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Abstract

We experimentally investigate bargains, price signaling, and efficiency in
markets with asymmetric information where some buyers are informed and some
sellers are informed. We show that all perfect Bayesian equilibria where trans-
actions occur under known gains from trade fall into one of two categories. In
some cases, uninformed sellers charge high prices but uninformed buyers are
only willing to pay low prices. Otherwise, uninformed sellers charge low prices
and uninformed buyers are willing to pay high prices. This latter case is shown
to exhibit more bargains and greater efficiency. Consistent with equilibrium
predictions, we observe significantly fewer transactions and bargains in our first
treatment. In contrast to equilibrium predictions, uninformed buyers selected
far lower reservation prices than informed high quality buyers in the second
treatment as predicted by adaptive models.
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1 Introduction

In some markets, informed agents seek to leverage their knowledge to obtain high
quality items at bargain prices. Professional jewelers routinely fly hundreds of miles
to visit pawn shops in Los Angeles since valuable designer jewelry from Hollywood
celebrities often surfaces there, mixed in with low quality jewelry sold at similar
prices1. Such bargains are difficult to rationalize in the standard economic paradigms
where all agents have perfect information, or only ‘lemons’ are available for sale in
equilibrium.

Economic models frequently assume that consumers and producers have perfect in-
formation about the quality of items available for sale. Yet marketplaces such as
Amazon, AbeBooks, eBay, flea markets, and trade shows are often characterized by
significant uncertainty regarding quality. In contrast, Akerlof (1970) considers an
information structure in which all sellers are informed but all buyers are uninformed.
More recent work (Janssen and Roy, 2010, Kessler, 2001, Dari-Mattiacci et al., 2011)
considers markets where some fraction of agents on one side of the market are unin-
formed.

The possibility that some sellers are uninformed is especially plausible in markets
where item evaluation requires some expertise or where information about item qual-
ity is difficult to obtain. Valuation of artwork, collectibles, antiques, or jewelry often
requires expertise2. Sellers with large inventories may be uninformed about the value
of individual items. Booksellers with large inventories might know that they con-
tain some valuable first editions, but might consider such books too rare to justify
inspecting the entire inventory3.

Casual observation suggests that some consumers obtain bargains by purchasing high
quality items at unusually low prices. One often hears of people who find valuable

1We thank a conference participant for this example.
2Researchers at eBay Research Labs (Hu and Bolivar (2008)) found that the average consumer

surplus ratio in eBay auctions for items in the collectibles category is approximately 40% and that
for certain subcategories such as Pre-1940 photographic image collectibles, the median consumer
surplus ratio was over 50%. If sellers were informed about the value of their items, they could have
extracted a higher profit from setting a higher reserve price or opening bid. In contrast, iPhones,
which are easier to value, were found to yield a consumer surplus ratio of 1.59%.

3Even in markets where sellers are expected to be informed such as real estate markets, recent
studies find evidence that many sellers are uninformed about the energy efficiency of their homes
(Cassidy (2019); Myers et al. (2019)).
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paintings at a flea market or who find rare first editions at a library book sale. Some
consumers go to these venues primarily to look for such ‘good deals.’ These types
of bargains are difficult to rationalize in settings where all buyers are uninformed or
where all sellers are informed.

This paper experimentally investigates the general case with both informed and unin-
formed agents on each side of the market. We demonstrate that all perfect Bayesian
equilibria where transactions take place under known gains from trade fall into one
of two categories. In type 1 equilibria, uninformed sellers pool with high quality
sellers and uninformed buyers pool with low quality buyers. In type 2 equilibria, un-
informed sellers pool with low quality sellers and uninformed buyers pool with high
quality buyers. This latter case is shown to exhibit more bargains and Pareto efficient
full trade. An immediate consequence of this result is that under the weak condition
that transactions occur under known gains from trade, there are no fully separating
or fully pooling equilibria.

We test the theoretical properties of type 1 equilibria and type 2 equilibria in a
controlled laboratory experiment where buyers and sellers repeatedly participate in
a market for goods with heterogeneous quality. Our experiment implements two
treatment conditions. Our first treatment implements conditions for type 1 equilibria.
Our second treatment implements conditions for type 2 equilibria. Consistent with
equilibrium predictions, we observe significantly more transactions and bargains in
this second treatment. In contrast to equilibrium predictions, uninformed buyers in
this second treatment selected far lower reservation prices than informed high quality
buyers.

The remaining sections are organized as follows. Section 2 discusses the related
literature. Section 3 formally introduces the signaling game and derives theoretical
predictions. Section 4 describes the experimental design and procedures. Section 5
identifies the hypotheses to be tested. Section 6 presents the experimental results and
Section 7 concludes. All proofs are included in the appendix.

2 Related Literature

Akerlof (1970) considers an information structure in which all sellers are informed
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about the quality of the items they offer but all buyers are uninformed about the
quality of the items they are offered. Buyers can only observe the average quality
of items in the marketplace. Akerlof’s classic analysis derived the implication that
markets will unravel so that higher quality items will disappear from the marketplace
leaving only ‘lemons’ for sale.

Previous work has considered markets where some buyers are informed or some sellers
are uninformed. Salop and Stiglitz (1977) study markets with bargains and ripoffs but
make the strong assumption that all items in the market have the same quality. Their
model does not address the problem of adverse selection that is central to Akerlof’s
analysis.

Subsequent work by Chan and Leland (1982), Wolinsky (1983), and Cooper and Ross
(1984) show that price signaling can arise in equilibrium if some buyers are informed
and firms can choose the quality level they produce. Bagwell and Riordan (1991)
and Janssen and Roy (2010) demonstrate that price can also signal quality when
a firm’s level of quality is given and all sellers are informed. Guerrieri and Shimer
(2014) consider a dynamic model of asset markets under adverse selection in which
only owners of the asset are informed, and finds that these sellers can signal quality in
equilibrium by accepting a lower trading probability, in which case high quality assets
trade at higher prices. Kessler (2001) considers a perfectly competitive market where
some sellers are uninformed, all buyers are uninformed, and all agents act as price-
takers. Dari-Mattiacci et al. (2011) analyze markets where all buyers are informed
and all sellers are uninformed. They find ‘inverse adverse selection’ in which the
market disappears from the bottom rather than from the top.

Like Akerlof (1970), Bagwell and Riordan (1991), and Janssen and Roy (2010), we
adopt a setting with binary quality. In our setting, some sellers are uninformed
such that they cannot distinguish high quality items from low quality items. In
such markets, experienced collectors and connoisseurs may have detailed knowledge
of the items they collect, allowing them to take advantage of underpriced items sold
by uninformed sellers. Unlike these previous studies, we consider a model with some
informed agents and some uninformed agents on each side of the market. This general
structure nests each of the aforementioned information structures as a special case.
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3 Theory

Consider the following interaction between a buyer and a seller. The seller possesses
an item which she values at q ∈ Q = {q, q̄} such that q < q̄ ∈ R+. With probability
θ, the item is low quality (q = q). With probability 1 − θ, the item is high quality
(q = q̄). With probability λ ∈ (0, 1), the seller is uninformed about the quality of the
item. With probability 1 − λ, the seller is informed about the quality of the item.
Let Is denote the seller’s information level such that Is = 1 if the seller is informed
and Is = 0 if the seller is uninformed.

The buyer values the seller’s item at kq such that k > 1, so the buyer always values
item more than the seller. With probability γ ∈ (0, 1), the buyer is uninformed about
the quality of the item. With probability 1−γ the buyer is informed about the quality
of the item. Let Ib denote the buyer’s information level such that Ib = 1 if the buyer
is informed and Ib = 0 if the buyer is uninformed. The seller chooses a posted price
p ∈ R+ for the item. After observing the posted price, the buyer decides whether to
purchase the item. Let B = 1 if the buyer decides to purchase the item and B = 0 if
the buyer decides not to purchase the item.

3.1 Strategies

Let Ω denote the state space such that

Ω =
{

(q, Ib, Is) : q ∈
{
q̄, q
}
, Ib, Is ∈ {0, 1}

}
(1)

We say that an uninformed seller has type Us. We say that an informed seller with
a high quality item has type Hs. We say that an informed seller with a low quality
item has type Ls. Let Ts = {Hs, Us, Ls} denote the seller’s type set. The seller’s type
ts ∈ Ts is given by τs : Ω→ Ts such that

τs (ω) =


Us if Is = 0

Hs if Is = 1 and q = q̄

Ls if Is = 1 and q = q

(2)
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The seller’s strategy is given by ρ : Ts → R+ such that p = ρ (ts). That is, the seller’s
strategy specifies her posted price as a function of her type.

We say that an uninformed buyer has type Ub. We say that an informed buyer who
is offered a high quality item has type Hb. We say that an informed buyer who is
offered a low quality item has type Lb. Let Tb = {Hb, Ub, Lb} denote the buyer’s type
set. The buyer’s type tb ∈ Tb is given by τb : Ω→ Tb such that

τb (ω) =


Ub if Ib = 0

Hb if Ib = 1 and q = q̄

Lb if Ib = 1 and q = q

(3)

The buyer’s strategy is given by β : Tb × R+ → {0, 1} such that

B = β (tb, p) (4)

That is, the buyer’s strategy specifies whether or not she will buy an item as a function
of her type and the posted price of the item. In some cases, the buyer’s strategy may
take the form of a reservation price R : Tb → R+ such that

β (tb, p) =

1 p ≤ R (τb)

0 p > R (τb)
(5)

3.2 Expected Payoffs

If the buyer decides to purchase the item then she pays the posted price to the seller
and receives the item from the seller. Let πb denote the buyer’s payoff and πs denote
the seller’s payoff such that

πb = β (τb, p) (kq − p) (6)

πs = β (τb, p) (p− q) (7)

An informed seller with a high quality item knows that an informed buyer must also
observe high quality. Conversely an informed buyer considering a low quality item
knows that an informed seller must also observe low quality. Let T denote the feasible
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type space such that
T = Tb × Ts \ {(Hb, Ls) , (Lb, Hs)} (8)

Here, T denotes all possible type profiles such that informed agents always have
consistent information about the quality of the item. The conditional distribution of
the buyer’s type tb given the seller’s type ts is

P (tb|ts) tb = Hb tb = Ub tb = Lb

ts = Hs 1− γ γ 0

ts = Us (1− θ) (1− γ) γ θ (1− γ)

ts = Ls 0 γ 1− γ

Let qU denote the unconditional expected quality such that

qU = θq + (1− θ) q̄ (9)

In contrast, the conditional expected quality of the item given the type profile t =

(tb, ts) ∈ T is

E {q|tb, ts} =


q̄ if tb = Hb or ts = Hs

qU if tb = Ub and ts = Us

q if tb = Lb or ts = Ls

(10)

Hence, the seller’s conditional expected payoff given her type ts and her posted price
p is

E {πs|ts, p} =
∑
tb∈Tb

P (tb|ts) β (tb, p) (p− E {q|tb, ts}) (11)

Let µ (q|p, tb) denote the buyer’s posterior belief regarding the quality of the item
conditional on both her type tb and the posted price p. The conditional expected
quality given the buyer’s type and the posted price of the item is

Eµ {q|tb, p} = µ (q̄|p, tb) q̄ + µ
(
q|p, tb

)
q (12)

The buyer’s expected payoff conditional on her type tb, the posted price p, and her
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purchasing decision B ∈ {0, 1} is given by

Eµ {πb|tb, p, B} = (kEµ {q|tb, p} − p)B (13)

3.3 Perfect Bayesian Equilibria

The conditional probability of observing a posted price p given the seller’s type ts is
given by

P (p|ts) =

1 if p = ρ (ts)

0 otherwise
(14)

Hence the unconditional probability of observing a posted price p is given by

P (p) = λP (p|Us) + θ (1− λ)P (p|Ls) + (1− θ) (1− λ)P (p|Hs) (15)

The conditional probability of observing a posted price p given the item’s quality q is

P (p|q) =

λP (p|Us) + (1− λ)P (p|Ls) if q = q

λP (p|Us) + (1− λ)P (p|Hs) if q = q̄
(16)

Now if P (p) > 0 then Bayes’ rule implies that

P
(
q|p
)

=
P
(
q
)
P
(
p|q
)

P (p)
=
θP
(
p|q
)

P (p)
(17)

Hence the buyer’s belief µ is consistent along the path of play if

µ
(
q|p, tb

)
=


1 if tb = Lb

0 if tb = Hb

P
(
q|p
)

if tb = Ub and P (p) > 0

(18)

Equation (18) simply states that the buyer believes the item is low quality if she
knows that it is low quality, she believes that it is high quality if she knows it is
high quality, and she uses Bayes’ rule when possible. A strategy profile (ρ, β) and a
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consistent belief µ form a perfect Bayesian equilibrium if

ρ (ts) ∈ argmax
p∈R+

E {πs|ts, p} for ts ∈ Ts (19)

β (tb, p) ∈ argmax
B∈{0,1}

Eµ {πb|tb, p, B} for (tb, p) ∈ Ts × R+ (20)

3.3.1 No-Trade Equilibria

If the seller’s price is greater than the buyer’s value under every possible type profile,
then the buyer might as well reject all offers. On the other hand, if the buyer rejects
all offers, then the seller might as well post very high prices. Formally, if ρ (ts) ≥ kq̄

for all ts ∈ Ts then kEµ {q|tb, ρ (ts)} ≤ ρ (ts) for all (tb, ts) ∈ T . Conversely, if
β (tb, p) = 0 for all p ∈ R+ then E {πs|ts, p} = 0 for all (ts, p) ∈ Ts ×R+. Hence there
always exists a perfect Bayesian equilibrium with no trade such that β (tb, ρ (ts)) = 0

for all (tb, ts) ∈ T .

3.3.2 Trade Equilibria

A perfect Bayesian equilibrium (ρ, β, µ) is said to be a trade equilibrium if

β (ρ (Ls) , Lb) = β (ρ (Hs) , Hb) = 1 (21)

In a trade equilibrium, transactions always take place when there are known gains
from trade and the quality of the item is known to both parties. Proposition 1 states
that in every trade equilibrium, uninformed sellers post the same price as either
informed high quality sellers or informed low quality sellers. Hence, the market has
no fully separating trade equilibria.

Proposition 1. If (ρ, β, µ) is a trade equilibrium then ρ (Us) ∈ {ρ (Ls) , ρ (Hs)}.

Proof. See appendix on page 36.
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3.3.3 Strategy Profiles

We say that a strategy profile (ρ, β) is of type 1 if

β (tb, p) =

1 p ≤ R (τb)

0 p > R (τb)
(22)

p = ρ (Ls) < ρ (Us) = ρ (Hs) = p̄ (23)

p = R (Lb) = R (Ub) < R (Hb) = p̄ (24)

Under a type 1 strategy profile, the seller posts a high price p̄ if she is uninformed or
if she is informed about a high quality item. She posts a low price p if she is informed
about a low quality item. If the buyer knows the item is high quality then she is
willing to pay either price. Otherwise, she is only willing to pay the low price p.

We say that a strategy profile (ρ, β) is of type 2 if

β (tb, p) =

1 p ≤ R (tb)

0 p > R (tb)
(25)

p = ρ (Ls) = ρ (Us) < ρ (Hs) = p̄ (26)

p = R (Lb) < R (Ub) = R (Hb) = p̄ (27)

Under a type 2 strategy profile, the seller posts a low price p if she is uninformed or if
she is informed about a low quality item. She posts a high price p̄ if she is informed
about a high quality item. If the buyer knows that the item is low quality then she
is only willing to pay the low price p. Otherwise, she is willing to pay either price.

3.3.4 Type 1 equilibria

Proposition 2 states that uninformed sellers pool with informed high quality sellers
if enough items are high quality and enough buyers are informed. Equation (28) and
Equation (29) imply the individual rationality constraint that informed agents receive
non-negative payoffs. Equation (30) implies that uninformed buyers are unwilling to
pay the high price. Equation (31) implies that uninformed sellers are worse off selling
at the low price with certainty than selling at the high price only to informed high
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quality buyers.

Proposition 2. If (ρ, β) is a type 1 strategy profile such that

q̄ ≤ p̄ ≤ kq̄ (28)

q ≤ p ≤ kq ≤ q̄ (29)

k
(
θλq + (1− θ) q̄

)
≤ p̄ (θλ+ 1− θ) (30)

θ (1− γ)
(
p− q

)
+ γ

(
p− qU

)
≤ (1− θ) (1− γ) (p̄− q̄) (31)

then there exists a type 1 equilibrium with a type 1 strategy profile.

Proof. See appendix on page 38.

Type 1 equilibria do not exhibit full trade since transactions do not take place between
uninformed buyers and uninformed sellers. They exhibit price signaling since informed
low quality sellers set lower prices than other sellers. Hence uninformed buyers can
reliably infer low quality from low prices. Type 1 equilibria do not exhibit bargains
since buyers can not purchase items at prices below the seller’s valuation under any
possible type profile.

Type 1 equilibria occur when items are sufficiently likely to be high quality and buyers
are sufficiently likely to be informed. In such equilibria, uninformed buyers are not
willing to pay high prices. However, if enough buyers are informed and enough items
are high quality, then it is more profitable to sell only the high quality items to the
informed buyers at a high price than to sell all the items to everyone at a low price.
Consequently, both uninformed sellers and high quality sellers post high prices, so
high prices are not a reliable signal of high quality to uninformed buyers.

3.3.5 Type 2 equilibria

Proposition 3 states that uninformed sellers pool with informed low quality sellers
on a low price if enough items are low quality and enough buyers are informed.
Equation (32) and equation (33) are the individual rationality constraints requiring
that informed agents receive non-negative expected payoffs. These constraints also
imply the existence of gains from trade. Equation (34) is the incentive compatibility
constraint that informed sellers with low quality items are better off selling at the
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low price with certainty than selling at the high price only to uninformed buyers.
Equation (35) is the incentive compatibility constraint that an uninformed seller is
better off selling at the low price with certainty than selling at the high price only to
uninformed and informed high quality buyers.

Proposition 3. If (ρ, β) is a type 2 strategy profile such that

q̄ ≤ p̄ ≤ kq̄ (32)

q ≤ p ≤ kq (33)

γ
(
p̄− q

)
≤ p− q (34)

(1− θ) (1− γ) (p̄− q̄) + γ (p̄− qU) ≤ p− qU (35)

then there exists a type 2 equilibrium with a type 2 strategy profile.

Proof. See appendix on page 39.

Type 2 equilibria exhibit full trade since a transaction takes place under every possible
type profile. They exhibit price signaling since informed high quality sellers set higher
prices than other sellers. Hence uninformed buyers can reliably infer high quality
from high prices. Such equilibria support bargains since uninformed sellers always
post prices below their own value for high quality items. In this case, informed buyers
may be able to obtain high quality items at bargain prices.

Type 2 equilibria occur when items are sufficiently likely to be low quality and buyers
are sufficiently likely to be informed. In such equilibria, uninformed buyers are willing
to pay high prices. However, if buyers are likely to be informed, then low quality
sellers will find it more profitable to sell to everyone at a low price than only to
uninformed buyers at a high price. Further, if items are likely to be low quality, then
uninformed sellers face analogous incentives. Consequently, both uninformed sellers
and low quality sellers post low prices, so high prices are a reliable signal of high
quality to uninformed buyers.
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3.4 Many Buyers and Sellers

Consider a market populated by multiple buyers and sellers. Let B denote the set of
buyer and S denote the set of sellers. Let ti ∈ Ts denote the type of seller i and let
tj ∈ Tb denote the type of buyer j. Let ψ (q, ts, tb) denote the proportion of quality q
items offered by type ts sellers to type tb buyers. Sellers know the overall distribution
of types in the buyer population, but they do not know which buyers have which
type, so sellers are unable to target their offers to specific types of buyers. Hence the
proportion of a seller’s items offered to type tb buyers is an exogenous parameter, not
a choice variable. The proportion of low quality items offered by type ts sellers to
type tb buyers is given by

tb

ψ
(
q, ts, tb

)
Hb Ub Lb

Hs 0 0 0
ts Us 0 θλγ θλ (1− γ)

Ls 0 θ (1− λ) γ θ (1− λ) (1− γ)

The proportion of high quality items offered by type ts sellers to type tb buyers is
given by

tb

ψ (q̄, ts, tb) Hb Ub Lb

Hs (1− θ) (1− λ) (1− γ) (1− θ) (1− λ) γ 0
ts Us (1− θ)λ (1− γ) (1− θ)λγ 0

Ls 0 0 0

Each seller i chooses a single posted price pi ∈ R+. After observing the posted prices,
each buyer j decides which posted prices to accept. Let Bij = 1 if buyer j agrees to
purchase items at the prices posted by seller i. Otherwise, let Bij = 0. Buyer j’s
strategy is given by βj : R+ → {0, 1} such that Bij = βj (pi). This process mirrors the
structure of the two-agent interaction between a single buyer and a single seller. Each
seller chooses a single posted price that applies to all of their items. Informed high
quality buyers and uninformed buyers received posted prices from both informed high
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quality sellers and uninformed sellers. Informed low quality buyers and uninformed
buyers received posted prices from both informed low quality sellers and uninformed
sellers. Let Bj denote the set of buyers with type tj. Let Si denote the set of sellers
with type ti. Let φij (q) denote the number of quality q items offered by seller i to
buyer j such that

ψ (q, ti, tj) = ζi
∑
b∈Bj

φib (q) = ζj
∑
s∈Si

φsj (q) (36)

The payoff to seller i is given by

ui (p, β) =
∑
j∈B

∑
q∈Q

φij (q) βj (pi) (pi − q) (37)

The payoff of buyer j is given by

uj (p, β) =
∑
i∈S

∑
q∈Q

φij (q) βj (pi) (kq − pi) (38)

In this setting, the payoff to a seller who faces a population of buyers employing
distinct pure strategies is proportional to the expected payoff of a seller who faces a
single buyer employing a mixed strategy. Similarly, the payoff to a buyer who faces a
population of sellers employing distinct pure strategies is proportional to the expected
payoff of a buyer who faces a single seller employing a mixed strategy. Proposition 4
states that Perfect Bayesian equilibria of the two-agent interaction correspond to Nash
equilibria of markets with many buyers and sellers. Intuitively, this correspondence
between equilibria occurs because the structure of the many-agent market mirrors the
structure of a two-agent market where probabilities are replaced with proportions. For
example, the probability that an uninformed seller encounters an uninformed buyer
in the two-agent case corresponds to the proportion of offers received by uninformed
sellers from uninformed buyers in the many-agent case.

Proposition 4. If (ρ0, β0, µ0) is a perfect Bayesian equilibrium of the interaction
between a single buyer and a single seller then (p, β) such that pi = ρ0 (ti) and βj (x) =

β0 (tj, x) for i ∈ S and j ∈ B is a Nash equilibrium of the market with multiple buyers
and sellers.
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Proof. See appendix on page 40.

3.5 The Best Response Dynamic

Consider an environment where a population of buyers and a population of sellers
repeatedly interact as described in section 3.4. In every period, each seller i selects a
posted price pi and each buyer selects a reservation price Rj. Buyer j accepts offers
with posted prices less than or equal to her reservation price such that

βj (p) =

1 if p ≤ Rj

0 if p > Rj

The best response dynamic is an adaptive model under which agents asynchronously
switch to myopic best responses. Let ηi ∈ [0, 1] denote the rate at which agent i
adjusts her strategy. If the current strategy profile is given by s = (s1, . . . , sn) then
the probability that an agent i switches from her current strategy si to the alternate
strategy s′i is given by

Pi (s′i|s) =
ηiai (s

′
i|s)∑

xi∈Si

ai (xi|s)

ai (xi|s) =


1 if xi ∈ argmax

yi∈Si

πi (yi, s−i)

0 otherwise

Figures 1 and 3 illustrate the mean posted prices and reservation prices predicted by
the best response dynamic for parameters that are sufficient for a type 1 equilibrium
by proposition 2. Consistent with equilibrium predictions, the best response dynamic
predicts that uninformed sellers and informed high quality sellers will post similar
prices. In contrast to equilibrium predictions, the best response dynamic predicts
that informed low quality sellers will post prices well above the buyers valuation for
low quality items.

Figures 2 and 4 illustrate the mean posted prices and reservation prices predicted by
the best response dynamic for parameters that are sufficient for a type 2 equilibrium
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Figure 1: Mean posted prices under the best response dynamic for treatment 1
parameters q = 2, q̄ = 8, k = 1.5, θ = 1
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Figure 3: Mean reservation prices under the best response dynamic for treatment 1
parameters q = 2, q̄ = 8, k = 1.5, θ = 1
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Figure 4: Mean reservation prices under the best response dynamic for treatment 2
parameters q = 3, q̄ = 6, k = 2, θ = 7

8
, γ = 1

8
, λ = 1

2
.

16



by proposition 3. Consistent with equilibrium predictions, the best response dynamic
predicts that uninformed sellers and informed low quality sellers will post similar
prices. In contrast to equilibrium predictions, the best response dynamic predicts
that uninformed buyers will select far lower prices than informed high quality sellers.

3.6 Noisy Best Response Dynamics

The noisy best response dynamic is an adaptive model under which agents asyn-
chronously switch to noisy approximations of myopic best responses. Let ηi ∈ [0, 1]

denote the rate at which agent i adjusts her strategy. Let δi denote agent i’s pre-
cision in selecting a best response. Let αi denote agent i’s sensitivity to differences
in the payoffs yielded by distinct strategies. If the current strategy profile is given
by s = (s1, . . . , sn) then the probability that an agent i switches from her current
strategy si to an alternate strategy s′i is given by

Pi (s′i|s) =
ηi expui (s

′
i|s)∑

xi∈Si

expui (xi|s)
(39)

ui (xi|s) = αiπi (xi, s−i) + δi min
b∈BRi(s)

|xi − b| (40)

BRi (s) = argmax
yi∈Si

πi (yi, s−i) (41)

Such agents exhibit two distinct types of noise. The parameter δi indexes agent i’s
sensitivity to the location of the best response. This component reflects a “trembling
hand” deviation from the best response. The parameter αi indexes agent i’s sensitiv-
ity to payoffs differences. This component reflects a “logit” deviation from the best
response. In the limit as δi → 0 and αi → 0 the noisy best response converges to a
uniform distribution. Conversely, in the limit as δi → ∞ or αi → ∞ the noisy best
response dynamic converges to the exact best response dynamic considered in 3.5.

In the absence of noise, exact selection of a best response and exact payoff maximiza-
tion are equivalent. However, in the presence of noise these two models make distinct
predictions. A subject who is sensitive to the location of the best response but not
payoff differences would be unaffected by the shape of the payoff function away from
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Treatment 1 Treatment 2
High Quality (q̄) 8 6
Low Quality (q) 2 3

Gains From Trade (k) 3/2 2
Proportion Low Quality (θ) 1/2 7/8

Proportion Informed Buyers (γ) 1/2 1/8

Proportion Informed Sellers (λ) 1/2 1/2

Table 1: Experimental Treatments

the best response. In contrast, a subject to is sensitive to payoff differences but not
to the location of the best response, will exhibit greater variation in behavior under
relatively flat payoff functions.

4 Experimental Design and Procedures

This study investigates markets with many buyers and sellers under two experimental
treatment conditions. Table 1 presents the parameter values for each experimental
treatment. Treatment 1 implements parameter values supporting type 1 equilibria as
shown by proposition 2. Treatment 2 implements parameter values supporting type
2 equilibria as shown by proposition 3. The six parameters selected for treatment
1 strictly satisfy inequalities Equation (28) through Equation (31) while the six pa-
rameters selected for treatment 2 strictly satisfy inequalities Equation (32) through
Equation (35). These parameter values were selected because they yield clear testable
predictions, not only from equilibrium, but also from the best response dynamics.

A total of ten experimental sessions were conducted, five for each of the two experi-
mental treatment conditions. Each session was conducted with 24 subjects for a total
of 240 experimental subjects. The experimental design was between subjects such
that each session implemented only one treatment and each subject participated in
only one session. All ten sessions were conducted at the Economic Science Institute
Laboratory at Chapman University.

During each session, 12 subjects took the role of buyers and 12 subjects took the role of
sellers. Each experimental session consisted of 100 periods. Every period implemented
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Figure 5: Screenshot of the Experimental Interface. The horizontal axis indicates
posted prices for sellers and reservation prices for buyers. The vertical axis indicates
payoffs.
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a market with many buyers and sellers as detailed in Section 3.4. Subject types and
roles remained constant throughout the course of the session.

The matching process implemented in the experiment mirrors the structure of the
simple two-agent interaction between a single buyer and a single seller. The propor-
tion of offers sent by each type of seller to each type of buyer corresponds to the
conditional probability of the given type of seller encountering each type of buyer
in the two-agent case. The proportion of offers received by each type of buyer from
each type of seller corresponds to the conditional probability of the given type of
buyer encountering each type of seller in the two-agent case. In the two-agent case,
an informed high quality seller can infer that an informed buyer will not observe
low quality, because that would conflict with the seller’s knowledge of high quality.
Informed low quality buyers do not receive offers from informed high quality sellers,
because that would conflict with their knowledge of low quality.

During every period, the experiment implemented a posted offer market in which
sellers post prices. Each seller selected a single posted price that applied to all of
the items they offered. Each buyer selected a single reservation price that applied to
all of the offers they received. Informed high quality buyers and uninformed buyers
received posted prices from both informed high quality sellers and uninformed sellers.
Informed low quality buyers and uninformed buyers received posted prices from both
informed low quality sellers and uninformed sellers.

Figure 5 depicts the experimental interface. During each period, subjects observed
their endowment, their valuations for each type of item, the valuations of other par-
ticipants, and their payoffs. Sellers could observe the number of offers they made
to each buyer at each quality level. Buyers could observe the number of offers they
received from each seller at each quality level. Sellers received continuous feedback
about their counterfactual payoffs based on the reservation prices currently selected
by buyers. Buyers received continuous feedback about their counterfactual payoffs
based on the posted prices currently selected by sellers. Buyers and sellers could
simultaneously select and adjust their submissions throughout each period. Multiple
price submissions were possible within each period, but only the final submission was
binding. Counterfactual payoff calculations were based on the current submissions
of other subjects and were updated live throughout each period. Transactions took
place at the end of each period if the posted price was below the reservation price.
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The complexity of the payoff calculations in this experiment is what motivated the
provision of payoff information. In the real world, agents often have access to resources
such as computers, spreadsheets, and experts to help calculate their payoffs. In
the lab, subjects had neither the time nor resources to perform these calculations.
Accordingly, the experimental interface performed these calculations and provided
the relevant information directly to subjects. This feedback helped subjects avoid
making calculation errors, but it did not prevent them from making strategic errors
or deviating from equilibrium predictions. Similar interfaces providing information
about counterfactual payoffs have been employed in prior literature such as Oprea
et al. (2011), Cason et al. (2013), Stephenson (2019), and Cason et al. (2021). At
the end of each session, subjects received their average payoff over all periods plus a
seven dollar show up bonus with an average final payment of $18.59.

5 Hypotheses

Proposition 1 states that uninformed sellers either pool with informed high quality
sellers or pool with informed low quality sellers in every trade equilibrium. Proposi-
tion 2 provides sufficient conditions for a type 1 equilibrium where uninformed sellers
post the same high price as informed high quality sellers. These conditions are sat-
isfied by treatment 1 of the experimental design. Proposition 3 provides sufficient
conditions for the existence of a type 2 equilibrium where uninformed sellers post
the same low price as informed low quality sellers. These conditions are satisfied by
treatment 2 of the experimental design.

Hypothesis 1. Uninformed sellers will post prices closer to those of informed high
quality sellers in treatment 1 but they will post prices closer to those of informed low
quality sellers in treatment 2.

Under both types of equilibria, informed sellers post higher prices for high quality
items than low quality items. Hence the price provides uninformed buyers with an
informative signal of quality. Under type 1 equilibria, uninformed buyers can reliably
infer low quality from low prices. Under type 2 equilibria, uninformed buyers can
reliably infer high quality from high prices.
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Hypothesis 2. Informed high quality sellers will post significantly higher prices than
informed low quality sellers in both treatments.

Type 1 equilibria exhibit only partial trade since neither uninformed buyers nor in-
formed low quality buyers are willing to pay the prices posted by uninformed sellers.
In contrast, type 2 equilibria exhibit Pareto efficient full trade as every possible in-
teraction between a buyer and a seller results in a transaction.

Hypothesis 3. Treatment 2 will exhibit a significantly higher transaction rate than
treatment 1.

In type 2 equilibria, informed buyers have an opportunity to obtain bargains where
they can purchase high quality items from uninformed sellers at prices that are even
lower than the seller’s value for high quality items. No such bargains exist under type
1 equilibria since uninformed sellers post prices that are greater than their value for
high quality items.

Hypothesis 4. Significantly more bargains (items priced below the seller’s valuation)
will be offered in treatment 2 than treatment 1.

Both the best response dynamic and equilibrium predict that unformed sellers will
post higher prices in treatment 1 than treatment 2. Conversely, both models pre-
dict that uninformed buyers will select lower reservation prices in treatment 1 than
treatment 2.

Hypothesis 5. Uninformed sellers will post higher prices in treatment 1 than in
treatment 2, but uninformed buyers will select lower reservation prices in treatment 1
than treatment 2.

In equilibrium, uninformed buyers pool with informed high quality buyers in treat-
ment 2. Both buy from informed high quality sellers. Yet the best response dynamic
predicts that the prices selected by uninformed buyers will be far lower than those of
both informed high quality buyers and informed high quality sellers under treatment
2. This point of disagreement provides a testable distinction between the predictions
of the best response dynamic and those of equilibrium.
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6 Results

Figure 6 illustrates the posted prices selected by sellers in treatment 1 and Figure 7
illustrates the posted prices selected by sellers in treatment 2. Figure 8 illustrates
the reservation prices selected by buyers in treatment 1 and Figure 9 illustrates the
reservation prices selected by buyers in treatment 2. In these figures, the horizontal
axis indicates periods and the vertical axis indicates mean prices across over all rel-
evant sessions. The green line illustrates the prices posted by informed high quality
subjects. The blue line illustrates the prices posted by uninformed subjects. The red
line illustrates the prices posted by informed low quality subjects.

Consistent with both equilibrium predictions and the best response dynamic, unin-
formed sellers posted higher prices in treatment 1 while uninformed buyers selected
higher reservation prices in treatment 2. Table 2 present hypothesis tests for these
treatment effects. Both non-parametric Mann-Whitney-Wilcoxon rank-sum tests and
parametric t-tests find that the prices posted by uninformed sellers were significantly
higher in treatment 1 and the reservation prices selected by uninformed sellers were
significantly higher in treatment 2.

Result 1. Uninformed sellers posted higher prices in treatment 1 than treatment 2
while uninformed buyers selected lower reservation prices in treatment 1 than treat-
ment 2.

In contrast to equilibrium predictions, the reservation prices selected by uninformed
buyers in treatment 2 were not closer to those of informed high quality buyers than
those of informed low quality buyers. This deviation from equilibrium was predicted
by the best response dynamic as illustrated by figure 4. Consistent with both equi-
librium predictions and the best response dynamic, uninformed buyers posted prices
closer to those of informed low quality buyers in treatment 1. Similarly, uninformed
sellers posted prices closer to those of high quality informed sellers in treatment 1
and closer to those of low quality informed sellers in treatment 2. Table 3 presents
hypothesis tests for these treatment effects.

Result 2. The prices posted by uninformed sellers were closer to prices posted by
high quality informed sellers under treatment 1 but were closer to prices posted by low
quality informed sellers under treatment 2.
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Figure 6: Mean posted prices by period in treatment 1.
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Figure 7: Mean posted prices by period in treatment 2.
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Figure 8: Mean reservation prices by period in treatment 1.
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Figure 9: Mean reservation prices by period in treatment 2.
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Treatment Rank-Sum Test t-test
Prices 1 2 p-value p-value
Posted 9.4665 6.2240 0.007937 0.000004

Reservation 4.6325 7.4715 0.031750 0.009036

Table 2: Tests for differences in uninformed prices across treatments.

Uninformed Price Difference Rank-Sum Test t-test
Prices Treatment Low High p-value p-value

Posted 1 $3.59 $0.63 0.007937 0.001793
2 $0.74 $3.88 0.007937 0.000027

Reservation 1 $1.22 $5.34 0.015873 0.018563
2 $2.05 $2.65 0.150794 0.145537

Table 3: Tests for pooling behavior.

Informed Type Rank-Sum Test t-test
Prices Treatment High Quality Low Quality p-value p-value

Posted 1 $10.08 $5.88 0.007937 0.000065
2 $10.10 $5.69 0.007937 0.000001

Reservation 1 $9.98 $4.01 0.007937 0.000001
2 $10.12 $5.42 0.007937 0.000059

Table 4: Tests for differences in informed prices across informed types.

Treatment Rank-Sum Test t-test
1 2 p-value p-value

Transaction Rate 0.262 0.748 0.007937 0.000003
Bargain Rate 0.1715 0.4815 0.01587 0.000997

Table 5: Tests for differences in transaction and bargain rates across treatments.
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The empirical price paths shown in figures 6-9 exhibit remarkable similarity with
the theoretical predictions of the best response dynamics as illustrated by figures 1-4
respectively. In treatment 1, the mean price path for uninformed sellers and informed
high quality sellers lies in the equilibrium range [q̄, kq̄]. In contrast to equilibrium
predictions, the mean price path for informed low quality sellers in treatment 1 lies
above the equilibrium range

[
q, kq

]
, as predicted by the best response dynamic.

Result 3. Prices carried significant information about quality under both treatments.

Table 4 presents hypothesis tests for differences in posted prices across item qualities.
Consistent with equilibrium predictions, both treatments exhibited significant price
signaling. Non-parametric Mann-Whitney-Wilcoxon rank-sum tests and parametric
t-tests find that informed high quality sellers posted significantly higher prices than
informed low quality sellers in both treatments. Consequently, posted prices contained
sufficient information to make valid inferences about item quality. As illustrated by
figure 12, the reservation prices selected by uninformed buyers reflects these signals.

Figure 10 illustrates the mean transaction rates observed under each treatment. The
vertical axis indicates the mean fraction of items sold. The horizontal axis indicates
periods ranging from 1 to 100. The solid red line indicates the mean fraction of
items sold over all of the sessions that implemented treatment 1. The solid blue
line indicates the mean fraction of items sold over all sessions that implemented
treatment 2. The dotted lines indicate equilibrium predictions. In the first period,
both treatments exhibited similar transaction rates. In later periods, treatment 2
consistently exhibited higher transaction rates than treatment 1.

Result 4. Transaction rates were significantly higher in treatment 2.

Table 5 presents hypothesis tests for differences in the observed transaction rate across
experimental treatment conditions. Both a non-parametric Mann-Whitney-Wilcoxon
rank-sum test and a parametric t-test find that the observed transaction rate in
treatment 2 was significantly higher than the observed transaction rate in treatment
1.

Figure 11 illustrates the proportion of uninformed sellers offering bargains in each
treatment. Uninformed sellers are said to offer bargains if their posted prices for
high quality items are less than their own valuation for high quality items. The
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Figure 10: Mean transaction rates by period. Solid lines indicate observed fraction
of items sold. Dashed lines indicate equilibrium predictions.
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Figure 11: Proportion of uninformed sellers offering high quality items at prices less
than the seller’s own valuation for high quality items. Solid lines indicate observed
fraction of items sold. Dashed lines indicate equilibrium predictions.
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Figure 12: Average posted prices and payoffs by subject type and treatment over all
100 periods. The horizontal axes indicate prices. The vertical axes indicate payoffs.
The solid gray lines indicates the mean price for each treatment and type. The dotted
gray lines indicate one standard deviation from the mean. The green lines indicate
average payoffs.
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horizontal axis indicates periods ranging from 1 to 100. The solid red line indicates
the mean fraction of uninformed sellers offering bargains over all sessions that imple-
mented treatment 1. The solid blue line indicates the mean fraction of uninformed
sellers offering bargains over all sessions that implemented treatment 2. The dotted
lines indicate equilibrium predictions. In the first fifty periods, the bargain rate was
highly volatile. Over the last fifty periods, the bargain rate was consistently higher
in treatment 2 than in treatment 1.

Result 5. More bargains were offered under treatment 2 than treatment 1.

Table 5 presents hypothesis tests for differences in the proportion of uninformed sellers
offering bargains between experimental treatment conditions. Both a non-parametric
Mann-Whitney-Wilcoxon rank-sum test and a parametric t-test find that the fraction
of uninformed sellers offering bargains in treatment 2 was significantly higher than in
treatment 1.

Figure 12 illustrates the average prices and payoffs by subject type over all 100 periods
of each treatment. The first two rows illustrate the average posted prices selected by
sellers. The last two rows illustrate the average reservation prices selected by buyers.
The distribution of prices exhibited considerable variance within each type.

Although we do not have direct evidence regarding the beliefs of individual subjects,
Table 3 shows that there was a large and statistically significant difference between
the prices posted for high quality items and the prices posted for low quality items.
Accordingly, posted prices contained sufficient information to make valid inferences
about item quality. As illustrated by Figure 12, the reservation prices selected by
uninformed buyers reflects these signals. Mean prices were approximately optimal for
all types but exhibited a consistent center bias, as predicted by the presence of noise.

To investigate the underlying cause for these deviations from optimal behavior, we cal-
culate the maximum likelihood estimates for the noisy best response model described
in Section 3.6. Subjects systematically deviated from optimal behavior in two dis-
tinct ways: by selecting sub-optimal strategies that were close to best responses and
by selecting sub-optimal strategies that earned close to the maximal payoff. In the
absence of noise, these two approaches to optimization would be indistinguishable,
but in the presence of noise they lead to distinct predictions. Relatively flat payoff
functions lead to greater variation in behavior from subjects who exhibit imperfect

30



0 2 4 6 8 10 12

0.
0

0.
5

1.
0

1.
5

2.
0

2.
5

3.
0

Parameter Estimates: Strategy Precision

P
ar

am
et

er
 E

st
im

at
es

: P
ay

of
f S

en
si

tiv
ity

Figure 13: Maximum likelihood
parameter estimates for payoff
sensitivity and price precision.
Each point indicates the parame-
ters estimated for a single subject.

0.0 0.2 0.4 0.6 0.8 1.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

p−value: Strategy Precision Only

p−
va

lu
e:

 P
ay

of
f S

en
si

tiv
ity

 O
nl

y

Figure 14: Likelihood ratio test p-
values for restrictions to a single
source of noise. Each point indi-
cates the p-values obtained for a
single subject.

sensitivity to payoff differences. In contrast, subjects who only exhibit imprecise
strategy selection are unaffected by the shape of the payoff function away from the
best response.

Figure 13 illustrates each subject’s maximum likelihood parameter estimates. Each
point indicates the parameters estimated for a single subject. The vertical axis il-
lustrates a given subject’s estimated level of sensitivity to payoff differences. The
horizontal axis illustrates a given subject’s sensitivity to the location of the best re-
sponse. Detailed estimates are provided by table 7 in the appendix. Some subjects
exhibited strong sensitivity to payoff differences but relatively little sensitivity to the
location of the best response. Others exhibited a strong sensitivity to the location of
the best response but relatively weak sensitivity to payoff differences.

Result 6. Subjects exhibited heterogeneous payoff sensitivity and strategy precision.

Figure 14 illustrates the p-values for likelihood ratio tests of restrictions to a single
source of noise. Each point indicates the p-values obtained for a single subject. The
vertical axis indicates the p-value for a test of the null hypothesis that a given subject’s
behavior was entirely driven by approximate payoff maximization. The horizontal axis
indicates the p-value for a test of the null hypothesis that a given subject’s behavior
was entirely driven by approximate selection of a best response. For most subjects we
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Precision κ Negative Log LR Test
Restriction Payoff Strategy Mixture Likelihood p-value
Unrestricted 1.0171 2.6945 0.6449 50541.74 1
Mixture = 1 1.6846 0 1 51964.37 <0.001
Mixture = 0 0 0.4846 0 53473.04 <0.001

Number of Observations: 23760

Table 6: Mixture Model Estimates

can reject exactly one of these hypotheses at the 1% level, indicating that different
subjects employed fundamentally different behavioral rules. In the absence of noise,
these two models would be indistinguishable. In either model, perfectly precise agents
would select an exact best response. However, in the presence of noise, each model
gives different predictions. A subject’s behavior under approximate best response
selection depends only on the location of the best response, but under approximate
payoff maximization it depends on shape of the payoff function away from the best
response.

Table 6 summarizes the maximum likelihood estimates for a mixture model under
which a fraction κ of subjects employ approximate payoff maximization and the others
employ approximate selection of a best response. We have 10 sessions with 100 periods
and 24 subjects per session. The model forecasts the prices selected by each subject
at the end of each period based on the outcome of the previous period. Accordingly,
we have a total of 23760 = 10× 99× 24 observations.

Maximum likelihood estimation finds that about 65% of subjects employed approx-
imate payoff maximization while about 35% of subjects employed approximate best
response selection. The restriction that all subjects employ approximate payoff max-
imization yields significantly less accurate predictions. A likelihood ratio test rejects
this restriction at the 1% level. Similarly, the restriction that all subjects employ
approximate best response selection also yields significantly less accurate predictions.
A likelihood ratio test rejects this restriction at the 1% level. These results suggest
that different subjects employed fundamentally different approaches to strategy selec-
tion. Some subjects focused on selecting strategies that yielded higher payoffs while
others focused on selecting strategies near the best response. These results suggest
that models of noisy strategy selection can provide greater accuracy by distinguishing
between imprecise perception of payoffs and imprecise selection of strategies.
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7 Conclusion

Akerlof’s (1970) analysis of lemons markets assumes that all sellers are informed
about the quality of goods for sale and all buyers are uninformed. In this paper, we
consider a more general environment in which some agents on each side of the market
are informed and some agents on each side of the market are uninformed. All perfect
Bayesian equilibria where transactions take place under known gains from trade are
shown to fall into one of two categories.

In type 1 equilibria, uninformed buyers pool with informed low quality buyers by only
paying low prices and uninformed sellers pool with informed high quality sellers by
charging high prices. Under type 2 equilibria, uninformed buyers pool with informed
high quality buyers by paying high prices and uninformed sellers pool with informed
low quality sellers by charging low prices. Type 1 equilibria exhibit only partial trade
while type 2 equilibria exhibit Pareto efficient full trade. Bargains are offered by
uninformed sellers in type 2 equilibria but not in type 1 equilibria. Prices serve as
informative signals to uninformed buyers in both types of equilibria. These theoretical
predictions indicate that Pareto efficient full trade, price signaling, and bargains can
all coexist in markets with asymmetric information.

Our first treatment implements parameter values supporting type 1 equilibria and our
second treatment implements parameter values supporting type 2 equilibria. Consis-
tent with equilibrium predictions, treatment 2 exhibited significantly higher transac-
tion rates and bargain rates than treatment 1. In contrast to equilibrium predictions,
uninformed buyers selected far lower reservation prices than informed high quality
buyers in treatment 2. This systematic deviation from equilibrium predictions was
predicted by the adaptive best response dynamic. In type 2 equilibria, uninformed
sellers always select low prices. Hence high prices serve as a reliable signal of high
quality, so uninformed buyers are willing to pay high prices. However, if uninformed
sellers sometimes sometimes deviate from equilibrium by posting high prices, then
the high price signal becomes unreliable and uninformed buyers may be unwilling to
pay high prices. In contrast, uninformed sellers already post post high prices in type
1 equilibria, so high prices are already an unreliable signal of high quality in type 1
equilibria.

We consider two distinct models of imprecise strategy selection. One model describes
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agents who are more likely to select that strategies that yield higher payoffs. The
other model described agents who are more likely to select strategies near the best
response. These two methods of strategy selection are indistinguishable in the lim-
iting case of perfect precision, since exact selection of a best response is equivalent
to exact payoff maximization. However, in the presence of imperfect precision, these
two models yield distinct predictions. We find that different subjects employed funda-
mentally different approaches to strategy selection. Some subjects primarily focused
on selecting strategies that yield higher payoffs while others primarily focused on se-
lecting strategies near the best response. These results suggest that models of noisy
strategy selection can provide greater accuracy by distinguishing between imprecise
perception of payoffs and imprecise selection of strategies.

In contrast to the conventional narrative about adverse selection, our results indicate
that markets with asymmetric information may exhibit Pareto efficient full trade, bar-
gains, and price signaling in equilibrium. Uninformed buyers can infer product quality
from prices because the presence of some informed buyers incentivizes informed sell-
ers to charge prices that reflect item quality. Future research could consider the case
of more than two quality levels, investigate the problem of equilibrium selection in
intermediate regions of the parameter space where the predictions of the best re-
sponse dynamic are more ambiguous, and empirically test the external validity of our
experimental results outside the laboratory.

References

George A Akerlof. The market for "lemons": Quality uncertainty and the market
mechanism. The Quarterly Journal of Economics, 84(3):488–500, 1970.

Kyle Bagwell and Michael H Riordan. High and declining prices signal product
quality. The American Economic Review, pages 224–239, 1991.

Timothy N Cason, Daniel Friedman, and Ed Hopkins. Cycles and instability in a
rock–paper–scissors population game: A continuous time experiment. Review of
Economic Studies, 81(1):112–136, 2013.

Timothy N Cason, Daniel Friedman, and Ed Hopkins. An experimental investigation
of price dispersion and cycles. Journal of Political Economy, 129(3):000–000, 2021.

34



Alecia Cassidy. How does mandatory energy efficiency disclosure affect housing prices?
Available at SSRN 3047417, 2019.

Yuk-Shee Chan and Hayne Leland. Prices and qualities in markets with costly infor-
mation. The Review of Economic Studies, 49(4):499–516, 1982.

Russell Cooper and Thomas W Ross. Prices, product qualities and asymmetric in-
formation: The competitive case. The Review of Economic Studies, 51(2):197–207,
1984.

Giuseppe Dari-Mattiacci, Sander Onderstal, and Francesco Parisi. Inverse adverse
selection: The market for gems. Minnesota Legal Studies Research Paper, (10-47):
2010–04, 2011.

Veronica Guerrieri and Robert Shimer. Dynamic adverse selection: A theory of
illiquidity, fire sales, and flight to quality. American Economic Review, 104(7):
1875–1908, 2014.

Wenyan Hu and Alvaro Bolivar. Online auctions efficiency: a survey of ebay auctions.
In Proceedings of the 17th international conference on World Wide Web, pages 925–
934. ACM, 2008.

Maarten CW Janssen and Santanu Roy. Signaling quality through prices in an
oligopoly. Games and Economic Behavior, 68(1):192–207, 2010.

Anke S Kessler. Revisiting the lemons market. International Economic Review, 42
(1):25–41, 2001.

Erica Myers, Steven Puller, and Jeremy West. Effects of mandatory energy efficiency
disclosure in housing markets. 2019.

Ryan Oprea, Keith Henwood, and Daniel Friedman. Separating the hawks from the
doves: Evidence from continuous time laboratory games. Journal of Economic
Theory, 146(6):2206–2225, 2011.

Steven Salop and Joseph Stiglitz. Bargains and ripoffs: A model of monopolistically
competitive price dispersion. The Review of Economic Studies, 44(3):493–510, 1977.

35



Daniel Stephenson. Coordination and evolutionary dynamics: When are evolutionary
models reliable? Games and Economic Behavior, 113:381–395, 2019.

Asher Wolinsky. Prices as signals of product quality. The Review of Economic Studies,
50(4):647–658, 1983.

A Proofs

Proof of proposition 1. If ρ (Ls) > ρ (Hs) then β (Hb, ρ (Ls)) = β (Lb, ρ (Ls)) = 1

since E {q|Hb} = q̄ ≥ q = E {q|Lb}. But then the informed high quality seller could
earn a higher expected profit by mimicking the informed low quality seller. So we
must have ρ (Ls) ≤ ρ (Hs).

If β (Lb, ρ (Us)) = 0 and ρ (Ls) < ρ (Us) < ρ (Hs) then β (Ub, ρ (Hs)) = β (Hb, ρ (Hs)) =

1 since E {q|p = ρ (Hs)} = q̄. But then the uninformed seller could earn a higher ex-
pected profit by mimicking the informed high quality seller.

If β (Lb, ρ (Us)) = 1 and ρ (Ls) < ρ (Us) < ρ (Hs) then β (Ub, ρ (Us)) = 1 since
E {q|Ub, p = ρ (Us)} ≥ E {q|Lb, p = ρ (Us)}. But then the low quality informed seller
could earn a higher expected profit by mimicking the uninformed seller.

If ρ (Us) < ρ (Ls) then β (Ub, ρ (Ls)) = β (Lb, ρ (Ls)) = 1 since E {q|p = ρ (Ls)} ≥ q.
But then the uninformed seller could earn a higher expected profit by mimicking the
informed low quality seller.

If ρ (Us) > ρ (Hs) and β (Ub, ρ (Us)) = 1 then β (Hb, ρ (Us)) = 1 since E {q|Hb} ≥
E {q|Ub}. But then the informed high quality seller could earn a higher expected
profit by mimicking the uninformed seller.

If ρ (Us) > ρ (Hs) and β (Ub, ρ (Us)) = 0 then β (Lb, ρ (Us)) = 0 by the incentive
compatibility condition of the low type seller. Hence β (Hb, ρ (Us)) = 1 by the incen-
tive compatibility condition of the uninformed seller. So β (Ub, ρ (Hs)) = 1 by the
incentive compatibility condition of the informed high quality seller. Then by the
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uninformed seller’s incentive compatibility condition we have

E {πs|Us, p = ρ (Us)} ≥ E {πs|Us, p = ρ (Hs)}

(1− θ) (1− γ) (ρ (Us)− q̄) ≥ (1− θ) (1− γ) (ρ (Hs)− q̄) + γ (ρ (Hs)− qU)

(1− θ) (1− γ) (ρ (Us)− q̄) > (1− θ) (1− γ) (ρ (Hs)− q̄) + γ (ρ (Hs)− q̄)

(1− θ) (1− γ) (ρ (Us)− q̄) > (1− θ − γ + θγ) (ρ (Hs)− q̄) + γ (ρ (Hs)− q̄)

(1− θ) (1− γ) (ρ (Us)− q̄) > (1− θ + θγ) (ρ (Hs)− q̄)

(1− θ) (1− γ) (ρ (Us)− q̄) > (1− θ) (ρ (Hs)− q̄)

(1− γ) (ρ (Us)− q̄) > ρ (Hs)− q̄

E {πs|Hs, p = ρ (Us)} > E {πs|Hs, p = ρ (Hs)}

But then the informed high quality seller could earn a higher expected profit by
mimicking the uninformed seller.
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Proof of proposition 2. The buyer’s belief µ is consistent along the path of play if
µ
(
q|p, Lb

)
= 1, µ

(
q|p,Hb

)
= 0, and

µ
(
q|p, Ub

)
=

 θλ
θλ+1−θ if p ∈ (p, p̄]

1 otherwise
(42)

Then the buyer’s expected quality satisfies

q < Eb {q|p̄, Ub} =
θλq + (1− θ) q̄
θλ+ 1− θ

< q̄ (43)

Hence β (tb, p) is optimal for all tb and p by (28), (29), and (30). Then the seller’s
expected payoff is

E {πs|p̄, Ls} = 0 (44)

E
{
πs|p, Ls

}
= p− q (45)

E {πs|p̄, Hs} = (1− γ) (p̄− q̄) (46)

E
{
πs|p,Hs

}
= p− q̄ (47)

E {πs|p̄, Us} = (1− θ) (1− γ) (p̄− q̄) (48)

E
{
πs|p, Us

}
= θ (1− γ)

(
p− q

)
+ γ

(
p− qU

)
(49)

+ (1− θ) (1− γ)
(
p− q̄

)
Hence ρ (ts) is optimal for all ts ∈ Ts by (28), (29), and (31).
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Proof of proposition 3. The buyer’s belief µ is consistent along the path of play if
µ
(
q|p, Lb

)
= 1, µ

(
q|p,Hb

)
= 0, and

µ
(
q|p, Ub

)
=


1 if p > p̄

0 if p ∈ (p, p̄]

θ
θ+λ(1−θ) if p ≤ p

(50)

Then the buyer’s expected quality satisfies

q < Eµ
{
q|p, Ub

}
=
θq + λ (1− θ) q̄
θ + λ (1− θ)

< q̄ (51)

Hence β (tb, p) is optimal for all tb and p by (32) and (33). Then the seller’s expected
payoff is

E {πs|p̄, Ls} = γ
(
p̄− q

)
(52)

E
{
πs|p, Ls

}
= p− q (53)

E {πs|p̄, Hs} = p̄− q̄ (54)

E
{
πs|p,Hs

}
= p− q̄ (55)

E {πs|p̄, Us} = (1− θ) (1− γ) (p̄− q̄) + γ (p̄− qU) (56)

E
{
πs|p, Us

}
= p− qU (57)

Hence ρ (ts) is optimal for all ts by (34) and (35).
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Proof of proposition 4. Let (ρ0, β0, µ0) be a perfect Bayesian Nash equilibrium for the
interaction between a single buyer and a single seller. Let (p, β) such that pi = ρ0(ti)

and βj = β0(tb, ·) for i ∈ S and j ∈ B. Let Ψ ∈ R+ such that

Ψ =
∑
q∈Q

∑
ts∈Ts

∑
tb∈Tb

ψ (q, ts, tb)

Then the expected payoff to the seller in the two-agent interaction is given by

E {πs|ts, p} =
∑
tb∈Tb

P (tb|ts) β0 (tb, p) (p− E {q|tb, ts}) (58)

=
1

P (ts)

∑
tb∈Tb

P (ts ∩ tb) β0 (tb, p) (p− E {q|tb, ts}) (59)

=
1

P (ts)

∑
tb∈Tb

∑
q∈Q

P (q ∩ ts ∩ tb) β0 (tb, p) (p− q) (60)

=
1

ΨP (ts)

∑
tb∈Tb

∑
q∈Q

ψ (q, ts, tb) β0 (tb, p) (p− q) (61)

=
ζs

ΨP (ts)

∑
j∈B

∑
q∈Q

φij (q) βj (p) (p− q) (62)

Hence pi maximizes ui (p, β). Let Hj (p) denote the set of posted prices for the offers
received by buyer j under the price profile p. The expected payoff to buyer j in the
market with multiple buyers and sellers is given by

uj (p, β) =
∑
i∈S

∑
q∈Q

φij (q) βj (pi) (kq − pi) (63)

=
∑
i∈S

∑
q∈Q

φij (q) β0 (tj, pi) (kq − pi) (64)

=
1

ζj

∑
ts∈Ts

∑
q∈Q

ψ (q, ti, tj) β0 (tj, ρ0 (ts)) (kq − ρ0 (ts)) (65)

=
P (tb = tj)

ζjΨ

∑
p∈Hj(ρ)

(kEµ {q|tb = tj, p} − p) β0 (tj, p) (66)

Hence βj maximizes uj (p, β).
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B Supplementary Tables

Table 7: Combined Model Estimates
Se
ss
io
n

Tr
ea
tm

en
t

Su
bj
ec
t Estimates Likelihood Ratio Test p-values

Payoff Strategy Payoff
Precision

= 0
Strategy
Precision

= 0
Precision Precision

1 1 0 2.143 0.115 0.000 0.145
1 1 1 2.204 0.116 0.000 0.411
1 1 2 3.197 0.084 0.000 0.641
1 1 3 1.406 0.000 0.000 1.000
1 1 4 0.000 0.155 1.000 0.035
1 1 5 0.000 1.409 1.000 0.000
1 1 6 1.221 0.000 0.000 1.000
1 1 7 2.129 0.363 0.000 0.031
1 1 8 1.135 0.338 0.000 0.000
1 1 9 9.938 0.000 0.000 1.000
1 1 10 1.550 0.236 0.003 0.156
1 1 11 0.173 1.844 0.863 0.000
1 1 12 2.623 0.000 0.000 1.000
1 1 13 2.282 0.278 0.000 0.087
1 1 14 3.687 0.027 0.000 0.893
1 1 15 4.775 0.000 0.000 1.000
1 1 16 0.332 0.016 0.073 0.848
1 1 17 1.260 2.479 0.564 0.000
1 1 18 1.898 0.149 0.000 0.049
1 1 19 0.176 0.289 0.263 0.003
1 1 20 3.303 0.053 0.000 0.765
1 1 21 5.462 0.000 0.000 1.000
1 1 22 0.360 0.000 0.000 1.000
1 1 23 2.766 1.792 0.179 0.000
2 2 0 0.000 1.039 1.000 0.000
2 2 1 7.230 0.575 0.000 0.182
2 2 2 1.484 0.175 0.000 0.005
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2 2 3 1.677 0.254 0.005 0.001
2 2 4 2.743 0.000 0.000 1.000
2 2 5 0.000 0.171 1.000 0.004
2 2 6 6.432 0.756 0.000 0.002
2 2 7 0.214 0.002 0.076 0.986
2 2 8 1.884 0.307 0.000 0.000
2 2 9 1.893 0.309 0.004 0.000
2 2 10 0.645 0.321 0.117 0.047
2 2 11 4.471 0.986 0.195 0.172
2 2 12 0.085 0.068 0.575 0.362
2 2 13 11.081 0.000 0.000 1.000
2 2 14 1.981 0.120 0.000 0.062
2 2 15 0.742 0.199 0.113 0.002
2 2 16 8.671 0.556 0.079 0.669
2 2 17 0.404 0.101 0.084 0.345
2 2 18 0.062 1.183 0.933 0.000
2 2 19 0.835 0.504 0.042 0.001
2 2 20 0.541 0.225 0.004 0.000
2 2 21 2.386 0.176 0.000 0.015
2 2 22 0.000 0.197 1.000 0.000
2 2 23 0.000 0.455 1.000 0.000
3 1 0 2.189 0.125 0.000 0.056
3 1 1 0.282 1.053 0.155 0.000
3 1 2 4.281 0.000 0.000 1.000
3 1 3 1.966 0.070 0.000 0.168
3 1 4 1.559 0.000 0.000 1.000
3 1 5 0.399 0.563 0.315 0.000
3 1 6 1.448 0.254 0.000 0.000
3 1 7 0.906 0.423 0.000 0.014
3 1 8 3.239 0.000 0.000 1.000
3 1 9 6.415 0.000 0.000 1.000
3 1 10 0.868 2.562 0.852 0.003
3 1 11 0.000 0.740 1.000 0.000
3 1 12 2.496 0.181 0.000 0.016
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3 1 13 2.235 0.234 0.000 0.352
3 1 14 4.387 0.000 0.000 1.000
3 1 15 1.250 0.024 0.000 0.610
3 1 16 5.082 17.347 1.000 0.772
3 1 17 2.308 1.342 0.077 0.000
3 1 18 1.814 0.181 0.000 0.005
3 1 19 1.439 0.000 0.000 1.000
3 1 20 3.098 0.073 0.000 0.525
3 1 21 2.348 0.000 0.000 1.000
3 1 22 0.562 0.000 0.000 1.000
3 1 23 0.000 0.320 1.000 0.000
4 2 0 1.775 0.464 0.003 0.001
4 2 1 0.752 1.789 0.379 0.000
4 2 2 1.698 0.110 0.000 0.082
4 2 3 0.000 0.204 1.000 0.000
4 2 4 0.000 0.219 1.000 0.000
4 2 5 0.000 0.145 1.000 0.019
4 2 6 1.842 0.000 0.000 1.000
4 2 7 0.055 2.548 0.955 0.000
4 2 8 2.765 0.054 0.000 0.449
4 2 9 1.568 0.401 0.028 0.000
4 2 10 0.084 0.365 0.842 0.000
4 2 11 2.377 0.058 0.004 0.816
4 2 12 0.350 0.000 0.018 1.000
4 2 13 0.611 1.560 0.411 0.000
4 2 14 2.120 0.051 0.000 0.426
4 2 15 2.000 0.000 0.000 1.000
4 2 16 1.122 1.160 0.322 0.000
4 2 17 0.000 0.510 1.000 0.000
4 2 18 4.446 0.005 0.000 0.974
4 2 19 0.000 0.918 1.000 0.000
4 2 20 2.490 0.090 0.000 0.210
4 2 21 2.213 0.299 0.002 0.005
4 2 22 2.134 0.883 0.062 0.001
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4 2 23 0.000 0.134 1.000 0.004
5 1 0 2.835 0.242 0.000 0.019
5 1 1 0.938 1.011 0.007 0.000
5 1 2 2.326 0.258 0.000 0.055
5 1 3 0.993 0.246 0.121 0.000
5 1 4 1.010 0.027 0.001 0.780
5 1 5 1.492 0.668 0.160 0.000
5 1 6 3.364 0.646 0.000 0.000
5 1 7 1.303 0.113 0.000 0.545
5 1 8 2.865 0.074 0.000 0.545
5 1 9 1.783 0.000 0.000 1.000
5 1 10 0.000 0.557 1.000 0.000
5 1 11 0.540 0.865 0.578 0.000
5 1 12 2.392 0.241 0.000 0.010
5 1 13 0.414 0.234 0.010 0.094
5 1 14 3.358 0.184 0.000 0.277
5 1 15 1.626 0.031 0.003 0.544
5 1 16 0.587 0.178 0.037 0.081
5 1 17 0.000 0.523 1.000 0.000
5 1 18 1.473 0.989 0.001 0.000
5 1 19 0.876 0.784 0.003 0.001
5 1 20 1.507 0.624 0.000 0.000
5 1 21 2.024 0.000 0.000 1.000
5 1 22 2.483 0.227 0.007 0.271
5 1 23 0.000 0.424 1.000 0.000
6 2 0 5.185 0.087 0.000 0.519
6 2 1 0.238 0.000 0.000 1.000
6 2 2 2.723 0.031 0.000 0.600
6 2 3 0.853 0.058 0.001 0.235
6 2 4 0.489 0.105 0.148 0.210
6 2 5 10.463 0.655 0.094 0.497
6 2 6 1.368 0.000 0.000 1.000
6 2 7 2.801 0.058 0.000 0.745
6 2 8 2.490 0.105 0.000 0.096
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6 2 9 0.646 0.142 0.016 0.005
6 2 10 0.070 0.884 0.943 0.001
6 2 11 0.286 0.470 0.392 0.001
6 2 12 2.106 0.571 0.004 0.000
6 2 13 4.221 0.164 0.000 0.447
6 2 14 0.528 0.063 0.002 0.116
6 2 15 3.053 0.039 0.000 0.494
6 2 16 0.000 0.698 1.000 0.001
6 2 17 0.000 0.559 1.000 0.000
6 2 18 1.928 0.192 0.000 0.075
6 2 19 4.176 0.642 0.000 0.023
6 2 20 1.765 0.082 0.000 0.120
6 2 21 5.398 0.000 0.000 1.000
6 2 22 0.520 0.000 0.001 1.000
6 2 23 0.000 0.559 1.000 0.000
7 1 0 3.297 0.020 0.000 0.816
7 1 1 0.696 0.027 0.000 0.829
7 1 2 3.169 0.125 0.000 0.348
7 1 3 2.138 0.000 0.000 1.000
7 1 4 0.000 0.690 1.000 0.000
7 1 5 0.060 0.634 0.907 0.000
7 1 6 5.053 0.000 0.000 1.000
7 1 7 0.023 0.659 0.903 0.000
7 1 8 1.422 0.057 0.000 0.406
7 1 9 4.077 0.000 0.000 1.000
7 1 10 0.874 0.213 0.034 0.141
7 1 11 0.000 1.543 1.000 0.000
7 1 12 0.360 0.515 0.026 0.000
7 1 13 0.000 0.310 1.000 0.009
7 1 14 1.081 0.190 0.000 0.008
7 1 15 3.591 0.025 0.000 0.620
7 1 16 3.105 0.459 0.020 0.067
7 1 17 32.252 0.049 0.000 0.862
7 1 18 3.554 0.093 0.000 0.335
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7 1 19 3.875 0.000 0.000 1.000
7 1 20 1.882 0.203 0.000 0.045
7 1 21 2.347 0.121 0.000 0.019
7 1 22 0.794 0.000 0.000 1.000
7 1 23 0.395 1.220 0.629 0.000
8 2 0 0.347 0.000 0.002 1.000
8 2 1 0.231 0.043 0.050 0.600
8 2 2 0.951 0.180 0.000 0.015
8 2 3 0.584 0.130 0.088 0.007
8 2 4 0.279 0.000 0.058 1.000
8 2 5 0.128 0.280 0.593 0.020
8 2 6 2.927 0.107 0.000 0.191
8 2 7 0.893 0.148 0.000 0.126
8 2 8 1.415 0.431 0.000 0.000
8 2 9 0.000 0.156 1.000 0.000
8 2 10 0.647 0.020 0.015 0.847
8 2 11 0.000 0.350 1.000 0.000
8 2 12 0.574 0.000 0.000 1.000
8 2 13 0.220 0.000 0.000 1.000
8 2 14 0.523 0.101 0.003 0.094
8 2 15 0.000 0.074 1.000 0.031
8 2 16 0.000 0.109 1.000 0.122
8 2 17 0.852 0.914 0.310 0.008
8 2 18 1.571 0.248 0.000 0.002
8 2 19 1.217 0.000 0.000 1.000
8 2 20 0.809 0.332 0.001 0.000
8 2 21 1.939 0.217 0.000 0.000
8 2 22 1.027 0.424 0.056 0.021
8 2 23 1.598 0.621 0.087 0.067
9 1 0 1.445 0.281 0.000 0.000
9 1 1 1.666 0.275 0.000 0.199
9 1 2 1.029 0.288 0.000 0.000
9 1 3 2.200 0.000 0.000 1.000
9 1 4 0.277 0.000 0.000 1.000
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9 1 5 0.886 2.243 0.598 0.000
9 1 6 1.795 0.098 0.000 0.121
9 1 7 0.622 0.120 0.001 0.379
9 1 8 4.119 0.086 0.000 0.610
9 1 9 2.711 0.000 0.000 1.000
9 1 10 0.000 0.913 1.000 0.000
9 1 11 0.000 0.894 1.000 0.000
9 1 12 3.655 0.000 0.000 1.000
9 1 13 1.169 0.000 0.000 1.000
9 1 14 3.956 0.034 0.000 0.820
9 1 15 6.842 0.000 0.000 1.000
9 1 16 0.037 0.571 0.929 0.000
9 1 17 0.000 0.635 1.000 0.000
9 1 18 3.112 0.352 0.000 0.009
9 1 19 0.847 0.017 0.000 0.906
9 1 20 3.285 0.014 0.000 0.911
9 1 21 6.027 0.073 0.000 0.310
9 1 22 6.808 0.261 0.001 0.434
9 1 23 0.882 0.723 0.146 0.000
10 2 0 8.549 0.000 0.000 1.000
10 2 1 28.736 0.000 0.000 1.000
10 2 2 2.219 0.191 0.000 0.004
10 2 3 1.629 0.256 0.025 0.002
10 2 4 1.598 0.321 0.021 0.059
10 2 5 0.125 0.671 0.812 0.000
10 2 6 0.362 0.282 0.207 0.002
10 2 7 0.038 1.770 0.963 0.000
10 2 8 1.431 0.261 0.000 0.000
10 2 9 0.502 0.357 0.432 0.000
10 2 10 1.343 0.274 0.022 0.051
10 2 11 0.000 1.074 1.000 0.000
10 2 12 0.273 0.476 0.484 0.000
10 2 13 0.000 1.158 1.000 0.000
10 2 14 1.458 0.221 0.000 0.000
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10 2 15 1.360 0.310 0.064 0.000
10 2 16 0.000 0.000 1.000 1.000
10 2 17 0.286 0.000 0.017 1.000
10 2 18 7.360 0.000 0.000 1.000
10 2 19 0.000 0.888 1.000 0.000
10 2 20 3.295 0.177 0.000 0.028
10 2 21 1.405 0.485 0.125 0.000
10 2 22 5.586 16.684 1.000 0.906
10 2 23 0.000 0.636 1.000 0.000
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