)−Πb
(
P b∗

1 , 0
)
≥ 0 and Πg (P1, µ0)−Πg (P g∗

1 , 0) ≥

0. We shown that the �rst-period pooling equilibrium is such that P b ≤ P1 ≤ P g, where

P b and P g are the upper roots of the quadratic inequalities Πb (P1, µ0) − Πb
(
P b∗

1 , 0
)
≥ 0

and Πg (P1, µ0) − Π (P g∗
1 , 0) ≥ 0, respectively. We can write the former inequalities as:

Πb (P1, µ0) ≥ Πb
(
P b∗

1 , 0
)

= −P 2
1 + P1Xb + Yb ≥ 0, with

Xb =

4(µ0g + (1− µ0)b) + (g − b)
[
µ0 − µ0bg

µ0g+(1−µ0)b
− µ0(1−b)(1−g)

µ0(1−g)+(1−µ0)(1−b)

]
4



Yb =

 (µ0g + (1− µ0) b)

b
P b∗

2

1 − P b∗1 (µ0g + (1− µ0) b)

4b+ (g − b)
(
µ0 − µ0bg

µ0g+(1−µ0)b
− µ0(1−b)(1−g)

µ0(1−g)+(1−µ0)(1−b)

)
4b



P b∗1 =

{
b− µ0bg (g − b)

4 [µ0g + (1− µ0) b]
− µ0 (1− b) (1− g) (g − b)

4 [µ0 (1− g) + (1− µ0) (1− b)]
+
µ0 (g − b)

4

}
.

and Πg (P1, µ0) ≥ Πg (P g∗
1 , 0) = −P 2

1 + P1Xg + Yg ≥ 0, with
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Xg =

4(µ0g + (1− µ0)b) + (g − b)
[
µ0 − µ0g

2

µ0g+(1−µ0)b
− µ0(1−g)2

µ0(1−g)+(1−µ0)(1−b)

]
4

 ,

Yg =

 (µ0g + (1− µ0) b)

b
P g∗

2

1 − P g∗1 (µ0g + (1− µ0) b)

4b+ (g − b)
(
µ0 − µ0g

2

µ0g+(1−µ0)b
− µ0(1−g)2

µ0(1−g)+(1−µ0)(1−b)

)
4b

 .

P g∗1 =

{
b− µ0g

2 (g − b)
4 [µ0g + (1− µ0) b]

− µ0 (1− g)
2

(g − b)
4 [µ0 (1− g) + (1− µ0) (1− b)]

+
µ0 (g − b)

4

}
.

4. Proof of Proposition 5

The proof consists of two steps. STEP 1: We show that there is always a separating equi-

librium for P g
1 ≤ P b. It is su�cient to show that Πg (P b, 1) > Πg (P g∗

1 , 0), i.e. the good �rm

is better o� by charging the equilibrium price P g
1 = P b rather than deviating to the pro�t-

maximizing price P g∗
1 . Note that the equilibrium price P g

1 = P b is such that the bad �rm is

indi�erent between following the equilibrium strategy and mimicking the good monopolist(
Πb (P b, 1) = Πb

(
P b∗

1 , 0
))
.

We denote U2
(
Qθ

1, θ
)
the second-period pro�ts of a type-θ �rm who sold the quantity Qθ

1

in the �rst period. So we can rewrite the expected pro�ts of a type-θ �rm, that charges

P1 inducing beliefs µ1 in the �rst period, as: Πθ (P1, µ1) = P1Q
θ
1 + U2

(
Qθ

1, θ
)
. Now we can

write: Πg (P b, 1)− Πg (P g∗
1 , 0)

= P b

(
1− P b

g

)
+ U2

(
1− P b

g , g
)
− P g∗1

(
1− P g∗1

b

)
− U2

(
1− P g∗1

b , g
)

= P b∗1

(
1− P b∗1

b

)
+U2

(
1− P b∗1

b , b
)
−U2

(
1− P b

g , b
)

+U2
(

1− P b
g , g

)
−P g∗1

(
1− P g∗1

b

)
−U2

(
1− P g∗1

b , g
)

≥ P g∗1

(
1− P g∗1

b

)
+U2

(
1− P g∗1

b , b
)
−U2

(
1− P b

g , b
)

+U2
(

1− P b
g , g

)
−P g∗1

(
1− P g∗1

b

)
−U2

(
1− P g∗1

b , g
)

= U2
(

1− P g∗1
b , b

)
− U2

(
1− P b

g , b
)

+ U2
(

1− P b
g , g

)
− U2

(
1− P g∗1

b , g
)

≥ U2
(

1− P g∗1
b , b

)
− U2

(
1− P b

b , b
)

+ U2
(

1− P b
b , g

)
− U2

(
1− P g∗1

b , g
)
,
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where the �rst equality uses the fact that P b is such that the bad �rm is indi�erent between

following the equilibrium strategy and mimicking the good monopolist
(
Πb (P b, 1) = Πb

(
P b∗

1 , 0
))
.

The �rst inequality comes from the fact that the bad-type monopolist will be better o� charg-

ing her maximizing price (P b∗
1 ) rather than charging the good �rm maximizing price (P g∗

1 ),

and the last inequality comes from the fact that a bad �rm will earn more pro�ts in the

second period if it is perceived to be good with smaller probability.

Finally, a simple computation yields that

U2

(
1− P g∗1

b
, b

)
− U2

(
1− P b

b
, b

)
+ U2

(
1− P b

b
, g

)
− U2

(
1− P g∗1

b
, g

)
≥ 0

i�
(

1− P b
b

)
≥
(

1− P g∗1
b

)
, or equivalently P b ≤ P g∗

1 . To check that e�ectively P b ≤ P g∗
1 ,

it is enough to check that Πb
(
P b∗

1 , 0
)
− Πb (P g∗

1 , 1) < 0, i.e. the bad �rm strictly prefers to

mimic the good one when the separating equilibrium price is P g
1 = P g∗

1 . We then evaluate

the quadratic inequality Πb
(
P b∗

1 , 0
)
− Πb (P g

1 , 1) = P g2

1 − P
g
1Xb + Yb at P

g
1 = P g∗

1 and show

that it is negative. Simple computation yields that:

P g∗1

[
(g − b)− µ0g (g − b)2

4 [µ0g + (1− µ0) b]
+

µ0 (1− g) (g − b)2

4 [µ0 (1− g) + (1− µ0) (1− b)]

]
< 0.

STEP 2: We now show that there is no separating equilibrium with P g
1 > P b if P b >

g
b
P b∗

1 . It

is su�cient to show that Πg
(
P b, 1

)
< Πg (P g∗

1 , 0), i.e. the good �rm is better o� by deviating

to the pro�t-maximizing price P g∗
1 , rather than charging the equilibrium price P g

1 = P b. Note

that the equilibrium price P g
1 = P b is such that the bad �rm is indi�erent between following

the equilibrium strategy and mimicking the good monopolist
(
Πb
(
P b, 1

)
= Πb

(
P b∗

1 , 0
))
. We

denote U2
(
Qθ

1, θ
)
the second-period pro�ts of a type-θ �rm who sold the quantity Qθ

1 in

the �rst period. So we can rewrite the expected pro�ts of a type-θ �rm, that charges P1

inducing beliefs µ1 in the �rst period, as Πθ (P1, µ1) = P1Q
θ
1 +U2

(
Qθ

1, θ
)
. Now we can write

Πg
(
P b, 1

)
− Πg (P g∗

1 , 0)

= P b

(
1− P b

g

)
+ U2

(
1− P b

g , g
)
− P g∗1

(
1− P g∗1

b

)
− U2

(
1− P g∗1

b , g
)

28



= P b∗1

(
1− P b∗1

b

)
+U2

(
1− P b∗1

b , b
)
−U2

(
1− P b

g , b
)

+U2
(

1− P b
g , g

)
−P g∗1

(
1− P g∗1

b

)
−U2

(
1− P g∗1

b , g
)

< P b∗1

(
1− P b∗1

b

)
+U2

(
1− P b∗1

b , b
)
−U2

(
1− P b

g , b
)

+U2
(

1− P b
g , g

)
−P b∗1

(
1− P b∗1

b

)
−U2

(
1− P b∗1

b , g
)

= U2
(

1− P b∗1
b , b

)
− U2

(
1− P b

g , b
)

+ U2
(

1− P b
g , g

)
− U2

(
1− P b∗1

b , g
)
,

where the �rst equality uses the fact that P b is such that Π
(
P b, 1

)
= Πb

(
P b∗

1 , 0
)
, and the

�rst inequality comes from the fact that the good monopolist is better o� by charging her

maximizing price (P g∗
1 ) rather than charging the bad �rm maximizing price (P b∗

1 ).

Finally, a simple computation yields that

U2

(
1− P b∗1

b
, b

)
− U2

(
1− P b

g
, b

)
+ U2

(
1− P b

g
, g

)
− U2

(
1− P b∗1

b
, g

)
< 0

i�
(

1− P b
g

)
<
(

1− P b∗1
b

)
, or equivalently P b >

g
b
P b∗

1 , which is true by assumption. �

5. Proof of Proposition 9

STEP 1: We now show that there is always a pooling equilibrium for P1 ≤ P g. It is su�cient

to show that Πb
(
P g, µ0

)
> Πb

(
P b∗

1 , 0
)
, i.e. the bad �rm is better o� by charging the equilib-

rium price P1 = P g rather than deviating to the pro�t-maximizing price P b∗
1 . Note that the

pooling equilibrium price P1 = P g is such that the good �rm is indi�erent between following

the equilibrium strategy and charging its maximizing price
(
Πg
(
P g, µ0

)
= Πg (P g∗

1 , 0)
)
. We

denote U2
(
Qθ

1, θ
)
the second-period pro�ts of a type-θ �rm who sold the quantity Qθ

1 in

the �rst period. So we can rewrite the expected pro�ts of a type-θ �rm, that charges P1

inducing beliefs µ1 in the �rst period, as: Πθ (P1, µ1) = P1Q
θ
1 + U2

(
Qθ

1, θ
)
. Now we can

write: Πb
(
P g, µ0

)
− Πb

(
P b∗

1 , 0
)

= P g

(
1− P g

µ0g+(1−µ0)b

)
+ U2

(
1− P g

µ0g+(1−µ0)b
, b
)
− P b∗1

(
1− P b∗

1

b

)
− U2

(
1− P b∗

1

b , b
)

= P g∗1

(
1− P g∗

1

b

)
+U2

(
1− P g∗

1

b , g
)
−P b∗1

(
1− P b∗

1

b

)
−U2

(
1− P b∗

1

b , b
)

+U2
(

1− P g

µ0g+(1−µ0)b
, b
)
−U2

(
1− P g

µ0g+(1−µ0)b
, g
)

≥ P b∗1
(

1− P b∗
1

b

)
+U2

(
1− P b∗

1

b , g
)
−P b∗1

(
1− P b∗

1

b

)
−U2

(
1− P b∗

1

b , b
)

+U2
(

1− P g

µ0g+(1−µ0)b
, b
)
−U2

(
1− P g

µ0g+(1−µ0)b
, g
)
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= U2
(

1− P b∗
1

b , g
)
− U2

(
1− P b∗

1

b , b
)

+ U2
(

1− P g

µ0g+(1−µ0)b
, b
)
− U2

(
1− P g

µ0g+(1−µ0)b
, g
)

≥ U2
(

1− P b∗
1

µ0g+(1−µ0)b
, g
)
− U2

(
1− P b∗

1

µ0g+(1−µ0)b
, b
)

+ U2
(

1− P g

µ0g+(1−µ0)b
, b
)
− U2

(
1− P g

µ0g+(1−µ0)b
, g
)
,

where the �rst equality uses the fact that P g is such that the good �rm is indi�erent between

following the equilibrium strategy and charging her maximizing price
(
Πg
(
P g, µ0

)
= Πg (P g∗

1 , 0)
)
.

The �rst inequality comes from the fact that the good-type monopolist will be better o�

charging her maximizing price (P g∗
1 ) rather than charging the bad �rm maximizing price

(P b∗
1 ), and the last inequality comes from the fact that a bad �rm will earn more pro�ts in

the second period if it sells a smaller quantity in the �rst period, whereas for a good �rm

the contrary is true. Finally

U2
(

1− P b∗
1

µ0g+(1−µ0)b
, g
)
− U2

(
1− P b∗

1

µ0g+(1−µ0)b
, b
)

+ U2
(

1− P g

µ0g+(1−µ0)b
, b
)
− U2

(
1− P g

µ0g+(1−µ0)b
, g
)
≥ 0

i�
(

1− P b∗1
µ0g+(1−µ0)b

)
≥
(

1− P g
µ0g+(1−µ0)b

)
, or equivalently P b∗

1 ≤ P g. To check that e�ec-

tively P b∗
1 ≤ P g, it is enough to check that Πg (P g∗

1 , 0) − Πg
(
P b∗

1 , µ0

)
< 0, i.e. the good

�rm strictly prefers to follow the pooling equilibrium (P1 = P b∗
1 ) rather than monopo-

lize the market. Simple computation shows that when evaluating the quadratic inequality

Πg (P g∗
1 , 0)− Πg (P1, µ0), at P1 = P b∗

1 , it is indeed negative. �
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Price Signaling with Information Acquisition

Abstract

We study a market in which the buyer has no information about product quality, while

the seller has private probabilistic information about it. Buyers observe price and can procure

an inspection, which provides valuable information about the good for sale. With costless in-

spections, there is no separating equilibrium. We then show that when information acquisition

is costly, there is a separating equilibrium that satis�es the intuitive criterion, in which high

prices signal high quality and furthermore, the dynamic separating equilibrium showing higher

separating prices than the static one. Finally we discuss the implications of time-on-the-market

on separating equilibria. Speci�cally, when there is only one asset on sale over both periods

(therefore both price and time-on-the-market can signal quality) there is no separating equilib-

rium even if single-crossing is satis�ed. The key to this result is that the second-period buyer

cannot observe why the asset did not sell in the �rst period. Notably, the failure to sell can be

attributed to overpricing or an unfavorable inspection outcome. Therefore the copycat behavior

is more attractive to the poor-quality seller because he bene�ts more from an increase in buyer

beliefs than his high-quality counterpart. Allowing only the �rst-period buyer to acquire infor-

mation on quality, we show the existence of a separating equilibrium in which high prices and

time-on-the-market signal high quality.

1 Introduction

Information acquisition is a common activity before making a purchase. Since consumers

often cannot ascertain the quality of the product for sale, they are willing to invest time

and money on inspecting the good before purchasing it. Inspections are pervasive in the

real estate, car and art markets, where prospective buyers spend signi�cant resources trying

to avoid costly mistakes. Since inspections are costly and imperfect, agents are strategic in

their use. The price of an asset as well as the prior assessment of its quality in�uence the

willingness to pay for information acquisition. High-priced items are more susceptible to

be inspected, but also pessimistic beliefs about the item's quality encourage the gathering

of information. When the seller is better informed about product quality than the buyers,
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prices might be used as a signaling device by good-quality sellers. This is so because high

prices encourage information acquisition, and inspections are more costly for low-quality

sellers (it is more often than their products are found wanting). We characterize the optimal

pricing strategy for high-quality assets when information acquisition prior to purchase is

possible.

We set up a model with asymmetric information regarding quality and information acqui-

sition, in which the buyer has no information about the asset quality, while the seller has

private information about the probability of owning a high-quality asset. Buyers observe

prices and can procure an inspection, which provides valuable information about the asset

for sale. The seller's pricing strategy provides a signal from which buyers can infer its type,

even as it determines the precision of the information regarding product quality they can

acquire. Higher prices lead to higher product exposure via inspections, so that prices become

an instrument through which the seller may encourage or discourage information acquisition.

We look for separating (pure-strategy) equilibria and apply the intuitive criterion re�nement

(Cho and Kreps 1987) to eliminate implausible o�-equilibrium path beliefs.

We �rst consider, as a benchmark, the case with costless inspections, and show there is no

separating equilibrium. Any strategy that is pro�table for the high-quality seller can be

imitated by the low-quality one, who just sells less often. We then consider the case in

which the buyer might increase his signal precision, through costly information acquisition.

Here, we show there is a separating equilibrium in which high prices signal high quality. The

intuition is that high prices induce more information acquisition, which is incentivized by

sellers con�dent enough that inspections will yield good news and therefore will not decrease

demand substantially.

We �nally discuss the implications of time-on-the-market on separating equilibria, when the

selling season is composed of two periods and there is only one asset on sale over both

periods. Then history becomes important since it carries signi�cant information. When

facing a decision in the second period, the buyer knows that the �rst-period one chooses not

to buy for one of two reasons. Either the common component signal was bad (which is very
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relevant for him) or the private component was low (which is irrelevant). Higher prices put a

higher weight on the overpricing explanation, decreasing information transmission. We show

that the su�cient conditions for the existence of a separating equilibrium do not always

hold. The key to this result is that the good seller sells more often in the �rst period, ending

the game, which in turn makes the poor-quality seller more interested in the reputational

e�ects induced by a no-sale in the �rst period. Since this is achieved through high prices, the

possibilities of mimicking the good type are enhanced, making separation often impossible.

Finally, we show the existence of a separating equilibrium in which high prices and time-on-

the-market signal high quality, when only �rst-period buyer is allowed to acquire information.

In this case, the second-period buyer learns about quality from observing the price history

as well as the past purchase decisions.

Literature Review. The model developed here is related to the literature on signaling

(high) quality through (high) prices. Bagwell and Riordan (1991) show that high (and de-

clining) prices signal high quality, in a monopoly market for durable goods, in which quality

is correlated with costs. Judd and Riordan (1994) reach the same result by examining a

two-period signal-extraction model with learning. Even though no correlation between qual-

ity and costs is assumed, private information on both sides of the market allows the seller

to signal high quality through high prices. Neither costly information acquisition nor time-

time-on-the-market play a role in achieving an e�ective high-price signal. In both models,

imperfectly informed consumers may interpret signals to e�ectively improve information,

but inspections or other forms of information acquisition are not available. This paper is

also closely related to the literature on signaling with information acquisition. For exam-

ple, Bester and Ritzberger (2001) consider a static model in which an informed monopolist

chooses the optimal pricing strategy for an asset of unknown quality to consumers. Con-

sumers can infer quality from the price or pay for access to an external source of information.

For small costs of information acquisition, there is no separating equilibrium in pure strate-

gies, which con�rms the Grossman-Stiglitz paradox. Prices cannot be informative, because

if they were, no one will pay for information and a low-quality seller would mimic the high-

quality one. Furthermore, they show there is a unique partial pooling equilibrium, that
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resolves the paradox and satis�es the intuitive criterion, which involves mixed strategies

and su�ciently small costs of information acquisition. The model presented here achieves

a separating equilibrium without the use of mixed strategies or exogenous informational

sources. Gertz (2014) examines a monopolistic market with quality uncertainty and infor-

mation acquisition, a setting very similar to the one presented in Bester and Ritzberger

(2001). Nevertheless information acquisition is now endogenously determined, by allowing

the buyer to optimally choose the search e�ort. He characterizes all possible market equi-

libria and focuses on consumer's behavior and welfare. The main result is that consumer's

welfare is maximized at a pooling equilibrium with no search. If the buyer is given the

possibility of information acquisition, he can use this search ability as a threat (even if the

search proves fruitless), which forces down the equilibrium price. This paper is the closest to

the model presented here, even as the focus is on consumer behavior and welfare rather than

the strategic actions of �rms. Furthermore, time-on-the-market is not considered. Mezzetti

and Tsoulouhas (2000) analyze a principal-agent model where the principal is privately in-

formed about his type and the agent could gather information about the principal's type,

at a monetary cost, before engaging in a relationship. They �nd that, if uncertainty is high

and the precontractual investigation is not too costly, there exists a separating equilibrium

in which a favorable principal is able to separate himself from his unfavorable counterpart.

Separation can occur due to the renegotiation option o�ered by the principal in the worst

case scenario that the investigation results in an unfavorable outcome. The idea of signaling

with costly information acquisition is present here, but applied to the context of a principal-

agent optimal contract problem. Finally we extend the literature on time-on-the-market as

sign of quality, initiated by Taylor (1999). Taylor (1999) explores the e�ect of time-on-the-

market on pricing in a two-period model with asymmetric information and a single object

for sale (a house). The parametric assumption made about the quality of the item allows

him to rule out separating equilibria and focus attention to consumer learning. The main

result is obtained without considering information acquisition and involves a pooling equi-

librium, in which the low-quality seller mimic his high-quality counterpart. Depending on

the information structure, the seller may post a higher or a lower price in the �rst-period.
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2 The Model

We consider a model with asymmetric information regarding quality and information acqui-

sition, in which the buyer has no information about product quality, while the seller has

private probabilistic information about it. The quality of the asset may be either high or

low, q ∈ {0, 1}, and the seller is aware of his type θ, the probability of owning a high quality

asset, that can be either good or bad, θ ∈ {g, b}, with 0 < b < g < 1. The ex post valuation

of the buyer is qv, where q represents the common valuation (objective quality) and v is

the buyer individual valuation or �taste� for the product, drawn from a distribution G (v)

continuously di�erentiable with G
′
(v) = g (v) > 0, for all v ∈ [0, 1]. The seller's valuation

of the asset and his production cost are zero and there is no discounting.

Each period, after observing the price and before making his purchase decision, the buyer

procures an inspection on quality. The outcome of the inspection may be either favorable or

unfavorable, s ∈ {F,NF} and it is characterized by the following conditional probabilities:

0 1

F 1− σ 1

NF σ 0

A high-quality asset always results in a favorable outcome, whereas a low-quality one gen-

erates it with probability (1− σ). Therefore a favorable outcome does not guarantee high

quality, whereas an unfavorable outcome can be thought of as discovering a �aw in the asset,

fully revealing low quality. Note that no buyer will buy the asset if the inspection outcome

was unfavorable. Here, σ ∈ [0, σ], can be interpreted as a measure of the signal precision13.

Let C (σ) be the cost of acquiring information about the asset quality through by procuring

an inspection, with C
′
(σ) > 0 and C

′′
(σ) > 0, for σ > 0; C (0) = C

′
(0) = 0 and C

′
(σ) > 1.

The timing of the game is the following: the seller's type is drawn by Nature at the outset;

the seller learns his type and chooses a pricing strategy. After observing the price, the
13The results obtained in this paper are robust to more general signal structures that satis�es the following as-

sumptions: Pr (F | q = 1) > Pr (F | q = 0) and Pr (NF | q = 1) < Pr (NF | q = 0) .
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buyer updates beliefs on the asset quality and procures the inspection on quality. The

inspection's outcome is realized, then the buyer updates beliefs accordingly and makes a

purchase decision.

The buyer starts the game with a prior belief on the asset being of high quality, µ0 =

Pr(q = 1), and updates beliefs according to Bayes rule, after observing the price. Note that

separating prices
(
P b, P g

)
induce beliefs µ = b if P = P b and µ = g if P = P g, whereas

pooling prices do not provide any information and the posterior will be the same as the prior,

µ = µ0. After observing the price, the buyer procures the inspection on quality. Given a

price P and a belief µ, the buyer solves

max
σ∈[0,σ]

µ (v − P )− P (1− µ) (1− σ)− C (σ) .

The assumptions on C (·) ensure the existence of a unique solution to this problem, σ∗ =

σ (P, µ) < σ, de�ned by C
′
(σ∗) = P (1− µ). Note that σ∗ = σ (P, µ) is increasing in the

price and decreasing in the buyer's assessment of quality. The buyer then receives the signal

and makes a purchase if his expected utility is positive, which leads to the demand

D (P, µ) = 1−G
(
µP + P (1− µ) (1− σ∗) + C (σ∗)

µ

)
.

We denote by π (θ, P, µ) the one-period pro�ts of a type-θ seller who sets the price P , inducing

beliefs µ:

π (θ, P, µ) = PD (θ, P, µ)

D (θ, P, µ) = D (P, µ) [θ + (1− θ) (1− σ∗)] .

We de�ne and analyze conditions for the existence of separating equilibria in pure strategies.

First we characterize the benchmark case, in which the cost of procuring the inspection on
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quality is zero and σ is a �xed parameter (the buyer always chooses the maximum amount

of information), and show that there is no separating equilibrium. We then show that when

allowing the buyer to choose the precision of the signal, by costly acquire information, sellers

are able to separate themselves in equilibrium. We �nally discuss the implications of time-

on-the-market on separating equilibria, in the case that the selling season is composed of

two periods and there is one asset on sale over both periods.

3 Separating Equilibrium

A separating equilibrium is a sequential equilibrium at which the buyer can distinguish the

good and the bad seller by the di�erent pricing choices they made. Note that separat-

ing prices allow the buyer to infer the seller's type, but not the true quality of the asset.

Separating prices
(
P b, P g

)
induce beliefs µ = b if P = P b and µ = g if P = P g, whereas

pooling prices do not provide any information and the posterior will be the same as the prior,

µ = µ0. Moreover, o�-equilibrium prices P 6=
{
P b, P g

}
are assumed to induce pessimistic

beliefs µ = b, to make the existence of the equilibrium easier.

De�nition 4.1. (Separating Equilibrium) A separating equilibrium is a pair
(
P b, P g

)
such

that three conditions hold:

C1. π
(
b, P b, µ = b

)
≥ π (b, P, µ = b), for every P 6= P g.

C2. π
(
b, P b, µ = b

)
≥ π (b, P g, µ = g), and

C3. π (g, P g, µ = g) ≥ π (g, P, µ = b) , for every P 6= P g.

For the bad seller, P b must dominate any price P 6= P g under pessimistic beliefs (C1).

Moreover, the bad seller should not have incentives to mimic the good one, even if this

37



implies optimistic beliefs (C2). For the good seller, P g must dominate any other price P

that induce pessimistic beliefs (C3).

Lemma 4.2. In any separating equilibrium P b = P b∗, where P b∗ is the maximizer of

π (b, P, µ = b). Moreover, for the good seller, it is su�cient to check that π (g, P g, µ = g) ≥

π (g, P g∗, µ = b), where P g∗ is the maximizer of π (g, P, µ = b).

Proof. P b = P b∗ is a necessary condition for C1 to be satis�ed. Moreover C3 requires that

the good seller should not have any incentive to deviate from the equilibrium price, with

such deviation implying pessimistic beliefs. Then it is su�cient to control for best deviation

which occurs at P g∗, the maximizer of π (g, P, µ = b). �

3.1 Benchmark case: costless inspections

In subsequent sections we assume that the buyer chooses the precision of the signal by

acquiring information at rising cost. Prior to study this problem, it is useful to have a

benchmark case against which to compare the e�ect of information acquisition on the ex-

istence and characterization of a separating equilibrium. Hence in this section the cost of

procuring the inspection on quality is zero and σ = σ is a �xed parameter (the buyer al-

ways chooses the maximum amount of information). We denote by µs the updated belief

on q = 1, after observing the price and the inspection outcome. Note that the buyer will

anticipate procuring a favorable inspection when updating beliefs, so that we can restrict

attention to beliefs µF (µ) since no buyer will buy the asset at any price if s = NF . Then

µF (µ) = µ
µ+(1−µ)(1−σ)

, and µ = b if P = P b and µ = g if P = P g. Conditional on a favorable

inspection outcome, the buyer will buy the good if µF (µ) v − P ≥ 0, which leads to the

demand D
(
P, µF (µ)

)
= 1−G

(
P

µF (µ)

)
and associated pro�ts

π
(
θ, P, µF (µ)

)
= PD

(
θ, P, µF (µ)

)
,
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with D
(
θ, P, µF (µ)

)
= D

(
P, µF (µ)

)
[θ + (1− θ) (1− σ)].

Lemma 4.3. With costless inspections, there is no separating equilibrium.

Proof. The pair
(
P b∗, P g

)
is a separating equilibrium if two conditions simultaneously hold:

1. π
(
b, P b∗, µF (b)

)
≥ π

(
b, P g, µF (g)

)
, and

2. π
(
g, P g, µF (g)

)
≥ π

(
g, P g∗, µF (b)

)
.

Consider the equilibrium price P g = P > P b∗ such that π
(
b, P b∗, µF (b)

)
= π

(
b, P , µF (g)

)
.

At this price the good seller should not have any incentive to deviate to his �monopoly�

price, i.e. π
(
g, P , µF (g)

)
> π

(
g, P g∗, µF (b)

)
, which is equivalent to require:

π
(
g, P b∗, µF (b)

)
> π

(
g, P g∗, µF (b)

)
given that we de�ne P such that π

(
b, P b∗, µF (b)

)
= π

(
b, P , µF (g)

)
. This cannot be true

since P g∗ = P b∗ =
µF (b)

(
1−G

(
P

µF (b)

))
g
(

P

µF (b)

) . Therefore, the only existing equilibrium of this game

is a pooling one. �

If inspections are free, there is no separating equilibrium mainly because the consumer will

always fully inspect both types (σ = σ) and the bad type is unable to inhibit information

acquisition by lowering the price (as is shown in the previous section, σ is inversely related to

price, and if a product is cheap, it is better to buy directly rather than pay for an inspection).

Mimicking the good type is therefore the only recourse for the bad type. When inspections

have a cost, on the other hand, a separating equilibrium can be achieved because σ varies

positively with price (and higher prices imply higher inspection intensity), therefore the bad

type has incentive to charge less in order to avoid inspections and revelation of his type.
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4 Costly information acquisition

We now consider costly information acquisition. It is useful to note, again, the amount

of information acquired by the consumer depends positively on prices and negatively on

beliefs. In this context, the price of the asset serves as a learning mechanism for quality via

two channels: �rst, directly as a standard price signal and secondly, as a factor which can

encourage or discourage inspections. Moreover, both channels operate in the same direction:

high prices signal high quality both via the standard signaling mechanism, but also because

a high price is essentially an invitation to inspect.

Suppose now that the buyer can acquire information by choosing the precision of the signal,

σ ∈ [0, σ] at a cost C (σ). We analyze conditions for the existence of a separating equilibrium

in the one-shot game, in which σ is endogenously determined. Consider a buyer, whose �taste�

for the asset is given by v, with beliefs µ about q = 1 prior to procuring the inspection. The

problem facing such a buyer is:

max
σ∈[0,σ]

µ (v − P )− P (1− µ) (1− σ)− C (σ) .

The assumptions on C (·) ensure the existence of a unique solution to this problem, σ∗ =

σ (P, µ) < σ, de�ned by C
′
(σ∗) = P (1− µ). Note that σ∗ = σ (P, µ) is increasing in the

price and decreasing in his assessment of quality. Then the buyer will drop out of the market

once the price reaches P de�ned by

µ (v − P )− P (1− µ) (1− σ∗)− C (σ∗) = 0

which leads to a demand

D (P, µ) = 1−G
(
µP + P (1− µ) (1− σ∗) + C (σ∗)

µ

)

and associated pro�ts

π (θ, P, µ) = PD (θ, P, µ)
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D (θ, P, µ) = D (P, µ) [θ + (1− θ) (1− σ∗)] .

A separating equilibrium in de�ned according to De�nition 1.

Lemma 4.4. In any separating equilibrium, P b = P b∗, where P b∗ is the maximizer of

π (b, P, µ = b). For the good seller, it is su�cient to check that π (g, P g, µ = g) ≥ π (g, P g∗, µ = b),

where P g∗ is the maximizer of π (g, P, µ = b). Moreover P g∗ > P b∗ if σP
σ
≥ −DP

D
, where

σP
σ

represents the price-elasticity of information acquisition and −DP
D

represents the price-

elasticity of demand.

Proof. P b = P b∗is a necessary condition for C1 in De�nition 1 to be satis�ed. The price P g

is a separating equilibrium if it dominates any other price P that induce beliefs µ = b (C3).

Thus it is su�cient to control for the best deviation, which occurs at P g∗,the price that

maximizes pro�ts under the worst belief. We show now that P g∗ > P b∗, which is implied by

∂2π(θ,P,µ)
∂P∂θ

> 0 :

∂2π (θ, P, µ)

∂P∂θ
=

∂

∂θ
{PDP (θ, P, µ) +D (θ, P, µ)}

= PDPθ (θ, P, µ) +Dθ (θ, P, µ) ,

which is positive if σP
σ
≥ −DP

D
. Note thatDθ (θ, P, µ) = D (P, µ)σ (P, µ) > 0 andDPθ (θ, P, µ) =

DP (P, µ)σ (P, µ) +D (P, µ)σP (P, µ) is positive if σP
σ
≥ −DP

D
.�

Proposition 4.5. There is always a separating equilibrium
(
P b∗, P g

)
with P g > P g∗ if −σµ

σ
≤

Dµ
D
, where σµ

σ
represents the beliefs-elasticity of information acquisition and Dµ

D
the beliefs-

elasticity of demand.
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Proof. Consider the price P > P b∗ such that π
(
b, P b∗, µ = b

)
= π

(
b, P , µ = g

)
. If P ≤

P g∗, then, by the Envelope Theorem, it is straightforward to show that π
(
g, P , µ = g

)
≥

π (g, P g∗, µ = b), and
(
P b∗, P g∗) is a separating equilibrium.

Thus we can restrict attention to the case P > P g∗. At this price the good seller should not

have any incentive to deviate to his �monopoly� price, i.e. π
(
g, P , µ = g

)
≥ π (g, P g∗, µ = b),

which is equivalent to:

π
(
g, P , µ = g

)
− π (g, P g∗, µ = b) ≥ π

(
b, P , µ = g

)
− π

(
b, P b∗, µ = b

)
= 0.

We can rewrite the left and right hand sides of this inequality as

[
π
(
g, P , µ = g

)
− π

(
g, P , µ = b

)]
+
[
π
(
g, P , µ = b

)
− π (g, P g∗, µ = b)

]
≥

[
π
(
b, P , µ = g

)
− π

(
b, P , µ = b

)]
+
[
π
(
b, P , µ = b

)
− π

(
b, P b∗, µ = b

)]
.

Therefore it is enough to show that

1.
[
π
(
g, P , µ = g

)
− π

(
g, P , µ = b

)]
≥
[
π
(
b, P , µ = g

)
− π

(
b, P , µ = b

)]
and

2.
[
π
(
g, P , µ = b

)
− π (g, P g∗, µ = b)

]
≥
[
π
(
b, P , µ = b

)
− π

(
b, P b∗, µ = b

)]
.

Condition 1 is implied by ∂2π(θ,P,µ)
∂θ∂µ

> 0:

∂2π (θ, P, µ)

∂θ∂µ
=

∂

∂µ
{PDθ (θ, P, µ)}

= Dµ (P, µ)σ (P, µ) +D (P, µ)σµ (P, µ)
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which is positive if −σµ
σ
≤ Dµ

D
.

Since P g∗ > P b∗condition 2 is implied by ∂2π(θ,P,µ)
∂P∂θ

> 0, which is true if σP
σ
≥ −DP

D
, as shown

in Lemma 4.�

Two conditions therefore guarantee the existence of a separating equibrium in which high

prices signal high quality: ∂2π(θ,P,µ)
∂P∂θ

> 0 and ∂2π(θ,P,µ)
∂θ∂µ

> 0. The �rst condition is standard

single-crossing: the cost of signaling through high prices is lower for the good type. The sec-

ond condition requires that the shift from pessimistic to optimistic beliefs is more attractive

to the good type than to his bad-type counterpart. In our setup, signaling requires pro�ts

to be marginally more sensitive to type for both prices P and beliefs µ. Note that this is

in contrast to Spence´s job-market signaling model where the worker´s utility is quasilinear

in beliefs, therefore the second condition is automatically satis�ed (with equality). Figure 1

illustrates the role of the above-mentioned conditions for the proof.

The separating equilibrium for the two-period extension of the model can be found in the

appendix.

Figure 1: Sketch of the Proof.

Most of these separating equilibria involve beliefs that are implausible, since any deviation

is interpreted as coming from a bad seller. We now restrict attention to equilibria that

satisfy the �intuitive criterion� of Cho and Kreps. To understand the Cho and Kreps re-
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�nement in this context, consider an equilibrium in which the good monopolist's pro�ts are

π (g, P g, µ = g) while the bad �rm earns pro�ts π
(
b, P b∗, µ = b

)
. The equilibrium fails the

intuitive criterion if there exists a price P ' such that: a) π
(
g, P

′
, µ = g

)
≥ π (g, P g, µ = g)

and b) π
(
b, P

′
, µ = g

)
< π

(
b, P b∗, µ = b

)
. That is, if there exists a price P

′
such that the

good seller is better o� by deviating and the bad one makes more pro�ts following the equi-

librium price, even if the deviation would have generated optimistic beliefs. Intuitively, if

such a price P
′
exists, consumers should interpret such a deviation as coming from a good

seller, making the equilibrium fail.

Proposition 4.6. The pair
(
P b∗, P

)
is the only separating equilibrium that satis�es the

intuitive criterion.

Proof. The proof consists of two steps. We �rst show that there is no equilibrium price

P > P that satis�es the intuitive criterion. Consider the price P > P such that
(
P b∗, P

)
is a

separating equilibrium. De�ne P
′
= P − ε. Then it is easy to see that a) π

(
g, P

′
, µ = g

)
≥

π (g, P g, µ = g) and b) π
(
b, P

′
, µ = g

)
< π

(
b, P b∗, µ = b

)
. Let P g∗∗ be the price that maxi-

mizes the good �rm's pro�ts under the most optimistic beliefs µ = g, P g∗∗ = argmaxP π (g, P, µ = g).

Noting that P g∗ < P g∗∗ and P g∗ < P < P
′
, we get that P g∗∗ < P

′
< P . There-

fore π
(
g, P

′
, µ = g

)
≥ π (g, P g, µ = g). By Proposition 5 we know that π

(
b, P

′
, µ = g

)
<

π
(
b, P b∗, µ = b

)
to ensure that the bad seller would not deviate, then by continuity π (b, P, µ = g) <

π
(
b, P b∗, µ = b

)
. Thus for any price P > P condition a) is not satis�ed, violating the intu-

itive criterion. We now show that
(
P b∗, P

)
is the only separating equilibrium that satis�es

the intuitive criterion, that is there is no equilibrium price P
′
such that a) π

(
g, P

′
, µ = g

)
≥

π (g, P g, µ = g) and b) π
(
b, P

′
, µ = g

)
< π

(
b, P b∗, µ = b

)
. If P

′
> P condition a) is not

satis�ed. Then, P
′ ≤ P . But if P

′
< P , there is no separating equilibrium, as shown in

Proposition 5. Then it must be P
′

= P , and
(
P b∗, P

)
is the only separating equilibrium

that satis�es the intuitive criterion. �
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5 Time-on-the-Market

5.1 Costly information acquisition and time-on-the-market

We now consider a selling season composed of two periods with only one asset on sale over

both periods. Note that now both price and time-on-the-market may signal quality. In this

case the game proceeds as follows: at the beginning of the �rst period the seller posts a

separating price P . After observing the price, the buyer updates beliefs on the asset quality

and procures an inspection on quality, then decides whether to buy or not. If no sale occurs

in the �rst period, then we get to the second stage of the game, where a new buyer enters

the market. The second-period buyer takes into account the fact that the asset did not sell

in the �rst period at price P (time-on-the-market) when forming beliefs. He then procures

an inspection on quality, and makes a purchase decision. Note that he cannot observe the

outcome of the �rst-period inspection or even if one was procured, therefore he did not know

why the asset did not sell in the �rst period. Speci�cally, the buyer cannot distinguish

between two possible reasons: (i) the asset was overpriced with respect to �rst-period buyer

valuation, or (ii) the inspection's outcome was unfavorable revealing low quality, even if the

�rst buyer was ready to buy it. Therefore, time-on-the-market enters as a variable at the

time of updating beliefs on the seller's type and the quality of the asset.

We solve the game by backward induction. The problem facing the buyer in t = 2 is

max
σ2∈[0,σ]

µ2 (v − P2)− P2 (1− µ2) (1− σ2)− C (σ2) ,

which leads to σ∗2 = σ (P2, µ2) such that C
′
(σ∗2) = P2 (1− µ2), where µ2 denotes the beliefs

about the asset being of high quality, taking into account time-on-the-market:

µ2 (P, µ) =
µG (f (P, µ))

G (f (P, µ)) + [1−G (f (P, µ))]σ (P, µ) (1− µ)
,
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where G (f (P, µ)) denotes the probability that second-period buyer assigns to reason (i):

G (f (P, µ)) = G

(
µP + (1− µ) (1− σ∗ (P, µ))P + C (σ∗ (P, µ))

µ

)

and [1−G (f (P, µ))]σ (P, µ) (1− µ) denotes the probability that a �aw was discovered at

the inspection (reason (ii)).

Note that, when time-on-the-market comes into play, not only the buyer updates beliefs

accordingly, but also the seller. We denote by θ̃ the posterior probability assigned by the

seller to high quality given that asset did not sell in the previous period:

θ̃ (θ, P, µ) =
θG (f (P, µ))

G (f (P, µ)) + [1−G (f (P, µ))]σ (P, µ) (1− θ)
.

Hence, a buyer with valuation v for the asset will drop out of the market once the price

reached P2 de�ned by

µ2 (v − P2)− P2 (1− µ2) (1− σ∗2)− C (σ∗2) = 0

which leads to second-period demand

D2 (P2, µ2) = 1−G
(
µ2P2 + P2 (1− µ2) (1− σ∗2) + C (σ∗2)

µ2

)
,

and associated pro�ts

π
(
θ̃, P2, µ2

)
= P2D2

(
θ̃, P2, µ2

)
= P2D2 (P2, µ2)

[
θ̃ +

(
1− θ̃

)
(1− σ∗2)

]
.

Note that the inspection procured by the buyer in the second period is more intense than the

one procured by �rst-period �potential� buyer, σ∗2 ≥ σ∗1. As µ2 < µ , the result follows from

∂σ∗

∂µ
= − P

C′′ (σ∗)
< 0. This is because second-period buyer worries that time-on-the-market

was due to an unfavorable inspection, therefore detection of low quality, in the �rst period

and as a result procures a more intense inspection in the second period.
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For any history of separation
(
P b∗, P g

)
, second-period prices are given by

(
P b∗

2 , P
g∗∗
2

)
, where

P b∗
2 is the maximizer of π

(
b̃, P2, µ2

(
P b∗, µ = b

))
and P g∗∗

2 is the maximizer of π (g̃, P2, µ2 (P g, µ = g)).

We denote by Π (θ, P, µ) the pro�ts over both periods of a type-θ seller who sets the price

P in the �rst period, inducing beliefs µ, and look for separating equilibria as well.

When there is only one asset on sale (therefore both price and time-on-the-market can signal

quality) there might be no separating equilibrium even if single-crossing is satis�ed. The

key to this result is that second-period buyer cannot observe why the asset did not sell in

the �rst period. Notably, the failure to sell can be attributed to (i) overpricing or (ii) an

unfavorable inspection outcome. Therefore the good seller can in�uence buyer beliefs by

choosing a high price, in order to make reason (i) seem more plausible. Failure to sell in the

�rst period conveys a much weaker assessment of quality when the price is high than when it

is low. The problem, however, is that the bad seller has more incentive to hide behind a high

initial price because he bene�ts more from an increase in buyer beliefs than his high-quality

counterpart, given his lower probability of sale in the �rst period. It follows that the bad

type will always prefer to imitate a high quality seller using a high initial price because the

change in consumer beliefs that results from a �rst-period sale in�ict more damage than a

non-sale, especially if the latter can be easily justi�ed by a high price.

Fact 4.7. With information acquisition and time-on-the-market on of the su�cient condition

for the existence of a separating equilibrium, ∂
2Π(θ,P,µ)
∂θ∂µ

> 0 (1) is not satis�ed.

Even if we can assure single-crossing, condition (1) cannot be satis�ed, since the shift from

pessimistic to optimistic beliefs is more attractive to the bad seller, making the equilibrium

fail:

∂2Π (θ, P, µ)

∂θ∂µ
=

∂2

∂θ∂µ

{[
P − π

(
θ̃, P2, µ2

)]
D (θ, P, µ) + π

(
θ̃, P2, µ2

)}
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=
∂

∂µ

[P − π (θ̃, P2, µ2

)]
Dθ (θ, P, µ) + [1−D (θ, P, µ)]

∂π
(
θ̃, P2, µ2

)
∂θ



=
[
P − π

(
θ̃, P2, µ2

)]
Dθµ (θ, P, µ)−

∂π
(
θ̃, P2, µ2

)
∂µ

Dθ (θ, P, µ)

+ [1−D (θ, P, µ)]
∂π
(
θ̃, P2, µ2

)
∂θ∂µ

−
∂π
(
θ̃, P2, µ2

)
∂θ

Dµ (θ, P, µ) .

There are two terms in the previous expression which are unequivocally negative, and pos-

sibly quite important. The �rst is

[
−∂π(θ̃,P2,µ2)

∂µ
Dθ (θ, P, µ)

]
. This re�ects the fact that

inducing better beliefs at t = 2 (higher µ2 through optimistic µ) is more valuable for the

bad type, since he is more likely to have an unsold asset at that time. The second term,[
−∂π(θ̃,P2,µ2)

∂θ
Dµ (θ, P, µ)

]
, shows that inducing higher �rst-period beliefs is more appealing

to the bad type than the good, since the outside option of waiting until the next period is

worse for the former.

5.2 Costly information acquisition, time-on-the-market and separating equilib-

rium

We now consider the case in which only �rst-period buyer is allowed to acquire information

to infer the common value of the object, whereas the second-period one learns from his pre-

decessor purchase decision and makes his choice accordingly. We show there is a separating

equilibrium in which high prices (and time-on-the-market) signal high quality. Note that

now the second-period buyer updates beliefs about the asset quality only observing that no

sale occurred in the �rst period at price P .

We solve the game by backward induction. Since no inspection on quality occurs in the
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second period, given beliefs µ2 , the buyer will buy if µ2v − P2 ≥ 0, which leads to second-

period demand

D2 (P2, µ2) = 1−G
(
P2

µ2

)
,

and associated pro�ts

π (P2, µ2) = P2D2 (P2, µ2) ,

where µ2 is de�ned as before and denotes the beliefs about the asset being of high quality,

taking into account time-on-the-market:

µ2 (P, µ) =
µG (f (P, µ))

G (f (P, µ)) + (1−G (f (P, µ))) (σ (P, µ) (1− µ))
.

For any history of separation
(
P b∗, P g

)
, second-period prices are given by

(
P b∗

2 , P
g∗∗
2

)
, where

P b∗
2 is the maximizer of π

(
P2, µ2

(
P b∗, µ = b

))
and P g∗∗

2 is the maximizer of π (P2, µ2 (P g, µ = g)).

We denote by Π (θ, P, µ) the pro�ts over both periods of a type-θ seller who sets the price

P in the �rst period, inducing beliefs µ, and look for separating equilibria as well.

Proposition 4.8. With �rst-period information acquisition and time-on-the-market there is

a separating equilibrium
(
P b∗, P g

)
with P g > P g∗, if the following two conditions hold:

1. g ≤ G(P )2

σ
,

2. ∂Dθ
∂µ

µ
Dθ
≥ −∂[P−π(P2,µ2)]

∂µ
µ

[P−π(P2,µ2)]
.

Proof. We can write Π (θ, P, µ) as

Π (θ, P, µ) = [P − π (P2, µ2)]D (θ, P, µ) + π (P2, µ2) ,
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with

D (θ, P, µ) = D (P, µ) [θ + (1− θ) (1− σ (P, µ))] .

As we know, we need to check that:

1) ∂2Π(θ,P,µ)
∂P∂θ

> 0 and

2) ∂2Π(θ,P,µ)
∂θ∂µ

> 0.

Condition (1) is equal to:

∂2Π (θ, P, µ)

∂P∂θ
=

∂

∂θ

{
[P − π (P2, µ2)]DP (θ, P, µ) +

[
1− ∂π (P2, µ2)

∂P

]
D (θ, P, µ) +

∂π (P2, µ2)

∂P

}

= [P − π (P2, µ2)]DPθ (θ, P, µ) +

[
1− ∂π (P2, µ2)

∂P

]
Dθ (θ, P, µ) ,

Note that we are looking for separation through high prices, so that we can assume P >

π (P2, µ2). Moreover DPθ (θ, P, µ) = DP (P, µ)σ (P, µ)+D (P, µ)σP (P, µ) is positive if σP
σ
>

−DP
D

(as shown in Lemma 4) and Dθ (θ, P, µ) = D (P, µ)σ (P, µ) > 0. So that it is enough

to show that ∂π(P2,µ2)
∂P

< 1:

∂π (P2, µ2)

∂P
=
P ∗

2

2

µ2
2

g

(
P ∗2
µ2

)
∂µ2

∂P
=

[
1−G

(
P ∗2
µ2

)] 1−G
(
P ∗2
µ2

)
g
(
P ∗2
µ2

) ∂µ2

∂P

using the fact that at the optimum
P ∗2
µ2

=
1−G

(
P∗2
µ2

)
g

(
P∗2
µ2

) . So that it is enough to show that ∂µ2
∂P

< 1:

∂µ2

∂P
=

∂

∂P

{
µG (f (P, µ))

G (f (P, µ)) + (1−G (f (P, µ))) (σ (P, µ) (1− µ))

}
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=
µ (1− µ)

[
g (f)σ∗ ∂f(P,µ)

∂P
− σ∗PG (f) (1−G (f))

]
[G (f) + (1−G (f)) (σ∗ (1− µ))]2

=
µ (1− µ)

[
g (f)σ∗

(
1−σ∗(1−µ)

µ

)
− σ∗PG (f) (1−G (f))

]
[G (f) + (1−G (f)) (σ∗ (1− µ))]2

using the fact that

f (P, µ) =
µP + (1− µ) (1− σ∗)P + C (σ∗)

µ

and

∂f (P, µ)

∂P
=
µ+ (1− µ) (1− σ∗)

µ
.

Now if [
g (f)σ∗

(
1− σ∗ (1− µ)

µ

)
− σ∗PG (f) (1−G (f))

]
≤ 0

the proof is completed. From now on we consider the case in which

[
g (f)σ∗

(
1− σ∗ (1− µ)

µ

)
− σ∗PG (f) (1−G (f))

]
> 0.

∂µ2

∂P
=
µ (1− µ)

[
g (f)σ∗

(
1−σ∗(1−µ)

µ

)
− σ∗PG (f) (1−G (f))

]
[G (f) + (1−G (f)) (σ∗ (1− µ))]2

< 1

(1− µ) g (f)σ∗ − (1− µ)2 g (f)σ∗
2 − σ∗Pµ (1− µ)G (f) (1−G (f))

< G (f)2 + (1−G (f))2 (σ∗ (1− µ))2 + 2G (f) (1−G (f)) (σ∗ (1− µ)) .

Then it is enough to show that
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(1− µ) g (f)σ∗ < G (f)2 ,

moreover as (1− µ) g (f)σ∗ ≤ (1− µ) g (f)σ, and f (P, µ) = µP+(1−µ)(1−σ∗)P+C(σ∗)
µ

> P

implies G (f) > G(P ), it is enough that

(1− µ) g (f)σ < G(P )2.

Therefore ∂π(P2,µ2)
∂P

< 1 is always true if g ≤ G(P )2

σ
.

At the same time we require ∂2Π(θ,P,µ)
∂θ∂µ

> 0:

∂2Π (θ, P, µ)

∂θ∂µ
=

∂

∂µ
{[P − π (P2, µ2)]Dθ (θ, P, µ)} =

[P − π (P2, µ2)]Dθµ (θ, P, µ)− ∂π (P2, µ2)

∂µ
Dθ (θ, P, µ) > 0

if
∂Dθ

∂µ

µ

Dθ

≥ −∂ [P − π (P2, µ2)]

∂µ

µ

[P − π (P2, µ2)]
.�

6 Conclusion

This paper examines the optimal pricing strategy in a monopoly market with asymmetric

information about product quality and information acquisition. The seller has private infor-

mation about the probability of owning a high-quality asset, whereas the buyer is initially

uninformed about quality. The buyer has two learning mechanisms: price signaling and in-

formation acquisition prior to purchase. Information acquisition is costly - in terms of time

and money - and imprecise. Moreover, it is increasing in prices and decreasing in the prior

assessment of quality. We show existence of a unique separating equilibrium that satis�es the

intuitive criterion in which high prices signal high quality because a high price is essentially

an invitation to inspect.
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We then discuss the implications of time-on-the-market on the separating equilibrium, when

the selling season is composed of two periods and there is only one object for sale. The two

conditions that guarantee the existence of a separating equilibrium might not hold in this

case, since a failure to sell in the �rst period conveys a much weaker assessment of quality

when the price is high than when it is low. Hence the low-quality seller has more incentive

to hide behind a high initial price and will always prefer to imitate a high quality seller.

We solve the problem by allowing only �rst-period buyers to acquire information. When the

second-period buyer learns from the price history and his predecessors purchase decision,

a separating equilibrium exists in which high prices (and time-on-the-market) signal high

quality.

Our model has many applications and can help explain price dynamics in real estate, auto,

arts and clothes markets, for example. Consumers of high-end products usually spend more

time researching product attributes. In particular, real estate and auto purchase decisions are

usually made after inspections that range from casual to professional, and have corresponding

costs. We explain the price path observable in such situations.

Many interesting extensions can be derived from this analysis. For example, a �nite or in�-

nite horizon may be used to study price dynamics. Furthermore, a multi-period framework

may illuminate the unresolved conclusion about the existence of a separating equilibrium

when both prices and time-on-the-market signal quality. That open question may also be

approached by discounting the future in di�erent ways for the high-quality and low-quality

seller, respectively. Finally, the analysis of di�erent market structures, where strategic inter-

action among �rms also comes into play, might yield di�erent conclusions about the optimal

pricing strategy.
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Appendix

Costless inspections and two-period game

We now consider the selling season is composed of two periods and there is an object for

sale each period. We denote by µs the updated belief on q = 1, after observing the price and

the inspection outcome. We restrict attention to beliefs µF (µ) since no buyer will buy the

asset at any price if s = NF . Then µF (µ) = µ
µ+(1−µ)(1−σ)

, and µ = b if P = P b and µ = g

if P = P g 14. We solve the game by backward induction. Following a history of separation(
P b∗, P g

)
, second-period prices are given by

(
P b∗

2 , P
g∗∗
2

)
15, where P b∗

1 = P b∗
2 = P b∗ is the

maximizer of π
(
b, P, µF (b) .

)
and P g∗∗

2 is the maximizer of π
(
g, P, µF (g) .

)
. We denote

by Π
(
θ, P, µF (µ)

)
the pro�ts over both periods of a type-θ seller who sets the price P in

the �rst period, inducing beliefs µF (µ), conditional on a favorable inspection outcome.Thus

equilibrium pro�ts are given by

Π
(
b, P b∗, µF (b)

)
= 2P b∗D

(
b, P b∗, µF (b)

)

Π
(
g, P g, µF (g)

)
= P gD

(
g, P g, µF (g)

)
+ P g∗∗

2 D
(
g, P g∗∗

2 , µF (g)
)
.

Proposition 4.9. In the dynamic game, with costless inspections, there is no separating

equilibrium.

Proof. A separating equilibrium in t = 1 is a pair
(
P b∗, P g

)
such that two conditions

simultaneously hold:

C1. Π
(
b, P b∗, µF (b)

)
≥ Π

(
b, P g

1 , µ
F (g)

)
, and

14Note that µF1 = µF2 =µ
F (µ).

15Second-period equlibrium prices are calculated by maximizing pro�ts, since sellers' private information was fully
revealed in the �rst period, where a separating equilibrium was played.
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C2. Π
(
g, P g, µF (g)

)
≥ Π

(
g, P g∗, µF (b)

)
.

Separation can occur if the bad seller chooses its maximizing price rather than mimicking

the good one, even if this implies optimistic beliefs (C1), and the good seller chooses not

to monopolize the market by charging his maximizing price P g∗ in the �rst period, being

perceived as a bad seller (C2). The proof follows the same reasoning of Lemma 3 proof.

Consider the equilibrium price P g = P > P b∗ such that Π
(
b, P b∗, µF (b)

)
= Π

(
b, P , µF (g)

)
(1). Condition (1) is equivalent to

2
[
P b∗D

(
P b∗, µF (b)

)
(b+ (1− b) (1− σ))

]
=

PD
(
P , µF (g)

)
(b+ (1− b) (1− σ)) + P g∗∗

2 D
(
P g∗∗

2 , µF (g)
)

(b+ (1− b) (1− σ))

At this price the good seller should not have any incentive to deviate to his �monopoly�

price, i.e. Π
(
g, P g

1 , µ
F (g)

)
> Π

(
g, P g∗

1 , µF (b)
)
(2):

2
[
P g∗D

(
P g∗, µF (b)

)
(g + (1− g) (1− σ))

]
≤

PD
(
P , µF (g)

)
(g + (1− g) (1− σ)) + P g∗∗

2 D
(
P g∗∗

2 , µF (g)
)

(g + (1− g) (1− σ)) .

By equality (1) this is equivalent to

PD
(
P , µF (g)

)
(g + (1− g) (1− σ)) + P g∗∗

2 D
(
P g∗∗

2 , µF (g)
)

(g + (1− g) (1− σ)) <

PD
(
P , µF (g)

)
(g + (1− g) (1− σ)) +P g∗∗

2 D
(
P g∗∗

2 , µF (g)
)

(g + (1− g) (1− σ)), which can-

not be true since P b∗ = P g∗.

Thus there is no separating equilibrium satisfying both (1) and (2) at the same time. �

Costly inspections and two-period game

We now consider the case in which the selling season is composed of two periods and there is

an object on sale each period. When information acquisition is costly, the dynamic separating

equilibrium shows higher separating prices than the static one.
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Proposition 4.10. There is always a separating equilibrium
(
P b∗, P g

1

)
with P g

1 ≥ P g∗ if σP
σ
>

−DP
D

and −σµ
σ
< Dµ

D
, where σP

σ

(σµ
σ

)
represents the elasticity of the information precision to

the price (beliefs) and DP
D

(
Dµ
D

)
the elasticity of demand to price (beliefs). Moreover the

dynamic separating equilibrium shows higher separating prices than the static one, P g
1 > P g.

Proof. The proof follows the same steps as for the static case (see Proof of Proposition 5).

We now show that the dynamic separating equilibrium shows higher separating prices than

the static one P g
1 > P g. We de�ned P as the price at which the bad seller was indi�erent

between following the equilibrium strategy and mimicking the good one in the static game,

π
(
b, P b∗, µ = b

)
= π

(
b, P , µ = g

)
(1). Now de�ne P̃ as its equivalent for the two-period

game, the price such that Π
(
b, P b∗, µ = b

)
= Π

(
b, P̃ , µ = g

)
(2). Expressions (1) and (2)

can be written as

P b∗D
(
P b∗, µ = b

) (
b+ (1− b)

(
1− σ

(
P b∗, µ = b

)))
= PD

(
P , µ = g

) (
b+ (1− b)

(
1− σ

(
P , µ = g

)))
(1)

2
[
P b∗D

(
P b∗, µ = b

) (
b+ (1− b)

(
1− σ

(
P b∗, µ = b

)))]
=

P̃D
(
P̃ , µ = g

)(
b+ (1− b)

(
1− σ

(
P̃ , µ = g

)))
+P g∗∗

2 D (P g∗∗
2 , µ = g) (b+ (1− b) (1− σ (P g∗∗

2 , µ = g)))

(2)

Suppose that P̃ = P . If this is the case, then condition (2) reduces to

P b∗D
(
P b∗, µ = b

) (
b+ (1− b)

(
1− σ

(
P b∗, µ = b

)))
=

P g∗∗
2 D (P g∗∗

2 , µ = g) (b+ (1− b) (1− σ (P g∗∗
2 , µ = g))),

which cannot be true since π (b, P g∗∗
2 , µ = g) > π

(
b, P b∗, µ = b

)
. Then, to mantain the

equality in condition (2) it must be that P̃ > P .�
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Price Signaling and Herding

1 Introduction

In many markets consumer decisions are in�uenced by the choices of their peers. Facing

uncertainty about the characteristics of a new product, consumers try to infer its quality

from previous buyers' purchase decisions. Imitation, the in�uence of opinion leaders, word-of-

mouth communication, as well as past experience are often the leitmotiv of consumer choice.

Such behavior is quite common in the technology industry: the potential adopters of new

technologies, such as computer software, new medical equipment or a new type of vehicle,

typically look to the sequence of past purchases for information on quality. We study the

optimal pricing strategy for new products in a dynamic monopoly market with asymmetric

information about product quality, in which buyers learn from each other's purchases.

We set up a two-period model, in which a long-lived monopolist faces short-lived buyers

each period. The buyer has no information about product quality, while the seller has

private information about the probability of producing a high-quality product. Buyers have

a common valuation for the product, but also an individual valuation or �taste� for it,

independently and identically distributed. The �rst-period buyer observes prices and obtains

a private signal regarding the common value of the product, before deciding whether or not

to make the purchase. While the inspection outcome is private information to the buyer,

the purchase decision becomes public. Based on the previous buyer's purchase decisions and

price history, the second-period buyer makes his choice. Each period, the monopolist posts

a price without observing the signal recieved by the buyer as a result of inspection, but

knowing his own type. Note that, in this context, the monopolist uses the pricing strategy

not only to signal his type, but also to manipulate the buyers' learning process. Beliefs are

higher after a �rst-period sale at relatively high prices. If a �rm is able to sell at a very

high price, after being inspected, it must be good! We look for separating (pure-strategy)

equilibria and show that high prices signal high quality, under di�erent assumptions about

the signal precision and the objects for sale.
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We �rst consider the case in which the private signal is perfectly informative, and there

is one object on sale each period. We then analyze how the result changes when time-on-

the-market comes into play and the second period is reached only if the �rst-period buyer

decides not to buy the product. We then analyze conditions for the existence of a separating

equilibrium for the more general case with imperfectly informative signals, with both two

and one objects for sale over both periods.

We show that there exists a separating equilibrium in which high prices signal high quality,

even as the equilibrium with time-on-the-market requires more restrictive conditions. As �rst

period prices can be used to manipulate information transmission, sellers can take advantage

of this in order to increase second period pro�ts (unless second period pro�ts are linear in

beliefs). Such an opportunity is more valuable for good sellers, since they sell more often.

However, with time on the market, a force in the opposite direction plays a role, since bad

type sellers are on the second period market more often.

Related Literature. The model developed here is closely related to the herding and ob-

servational learning literature, initiated by Banerjee (1992) and Bikhchandani, Hirshleifer

and Welch (1992). They show that, when prices are �xed, and each agent observes both a

private signal and past purchase decisions, a pathological phenomenon may arise. At some

point all agents will ignore their own signals and base their decisions only on the observed

behavior of the previous agents, which will prevent further learning and may lead to in-

formational cascades. An extension of the herding literature studies strategic pricing and

experimentation, in a context of incomplete but symmetric information. Firms use their

pricing policies to manipulate the consumers' learning process. Speci�cally �rms optimally

choose low prices in order to incentivize experimentation and information di�usion, therefore

encouraging herding (see, for example, Bergemann and Valimaki (1996), Caminal and Vives

(1996), Vettas (1997), Schlee (2001)). Bose et al. (2006, 2008) study the optimal dynamic

pricing in a monopoly market with observational learning and private information on the

consumer side. They �nd, in contrast to the above mentioned literature, that a low intro-

ductory price induces little information transmission. The monopolist here uses the price
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as a screening device, therefore choosing between a low initial price, that conveys very little

information, and a high initial price that allows di�erentiation between consumers vis-a-vis

the private information recieved.

This paper is also closely related to the literature on signaling (high) quality through (high)

prices. Bagwell and Riordan (1991) show that high (and declining) prices signal high quality,

in a monopoly market for durable goods, in which quality is correlated with costs. Judd and

Riordan (1994) reach the same result by examining a two-period signal-extraction model

with learning. Even though no correlation between quality and costs is assumed, private

information on both sides of the market allows the seller to signal high quality through high

prices. In both models learning from others is not considered. Bar-Isaac (2003) studies

a dynamic learning model with a privately informed monopolist. In his model, signaling

comes from the monopolist's strategic decision to sell or not, which in turn a�ects consumers'

learning by observing ex-post outcomes. In equilibrium, good �rms never stop selling, while

bad �rms still sell with positive probability.

Finally we extend the literature on time-on-the-market as sign of quality, initiated by Taylor

(1999). Taylor (1999) explores the e�ect of time-on-the-market on pricing in a two-period

model with asymmetric information and a single object for sale (a house). The parametric

assumption made about the quality of the item allows him to rule out separating equilibria

and focus attention to consumer learning. The main result involves a pooling equilibrium,

in which the low-quality seller mimic his high-quality counterpart. Depending on the infor-

mation structure, the seller may post a higher or a lower price in the �rst-period.

2 The Model

We consider a model in which a single seller faces a potential buyer each period. The quality

of the product may be either high or low, q ∈ {0, 1}, which is unknown to both the seller and

the buyer. The seller has private information about his type θ, the probability of producing

high quality, that can be either good or bad, θ ∈ {g, b}, with 0 < b < g < 1. The ex post
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valuation of the buyer is q + v16, where q represents the common value (objective quality)

and v is the buyer individual valuation or �taste� for the product, drawn from a distribution

G (v) continously di�erentiable with G
′
(v) = g (v) > 0, for all v ∈ [0, 1]. The seller's decision

variable is the selling price and there is no discounting.

The timing of the game is the following: the seller's type is drawn by Nature at the outset;

the seller learns his type and chooses a pricing strategy. The buyer observes the price

and procures an inspection on quality, the inspection's outcome is realized, then the buyer

updates beliefs according to Bayes rule and makes a purchase decision. At the beginning of

the second period a new buyer arrives, who, after observing previous user's purchase decision,

updates beliefs on the product quality and decides whether to buy or not. Second-period

pro�ts are then realized and the game ends.

The �rst-period buyer, after observing the price and before making his purchasing decision,

procures an inspection on quality. The outcome of the inspection may be either favorable or

unfavorable, s ∈ {F,NF} and it is characterized by the following conditional probabilities:

0 1

F 1− σ 1

NF σ 0

A high-quality product always results in a favorable outcome, whereas a low-quality one

generates it with probability (1− σ). Therefore a favorable outcome does not garantee

high quality, whereas an unfavorable one can be thought of as discovering a �aw in the

product, fully revealing low quality. Here, σ ∈ [0, σ], can be interpreted as a measure of

the signal precision17. The second-period buyer observes the price history and the previous

user's purchase decision, p ∈ {S,NS}, where S stands for �sale� and NS for �no-sale� in the

previous period.

16The results are easily generalizable to any function f (q, v).
17The results obtained in this paper are robust to more general signal structures that satis�es the following as-

sumptions: Pr (F | q = 1) > Pr (F | q = 0) and Pr (NF | q = 1) < Pr (NF | q = 0) .
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The �rst-period buyer starts the game with a prior µ0 = Pr(q = 1), and updates beliefs to

µs (µ), after observing the price and the inspection outcome. Note that separating prices(
P b, P g

)
induce beliefs µ = b if P = P b and µ = g if P = P g, whereas pooling prices do not

provide any information and the posterior will be the same as the prior, µ = µ0. Then

µF =
µ

µ+ (1− µ) (1− σ)

µNF = 0.

Conditional on the inspection outcome, the buyer will buy the good if µs (µ) + v − P ≥ 0,

which leads to the demand D (P, µ) = 1−G (P − µs (µ)) and associated pro�ts

π (θ, P, µ) = PD (θ, P, µ)

D (θ, P, µ) = D
(
P, µF (µ)

)
[θ + (1− θ) (1− σ)] +D (P, 0) (1− θ)σ.

At the beginning of the second-period a new buyer arrives with a belief µp (P, µ) about the

product quality, where µp (P, µ) the probability of the product being of high quality, after

observing previous period prices and purchase decision. Conditional on history, the second-

period buyer will buy the product if µp (P, µ) + v − P2 ≥ 0, which leads to second-period

demand D (P2, P, µ) = 1−G (P2 − µp (P, µ)) and associated pro�ts

π (P2, P, µ) = maxP2P2D (P2, P, µ) .

Therefore the expected pro�ts over both periods of a type-θ seller, who sets a price P in the

�rst period, inducing beliefs µ are

Π (θ, P, µ) = PD (θ, P, µ) + E(P,µ) [π (P2, P, µ)]
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= PD (θ, P, µ) +D (θ, P, µ)
[
π
(
P ∗2,S, P, µ

)]

+ (1−D (θ, P, µ))
[
π
(
P ∗2,NS, P, µ

)]
,

where D (θ, P, µ) denotes the probability of a sale in the �rst period, and P ∗2,S and P ∗2,NS

are the maximizers of π (P2,S, P, µ) and π (P2,NS, P, µ) , respectively, following any history of

separation in the �rst period. Note that second-period pro�ts can be either linear or convex

in beliefs, depending on the assumptions made about G (v). We will discuss the implications

of linearity and convexity on the separating equilibrium in the subsequent sections.

We de�ne and analyze conditions for the existence of separating equilibria in pure strategies.

We characterize separating equilibria for the benchmark case, in which the signal is perfectly

informative. We then analyze the general case with an imperfect signal structure. For both

cases, we consider the scenario with an object for sale each period and one object for sale over

both periods, discussing the implications of time-on-the-market on separating equilibria.

3 Separating Equilibrium

A (�rst-period) separating equilibrium is a sequential equilibrium at which buyers can dis-

tinguish the good and the bad seller by the di�erent pricing choices they made. Note that

separating prices allow the buyer to infer the seller's type, but not the true quality of the

product. Separating prices
(
P b, P g

)
induce beliefs µ = b if P = P b and µ = g if P = P g,

whereas pooling prices do not provide any information and the posterior will be the same

as the prior, µ = µ0. Moreover, o�-equilibrium prices P 6=
{
P b, P g

}
are assumed to induce

pessimistic beliefs µ = b, to make the existence of the equilibrium easier.

De�nition 4.11. (Separating Equilibrium) A separating equilibrium is a pair
(
P b, P g

)
such

that three conditions hold:
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C1. Π
(
b, P b, µ = b

)
≥ Π (b, P, µ = b), for every P 6= P g.

C2. Π
(
b, P b, µ = b

)
≥ Π (b, P g, µ = g), and

C3. Π (g, P g, µ = g) ≥ Π (g, P, µ = b) , for every P 6= P g.

For the bad seller, P b must dominate any price P 6= P g under pessimistic beliefs (C1).

Moreover, the bad seller should not have incentives to mimic the good one, even if this

implies optimistic beliefs (C2). For the good seller, P g must dominate any other price P

that induce pessimistic beliefs (C3).

Lemma 4.12. In any separating equilibrium P b = P b∗, where P b∗ is the maximizer of

Π (b, P, µ = b). Moreover, for the good seller, it is su�cient to check that Π (g, P g, µ = g) ≥

Π (g, P g∗, µ = b), where P g∗ is the maximizer of Π (g, P, µ = b).

Proof. P b = P b∗ is a necessary condition for C1 to be satis�ed. Moreover C3 requires that

the good seller should not have any incentive to deviate from the equilibrium price, with

such deviation implying pessimistic beliefs. Then it is su�cient to control for best deviation

which occurs at P g∗, the maximizer of Π (g, P, µ = b). �

4 Benchmark case: perfectly informative signals

4.1 Two objects for sale

In subsequent sections it is assumed �rst-period buyer receives a noisy signal when procuring

the inspection on quality. Prior to study this scenario, it is useful to have a benchmark case,

in which the inspection provides �rst-period buyer with a perfectly informative signal about

the product quality, σ = 1, and, therefore, prices do not carry out any signaling role (for the

�rst-period buyer).

65



We solve the game by backward induction. Second-period buyer, after observing previous

user's purchase decision p ∈ {S,NS}, updates beliefs to µp (P, µ):

µNS = 0

µS =
µ

µ+ (1− µ) [1−G (P )]
,

where µ = b if P = P b and µ = g if P = P g. Conditional on a �no-sale� history, second-

period demand is given byD (P2,NS) = 1−G (P2,NS), whereas, conditional on a �sale� history,

it is given by D (P2,S, P, µ) = 1 − G
(
P2,S − µS (P, µ)

)
, with associated pro�ts π (P2,NS) =

P2,NSD (P2,NS) and π (P2,S, P, µ) = P2,SD (P2,S, P, µ), respectively. Then, for any history of

separation
(
P b∗, P g

)
, second-period prices are given by P ∗2,NS and P ∗2,S , the maximizers of

π (P2,NS) and π (P2,S, P, µ), respectively.

With perfectly informative signals, �rst-period buyer beliefs are independent of the pricing

strategies. Then µF = 1, and µNF = 0. Note that, conditional on a favorable inspection

outcome, the buyer will always buy the product, since we are assuming P < 1. Then �rst-

period pro�ts are independent of the beliefs generated by the separating strategy and given

by π (θ, P ) = PD (θ, P ), with

D (θ, P ) = [θ + [1−G (P )] (1− θ)] .

Therefore the expected pro�ts of a type-θ seller, who sets a price P in the �rst period,

inducing beliefs µ are

Π (θ, P, µ) = PD (θ, P ) +D (θ, P ) π
(
P ∗2,S, P, µ

)
+ [1−D (θ, P )] π

(
P ∗2,NS

)
.

A separating equilibrium is de�ned according to De�nition 1. We now show that there

is always a separating equilibrium in which high prices signal high quality. The intuition
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behind this result is the following: on the one hand, a good seller has a higher probability of

sale in the �rst period at any price; on the other hand, and more importantly, the increase

in second-period pro�ts, conditional on a �rst-period sale and high price, is higher for the

good seller. Secon-period beliefs are responsible for such a result: if a �rm is able to sell at a

very high price, after being inspected, then it must be good! Note that the intensity of this

result is due to the functional form of second-period pro�ts. In particular the convexity of

second-period pro�ts ampli�es the e�ect of beliefs, then requiring lower prices - therefore a

lower cost of signaling - to the good seller to achieve separation.

Proposition 4.13. There is always a separating equilibrium
(
P b*, P g

)
with P g > P g∗.

Proof. Consider the price P > P b∗ such that Π
(
b, P b∗, µ = b

)
= Π

(
b, P , µ = g

)
. If P ≤

P g∗, then, by the Envelope Theorem, it is straightforward to show that Π
(
g, P , µ = g

)
≥

Π (g, P g∗, µ = b), and
(
P b∗, P g∗∗) is a separating equilibrium, where P g∗∗ is the price that

maximizes the good seller pro�ts under optimistic beliefs, Π (g, P, µ = g).

Thus we can restrict attention to the case P > P g∗. At this price the good seller should not

have any incentive to deviate to his �monopoly� price, i.e. Π
(
g, P , µ = g

)
≥ Π (g, P g∗, µ = b),

which is equivalent to:

Π
(
g, P , µ = g

)
− Π (g, P g∗, µ = b) ≥ Π

(
b, P , µ = g

)
− Π

(
b, P b∗, µ = b

)
= 0.

We can rewrite the left and right hand sides of this inequality as

[
Π
(
g, P , µ = g

)
− Π

(
g, P , µ = b

)]
+
[
Π
(
g, P , µ = b

)
− Π (g, P g∗, µ = b)

]
≥

[
Π
(
b, P , µ = g

)
− Π

(
b, P , µ = b

)]
+
[
Π
(
b, P , µ = b

)
− Π

(
b, P b∗, µ = b

)]
.

Therefore it is enough to show that
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1.
[
Π
(
g, P , µ = g

)
− Π

(
g, P , µ = b

)]
≥
[
Π
(
b, P , µ = g

)
− Π

(
b, P , µ = b

)]
and

2.
[
Π
(
g, P , µ = b

)
− Π (g, P g∗, µ = b)

]
≥
[
Π
(
b, P , µ = b

)
− Π

(
b, P b∗, µ = b

)]
.

Conditions 1 and 2 are implied by: ∂2Π(θ,P,µ)
∂P∂θ

> 0 and ∂2Π(θ,P,µ)
∂θ∂µ

> 0. The �rst condition is

standard single-crossing: the cost of signaling through high prices is less detrimental to the

good type than to the bad one. On the other hand, the second condition requires that the

shift from pessimistic to optimistic beliefs is more attractive to the good type than to the

bad one.

1. ∂2Π(θ,P,µ)
∂P∂θ ≥ 0

∂2Π (θ, P, µ)

∂P∂θ
=

∂

∂θ
{[PDP (θ, P ) +D (θ, P )] +DP (θ, P ) π

(
P ∗2,S, P, µ

)

+D (θ, P )
∂π
(
P ∗2,S, P, µ

)
∂P

−DP (θ, P )π
(
P ∗2,NS

)
}

= {PDPθ (θ, P ) +Dθ (θ, P ) +DPθ (θ, P ) π
(
P ∗2,S, P, µ

)

+Dθ (θ, P )
∂π
(
P ∗2,S, P, µ

)
∂P

−DPθ (θ, P ) π
(
P ∗2,NS

)

= Dθ (θ, P )

[
1 +

∂π
(
P ∗2,S, P, µ

)
∂P

]
+DPθ (θ, P )

[
P + π

(
P ∗2,S, P, µ

)
− π

(
P ∗2,NS

)]

which is always positive sinceDθ (θ, P ) = G(P ),
∂π(P ∗2,S ,P,µ)

∂P
= P ∗2,Sg(P ∗2,S−µS) µ(1−µ)

[µ+(1−µ)(1−G(P ))]2
>

0 , DPθ (θ, P ) = g(P ) > 0 and π
(
P ∗2,S, P, µ

)
> π

(
P ∗2,NS

)
.
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We show now that ∂2Π(θ,P,µ)
∂θ∂µ

≥ 0:

∂2Π (θ, P, µ)

∂θ∂µ
=

∂

∂θ

{
D (θ, P )

[
∂π
(
P ∗2,S, P, µ

)
∂µ

]}

= Dθ (θ, P )

[
∂π
(
P ∗2,S, P, µ

)
∂µ

]

which is positive since
∂π(P ∗2,S ,P,µ)

∂µ
= P ∗2,Sg(P ∗2,S − µS) 1−G(P )

[µ+(1−µ)(1−G(P ))]2
> 0.�

4.2 Time-on-the-Market

We now consider the case in which there is only one asset on sale over both periods (therefore

both price and time-on-the-market can signal quality) and look for separating equilibria as

well. At the beginning of the �rst period the seller posts a separating price P . After observing

the price and the inspection's outcome, the buyer makes his purchase decision. If no sale

occurs in the �rst period, then we get to the second stage of the game, where the buyer

update beliefs on the seller's type, taking into account the fact that the asset did not sell

in the �rst period (time-on-the-market), and µN = 0 as before. Note that in this case the

expected pro�ts of a type-θ seller who sets the price P in the �rst period, inducing beliefs µ

are

Π (θ, P, µ) = PD (θ, P ) + [1−D (θ, P )]π
(
P ∗2,NS

)
where [1−D (θ, P )] represents the probability of a �no-sale� in the �rst period and π

(
P ∗2,NS

)
are the pro�ts associated with that history. We show that there is always a separating

equilibrium in which high prices (and time-on-the-market) signals quality.

Proposition 4.14. There is always a separating equilibrium
(
P b*, P g

)
with P g > P g∗.
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As we know, we need to check that:

1) ∂2Π(θ,P,µ)
∂P∂θ

> 0 and

2) ∂2Π(θ,P,µ)
∂θ∂µ

> 0.

∂2Π (θ, P, µ)

∂P∂θ
=

∂

∂θ

{
[PDP (θ, P ) +D (θ, P )]−DP (θ, P ) π

(
P ∗2,NS

)}

=
{
PDPθ (θ, P ) +Dθ (θ, P )−DPθ (θ, P ) π

(
P ∗2,NS

)}

=
{
Dθ (θ, P ) +DPθ (θ, P )

[
P − π

(
P ∗2,NS

)]}
which is positive if P > π

(
P ∗2,NS

)
. Since P2,NS = argmaxP2P2 [1−G (P )], and P g∗ =

argmaxP [θ + [1−G (P )] (1− θ)]+π
(
P ∗2,NS

)
, then P g∗ > P ∗2,NS. Finally P

∗
2,NS > P ∗2,NS

[
1−G

(
P ∗2,NS

)]
.

Then we can conclude that P > π
(
P ∗2,NS

)
, for any P > P g∗.

We show now that ∂2Π(θ,P,µ)
∂θ∂µ

> 0:

∂2Π (θ, P, µ)

∂θ∂µ
= 0�

Note that in this case the positive e�ect of beliefs disappear, as ∂2Π(θ,P,µ)
∂θ∂µ

= 0. This is because

the game reaches the second stage only after a history of �no-sale�, in which case beliefs do

not play any role - second-period buyer knows with certainty, after a �no-sale� history, that

the inspection's outcome was unfavorable in the previous period. Therefore separation can

occur only at a very high cost, that is charging a price P > π
(
P ∗2,NS

)
.
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5 Imperfect signals

5.1 Two objects for sale

We now investigate the more general case, in which �rst-period buyer receives a noisy signal

when procuring the inspection on quality, σ ∈ [0, σ]. As before, a high-quality product

always yields a favorable outcome, whereas a low-quality one generates it with probability

(1− σ).

We solve the game by backward induction. Second-period buyer, after observing previous

user's purchase decision p ∈ {S,NS}, updates beliefs to µp (P, µ):

µNS =
µG
(
P − µF (µ)

)
[1− σ (1− µ)]G (P − µF (µ)) + σ (1− µ)G (P )

µS =
µ
[
1−G

(
P − µF (µ)

)]
[1− σ (1− µ)] [1−G (P − µF (µ))] + σ (1− µ) [1−G (P )]

,

where [1−G (·)] represents �rst-period demand, µF (µ) = µ
µ+(1−µ)(1−σ)

, µ = b if P = P b

and µ = g if P = P g. Then, conditional on a �no-sale� history, second-period demand is

given by D (P2,NS, P, µ) = 1 − G
(
P2,NS − µNS (P, µ)

)
� whereas, conditional on a �sale�

history, it is given by D (P2,S, P, µ) = 1 − G
(
P2,S − µS (P, µ)

)
, with associated pro�ts

π (P2,NS, P, µ) = P2,NSD (P2,NS, P, µ), and π (P2,S, P, µ) = P2,SD (P2,S, P, µ), respectively.

Then, for any history of separation
(
P b∗, P g

)
, second-period prices are given by P ∗2,NS and

P ∗2,S , the maximizers of π (P2,NS, P, µ) and π (P2,S, P, µ), respectively.

Note that now �rst-period buyer takes into account both prices and the inspection's outcome

when updating beliefs about product quality. Then µF (µ) = µ
µ+(1−µ)(1−σ)

and µNF (µ) = 0.

Again, conditional on a favorable inspection outcome, the buyer will always buy the product,

which leads to the demand D (P, µ) = 1−G (P − µs (µ)) and associated pro�ts

π (θ, P, µ) = PD (θ, P, µ)

71



D (θ, P, µ) = D
(
P, µF (µ)

)
[θ + (1− θ) (1− σ)] +D (P, 0) (1− θ)σ.

Therefore the expected pro�ts of a type-θ seller, who sets a price P in the �rst period,

inducing beliefs µ are

Π (θ, P, µ) = PD (θ, P, µ) +D (θ, P, µ)
[
π
(
P ∗2,S, P, µ

)]
+ (1−D (θ, P, µ))

[
π
(
P ∗2,NS, P, µ

)]
.

Proposition 4.15. If G
(
P g∗ − µF (µ)

)
≥ 1

2
and g (·) > 0 is non-decreasing, there is always a

separating equilibrium
(
P b*, P g

)
with P g > P g∗.

Proof. As we know, we need to check that:

1) ∂2Π(θ,P,µ)
∂P∂θ

> 0 and

2) ∂2Π(θ,P,µ)
∂θ∂µ

> 0.

∂2Π (θ, P, µ)

∂P∂θ
=

∂

∂θ
{[PDP (θ, P, µ) +D (θ, P, µ)] +DP (θ, P, µ) π

(
P ∗2,Y , P, µ

)

+D (θ, P, µ)
∂π
(
P ∗2,Y , P, µ

)
∂P

−DP (θ, P, µ) π
(
P ∗2,N , P, µ

)
+ (1−D (θ, P, µ))

∂π
(
P ∗2,N , P, µ

)
∂P

}

= {PDPθ (θ, P, µ) +Dθ (θ, P, µ) +DPθ (θ, P, µ) π
(
P ∗2,Y , P, µ

)
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+Dθ (θ, P, µ)
∂π
(
P ∗2,Y , P, µ

)
∂P

−DPθ (θ, P, µ) π
(
P ∗2,N , P, µ

)
−Dθ (θ, P, µ)

∂π
(
P ∗2,N , P, µ

)
∂P

}

= Dθ

[
1 +

∂π
(
P ∗2,Y , P, µ

)
∂P

−
∂π
(
P ∗2,N , P, µ

)
∂P

]
+DPθ

[
P + π

(
P ∗2,Y , P, µ

)
− π

(
P ∗2,N , P, µ

)]
,

which is positive sinceDθ (θ, P ) = σ
[
G (P )−G(P − µF (µ))

]
> 0,DPθ (θ, P ) = σ

[
g (P )− g(P − µF (µ))

]
and π

(
P ∗2,S, P, µ

)
> π

(
P ∗2,NS, P, µ

)
. To conclude, we now show that

∂π(P ∗2,S ,P,µ)
∂P

>
∂π(P ∗2,NS ,P,µ)

∂P

if G
(
P g∗ − µF (µ)

)
≥ 1

2
.

We can write π (P2,p, P, µ) as

π (P2,p, P, µ, η) = maxP2,pP2,p

[
1−G

(
P2,p −

(
ηµS + (1− η)µNS

))]
.

so that
∂

∂P

{
π
(
P ∗2,S, P, µ

)
− π

(
P ∗2,NS, P, µ

)}
= oη=1

η=0

∂2π (P2,p, P, µ, η)

∂P∂η
.

Then, it is enough to prove ∂2π(P2,p,P,µ,η)

∂P∂η
≥ 0.

∂2π (P2,p, P, µ, η)

∂P∂η
=

∂

∂P

{[
1−G

(
P2,p −

(
ηµS + (1− η)µNS

))] (
µS (P, µ)− µNS (P, µ)

)}

=

{[
1−G

(
P2,p −

(
ηµS + (1− η)µNS

))] ∂

∂P

(
µS (P, µ)− µNS (P, µ)

)}

+
(
µS − µNS

)
g
(
P2,p −

(
ηµS + (1− η)µNS

)) [
−∂P2,p

∂P
+ η

∂

∂P

(
µS − µNS

)
+
∂µNS

∂P

]
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=

{[
1−G

(
P2,p −

(
ηµS + (1− η)µNS

))] ∂

∂P

(
µS − µNS

)}

+
(
µS − µNS

)
g
(
P2,p −

(
ηµS + (1− η)µNS

)) [(
1− H

′

1−H ′
)(

η
∂

∂P

(
µS − µNS

)
+
∂µNS

∂P

)]
,

where the last equality comes from ∂P2,p

∂P
= − H

′
(·)

1−H′ (·)

[
η ∂
∂P

(
µS − µNS

)
+ ∂µNS

∂P

]
, with H

′
(·) =(

1−G(·)
g(·)

)′
< 0.

Then a su�cient condition to ∂2π(P2,p,P,µ,η)

∂P∂η
≥ 0 is that ∂

∂P

(
µS − µNS

)
≥ 0.

∂

∂P

(
µS − µNS

)
=
µσ (1− µ) {

[
(1− σ (1− µ))G

(
P − µF

)
+ σ (1− µ)G (P )

]2 {
g (P )

[
1−G

(
P − µF

)]
− g

(
P − µF

)
[1−G (P )]

}
[(1− σ (1− µ))G (P − µF ) + σ (1− µ)G (P )]2 [(1− σ (1− µ)) (1−G (P − µF )) + σ (1− µ) (1−G (P ))]2

+

[
(1− σ (1− µ))

(
1−G

(
P − µF

))
+ σ (1− µ) (1−G (P ))

]2 {
g (P )G

(
P − µF

)
− g

(
P − µF

)
G (P )

}
}

[(1− σ (1− µ))G (P − µF ) + σ (1− µ)G (P )]2 [(1− σ (1− µ)) (1−G (P − µF )) + σ (1− µ) (1−G (P ))]2
≥ 0.

We need that [
(1− σ (1− µ))G

(
P − µF

)
+ σ (1− µ)G (P )

]2 ≥
[
(1− σ (1− µ))

(
1−G

(
P − µF

))
+ σ (1− µ) (1−G (P ))

]2
and

{
g (P )

[
1−G

(
P − µF

)]
− g

(
P − µF

)
[1−G (P )]

}
≥ −

{
g (P )G

(
P − µF

)
− g

(
P − µF

)
G (P )

}
.

The �rst inequality is garanteed by G
(
P g∗ − µF (µ)

)
≥ 1

2
, and the second one by g (·) in-

creasing.

We show now that ∂2Π(θ,P,µ)
∂θ∂µ

≥ 0:

∂2Π (θ, P, µ)

∂θ∂µ
=

∂

∂θ
{PDµ +Dµπ

(
P ∗2,S, P, µ

)
+D

[
∂π
(
P ∗2,S, P, µ

)
∂µ

]
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−Dµπ
(
P ∗2,NS, P, µ

)
+ (1−D)

[
∂π
(
P ∗2,NS, P, µ

)
∂µ

]
}

= Dµθ

[
P + π

(
P ∗2,S, P, µ

)
− π

(
P ∗2,NS, P, µ

)]
+Dθ

[
∂π
(
P ∗2,S, P, µ

)
∂µ

−
∂π
(
P ∗2,NS, P, µ

)
∂µ

]
.

which is positive since Dθ (θ, P ) > 0, Dµθ (θ, P ) = σ(1−σ)

[µ+(1−µ)(1−σ)]2

[
g
(
P − µF (µ)

)]
> 0,

π
(
P ∗2,S, P, µ

)
−π
(
P ∗2,NS, P, µ

)
> 0. We just need to show now that

∂π(P ∗2,S ,P,µ)
∂µ

>
∂π(P ∗2,NS ,P,µ)

∂µ
.

Again we can write

π (P2,p, P, µ, η) = maxP2,pP2,p

[
1−G

(
P2,p −

(
ηµS + (1− η)µNS

))]
,

and show that ∂2π(P2,p,P,µ,η)

∂µ∂η
≥ 0.

∂2π (P2,p, P, µ, η)

∂µ∂η
=

{[
1−G

(
P2,p −

(
ηµS + (1− η)µNS

))] ∂
∂µ

(
µS − µNS

)}

+
(
µS − µNS

)
g
(
P2,p −

(
ηµS + (1− η)µNS

)) [(
1− H

′

1−H ′
)(

η
∂

∂µ

(
µS − µNS

)
+
∂µNS

∂µ

)]
.

A su�cient condition for the former expression to be positive is ∂
∂µ

(
µS − µNS

)
≥ 0.

Since ∂
∂µ

(
1
µS
− 1

µNS

)
= 1

µNS2

[
∂µNS

∂µ
− ∂µS

∂µ

(
µNS

µS

)2
]
and µNS

µS
< 1, it is enough to prove that

∂

∂µ

(
1

µS
− 1

µNS

)
< 0.

Note that
(
∂µNS

∂µ
− ∂µS

∂µ

)
= ∂

∂µ

{
σ (1− µ)

[
1−G(P )

1−G(P−µF )
− G(P )

G(P−µF )

]
1
µ

}
which is negative.�
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5.2 Time-on-the-market

We now consider the case in which there is only one asset on sale over both periods (therefore

both price and time-on-the-market can signal quality) and look for separating equilibria as

well. At the beginning of the �rst period the seller posts a separating price P . After observing

the price and the inspection's outcome, the buyer makes his purchase decision. If no sale

occurs in the �rst period, then we get to the second stage of the game, where the buyer

update beliefs on the seller's type, taking into account the fact that the asset did not sell

in the �rst period (time-on-the-market), and µN = 0 as before. Note that in this case the

expected pro�ts of a type-θ seller who sets the price P in the �rst period, inducing beliefs µ

are

Π (θ, P, µ) = PD (θ, P, µ) + (1−D (θ, P, µ))
[
π
(
P ∗2,NS, P, µ

)]
.

where [1−D (θ, P, µ)] represents the probability of a �no-sale� in the �rst period and π
(
P ∗2,NS, P, µ

)
are second-period pro�ts conditional on that history. We show that there is always a sepa-

rating equilibrium in which high prices (and time-on-the-market) signals quality.

Proposition 4.16. If σ ≤ 4G
2(P g∗−1)
g2(1)|J | , where | J | is the maximum of

(
G(·)
g(·)

)′
, there is always

a separating equilibrium
(
P b*, P g

)
with P g > P g∗.

Proof. As we know, we need to check that:

1) ∂2Π(θ,P,µ)
∂P∂θ

> 0 and

2) ∂2Π(θ,P,µ)
∂θ∂µ

> 0.

∂2Π (θ, P, µ)

∂P∂θ
=

∂

∂θ
{[PDP +D]−DPπ

(
P ∗2,NS, P, µ

)
+ (1−D)

∂π
(
P ∗2,NS, P, µ

)
∂P

}
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= Dθ

[
1−

∂π
(
P ∗2,NS, P, µ

)
∂P

]
+DPθ

[
P − π

(
P ∗2,NS, P, µ

)]
,

which is positive since P > π
(
P ∗2,NS, P, µ

)
and

∂π(P ∗2,NS ,P,µ)
∂P

< 1 if σ ≤ 4G
2(P g∗−1)
g2(1)|J | . We now

check that
∂π(P ∗2,NS ,P,µ)

∂P
< 1:

∂π
(
P ∗2,NS, P, µ

)
∂P

=
[
1−G

(
P ∗2,NS − µNS

)] ∂µNS
∂P

using the fact that at the optimum P ∗2,NS =
1−G(P ∗2,NS−µNS)
g(P ∗2,NS−µNS)

. So that it is enough to show

that ∂µNS

∂P
< 1:

∂µNS

∂P
=
σµ (1− µ)

[
G (P ) g

(
P − µF

)
−G

(
P − µF

)
g (P )

]
[(1− σ (1− µ))G (P − µF ) + σ (1− µ)G (P )]2

≤
σµ (1− µ)

[
G (P ) g

(
P − µF

)
−G

(
P − µF

)
g (P )

]
[G (P − µF )]2

≤
σ 1

4
g
(
P − µF

)
g (P )

[
G(P )
g(P )
− G(P−µF )

g(P−µF )

]
[G (P − µF )]2

.

≤
σ 1

4
g2 (P ) | J | µF

G2 (P − µF )
≤
σ 1

4
g2 (1) | J | µF

G2 (P g∗ − µF )

which is lower than 1 for σ ≤ 4G
2(P g∗−1)
g2(1)|J | , where J ≡

(
G(·)
g(·)

)
and where | J | is the maximum

of
(
G(·)
g(·)

)′
. We show now that ∂2Π(θ,P,µ)

∂θ∂µ
≥ 0:

∂2Π (θ, P, µ)

∂θ∂µ
= Dµθ

[
P − π

(
P ∗2,NS, P, µ

)]
−Dθ

∂π
(
P ∗2,NS, P, µ

)
∂µ

> 0

if
∂Dθ

∂µ

µ

Dθ

≥ −
∂
[
P − π

(
P ∗2,NS, P, µ

)]
∂µ

µ[
P − π

(
P ∗2,NS, P, µ

)] .�
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