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A buyer needs to pay a fixed cost to visit a seller and learn the value of a good to
be traded, only observing a noisy signal about his value prior to the visit. I study the
payoff set connected with arbitrary signal structures and characterize Pareto optimal signal
structures. If the value distribution is regular, all Pareto optimal signals can be described
by two parameters: the posted price they induce in equilibrium and a threshold value such
that the buyer visits the seller with probability one whenever his value is above it. This
parametric signal structure family solves the trade-off of providing valuable information for
the buyer while also disciplining the seller’s temptation to charge higher prices due to a
hold-up problem. Optimal signal structures may lead to an visit probability that is non-
monotonic in the buyer’s ex-post value. This characterization is used to study the maximal
visit cost consistent with gains from trade and the seller-optimal information structure.

1 Introduction

In many situations, buyers need to observe a good in person in order to deduce their valuation
for it. Consider, for example, a car purchase. A potential buyer may have some idea of how
a particular model might be a good fit for his own lifestyle. Nonetheless, a visit to the
car dealer reveals much more information, as the buyer may inspect the car closely or take
it for a test-drive. There are certain features of this situation which are critical: visiting
the dealer is costly, the final purchase price is usually negotiated upon once the buyer is at
the car dealership,1 and, the information obtained by buyers prior to visiting the store is
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the result of seller decisions, in the form of an advertisement, and potentially affected by
regulations imposing minimal information requirements for advertisers. These features are
also present in other markets where price negotiations are common, such as real estate and
labour markets.

This paper considers a model in which a buyer (he) observes a noisy signal about his
value for the good and decides whether to pay a fixed cost to visit a seller (she). The seller
then decides what price to offer to a visiting buyer. Following a visit, the buyer observes the
price offered as well as his true value for the good and decides whether to trade or not.

Allowing for arbitrary signal structures, I characterize the Pareto frontier of the set of
equilibrium payoff profiles of the induced game and provide a characterization of the signal
structures spanning this frontier. Pareto optimal signals solve a trade-off between providing
valuable information to the buyer while also avoiding a potential hold-up problem coming
from the seller’s knowledge of the buyer’s willingness to pay the visiting cost.

First consider the perfectly informative signal structure, in which an extreme hold-up
problem eliminates gains from trade. To see this, suppose trade occurs, in which case
the optimal visit decision is given by a threshold value above which a visit occurs. As a
consequence the seller, upon observing entry, should not offer a price below this threshold
and hence a buyer with value close to the threshold should not to enter since his expected
payoff from doing so does not justify the visit cost, a contradiction.

At the other extreme, suppose the buyer has no information. If the cost of entry is
sufficiently low, it is an equilibrium for the buyer to enter and the seller to charge the
optimal monopoly price given the buyer’s prior distribution. However, this outcome is not
Pareto efficient since it leads to inefficient visits. Considering a threshold signal structure in
which the buyer only learns whether his value is above or below monopoly price leaves seller
profits unchanged and reduces the overall visit cost borne by the buyer. If the visit cost is
sufficiently high, entry is not possible in equilibrium even with a threshold signal structure.

However, this signal structure can be further improved. In Section 4, a class of signal
structures referred to as parametric fully characterizes the Pareto frontier of the feasible
payoff set. Parametric signals have two possible realizations, and we can restrict attention to
obedient equilibria in which one of the signal realizations is interpreted as a recommendation
to visit the seller. A parametric signal may, by introducing noise, induce the seller to charge a
price below the optimal monopoly price and increase buyer’s utility. This is done by inducing
entry by the buyer for values below monopoly price and reducing the entry probability when
the buyer has values “close” to monopoly price in a way that deems this price level less
attractive. Such parametric signal structures sustain equilibria with positive gains from
trade in situations where threshold signals are ineffective. In fact, even when threshold

2



signals allow for positive gains from trade, other Pareto optimal parametric signals may
exist generating higher buyer payoffs.

The characterization of the parametric structure of Pareto optimal signals is used to study
two questions. First, we characterize the set of visit costs that allow for trade gains. This
is done by studying an optimization problem that maximizes the buyer’s incentive to enter
subject to an incentive compatibility constraint which requires that the signal realization
corresponding to a visit recommendation leads to a higher expected surplus from a visit. The
family of parametric signal structures expands the set of costs consistent with gains from
trade. Under a thin-tail condition on the value distribution (which includes the uniform
distribution), which includes the uniform distribution, the maximal cost consistent with
gains from trade is 1/e. If this condition is violated, the incentive constraint keeping the
buyer from visiting the seller when recommended to do so binds and, as a consequence, the
maximal cost consistent with trade gains is reduced.

Second, I characterize the seller-optimal signal structure, which can be interpreted as
optimal match quality advertising (Anderson and Renault (2006)). The seller chooses a
parametric signal in which the threshold value above which entry occurs with probability
one is as close as possible to the monopoly price. By maximizing the range of values for
which entry is certain, the seller maximizes the likelihood of completing a sale. If the value
distribution has a thin tail and the visit cost is high, the seller-optimal signal structure
induces a simple pricing rule, with the price being set at the visit cost. By using properly
designed signal structures, the seller is able to overcome the hold-up problem partially.
However as the visit cost goes up this problem becomes more severe, leading to lower entry
probability by the buyer and a higher posted price by the seller.

Related Literature

This paper is related to the study of advertising from the lens of incentive theory. A sem-
inal contribution is Anderson and Renault (2006), which studies the seller-optimal signal
structure, interpreted as advertisement, in the same model studied here. The key distinction
is that they allow the seller to choose both an informative signal about the buyer’s value
(which they call match advertising) as well as to commit to a price prior to the buyer paying
the visiting cost. The ability to commit to prices removes the hold-up problem present here,
which implies that threshold signals are optimal in their environment. For low values of the
visiting cost, the seller does not need to use price advertising since the buyer is willing to
enter when expecting to be offered the optimal monopoly price. Their paper also considers
the optimal advertising problem when the set of possible signal structures is further con-
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strained, such as when only full or no information are possible. My paper completely rules
out the seller’s ability to engage in price advertising as a way of modeling situations in which
the seller cannot credibly commit not to renegotiate prices upon buyer arrival.

This paper also contributes to the literature on information design. Roesler and Szentes
(2017) considers a buyer-seller model in which the buyer does not observe his value, but
only a noisy signal about it. The paper fully characterizes the buyer-optimal signal, which
has a Pareto structure and makes the seller indifferent over a range of prices. Ravid et al.
(2022) considers a similar setting, but allows the buyer to choose his noisy signal structure.
It is shown that, when any signal is free, this game has a continuum of equilibria which
are Pareto ranked. A characterization of equilibria when signals are costly and the signal
cost function is increasing and smooth is presented. Surprisingly, equilibria converge to the
worst equilibria of the zero-cost model as costs vanish. The model considered in these papers
differs from mine in a few key aspects. First, while the buyer only observes a noisy value
signal prior to visiting the seller, he always learns his true value prior to trade in my model.
This is distinct from theirs, where the buyer makes a buying decision based on his expected
value conditional on his signal realization. Second, in their model the seller does not observe
the buyer’s chosen signal structure nor its realization. In my model, the signal structure
is commonly known by both buyer and seller and, additionally, the seller observes whether
the buyer decided to visit her which reveals some information about his signal realization.
In fact, any Pareto optimal signal structure is binary and its realization is fully revealed to
the seller in equilibrium. Finally, the only costly decision in my model – that of visiting
the seller – is made after the buyer’s noisy signal is observed. This contrasts with the
costly information acquisition decision in Ravid et al. (2022), which is made prior to any
information being learned.

Condorelli and Szentes (2020) also considers a buyer-seller model in which the buyer
is allowed to choose his own value distribution and is allowed to choose any distribution
on [0, 1]. If the buyer can choose any distribution with zero cost, the unique equilibrium
outcome leads to a distribution which also has a Pareto structure with a mass point at one,
and makes the seller indifferent over a prices in [1/e, 1]. In this unique equilibrium outcome
the seller charges the lowest price within the optimal set, which is 1/e. The results are
extended, under some conditions, to the case in which the value distribution choice involves
a cost. My model differs from theirs in that the buyer has a fixed true value distribution.
The relevant distribution for the seller simply combines knowledge of the signal structure
with conditioning on the buyer’s entry decision. An interesting connection exists between
their results and my characterization for thin-tail distributions. In this case, I find that the
highest cost consistent with trade gains is exactly 1/e which coincides with the maximal
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buyer expected payoff in their model. At first, this is a surprising connection since the
posterior value distributions in my model are constrained by being derived from a given
prior distribution, which imposes constraints not present in their model. However, both
results are different in a important sense. When the visit cost is sufficiently high any signal
structure with trade gains must induce high expected buyer value conditional on observing
a positive signal. As the cost of visits approaches 1/e, the distribution of buyer values
conditional on the “entry” signal converges to their optimal distribution, which generates
maximal gains from entry. However, the probability that this entry signal occurs converges
to zero: gains from trade disappear in the limit. In other words, to generate entry with high
costs the buyer’s value distribution conditional on entry must be close to the best overall
value distribution but the probability of this conditioning event is small.

Another related paper is Nguyen and Tan (2019), which studies a model in which the
buyer can incur a cost to increase its value for a good and the seller can then observe a signal
about the buyer’s final value. They consider arbitrary signal structures, characterize the set
of feasible investment probabilities and, for each such probability, the profit-maximizing
signal structure inducing it. There are two main differences relative to the model studied
here. First, the hold-up problem in my model arises from a costly decision that gives the
buyer access to the seller but cannot change his value for the good. Second, in my model
any signal is observed by the buyer while in their model the designed signals are observed
by the seller.

2 Model

A buyer (he) has a value v ∈ [0, 1], which is distributed by F (·) with strictly positive density
f , for a good. First, the buyer only observes a signal s ∈ S about his value, which is described
by a signal structure. The set of signal structures is π ∈ Π̄ ≡ {π ∈ ∆(S × [0, 1]) | πv = F},
where πv is π’s marginal over values.2 After observing this signal, and not value v, the buyer
chooses whether to visit (or enter) the seller. If the seller is visited, she makes a price offer
p ≥ 0, the buyer observes true value v and purchases the good if v ≥ p.3 If the buyer visits
the seller and trade occurs, the buyer and seller payoffs are, respectively, p and v − p− c. If
no visit occurs, both buyer and seller have zero payoffs. If a visit occurs but no trade takes
place, the buyer has a payoff of −c and the seller has a zero payoff.

As we later vary the signal structure, for each π ∈ Π̄ denote as G (π) the extensive form
2We denote the probability of set D ⊂ S× [0, 1] as π̃(D). S is an arbitrary measurable set from a measure

space (S̄,S).
3I am assuming that the buyer purchases the good when indifferent. This assumption is not necessary

for the derived results but simplifies the analysis.
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with signal structure π. A strategy profile is σ = (σe, p), where σe : S 7→ [0, 1] is a measurable
function representing the probability of entering following a signal realization and p ∈ [0, 1]

is the posted price if entry occurs.4

3 Equilibrium payoffs

I study sequential equilibria of G (π). Let FB(· | s) ∈ ∆([0, 1]) represent the buyer’s beliefs
following signal realization s ∈ S, and FS(· | E) ∈ ∆([0, 1]) represent the seller’s beliefs
following entry. The consumer’s continuation utility from entry following signal s ∈ S as

UE
B (σ | s) ≡

∫ 1

0

(v − p)+dFB(v | s).

A sequential equilibrium is composed of a strategy profile σ and beliefs {FB(· | s)}s∈S
and FS(· | E) such that beliefs are consistent with Bayes’ rule and both the consumer and
seller’s strategies are optimal.5

Consumer optimality is given by

σe (s) > 0 =⇒ UE
B (σ | s) ≥ c,

σe (s) < 1 =⇒ UE
B (σ | s) ≤ c.

Firm optimality is given by

p ∈ arg max
p′≥0

p′ [1− FS(p′ | E)] .

Denote the set of sequential equilibria of game G (π) as Σ∗ (π) and the set of induced
payoff profiles (uB, uS) for the buyer and seller asW (π) ⊆ R2

+. Also denote the set of robust
payoffs as W ≡ ∪π∈Π̄W (π).

If S has two elements, we say that the signal structure is binary, in which case we label
the signal realizations as S = {O,E}, to indicate “entry” and staying “out”. The set of binary
signal structures is Π ⊂ Π̄. Given a binary signal structure, we say that a strategy profile
is obedient if σe(E) = 1 = 1 − σe(O). For a given binary signal π ∈ Π, we denote π(E | v)

simply as π(v), with abuse of notation, and embed the set Π in L∞([0, 1]) by expressing the
set of binary signals as Π = {π ∈ L∞([0, 1]) | π ≥ 0, ‖π‖∞ ≤ 1}.

We denote a price structure as a pair (p, π) ∈ R+ ×Π. A price structure (p, π) is said to
4We are restricting attention to pure strategies for the seller.
5Sequential equilibria are equivalent to weak Perfect Bayesian equilibria in this game.
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be incentive compatible, denoted as (p, π) ∈ IC, if an equilibrium of G(π) with an obedient
strategy and posted price p exists. For each incentive compatible price structure (p, π), we
denote the buyer and seller’s expected payoffs in any obedient equilibrium of G(π) with price
p as Uk(p, π), for k ∈ {B, S}.

The following result states that we can restrict attention to binary signal structures and
obedient equilibria in order to characterize the set of equilibrium payoffs of this game. In fact,
the proof of Lemma 1 implies that, for any equilibrium with an arbitrary signal structure,
there exists a binary signal structure and an obedient equilibria of the induced game that
lead to the same outcome distribution (an outcome is an entry decision, posted price, buyer
value, and purchase decision).

Lemma 1. For any (uS, uB) ∈ W , there exists a binary signal structure π and price p such
that (p, π) ∈ IC and Uk(p, π) = uk for k ∈ {B, S}.

Proof. Consider a signal structure π ∈ Π̄ and a corresponding equilibrium with strategy
profile σ∗ = (σ∗e , p

∗) and beliefs F ∗S(· | E), F ∗B(· | s).
Now consider binary signal structure with the minimal information necessary to produce

the same joint distribution of the entry decision and true value, i.e., π̃ is defined as follows:

π̃ ({E} × A) =

∫
(s,v)∈S×A

σ∗e(s)dπ(s, v),

π̃ ({O} × A) =

∫
(s,v)∈S×A

[1− σ∗e(s)]dπ(s, v).

The following is a sequential equilibrium of G(π̃). The strategy profile σ̃ is composed
of the obedient strategy for the buyer and price p∗ for the seller; the firm’s belief given by
F̃S(· | E) = F ∗S(· | E) and the buyer’s beliefs are determined by Bayes’ rule, for on-path
signal realizations, and if signal E (signal O) occurs with probability zero beliefs satisfy
F̃B(· | E) = δ{1} (F̃B(· | O) = δ{0}), where δ{v} represents the Dirac measure at value
v ∈ [0, 1].

By definition, the beliefs described satisfy Bayes’ rule. The consumer has less information
in extensive form G(π̃) then in G(π), but nonetheless can obtain the same payoffs obtained
in the equilibrium of G(π) by following the obedient strategy. Optimality of the original
strategy σ∗ on the original equilibrium of G(π) insures obedience is optimal in the candidate
equilibrium of G(π̃). Finally, price p∗ is optimal since the firm’s belief is unchanged.

Hence we can characterize the payoff set W by considering all incentive compatible price
structures.
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Corollary 1. The payoff set W satisfies

W = {(UB(p, π), US(p, π)) | (p, π) ∈ IC} .

3.1 Full information

The full information information structure is given by S = [0, 1] and π(A×B) =
∫
A∩B f(v)dv.

In this case, the unique equilibrium outcome involves no trade. This is due to the fact that
the consumer choice of paying the entry cost leads to seller belief that the buyer’s value
must be sufficiently high, pushing up the optimal posted price, which in turn discourages
the consumer from entering in the first place. I omit the proof of this result as it is standard
in the literature.

Proposition 1. In the presence of full information, all equilibria involve no entry.

3.2 No information

Define the function φ0 : [0, 1] 7→ R+ as the expected profit obtained from a particular price
when the seller uses the prior value distribution:

φ0(v) = v [1− F (v)] ,

and let pM ≡ arg maxp∈[0,1] φ0(p) denote the optimal monopoly price.6 In the case of no
information, the consumer’s entry decision is independent from his value. If entry occurs
with positive probability, the seller’s belief upon observing entry is identical to the prior
and the optimal posted price is equal to pM . Hence trade only occurs in equilibrium if the
consumer’s expected surplus from entry, at price pM , is higher than his cost of entry.

We denote the maximum cost such that consumer entry is possible as c0. It is equal to
the expected surplus from entering, given price pM :

c0 =

∫ 1

pM
(v − pM)f(v)dv =

∫ 1

pM
1− F (v)dv.

Proposition 2. An equilibrium with no trade always exists. This is the unique equilibrium
outcome if c < c0.

If c < c0, only one additional equilibrium outcome exists in which the buyer enters for
sure and the seller charges price pM .

6I assume that the function φ0 has a single maximum for simplicity.
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If c = c0, for any p ∈ [0, 1], an equilibrium exists in which the seller charges price pM

and the buyer enters with probability σ∗e = p.

Proof. The following is always a sequential equilibrium: σe(∅) = 0, the firm charges p∗ = 1

and its belief upon entry, which has zero probability, is equal to δ{1}. It is sequentially rational
for both players and satisfies Bayes’ rule. The belief consistency condition of Sequential
equilibria is mute in this extensive form.

If c < c0, the following is also a sequential equilibrium: σe(∅) = 1, the firm charges
p∗ = pM , and its belief upon entry is equal to the prior value distribution. First, entry
is optimal since c0 corresponds to the buyer’s expected utility from entry. The price pM

is obviously optimal and the firm’s belief satisfies Bayes’ rule and is consistent. Moreover,
since entry is independent of the buyer’s value, any equilibrium with positive probability of
entry implies that the seller’s belief, based on Bayes’ rule, must be equal to the prior value
distribution and hence the seller must charge price pM . As a consequence, the unique optimal
action for the buyer in the first stage is to enter, implying uniqueness of the equilibrium
outcome. An analogous argument proves the result for the case c = c0.

3.3 Threshold information structures

A natural class of signal structures to study is that of threshold signals, which means that
the buyer learns solely whether his value is above or below a threshold value. The signal
structure with threshold v̄ ∈ [0, 1] is denoted as:

πv̄(v) =

1, if v ≥ v̄,

0, if v ≤ v̄.

Proposition 3. Suppose φ0 is single-peaked. For any threshold v̄ ∈ (0, 1), in an obedient
equilibrium with signal πv̄ the seller charges price

p∗ = max
{
pM , v̄

}
,

and such an equilibrium exists if, and only if,

c ≤
∫ 1

p∗
1− F (v)dv

1− F (v̄)
. (1)
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Proof. In an obedient equilibrium, the seller’s belief following entry is given by

FS(v | E) =
(F (v)− F (v̄))+

1− F (v̄)
.

For not assume that v̄ ≤ pM . In this case we have that, by definition of pM , for any p 6= pM ,
we have

pM [1− FS(pM | E)] =
pM
(
1− F (pM)

)
1− F (v̄)

>
p (1− F (p))

1− F (v̄)
≥ p [1− FS(p | E)] .

As a consequence, the seller must choose price pM in such an equilibrium.
If v̄ > pM , the function p 7→ p [1− FS(p | E)] is strictly increasing in [0, v̄] and strictly

decreasing in [v̄, 1], which implies that p∗ = v̄.
Given posted price p∗, the expected buyer utility from entry is given by the right hand

side of (1) and hence (1) implies obedience following signal s = E is optimal. If signal
s = O is observed, the buyer’s belief’s support is included in [0, p∗] and hence no entry is
optimal.

If the cost of entry is sufficiently small, an equilibrium in which the seller obtains its
optimal monopoly price exists. For this to be the case, an obedient equilibrium must exist
in which the buyer enters whenever his value is in [pM , 1]. The strongest incentives for
entry occur if the seller never received signal s = O otherwise, i.e., the signal structure is a
threshold one with v̄ = pM . Proposition 3 implies that the critical cost level below which
the seller can obtain monopoly price is

cT ≡
∫ 1

pM
1− F (v)dv

1− F (pM)
.

Threshold signal structures are a special case of a broader class described in Section 4,
referred to as parametric signals. I show that any Pareto optimal signal structure lies in
this larger class, but may not be a simple threshold signal structure. In particular, Pareto
optimal signals may be non-monotonic, in that the probability of entry is not an increasing
function of the buyer’s value.

Example. Consider the uniform distribution on [0, 1]. In this case we have that pM = 1/2

and c0 = 1/8, and cT = 1/4. Now consider a threshold signal with v̄ and a potential obedient
equilibrium.

If v̄ ≤ 1/2, we then have that p∗ = 1/2 and the buyer’s expected gain from entering
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following signal s = E is

UE
B (σ∗ | E) =

∫ 1
1
2
(1− v)dv

1− v̄
=

1

8(1− v̄)
.

If v̄ > 1/2, we then have that p∗ = v̄ and the buyer’s expected gain from entering
following signal s = E is

UE
B (σ∗ | E) =

1− p(2− p)
2(1− p)

,

which is strictly decreasing in [1/2, 1].
As a consequence, an obedient equilibrium exists only if an obedient equilibrium with

threshold v̄ = pM exists. In other words, a threshold signal structure generates trade with
positive probability if, and only if,

c ≤ cT = 1/4.

In Section 5 it is shown that allowing for more general signals restores the possibility of
trade for a range of cost levels above cT . The focus on threshold signals, and even monotonic
signals more generally, is with loss of optimality.

4 Pareto Efficient Information Structures

This Section provides a characterization of signal structures inducing payoff profiles in the
Pareto frontier of W . The characterization, summarized in Proposition 4, hinges on the
fact that any such signal structure must strike a balance between providing the buyer with
accurate information while disciplining the seller’s temptation to charge higher prices.

Define, for any π ∈ Π, the seller’s expected profits from charging a price p if the buyer
follows an obedient strategy:

φπ(p) ≡ p

∫ 1

p

π(v)f(v)dv.

Proposition 4. For any (p0, π0) ∈ IC generates payoff profile u 6= (0, 0), there exists π ∈ Π

such that (p0, π) ∈ IC satisfying:
(i) π(v) = 0, for v < p,
(ii) for v > p, φπ(v) ≤ φ0(p0) and

π(v) < 1 if, and only if, φπ(v) = φπ(p0),

(iii) (profits are unchanged) US(p0, π) = US(p0, π0),
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(iv) (buyer is weakly better)

UB(p0, π) ≥ UB(p0, π0), (2)

with inequality (2) holding strictly unless π0(·) satisfies (i) and (ii) for almost all v ∈ [0, 1].

Proof. In the Appendix.

This proposition shows that any signal structure either satisfies properties (i) and (ii)
almost surely, or it is Pareto dominated by a signal structure satisfying these properties.
Property (i) states that in the buyer should enter with probability zero when having prices
below the equilibrium price. Any incentive compatible pair (p, π) violating this condition can
be improved, in the Pareto sense, by modifying the signal structure to remove the probability
of entry for values below p, in which case price p remains optimal: the profits from prices
p′ ∈ [p, 1] remain unchanged while prices in p′′ ∈ [0, p] generate weakly lower profits.

For any value v ∈ [p, 1], property (ii) states that entry occur with probability below one
if, and only if, v is an optimal price for the seller. Consider an incentive compatible price
structure (p0, π0) violating (ii), which implies that we can find values p < v1 < v2 < v3 < v4 <

1 such that: (a) any price in [v3, v4] is strictly worse than equilibrium price p0 for the seller,
(b) entry occurs with probability strictly below one conditional on the buyer’s value being in
[v3, v4], (c) entry occurs with strictly positive probability in [v1, v2]. A Pareto improvement
can be obtained changing signal structure π0 marginally reducing the probability of entry
in interval [v1, v2] and increasing the probability of entry in interval [v3, v4] in a way that
the total entry probability for types in [p, 1] remains unchanged. The new signal structure
strictly increases the buyer’s payoff since his conditional value upon entry is higher and, for a
sufficiently small such perturbation, prices in [v3, v4] remain suboptimal and price p0 remains
optimal for the seller and generates the same expected profits.

The regular case

Proposition 4 implies that entry occurs with probability one for sufficiently high values.
However, it does not impose much additional structure on the set of values that enter with
probability one in general.

For the remainder of the paper, I make the following assumption on distribution F .

Assumption 1. The function φ0 is strictly concave.

Assumption 1 and Proposition 1-(ii) imply that, in a Pareto optimal signal structure
connected with price p, the set of values such that entry occurs with probability one is an
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interval I ⊂ [p, 1]. Since, for any signal structure π, the seller’s profit φπ(p) converges to
zero as p→ 1, property (ii) also implies that I = [v̄, 1], for some v̄ ∈ [p, 1]. From Proposition
1-(i), we know that π(v) = 0, for v ∈ [0, p]. And, finally, Proposition 1-(ii) also implies that
the for the remaining set of values v ∈ (p, v̄) must be such that φπ(v) = φπ(p) and hence
prices in (p, v̄) must be optimal.

I now describe the family of signal structures satisfying these properties, which are fully
described by two parameters (p, v̄), with 0 ≤ p ≤ v̄ ≤ 1, and then show that all Pareto
optimal signals are in this family. The signal s = E is sent with probability zero if the buyer
value is below p, and with probability one when this value is above v̄. For values in the range
[p, v̄], the buyer receives signal s = E with interior probability which is designed such that
the seller’s expected profit from charging any signal in this interval is constant. An incentive
compatible price structure with a parametric signal structure must satisfy v̄ ≥ pM . Due to
Assumption 1, the seller’s expected profits φπ is strictly decreasing in [v̄, 1], which implies
that the set of optimal prices for the seller is [p, v̄].

Definition. A signal π ∈ Π is a parametric signal, with parameters (p, v̄) ∈ [0.1]2, if it
satisfies:

πp,v̄(v) ≡


0 , if v ≤ p,

v̄[1−F (v̄)]
v2f(v)

, if p < v < p,

1 , if v ≥ v̄.

The following result, which follows from Proposition 4, shows that non-trivial payoffs in
the Pareto frontier are necessarily generated by such parametric signals.

Corollary 2. If (p, π) ∈ IC, generating payoff profile u 6= (0, 0), is Pareto efficient, then it
is parametric.

Proof. From Proposition 4, a Lebesgue-measure-one set V ⊂ [0, 1] exists such that π satisfies
Proposition 4 (i)-(ii) for any v ∈ V . Let A ≡ {v | φπ(v) = φπ(p)}. The set A is connected.
Suppose, by way of contradiction, that is not the case, since φπ is continuous, we can find
interval I = (a, b) ⊂ [p, 1] such that:

φπ(a) = φπ(b) = φπ(p),

φπ(v) ≤ φπ(p), for v ∈ I.
(3)

13



But Proposition 4-(ii) implies that π(v) = 1 for v ∈ V ∩ I, and hence for v ∈ I we have that

φπ(v) = v

∫ 1

v

π(ṽ)f(ṽ)dṽ

= φ0(v)− v
∫ 1

b

[1− π(ṽ)] f(ṽ)dṽ

Hence, strict concavity of φ0 (Assumption 4) implies that φπ is strictly concave in I, which
contradicts (3).

Since limv→1 φπ(v) = 0 and p ∈ A, we have that A = [p, v̄] for some v̄ ∈ (p, 1). Summariz-
ing, we have that π(v) = 1 for v ∈ V ∩ [v̄, 1], and φπ(v) = φπ(v̄) = v̄ [1− F (v̄)] , for v ∈ [p, v̄].
This implies that dφπ(v)

dv
= 0, for v ∈ [p, v̄], which implies that π satisfies (4), i.e., it is a para-

metric signal.

Corollary 2 turns the characterization of the Payoff set W into a tractable problem as
its Pareto frontier can be traced by considering all feasible pairs of parameters. Intuitively,
the Pareto frontier can be traced by considering a series of information design problems in
which a parametric signal structure is chosen, subject to obedience constraints, to maximize
a weighted average of buyer and seller’s utility.

Feasible parameters

For each v̄ ∈ [0, 1], I define

P (v̄) ≡
{
v ∈ [0, v̄] | φ0(v̄)

ṽ2f(ṽ)
≤ 1 for ṽ ∈ [v, v̄]

}
(4)

and p(v̄) ≡ inf P (v̄), if P (v̄) 6= ∅. The following lemma characterizes the set of prices that
are feasible, for a fixed parameter v̄ ∈ [pM , 1].

Lemma 2. The set P (v̄) is non-empty if, and only if, v̄ ∈ [pM , 1] and it satisfies:
(i) P (v̄) = [p(v̄), v̄],
(ii) p(pM) = pM ,
(iii) p(·) is strictly decreasing,
(iv) limv̄→1 p(v̄) = 0

Proof. If v̄ ≥ pM , assumption 1 implies that

φ′0(v̄) =
φ0(v̄)

v̄
− v̄f(v̄) ≤ 0,

14



with this inequality holding strictly if pM < v̄ and hence v̄ ∈ P (v̄). An analogous argument
implies that v̄ /∈ P (v̄) if v̄ < pM and hence P (v̄) is empty in that case.

By construction, v ∈ P (v̄) and v′ ∈ [v, v̄] implies v′ ∈ P (v̄), and hence P (v̄) is an interval.
It is also closed since f and φ0 are continuous functions.

Property (ii) follows from the fact that pM is the sole maximizer of φ0. Property (iii)
follows from the fact that φ0 is strictly decreasing in [pM , 1]. Property (iv) follows from
limv→1 φ0(v) = 0.

A parametric signal must satisfy π(p,v̄)(v) ∈ [0, 1], for all v ∈ [0, 1]. Hence the set of
parametric signals correspond to parameters in the set

Θ ≡
{

(p, v̄) ∈ [0, 1]2 | v̄ ≥ pM and p ∈ P (v̄)
}
.

Example. If values are distributed uniformly in [0, 1], p(v̄) =
√
v̄(1− v̄), and the set of

possible parameters and signal function πp,v̄ become

Θ =

{
(p, v̄) ∈ [0, 1]2 |

1
2
< v̄ < 1,√

v̄ (1− v̄) ≤ p ≤ v̄

}
,

πp,v̄(v) ≡


0 , if v ≤ p,

v̄[1−v̄]
v2

, if p < v < p,

1 , if v ≥ v̄.

Notice that parametric signal structures are non-monotonic as long as p < v̄, since it is
strictly decreasing in (p, v̄) and equal to one in [v̄, 1]. Figure 1 contains a particular para-
metric signal π( 1

2
, 3
4

) and compares it the threshold signal structure π1/2.
Figure 2 provides some intuition on the structure of parametric signals. The left-hand

side highlights how, relative to a threshold structure, the parametric signal structure pro-
vides more incentives for consumer entry. This occurs since the buyer’s conditional value
distribution upon observing signal s = E is more concentrated on higher values, relative to
the threshold structure. The key challenge, however, is to provide the buyer with a stronger
signal of high values while making sure that the seller’s optimal price is not adjusted up-
wards. The parametric signal structure class solves this problem by “moving” just enough
mass from the interval (p, v̄) to higher values to keep the seller indifferent between charging
original price p = 1/2 or any price in (p, v̄). Given regularity of the uniform distribution,
prices in [v̄, 1] are naturally unattractive for the seller even if the buyer receives signal s = E

with probability one for values in this region.
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Figure 1: Comparison of threshold and parametric signals

Parametric payoffs

I now present formulas the buyer and seller’s expected utility when the signal structure is
parametric, which are then used in the results of Sections 5 and 6.

For each incentive compatible parametric signal, one can use the seller’s indifference
over prices in [p, v̄], to show that the utility from entering conditional on receiving signal E
satisfies

UE
B (p, v̄) = p

[
ln

(
v̄

p

)
+

∫ 1

v̄
1− F (v)dv

φ0(v̄)

]
,

the buyer’s ex-ante utility from following the obedient entry strategy satisfies

UB(p, v̄) = φ0(v̄) ln

(
v̄

p

)
+

∫ 1

v̄

1− F (v)dv − φ0(v̄)

p
c,

the buyer’s utility from entering following signal O, which is off-path in an obedient equi-
librium, satisfies

UO
B (p, v̄) =

p

p− φ0(v̄)

∫ v̄

p

[v(1− F (v))− φ0(v̄)]
1

v
dv,

the buyer’s ex-ante utility from entering regardless of the signal realization is

U∅B(p) =

∫ 1

p

1− F (v)dv,
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). The left-hand plot
compares the distributions of the value distributions conditional on entry. The right-hand
plot compares the function φπ in both cases.

and, finally, the seller’s expected payoff satisfies US(p, v̄) = φ0(v̄).

5 Gains from trade

In order to analyze the possibility of gains from trade, I define an auxiliary signal design
problem that finds the signal structure that maximizes the buyer’s incentive to enter with
the constraint that the signal provide incentives for entry, i.e., that the expected gain from
entry is highest after observing signal s = E.

Define the following:

Υ (v̄) ≡ max
p∈[p(v̄),v̄]

UE
B (p, v̄) (5)

subject to
UE
B (p, v̄) ≥ UO

B (p, v̄).

This problem is well-defined: its choice set is non-empty since v̄ is in it; and it has a
solution since its objective function is continuous and constrained set compact. The following
lemma states that the buyer’s maximal payoff from entry is increasing in the parameter v̄.

Lemma 3. The function Υ : [pM , 1] is continuous, strictly increasing and Υ(pM) = cT .

Moreover, the optimization problem (5) has a unique solution.

Proof. In the Appendix.

I denote, from now on, the solution to the problem (5) as p∗(·). The following proposition
shows that Υ(1) is the maximal cost level allowing for trade gains.
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Proposition 5. Gains from trade are possible if, and only if, Υ(1) > c.

Proof. I will divide the proof in three parts.
Part A: Υ(1) > c.
Consider a parametric signal with parameters v̄∗ ≡ inf

{
p ∈ [pM , 1] | Υ(p) ≥ c

}
and p∗ ≡

p∗(v̄∗). Either (i) v̄∗ = pM , or (ii) v̄∗ ∈ (pM , 1) and UE
B = c. If v̄∗ = pM , we must have

p∗ = v̄∗ = pM . This implies UO
B (p∗, v̄∗) = 0, and hence πp∗,v̄∗ is incentive compatible and

the seller’s payoff is US = pM(1 − F (pM)) > 0. Alternatively, in case (ii), signal πp∗,v̄∗ is
incentive compatible since c = UE

B (p∗, v̄∗) ≥ UO
B (p∗, v̄∗) = 0, and in this case the seller’s

payoff is US = v̄∗(1− F (v̄∗)) > 0.
Part B: Υ(1) = c. Any incentive compatible parametric signal must have parameter

v̄ = 1. By way of contradiction, suppose that a parametric and incentive compatible signal
with v̄ < 1 exists. In this case we have that UE

B ≤ Υ(v̄) < Υ(1) = c, which contradicts
incentive compatibility following signal realization E.

Now consider an incentive compatible parametric signal πp,1. The seller’s payoff must be
US = 1(1− F (1)) = 0. Finally, the seller’s indifference among prices in [p, v̄] implies that

φπp,1(p) = p

∫ 1

p

πp,1(v)f(v)dv = φπp,1(0) = 0.

and hence the signal realization E occurs with zero probability and the buyer’s payoff is also
zero.

Part C: Υ(1) < c. In this case any incentive compatible parametric signal would generate
buyer utility following signal E UE

B (p, v̄) ≤ Υ(v̄) > Υ(1) < c, which contradicts incentive
compatibility. Hence no parametric signal is incentive compatible and, from Proposition 4,
W = {(0, 0)}.

Given Proposition 5, we define the maximal entry cost consistent with trade gains as
c∗ ≡ Υ(1).

5.1 Solving Υ

This section provides a characterization of the solution and value of optimization problem
(5), which not only determines the possibility of trade gains (from Proposition 5), but is also
instrumental in characterizing the revenue-maximizing signal structure studied in Section 6.

The following result characterizes the solution to the problem Υ(v̄). The optimal price
is the maximum among three functions of v̄, and which of these functions constitutes the
optimal price depends on what (if any) constraint binds.
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Lemma 4. If Υ (v̄) > cT , then its solution satisfies

p∗ = max
{
pU (v̄) , p (v̄) , p∅ (v̄)

}
,

where

pU (v̄) ≡ v̄ exp

[∫ 1

v̄
1− F (s) ds

v̄ (1− F (v̄))
− 1

]
,

and
p∅ (v̄) ≡ inf

{
p ∈ [0, v̄] | UE

B (p, v̄) ≥ U∅B (p)
}
.

Proof. First notice that U∅B (p) is strictly decreasing and convex; while UE
B (·, v̄) is concave

and
UE
B (v̄, v̄) > U∅B (v̄) .

It follows that, for some p∅ (v̄) ∈ [0, v̄],

{
p ∈ [0, v̄] | UE

B (p, v̄) ≥ U∅B (p)
}

=
[
p∅ (v̄) , v̄

]
.

Since Υ (v̄) > cT , we know that p < v̄ (otherwise, the signal structure would be a threshold
signal). But UE

B (·, v̄) is quasi-concave (it is single-peaked) and hence the necessary and
sufficient conditions for optimality are

∂

∂p
UE
B (p, v̄)

= 0 , if p > max
{
p (v̄) , p∅ (v̄)

}
,

≤ 0 , if p = max
{
p (v̄) , p∅ (v̄)

}
.

Obtaining a closed-form expression for Υ(1) is not possible in general. This is due to
the fact that the incentive constraint in problem (5) may bind or not, depending on the
value distribution. In the remainder of this section, I show that a simple tail property of
the value distribution determines whether this incentive constraint binds for sufficiently high
cost levels.

5.1.1 Thin-tail distributions

A value distribution is a thin-tail distribution if it satisfies:

1

e
>

∫ 1

1
e

(1− F (v)) dv.
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Proposition 6. If 1
e
>
∫ 1

1
e

(1− F (v)) dv, then c∗ = Υ (1) = 1
e
. Additionally, for ε > 0

sufficiently small and value v ∈ [1− ε, 1]:

p∗(v̄) = pU (v̄) > max
{
p (v̄) , p∅ (v̄)

}
,

the no-entry incentive constraint does not bind:

UE
B (p∗, v̄∗) > UO

B (p∗, v̄∗) .

Proof. Follows from the fact that pU (1) = 1
e
> p (1) = 0 and pU (1) > p∅ (1) since

UE
B

(
1

e
, 1

)
=

1

e
>

∫ 1

pU (1)

1− F (s) ds =

∫ 1

1
e

1− F (s) ds.

Continuity of pU(·), p∅(·) and p(·) implies that pU(1 − ε) > p∅(1 − ε) > p(1 − ε), for ε > 0

sufficiently small.

5.1.2 Fat-tail distributions

A value distribution is a fat-tail distribution if it satisfies:

1

e
<

∫ 1

1
e

(1− F (v)) dv.

Proposition 7. If 1
e
<
∫ 1

1
e

(1− F (v)) dv, then c∗ = Υ (1) < 1
e
. Additionally, for ε > 0

sufficiently small and value v̄ ∈ [1− ε, 1]: p∗ satisfies

UE
B (p∗, v̄∗) = UO

B (p∗, v̄∗) .

Proof. Analogous to Proposition 6.

Example. (Uniform distribution)
In the uniform distribution case we have that∫ 1

1
e

(1− v)dv u 0.2

while 1
e
u 0.37, which means that this is a thin-tail distribution. As a consequence, the

highest cost level consistent with positive gains from trade is c∗ = 1
e
.

Threshold c∗ is strictly greater than cT = 1
4
, meaning that for entry cost levels in (cT , c∗),

any Pareto optimal signal structure is not a threshold one.
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Figure 3 plots the set of possible payoff profiles consistent with two cost levels strictly
below c∗, under which positive gains from trade are possible. All payoff pairs in the right
boundary of the payoff sets correspond to particular parametric signals, and this whole
boundary can be traced by considering parameters in Θ.
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Figure 3: Comparison of Payoff set for two levels of entry cost

6 Revenue maximizing information structure

I now study the revenue-maximizing information structure. The results here extend those
of Anderson and Renault (2006) and present a characterization of an optimal advertising
strategy if price advertising is not possible.

Since v̄ ≥ pM and the seller’s profits are given by φ0(v̄), it is optimal for the seller to
choose v̄ = pM , if possible, and otherwise choose the lowest possible value for v̄ that induces
buyer obedience. The corresponding optimal price is the solution to problem Υ(·) for the
chosen parameter v̄∗.

Proposition 8. Suppose Υ(1) > c, the seller-optimal signal structure is πp∗,v̄∗ with

v̄∗ = inf
{
v̄ ∈ [pM , 1] | Υ(v̄) ≥ c

}
,

p∗ = p∗(v̄∗).
(6)

Additionally, πp∗,v̄∗ is uniquely optimal if Υ(pM) < c.

Proof. Define (p∗, v̄∗) ∈ Θ as in (8). The proof is divided into three parts.

21



Part A) (p∗, v̄∗) ∈ IC.
By construction πp∗,v̄∗ , prices in [p∗, v̄∗] are optimal for the seller. Additionally, one of

the following must hold:
A.1) Υ(v̄∗) = UE

B (p∗, v̄∗) = c and, since (p∗, v̄∗) is feasible in the problem Υ(v̄∗),
UE
B (p∗, v̄∗) ≥ UO

B (p∗, v̄∗), which implies

UE
B (p∗, v̄∗) = c ≥ UO

B (p∗, v̄∗),

which means that obedience for the buyer is optimal.
A.2) v̄∗ = pM and Υ(pM) > c.
This implies that p∗ = p(v̄∗) = pM and Υ(pM) = UE

B (pM , pM) > c, while UO
B (pM , pM) = 0,

implying that obedience is optimal for the buyer.
Part B) πp∗,v̄∗ is seller-optimal.

Let πp0,v̄0 be a Pareto Optimal incentive compatible parametric signal structure achieving
the seller’s maximal profit level. Obedience by the buyer implies that UE

B (p0, v̄0) ≥ c ≥
UO
B (p0, v̄0), and hence p0 is feasible in the problem defining Υ(v̄0), implying

c ≤ UE
B (p0, v̄0) ≥ Υ(v̄0).

Since v̄0 ∈ [pM , 1] and Υ(·) is strictly increasing in [pM , 1], we have that v̄∗ ≤ v̄0 from (8).
Finally, concavity of φ0(·) implies that it is strictly decreasing in [pM , 1] and hence

US(p0, v̄0) = v̄0(1− F (v̄0)) ≤ v̄∗(1− F (v̄∗)) = US(p∗, v̄∗),

which implies optimality of πp∗,v̄∗ .
Part C) Uniqueness.

Suppose, by way of contradiction, that (p0, v̄0) 6= (p∗, v̄∗) and Υ(pM) < c, which implies
Υ(v̄∗) = c. One of the following must hold:
C.1) v̄0 < v̄∗, which implies US(p0, v̄0) < US(p∗, v̄∗) and contradicts optimality of πp0,v̄0 .
C.2) v̄0 > v̄∗, which implies UE

B (p0, v̄0) ≤ Υ(v̄0) < Υ(v̄∗) = c and contradicts incentive
compatibility of (p0, v̄0).
C.3) v̄0 = v̄∗ and p0 6= p∗, which implies (from uniqueness of solution to Υ(v̄∗))

c ≤ UE
B (p0, v̄0) < Υ(v̄0) = Υ(v̄∗),

which contradicts Υ(v̄∗) = c.

The following result provides a characterization of the revenue-maximizing price structure
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and the maximal profit level when monopoly profits are not possible and yet gains from trade
exist. A higher cost of entry requires that the seller choose a higher value of parameter v̄,
which implies that entry occurs with lower probability and hence profits are strictly lower.
Part (iii) states that, if the incentive constraint and the constraint p ≥ p(v̄∗) do not bind in
problem Υ(v̄∗), the optimal price structure is such that price is equal to entry cost c. Finally,
properties (iii) and (iv) show that the optimal posted price p∗ may be either decreasing or
increasing with cost.

Proposition 9. For any cost level c ∈ [cT , c∗]:
(i) Seller profits are strictly decreasing in c,
(ii) Parameter v∗ is strictly increasing in c,
(iii) if pU (v̄∗) > max

{
p (v̄∗) , p∅ (v̄∗)

}
, then optimal paramaters p∗ and v̄∗ satisfy:

p∗ = pU(v̄∗) = c,

(iv) if pU (v̄∗) < max
{
p (v̄∗) , p∅ (v̄∗)

}
, posted price p∗ is strictly decreasing in c.

Proof. For any c ∈ (cT , c∗), v̄∗ ∈ [pM , 1] satisfies Υ(v̄∗) = c and hence (ii) follows from
Lemma 3.

Property (i) follows from the fact that US(p∗, v̄∗) = φ0(v̄) and φ0(·) is strictly decreasing
in [pM , 1].

Direct substitution implies that UE(pU(v̄∗), v̄∗) = pU(v̄∗), and from Lemma 4 we have that
Υ(v̄∗) = UE(pU(v̄∗), v̄∗). Property (iii) follows from Υ(v̄∗) = c, a consequence of Proposition
8 and Lemma 5.

Proof of Property (iv). First notice that p(·) is strictly decreasing with v̄∗, from Lemma 2,
which already implies the desired result if p(v̄∗) > p∅(v̄∗). If p∅(v̄∗) ≥ max

{
p(v̄∗), pU(v̄∗)

}
>

0, p∗ = p∅(v̄∗) and, by definition of p∅(v̄∗), the buyer’s utility from entry following signal
s = E must be equal to his utility from entering regardless of the signal received and must
satisfy:

c = Υ(v̄∗) = UE
B (p∅(v̄∗), v̄∗) =

∫ 1

p∅(v̄∗)

1− F (v)dv.

Which implies that p∅(v̄∗) is strictly decreasing in c.

6.1 Thin-tail distributions

In the case of thin-tail distributions, which includes the uniform case, the optimal price
structure follows the simple rule of setting the optimal price equal to entry cost c. While
the posted price follows a simple rule, the accompanying signal structure is parametric. One
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interpretation of this result is that, when able to design the information and choose prices
the seller uses a simple price structure, which does not depend on fine details of the buyer’s
value distribution, while using a sophisticated signal structure.

Corollary 3. If 1
e
>
∫ 1

1
e

(1− F (v)) dv, then for ε > 0 sufficiently small and any c ∈ [c∗−ε, c∗]
we have that

v̄∗ exp

[∫ 1

v̄∗
1− F (s) ds

v̄∗ (1− F (v̄∗))
− 1

]
= c,

and
p∗ = c.

Additionally, the consumer is indifferent between entering or not when receiving signal s = E

and strictly prefers to stay out when receiving signal s = O:

UE
B (p∗, v̄∗) = c > UO

B (p∗, v̄∗).

Proof. Since Υ(·) is strictly increasing and satisfies Υ(pM) = cT and (by definition) Υ(1) =

c∗, for any c ∈ (cT , c∗], the optimal parameter v̄∗ satisfies Υ(v̄∗) = c.
Now consider ε > 0 from Proposition 6, which implies that p∗ = pU(v̄) and UE

B (p∗, v̄) >

UO
B (p∗, v̄), for v̄ ∈ [1 − ε, 1]. Given continuity of Υ(·), we can find δ > 0 such that, c ∈

[c∗ − δ, c∗] implies that the optimal parameter v̄∗ is in [1− ε, 1].
We then have that p∗ = pU(v̄∗), and direct substitution implies that Υ(v̄∗) = pU(v̄∗).

The result follows from the equation Υ(v̄∗) = c.

6.2 Fat-tail distributions

In the case of fat-tail distributions and sufficiently high entry cost, the incentive constraint
in problem Υ(v̄∗) is binding, and hence the buyer’s expected utility from entry is the same
regardless of the observed signal. Since, in the optimal signal structure when c ≥ cT the
buyer has zero expected utility, the optimal price is pinned down by the condition that the
buyer would be indifferent between entering or not in the absence of signal information.

An implication is that the optimal price must be decreasing in cost c, a surprising result.

Corollary 4. If 1
e
<
∫ 1

1
e

(1− F (v)) dv, then for ε > 0 sufficiently small and any c ∈ [c∗−ε, c∗]
we have that the consumer is indifferent between entry or not regardless of the signal received,
i.e., parameters (p∗, v̄∗) satisfy:

UB(p∗, v̄∗) =

∫ 1

p∗
1− F (v)dv = c,
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and
UE
B (p∗, v̄∗) = c.

Proof. Since Υ(·) is strictly increasing and satisfies Υ(pM) = cT and (by definition) Υ(1) =

c∗, for any c ∈ (cT , c∗], the optimal parameter v̄∗ satisfies Υ(v̄∗) = c.
Now consider ε > 0 from Proposition 7, which implies that p∗ = pU(v̄) and UE

B (p∗, v̄) >

UO
B (p∗, v̄), for v̄ ∈ [1 − ε, 1]. Given continuity of Υ(·), we can find δ > 0 such that, c ∈

[c∗ − δ, c∗] implies that the optimal parameter v̄∗ is in [1− ε, 1]. The result follows from the
equation Υ(v̄∗) = c.

7 Conclusion

This paper studies the role of noisy signals on trade gains in the presence of buyer visiting
costs. I obtain a tractable characterization of the set of payoff profiles consistent with any
arbitrary signal structure. This is done by showing that signal structures generating the
Pareto frontier of the payoff set have a special structure, in that they solve a trade-off
between providing valuable information to buyers while avoiding a hold-up problem.

In the case of regular distributions, Pareto optimal signals are described by two param-
eters. This tractable characterization is used to find the range of visiting costs that are
consistent with trade gains and to study the revenue-maximizing signal structure. An im-
plication of my characterization is that it is in the interest of sellers to generate “mixed”
signals, which lead to visiting probability that is non-monotonic in the buyer’s true value.
This is in sharp contrast with the advertising model of Anderson and Renault (2006), where
the seller is able to commit to a price prior to buyer entry.
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8 Appendix

8.1 Omitted proofs

Proof of Proposition 4. For any (p, π) ∈ IC, I denote the buyer’s expected payoff from entry
conditional on observing signal s ∈ {E,O} as U s

B(p, π). Consider a fixed price structure
(p0, π0). We will choose π ∈ Π to be a solution of the problem

max
π∈Π

UB(p0, π) (7)

subject to

UE
B (p0, π) ≥ c ≥ UO

B (p0, π)

US(p0, π) = US(p0, π0).

Using the weak-star topology of L∞([0, 1]), the objective function in problem (7) is continuous
and its constrained choice set is compact. Hence this problem has a solution.

In this proof, I refer to the Lebesgue measure of a set A ⊂ R as µ(A). Consider an
arbitrary solution of this problem, which I denote as π ∈ Π.

(A) Signal π must satisfy µ {v ∈ [0, p0] | π(v) > 0} = 0.
If that were not the case, consider signal π′ given by π′(v) = 0, for v ≤ p0, and π′ = π

otherwise. Price p0 is still optimal for the seller since φπ′ ≤ φπ and φπ′(p
0) = φπ(p0).

The expected gain from entry conditional on observing signal E (or O) under new signal
structure π′ has increased (decreased) relative to under π, and hence obedience is optimal
and (p0, π′) ∈ IC. The consumer’s ex-ante utility has increased by

c

∫ p0

0

π(v)f(v)dv > 0,

a contradiction.
(B) Signal π must satisfy µ {v ∈ (p0, 1) | φ (v) < φ (p) and π (v) < 1} = 0. Notice that

the firm’s ex-ante expected profits are given by φ(p0) = supp≥0 φ(p).
Suppose, by way of contradiction, that we can find interval I = [v3, v4] ⊂ (p0, 1) such

that φ (v) < φ (p0) for v ∈ I and
∫
I

(1− π (v)) > 0.
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Now define

v0 ≡ inf
{
v ∈

[
p0, v3

]
| φ (s) < φ

(
p0
)
, for s ∈ (v, v3)

}
.

Given continuity of φ (·), we have that v0 < v3 and φ (v0) = φ (p0), and hence we can find
v1, v2 ∈ [0, 1] satisfying p0 < v1 < v2 < v3 and

φ(p0) > φ(v1) > φ(v2). (8)

Equation (8) implies that

φ(v1)− φ(v2) = v1

∫ v2

v1
π(s)f(s)ds− (v2 − v1)

∫ 1

v2

π(s)f(s)ds ≥ 0.

For δ > 0 sufficiently small, consider signal

πδ (v) =


(1− ε(δ))π(v) , if v ∈ [v1, v2],

π (v) + δ (1− π (v)) , if v ∈ [v3, v4]

π (v) , otherwise,

where,

ε(δ) ≡ δ

∫ v4
v3

(1− π(s))f(s)ds∫ v2
v1
π(s)f(s)ds.

The price structure (p, πδ) is incentive compatible. To see this notice that price p0 remains
optimal if 0 < δ ≤ infp∈[v1,v2]∪[v3,v4]

φ(p0)−φ(p)
p
∫ v4
v3

(1−π(s))f(s)ds
since

φπδ(v)

= φπ(v) , if v /∈ [v1, v2],

≤ φπ(v) + δv
∫ v4
v3

[1− π(s)]f(s)ds , if v /∈ [v1, v2].

The consumer’s utility from entering after signal E is observed is:

UE
B (p, πδ) =

∫ 1

p0
(v − p0 − c)πδ(v)f(v)dv∫ 1

p0
πδ(v)f(v)dv

≥
∫ 1

p0
(v − p0 − c)π(v)f(v)dv∫ 1

p0
π(v)f(v)dv

+
δ(v3 − v2)

∫ v4
v3

[1− π(v)]f(v)dv∫ 1

p0
π(v)f(v)dv

> UE
B (p, π).

Since the expected payoff from always entering is the same under both signal structures
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π and πδ, we have that∫ 1

0

[1− π(v)]f(v)dv
[
UO
B (p, πδ)− UO

B (p, π)
]

= −
∫ 1

0

π(v)f(v)dv
[
UO
B (p, πδ)− UO

B (p, π)
]
< 0,

and hence the obedient strategy is optimal under price structure (p, πδ) and leads to ex-ante
buyer utility UB(p, πδ) > UB(p, π).

Modifying the signal structure in µ-zero-measure sets maintains optimality. Based in (A)
and (B), we can set π(v) = 0 for v ∈ {v ∈ [0, p0] | π(v) > 0} and set π(v) = 1, for
v ∈ {v ∈ (p0, 1) | φ (v) < φ (p) and π (v) < 1}. It follows that π satisfies properties (i) and
(ii).

Finally, if there exists a positive measure subset of [0, 1], for which π0 violates (i) or (ii),
the proof of (A) and (B) implies that π0 is not a solution to the problem (7) and hence π
leads to a strict improvement for the buyer.

Proof of Lemma 3. First notice that the objective function is strictly increasing in v̄ since

∂

∂v̄
UE
B (p, v̄) = − φ′0(v̄)

[φ0(v̄)]2

∫ 1

v̄

1− F (v)dv > 0.

Additionally, the choice set in problem Υ is strictly increasing (in the inclusion ordering)
in v̄. To see this notice that p(·) is strictly increasing, by Lemma 2; and the constraint in
the problem defined in (5) is equivalent to

UE
B (p, v̄) ≥ φ(p)

p
UE
B (p, v̄) +

[
1− φ(p)

p

]
UO
B (p, v̄) =

∫ 1

p

1− F (v)dv.

and the left-hand side is strictly increasing in v̄.
If v̄ = pM , the choice set reduces to

{
pM
}

and the objective function is equal to
UE
B (pM , pM), which implies the result.
The objective function is concave since its derivative, given by

∂

∂p
UE
B (p, v̄) = ln

(
v̄

p

)
+

∫ 1

v̄
1− F (v)dv

φ0(v̄)
− 1,

is strictly decreasing in p. Hence this problem has a strictly concave objective function and
a convex choice set, hence it has a unique solution.

Finally, from Lemma 5, it follows that the choice set in this problem is
[
max

{
p(v̄), p∅(v̄)

}
, v̄
]
,

which is upper and lower hemi-continuous in v̄. Since the objective function is also continuous
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in v̄, it follows that the solution to this problem is also continuous.

8.2 Omitted results

Lemma 5. For any v̄ ∈ [pM , 1], we have that

{
p ∈ [0, v̄] | UE

B (p, v̄) ≥ U∅B(p)
}

= [p∅(v̄), v̄], (9)

for some p∅(v̄) ∈ [0, v̄]. Moreover, p∅(·) is continuous.

Proof. Notice that U∅B (p) is strictly decreasing and convex; while UE
B (·, v̄) is concave and

UE
B (v̄, v̄)− U∅B (v̄) > 0,

lim
p→0+

[
UE
B (p, v̄)− U∅B (p)

]
< 0,

It follows that there exists a unique p∅ (v̄) ∈ (0, v̄) satisfying

UE
B

(
p∅(v̄), v̄

)
− U∅B (v̄) = 0

and (9). The implicit function theorem implies that p∅(·) is continuous.
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