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This paper presents a model in which a durable goods monopolist
sells a product to two buyers. Each buyer is privately informed about
his own valuation. Thus all players are imperfectly informed about
market demand. We study the monopolist’s pricing behavior as play-
ers’ uncertainty regarding demand vanishes in the limit. In the limit,
players are perfectly informed about the downward-sloping demand.
We show that in all games belonging to a fixed and open neighbor-
hood of the limit game there exists a generically unique equilibrium
outcome that exhibits Coasian dynamics and in which play lasts for
at most two periods. A laboratory experiment shows that, consistent
with our theory, outcomes in the Certain and Uncertain Demand
treatments are the same. Median opening prices in both treatments
are roughly at the level predicted and considerably below the mo-
nopoly price. Consistent with Coasian dynamics, these prices are lower
for higher discount factors. Demand withholding, however, leads to
more trading periods than predicted.
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I. Introduction

Theoretical predictions on the dynamic pricing behavior of a durable
goods monopolist range from competitive pricing to perfect price dis-
crimination over time. This wide range of predictions suggests an im-
portant role for empirical research on this topic, but unfortunately
knowledge of empirical regularities in such markets is limited. In this
paper, we provide some new evidence on durable goods monopoly pric-
ing in a simple laboratory market. The market is designed keeping in
mind the remarkable sensitivity of equilibria to changes in the extensive
form game. Our results provide support for Coase’s (1972) competitive
pricing conjecture in all treatments.

Coase conjectured that a durable goods monopolist, selling a good
over time, would price her products at less than the static monopoly
price. Theoretical support for the Coase conjecture is by no means
unanimous. Gul, Sonnenschein, and Wilson (1986) provide a justifi-
cation for the conjecture based on a model with a continuum of buyers.1

Strikingly, Bagnoli, Salant, and Swierzbinski (1989) show that for dis-
crete demand and for sufficiently high discount factors, a monopolist
who is perfectly informed about demand is able to “perfectly” price-
discriminate.2 Furthermore, there are no Coasian dynamics.3 They do,
however, point out that other equilibria could also exist.

That equilibrium outcomes may change drastically for apparently
small changes in extensive form games has been known for quite some
time (see, e.g., Fudenberg, Levine, and Tirole 1985). Furthermore, not
much is known about actual structures of extensive form games in real-
world durable goods monopolies. As such, our ability to predict pricing
patterns in such markets is severely constrained. To compound prob-
lems, empirical research is limited, except for Suslow’s (1986) analysis
of Alcoa’s aluminum pricing (motivated by an important antitrust case,
United States v. Aluminum Company of America [148 F.2d 416, 1945]) and
Reynolds’ (2000) recent laboratory study.

Our basic objective in this paper is to provide more evidence of du-
rable goods monopoly pricing from simple laboratory markets. Though
evidence from experiments has drawbacks because of potential limita-
tions regarding parallelism with the naturally occurring economy, ex-

1 See Fudenberg and Tirole (1991) for a more complete list of references.
2 We use the term “perfectly” not in a precise sense since the monopolist charges dif-

ferent prices over time. Hence her profits need to be corrected for the discount factor.
3 Coasian dynamics will refer to the rate at which the monopolist’s (initial) price ap-

proaches the perfectly competitive level, as the time period between price offers ap-
proaches zero (captured by the discount factor approaching one). Our usage of the term
Coasian dynamics differs from that commonly employed in the literature. Authors often
use the phrase Coasian dynamics to refer to the situation in which high-valued buyers buy
earlier than low-valued ones and there is a pattern of monotonically decreasing prices
over time.
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periments have the advantage that they provide evidence from exoge-
nously formulated games. Therefore, predictions can be associated with
specific extensive form games (or institutions). Nevertheless, a bit of
caution may be required in such exercises. In the following paragraph
we explicitly state our concern.

In many experiments, as in our case, the experimenter may never be
able to completely implement the game of his or her choice in actual
laboratory environments. Participants in the laboratory could be playing
games “close” to the one structured by the experimenter. Also, the
experimenter may not know the “nature” of the nearby game that is
played by participants. In such situations, the equilibrium of the ex-
ogenously specified game (whose outcome is being tested) should be
robust to various types of minor perturbations. To be specific, an equi-
librium of a game is said to be robust when the equilibrium outcome
of some “nearby” game converges to the equilibrium outcome of the
original game as the “distance” between the games converges to zero.
Or loosely speaking, the equilibrium outcome of the specified game
should not change drastically with (i.e., should not be sensitive to)
“small” changes in the original game.

In laboratory markets such as ours, the discrete demand structure of
Bagnoli et al. is of particular significance because with a finite number
of (human) buyers and a finite number of goods, it is not possible to
construct continuous demand curves. Even though one does not expect
to see complete extraction of consumer surplus in experiments, we take
the Bagnoli et al. result of perfect price discrimination as a benchmark
hypothesis. The reason is that their result is robust to at least two kinds
of perturbations of their original game. Levine and Pesendorfer (1995)
consider a game in which the monopolist observes her sales with noise,
so there is uncertainty over realized demand. Though, in general, per-
fect price discrimination cannot be sustained as an equilibrium out-
come, it turns out that for a finite number of buyers and “small” levels
of noise, the monopolist’s profit is “close” to that under perfect price
discrimination. Von der Fehr and Kühn (1995) consider a model in
which, consistent with laboratory settings, prices are not fully divisible.
Under additional conditions, as indivisibilities are reduced their equi-
librium outcome converges to the Bagnoli et al. outcome.

In experimental settings, another perturbation may be of significance.
It is quite clear that even if we provide the monopolist with perfect
information about buyers’ monetary payoffs (as we do in the Certain
Demand treatment discussed below), it is impossible to provide perfect
information about utility over monetary payoffs. Furthermore, as dis-
cussed in Fehr, Kirchsteiger, and Riedl (1998), taste parameters such as
envy and spite might lead subjects to reject prices that provide them
with little or no surplus. The extensive literature on the “ultimatum
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game” provides ample evidence that subjects reject positive surplus of-
fers when the proposed allocation is highly unequal (see Roth [1995]
for a survey). In experimental settings, private information over taste
parameters is a norm rather than an exception. This, in our durable
goods (experimental) setting, translates to the fact that the monopolist
can never be certain about the demand curve (in an a priori sense).

Is the perfectly discriminating equilibrium of Bagnoli et al. robust to
perturbations in which the monopolist is uncertain about demand? We
address this question theoretically in Section II and show that there
exists a unique Nash equilibrium outcome in the Certain Demand game
that is robust to uncertainty about the demand curve. This outcome
generates Coasian pricing and dynamics, with prices far below the price
discrimination equilibrium of Bagnoli et al. Hence, we use the outcome
of Coasian dynamics as a second hypothesis for our experiments.

These two hypotheses correspond to the extreme ends of the pre-
vailing theoretical predictions. We are aware that careful consideration
of complications such as learning and mistakes would generate addi-
tional hypotheses for the experiment. We do not model such compli-
cations. So our results, though potentially important for regulatory pol-
icies, should be interpreted cautiously.

In our experiment we implement two basic treatments. In the Certain
Demand treatment, buyers’ monetary valuations are announced and
each buyer is assigned one and only one valuation. Announcing buyers’
monetary valuations is not the same as announcing utility over these
valuations, however, and the monopolist cannot know for certain that
buyers would pay prices equal to these known valuations. Thus there is
inherent private information even in the Certain Demand treatment.
In our second, Uncertain Demand, treatment, buyers know their mon-
etary valuations with certainty but sellers (as well as buyers) are informed
that any particular buyer’s valuation is a random variable. The proba-
bilities assigned to these variables are announced. The uncertainty (ex-
ogenously) induced in this second treatment is “small.” Our results show
that we can rarely reject the hypothesis that the outcomes are the same
in these two treatments. Moreover, the outcomes in both treatments are
consistent with Coasian price predictions rather than the high prices of
the Bagnoli et al. equilibrium outcome. The experiment implements
three different discount factors through different game continuation
probabilities. As predicted by Coasian dynamics, and again contrary to
the Bagnoli et al. perfect price discrimination outcome, in the Certain
Demand treatment, prices shift down toward competitive prices as the
discount factor increases.

For readers who would like to skip Section II and go directly to sec-
tions on our experiment, here we provide a brief description of the
theory presented in Section II. We consider a market with two buyers.
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Call the buyers 1 and 2. In the Bagnoli et al. model, buyers 1 and 2
have high valuations for the good with respective probabilities of one
and zero. The monopolist is uninformed about the buyers’ identity,
though she knows that there is one high-valued and one low-valued
buyer. So the monopolist and the buyers know with certainty the down-
ward-sloping market demand curve. In our alternative model, each
buyer is privately informed about only his own valuation, which can be
either “high” or “low.” As in Bagnoli et al., the seller does not know the
identity of the buyers. In particular, in our model the seller as well as
the buyers are uncertain about market demand.

The buyers’ valuations are drawn from independent distributions, and
these distributions along with the seller’s valuation are known.4 Let m11

and m21 be the prior probabilities that buyers 1 and 2, respectively, have
a high valuation. To keep the monopolist’s uncertainty about demand
“small,” we consider all games in which m11 and m21 belong to the intervals
(0, 1) and respectively. We explicitly specify a small and positive∗(0, a ),

Thus we consider a set of games in which both buyers are privately∗a .
and independently informed about their own valuations. These games
belong to a fixed open neighborhood of the perfect information game
of Bagnoli et al. Our main result is that all games with parameters
belonging to this neighborhood have a generically unique perfect
Bayesian equilibrium outcome that exhibits Coasian dynamics. This es-
tablishes the fact that the Bagnoli et al. result is not robust to pertur-
bations of the kind that we are considering. In other words, consider
all sequences of games in which buyers 1 and 2 have high valuations
with probabilities that belong to (0, 1). All nontrivial sequences of such
kinds will eventually converge to the Bagnoli et al. game through our
specified neighborhood. But in this neighborhood, we show that all
equilibria exhibit Coasian outcomes.

There is another strength of our result. In general, limits of equilib-
rium outcomes may depend on the speeds of convergence of various
parameters. For example, depending on different speeds of conver-
gence in the Levine and Pesendorfer and von der Fehr and Kühn mod-
els, one can alternately get the Coasian and Bagnoli et al. outcomes as
robust outcomes. By contrast, in all the games (in the neighborhood)
that we consider, and for all discount factors, it turns out that, along
the equilibrium path, play lasts for at most two periods. This provides
an upper bound on the equilibrium opening price, which is indepen-
dent of the distribution over valuations. As a result, our convergence
result is independent of the speeds of convergence of the discount factor
and “uncertainty.”

4 Since we assume that the space of buyers’ valuations is discrete, the assumption on
the seller’s valuation is not necessary for our results.
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The intuition behind our result with imperfect information is as fol-
lows. It is worthwhile for the monopolist to charge high prices only if
buyers with high valuations buy with a (required) positive probability.
Along equilibrium, when a good is (supposed to be) bought at a high
price, the monopolist updates her beliefs at the beginning of the next
period, regardless of whether a good is bought or not. By assumption,
there is a low probability that both buyers have high valuations. Hence,
posterior beliefs attach a low weight to the event that the remaining
buyer(s) has a high valuation. As a result, the monopolist lowers prices
in the succeeding period. Off the equilibrium path, if the seller were
to charge a very high price in the first period, then each high-valued
buyer would wait to buy the good in the succeeding period. But then
the monopolist would not be able to sell at the very high price charged
in period 1.

The remainder of the paper is organized as follows. Section II presents
the theoretical model and collects the theoretical results. Section III
describes the experimental design and procedures. Section IV contains
the experimental results and relates our findings to the experimental
literature. Section V presents conclusions.

II. The Model

There are two risk-neutral buyers, 1 and 2, and a risk-neutral monopolist
whose constant marginal cost is normalized to zero. The monopolist
cannot identify the buyers; that is, faced with a buyer, she cannot say
whether he is buyer 1 or 2. Let buyer i’s valuation be denoted by iv ,
where can take values v1 or v2. For buyer i, with probabilityi iv v p vj

mij, For example, buyer 2 has valuation v1 with probabilityi, j � {1, 2}.
m21. Note that Each buyer is privately informed about hism � m p 1.i1 i2

own valuation and knows the distribution from which his valuation is
drawn.5 The distributions are assumed to be independent and to be com-
mon knowledge. We assume that The assumption isv 1 v 1 0. v 1 01 2 2

quite weak because in the finite case a buyer would have a valuation
exactly equal to that of the monopolist with probability zero and the
monopolist will never trade with those with valuations below her cost.6

There are infinite time periods, and in each time period t, the mo-
nopolist sets a price in the first stage. Consumers who have not bought
previously decide to buy one unit of the good or not buy in that period.
Once a consumer buys a good, he leaves the market. For any period

the game may not proceed to with a positive probabilityt 1 0, t � 1

5 Our results would not change if we were to assume that buyers know their valuation
but not the distribution from which their valuation is drawn.

6 The assumption also induces a unique perfect Bayesian equilibrium outcome for
m � (0, 1).ij
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All players are indifferent between one unit of payoff at period1 � d.
t and one unit at In what follows in this section, we shall interprett � 1.
this to be a model in which all players have a common discount factor
of d and the game proceeds to the next period with probability one.
This change is made without loss of generality and is consistent with
the cited literature. A date t history for the monopolist is a sequence
of vectors where pn is the price charged in period n and qn

t�1{(p , q )} ,n n 0

is the number of goods sold through period n (inclusive); for the con-
sumer, a date t history is a sequence For any particulart�1{(p , q )} .n�1 n 0

history ht, let denote the belief of the monopolist that buyer i has
thmij

valuation vj. Similarly, for a given history ht, let be buyer k’s belief
tkhmij

that buyer i has valuation vj. Let and Note that for anyp p � q p 0.0 0

period there are an infinite number of histories. A pure strategy of the
monopolist is a price choice for every information set in a period for
all periods. Similarly, for the consumers it is a decision “to buy” or “not
to buy” for every history in a period for all periods.

We start with the perfect information model of Bagnoli et al., where
and The concept of equilibrium is that of a subgame-m p 1 m p 0.11 21

perfect Nash equilibrium. Bagnoli et al. show that there exists an equi-
librium in which the monopolist is able to perfectly discriminate for
high values of d. Consider the following consumer strategies. For any
period t, any period t history, and any price charged by the monop-∗pt

olist, consumer i buys the good iff (hence the consumer’s strategy∗v ≥ pi t

is independent of history and myopic). The monopolist uses the following
strategy (Pacman strategy): For any period t, define to be thev (t)max

highest valuation of the set of consumers who have not purchased the
good through period t. For each period t, the monopolist sets ∗p pt

and drops this price in future periods iff at least one unit of thev (t)max

good is sold at this price (so the Pacman strategy depends on past sales).
It is shown that these two strategies constitute an equilibrium when

where Proposition 1 is taken from1 1 d 1 1 � [D/(v � v )], D p v � v .1 2 1 2

Bagnoli et al., and hence we state it without proof.
Proposition 1. The myopic strategy is a sequentially best response

for a buyer playing against the Pacman strategy. If all buyers use the
myopic strategy, then the Pacman strategy is optimal whenever 1 1 d 1

1 � [D/(v � v )].1 2

Prices in the Pacman strategy are independent of d (in the relevant
range). This is sharply at odds with the Coase conjecture. The driving
force behind this strategy is the assumption that andm p 1 m p 0.11 21

If it were to be optimal for the monopolist to charge a price equal to
v1 in period 1 but if buyer 1 were to deviate from his myopic strategy
and not buy, then it is still the case that in period 2, andm p 111

As a result, since it was optimal for the seller to charge v1 inm p 0.21

period 1, it is optimal for her to charge v1 in period 2. The deviating
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buyer is thus punished. Commitment to such punishment arises because
of the monopolist’s stationary beliefs. Commitment through stationary
beliefs is, however, not possible with imperfect information.

In what follows we shall characterize equilibria for all games with
parameters and The term is a fixed num-∗ ∗0 ! m ! 1 0 ! m ! a ! 1. a11 21

ber to be specified later. The concept of equilibrium is perfect Bayesian.
The games that we analyze belong to a fixed neighborhood around the
Bagnoli et al. game (where and ).m p 1 m p 011 21

In all the games that we study, in equilibrium the game ends in finite
time with probability one. The reason is that the seller updates her
beliefs in favor of the low-valued type when there is no sale in a given
period. So, after a finite number of periods, either all goods are sold
or the monopolist is willing to sell to buyers with the lowest type instead
of charging a higher price and waiting for high-valued buyers to buy.
Fudenberg et al. (1985) formalize this intuition in a one-buyer, one-
seller environment. This “skimming property” of Fudenberg et al. ap-
plies almost directly in our environment. The next lemma, which pro-
vides a formal statement, is hence stated without proof.

Lemma 1. In any perfect Bayesian equilibrium, for any period t ≤ t,
if a buyer with valuation v is willing to accept an offer pt, then a buyer
with valuation accepts the offer with probability one. Furthermore,′v 1 v
the game ends with probability one after a finite number of periods.

By lemma 1 the game ends in a finite number of periods. Hence, we
can use backward induction to compute equilibria in this game. The
next step is to compute equilibria along different kinds of continuation
games that may arise.

Consider the continuation game that starts after one good is sold.
Since in this game there is only one buyer in the market, it is equivalent
to the game studied in Hart (1989). To adapt Hart’s result to our frame-
work we need some notation. Let vt in period t be the monopolist’s
belief that the surviving buyer is buyer 1. Let mt be the monopolist’s
belief that the surviving buyer has valuation v1. Then t t tm p vm �11

where is the probability that the ith buyer has a valuationt t t(1 � v )m , m21 i1

of v1. Define Hart’s result is as follows.a { v /v .1 2 1

Lemma 2. In all continuation games starting from period t, with one
surviving buyer, the game ends in a finite number of periods. The equi-
librium outcome is generically unique. There exists a sequence of num-
bers such that, when the game lastst…0 p a ! a ! a ! m � (a , a ],0 1 2 i i�1

for at most periods. The price charged in period t is ti � 1 p p (1 �
The equilibrium price pt converges to v2 as d converges toi id )v � d v .1 2

one.
Proof. See Hart (1989).
Lemma 2 sheds light on an interesting aspect of the robustness of

one-buyer, one-seller games. Outcomes of the perfect information ver-
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sion may be similar to that of a slightly perturbed version. A perfect
information game in which the buyer has valuation v2, that is, tm p 0,
yields the same outcome as the perturbed version in which the buyer
can have valuation v1 ( ) with probability and v2 witht1 v m � (0, a )2 1

probability Thus one can say that the outcome in Bagnoli et al.t1 � m .
is robust to information perturbations (of our kind) in a one-buyer, one-
seller game. Bagnoli et al. (1992) get a similar result when all buyers
have the same valuation but the monopolist is uninformed about the
valuation. Since all buyers have the same valuation, this case is similar
to the case in which there is just one buyer. The Bagnoli et al. result is
robust to other perturbations as well. Lemma 3 states that when a buyer
is high-valued with a high enough probability (relative to d), opening
prices will be close to v1.

Lemma 3. Let For any finite N, there exists mt such thattm � (0, 1).
the game lasts for at most N periods. The price charged in period t is

As N converges to infinity, pt converges to v1.t N Np p (1 � d )v � d v .1 2

Proof. It follows from Hart (1989) that the lowest upper bound of the
sequence is one, and furthermore, for all i. The proof�{a } a 1 ai ip0 i�1 i

follows from the previous lemma and taking the limit of pt as N tends
to infinity. Q.E.D.

So what happens when there is more than one buyer? The question
brings us to the study of another possible continuation game in which
equilibrium outcomes may be similar to the Bagnoli et al. outcome (also
see Bagnoli et al. 1992).

Consider continuation games in which both buyers are in the market,
but with certainty one buyer is known to have the lower valuation of v2.
Without loss of generality let Lemma 4 characterizes equilibriatm p 0.21

along all such continuation games. Since the proof is similar to that of
lemma 2, it is omitted.

Lemma 4. In all continuation games starting from period t, with two
surviving buyers and the game ends in a finite number oftm p 0,21

periods. The equilibrium outcome is generically unique. There exists a
sequence of numbers such that, when t…0 p b ! b ! b ! m �0 1 2 11

the game lasts for at most periods; and(b , b ], i � 1 b p 2a b !i i�1 1 1 2

The price charged in period t is The equi-t i i2a . p p (1 � d )v � d v .2 1 2

librium price pt converges to v2 as d converges to one.
The two continuation games studied above are quite similar. In both

cases, only one buyer has private information. A lemma similar to lemma
3 can also be proved, and one could show that when is “high,” thattm11

is, the probability that buyer 1 has valuation v1 is high, then the mo-
nopolist would charge an opening price close to v1 and buyer 1 buys
at this price with positive probability. Following the sale of a good, the
monopolist lowers prices to v2, at which price buyer 2 buys with prob-
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ability one. Thus with positive probability the Bagnoli et al. outcome
could occur.

We now study the overall game in which and butm � (0, 1) m ( 011 21

is “small.” The main difference between the continuation games studied
above and the overall game is that both buyers have private information.
An interesting result for the overall game is that continuation games,
like the ones studied above, do not belong to the equilibrium path. Let
us define where as We are now in a∗ 2 ∗a p [2/(1 � a )]a , a ! a a ! 1.1 1 1 1

position to characterize the equilibrium outcomes of the overall game
in which there are two buyers, and Our main∗m � (0, 1) m � (0, a ).11 21

result is stated in the next proposition.
Proposition 2. Let and The game lasts for∗m � (0, 1) m � (0, a ).11 21

at most two more periods in equilibrium. All equilibria have a generically
unique outcome. Along the equilibrium path, and1p p (1 � d)v � dv1 2

when and when2 1p p v m � m 1 2a p p v m � m ≤ 2a .2 11 21 1 2 11 21 1

Proof. The proof, which depends on lemmas 5–8, discussed below, is
presented in the Appendix.

Proposition 2 tells us that in the overall game, the price charged in
period 1 is either (when m11 is high) or v2 (when m11 is(1 � d)v � dv1 2

low). The equilibrium outcome is generically unique because there ex-
ists only one particular value of m11 in which the price charged in period
1 can be either or v2. Thus, for all the game(1 � d)v � dv m � (0, 1),1 2 11

lasts for at most two more periods. Hence, in contrast to lemmas 2 and
4, no matter how close m11 is to one, opening prices are always bounded
above by It is also the case that the price set in period(1 � d)v � dv .1 2

1 either is equal to v2 or converges to v2 as d converges to one. So for
m11 close to one and m21 close to zero, that is, when the monopolist is
almost certain that she is facing a downward demand curve, the equi-
librium induces the following unique outcome. In period 1 the mo-
nopolist sets a price equal to One or both goods are(1 � d)v � dv .1 2

bought at this price with positive probability. Whatever the outcome,
the monopolist reduces the price to v2 in the next period. The remaining
buyers buy the good at this price and the game ends.

To prove our result we proceed as follows. Proposition 2 claims that,
along equilibrium, the game lasts for at most two periods. We shall prove
proposition 2 by showing that the set of all equilibrium paths in which
the game lasts for more than two periods is empty.

Recall from lemma 1 that in equilibrium the game lasts for a finite
number of periods. So consider all finite equilibrium paths along which
the game lasts for more than two periods with positive probability. If
such paths do exist, then along any such path there has to exist t such
that the game goes to period with positive probability and endst � 2
in period with probability one. Call the set of such paths Our′t � 2 Y .
objective will be to show that is empty. This would then imply that′Y
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the game lasts for at most two periods. Consider a subset of where′Y ,
and and the game goes to periodt t t ∗m � (0, 1) m ({ e ) � (0, a ) t �11 21

with positive probability and ends in period with probability one.2 t � 2
Call this set Y. Note that since Bayesian updating implies∗m � (0, a ),21

that The set Y imposes a restriction on in the sense thatt ∗ ′e � [0, a ). Y

it does not allow te p 0.
Before we go on to prove our result, it might be worthwhile to reiterate

the intuition. First note that we require m21 to be greater than zero.
Otherwise we are back to the situation characterized in lemma 4. So

is a necessary condition. In other words, for our result it is nec-m 1 021

essary to have more than one high-valued buyer with positive probability.
In this scenario, it is worthwhile for the monopolist to charge high prices
only if there exist, with a sufficiently large probability, high-valued buyers
and at least one buyer with high valuation buys with a (required) positive
probability. When a good is bought at a high price, the monopolist
updates her beliefs at the beginning of the next period. By assumption,

and hence there is a low probability that both buyers have∗m � (0, a ),21

high valuations. So once a good is bought, posterior beliefs attach a low
weight to the event that the remaining buyer has a high valuation. As
a result the monopolist lowers prices. Buyers are now able to take ad-
vantage of an externality. A high-valued buyer waits to buy the good
because he believes that, with positive probability, there is another buyer
who would buy at the high price. But, as a consequence, all high-valued
buyers wait, and the monopolist cannot sell at a high price. Note that
for buyers to be able to take advantage of this externality, we need at
least two high-valued buyers with positive probability.

We prove proposition 2 using a series of lemmas. The sequence of
lemmas follows the sequence of logic in the intuition provided in the
previous paragraph. All proofs of the lemmas are in the Appendix. Here
we provide brief sketches.

First note that when the probability that both buyers have valuation
v1 is too low, then the game lasts for one period. The reason is that
even if the monopolist were to be able to separate the two buyers and
commit to specific prices for each of them, she would still not commit
to a price higher than v2 since the probability of executing a sale at this
price would be too low. Hence the price charged by the monopolist
would be v2. Since the monopolist would never charge a lower price, it
becomes worthwhile for all buyers to buy at this price.

Lemma 5. In all continuation games starting from period t, if tm ≤11

and then the game lasts for one period. The monopolistta m ≤ a ,1 21 1

charges and both buyers buy at the price.tp p v 2

As mentioned above, it should be worthwhile for the monopolist to
charge high prices only if at least one buyer with a high valuation buys
with a (required) positive probability. We now proceed to formalize this
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notion. For all elements in Y (recall that in this set both buyers have
high valuation with positive probability), let consumers 1 and 2 (with
valuation v1) buy the good with probabilities x and y, respectively, in
period t. For all other periods t, we shall refer to these probabilities as
xt and yt. Since et is “small,” consumer 1 has to buy with a probability
(x) large enough such that the monopolist finds it to her benefit not to
charge a lower price and ends the game in (recall that in Y the gamet � 1
goes to with positive probability). Lemma 6 provides a lower boundt � 2
on x, for all equilibrium paths in Y.

Lemma 6. For all elements in Y, it has to be the case that x ≥ (1 �
t td) � (d/m )(2a � e ) 1 0.11 1

Along all paths in Y, in period t with either both goods aretp 1 v ,2

bought, one good is bought, or no good is bought. If both goods are
bought, then the game ends. If exactly i good is bought, theni � {0, 1},
the probability that the surviving buyer is 1 and has a high valuation is

; similarly, the probability that the surviving buyer is 2 and has at�1 t�1v mi 11

high valuation is wheret�1 t�1(1 � v )e ,i

t tm (1 � x)e y11t�1 t�1v m p , (1)1 11 t t t tm x(1 � e y) � (1 � m x)e y11 11

t tm xe(1 � y)11t�1 t�1(1 � v )e p , (2)1 t t t tm x(1 � e y) � (1 � m x)e y11 11

tm (1 � x)11t�1 t�1v m p , (3)0 11 t1 � m x11

and
te(1 � y)

t�1 t�1(1 � v )e p . (4)0 t1 � e y

Since all paths in Y go to with positive probability, it cannot bet � 2
that the monopolist finds it optimal to end the game in period t � 1
by charging v2. Therefore, following lemma 5, we have to rule out the
case (case 0) in which and So, along all pathst�1 t�1 t�1 t�1v m ! a v m ! a .1 11 1 0 11 1

in Y, either or (or both). Now, there are twot�1 t�1 t�1 t�1v m ≥ a v m ≥ a1 11 1 0 11 1

cases in which call them cases 1 and 2, and one more caset�1 t�1v m ≥ a ,1 11 1

in which call it case 3. Note that in case 3,t�1 t�1 t�1 t�1v m ! a , v m ≥ a .1 11 1 0 11 1

Lemma 7. There exists no element in Y under which case 1 or case
2 would hold.

Since, by definition of Y, case 0 is ruled out and the previous lemma
rules out cases 1 and 2, it follows that case 3 must be true for all paths
in Y. Now, under case 3, when no good is bought in period t, the
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probability that the surviving buyer is 1 and has valuation v1 has to be
high; furthermore, it should be profitable for the monopolist to sell
only to the high-valued buyer in But, as it turns out again, this ist � 1.
not possible given the requirement on x. As a result, case 3 also cannot
hold, and therefore the set Y, as defined, has to be empty.

Lemma 8. The set Y p M.
From the previous lemma we understand the following. With two

buyers in the market, if the game were to go on for three more periods
with positive probability and end there with probability one, then it
must be the case that the monopolist knows that buyer 2 has valuation
v2. That is, and lemma 4 is then applicable. But then if buyertm p 0,21

2 were to be of the high type, he must have bought before at a price
higher than pt. Would he do so? He would not because of an externality.
Suppose, in equilibrium, that the high-valued buyer 2 is expected to
buy in some period t. But suppose that he decides not to buy. Then he
knows that in the price would fall to v2 with positive probabilityt � 2
(since the high-valued buyer 1 would buy in with positive prob-t � 1
ability). So, to induce the high-valued buyer 2 to buy, the price charged
in period t has to be sufficiently low. It turns out that this price is so
low that the high-valued buyer 1 also finds it to his benefit to buy with
probability one at this price. Since all high-valued buyers buy at t, the
buyers remaining in period have to have valuation v2. So it ist � 1
optimal for the monopolist to charge v2 in and end the game.t � 1
Thus the game can last for at most two periods.

Proposition 2 implies that equilibrium outcomes exhibit Coasian dy-
namics when the monopolist knows that there exists a buyer (buyer 1)
who almost surely has a valuation of v1 and another buyer (buyer 2)
who almost surely has a valuation of v2.

7 In particular, the result holds
for values of m11 close to one and m21 close to zero. Furthermore, our
result is invariant to values of m11 and m21 in (nontrivial) ranges around
one and zero, respectively. This, coupled with the fact that laboratory
environments are inherently noisy, leads to the conjecture that (i) ex-
perimental treatments with “perfect information” should give us results
similar to those with treatments that exogenously impose “small” im-
perfect information, and (ii) the results should be consistent with Coas-
ian dynamics. The key for this conjecture to hold is that the high-valued
buyer 1 (and of course the seller) believes that buyer 2 would pay more
than his assigned valuation of v2 with an arbitrarily small (but positive)

7 Recall that the monopolist does not know the identity of the buyers. Faced with a
buyer, the monopolist cannot tell whether he is buyer 1 or buyer 2.
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probability. This belief is quite plausible given the nonmonetary payoffs
often observed in laboratory markets.8

III. Experimental Design and Procedures

In this durable goods setting the seller has power over price and buyers
make only “accept” or “reject” purchase decisions. Therefore, the seller
posts prices each period as in the standard posted offer trading insti-
tution. Each market includes two buyers and a single seller, and each
buyer can purchase up to one unit per trading round. If buyer i with
redemption value buys at price p, she earns that round. Sellersj jv v � pi i

always face zero marginal costs, and there are no fixed costs. Therefore,
if a seller sells a unit at price p, she simply earns p on that unit.9 Since
the seller faces two buyers, she can sell at most two units per round.
From now on we shall use the term “valuation” instead of “redemption
value.”

Within each trading round the seller posts one price per “period”
across a sequence of periods. The seller also specifies the number of
units she is willing to offer at this price, which must equal the number
of units she has remaining in inventory for that round (either one or
two). Buyers then decide simultaneously whether to execute a trans-
action by accepting the seller’s offer price.10 In subsequent periods,
sellers are free to submit new price offers.

A trading round ends if either (a) both buyers purchase their single
units or (b) the round terminates randomly. At the end of every offer
period (after buyer purchase decisions), if at least one buyer has not
purchased her unit, a die is rolled in full view of subjects. This die roll
implements a continuation probability that we manipulated at three
levels across sessions: .75, and .9. For example, when ifd p .6, d p .9,
the outcome of the roll of a 10-sided die is a zero, then the round ends
immediately; otherwise the seller posts a new price and the round con-
tinues to the next offer period. This continuation probability is fixed
across periods within a round and within a session.

Each session employed 12, 15, or 18 subjects, with two buyers for each
monopoly seller, organized into one market for each seller. Sixteen of
the 25 sessions employed 18 subjects. For example, with 18 subjects, six

8 For example, buyers in first-price auctions often bid as though they have a (nonmon-
etary) utility of winning. Some small number of subjects in the present setting could
receive a utility from successfully executing a transaction or could simply make mistakes.

9 Note that redemption valuation and profits are given in monetary terms. They may
or may not be equivalent to utility payoffs.

10 Requiring the seller to offer both units when she has not yet sold any in the round
ensures that all buyers are able to purchase in any period. This permits simultaneous
acceptance decisions by the buyers rather than requiring buyers to make purchase deci-
sions in a random order, as is frequently done in posted offer experiments.
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subjects are sellers, 12 subjects are buyers, and six markets are conducted
simultaneously. At the end of each trading round, buyers and sellers
are reorganized into new markets with different buyers and sellers for
the next round—a so-called strangers design. This random shuffling of
subjects each round essentially implements a sequence of one-shot
games and has been shown to successfully minimize any repeated game
incentives across rounds (e.g., Durham, Hirshleifer, and Smith 1998).
Subjects’ identities are always concealed, although the sellers and buyers
sat on opposite sides of the laboratory, which was obvious to subjects.
Usually six trading rounds were conducted in each session. Occasionally
only five rounds were possible within the session time period when

and we were able to complete more than six rounds sometimesd p .9,
when d p .6.

The experiment was conducted using the Multiple Unit Double Auc-
tion trading software developed at California Institute of Technology
(Plott 1991). Although designed initially for conducting experiments
using the continuous double-auction trading institution, it is easily
adapted for posted offer trading. Sellers post offers in different markets
shown on different “pages,” which are shown on different screens of
the program, and buyers and sellers move to new markets in different
rounds using the “page up” or “page down” keys on their keyboards.

As mentioned in the Introduction, for each of the three continuation
probabilities, we implement two experimental treatments that varied
the composition and information of demand. In the Certain Demand
treatment, one buyer in each market has a valuation of 54 pesos and
the other buyer has a valuation of 18 pesos. This is explained to all
subjects in the instructions. The instructions also explain that buyers’
valuations can change between 18 and 54 in different trading rounds,
but each market always contains one buyer with each valuation. Fur-
thermore, these valuations remain constant across periods within the
same trading round. The ratio of the difference in valuations (D p

) to the sum of valuations (72) is 0.5. If valuations were to be equiv-36
alent to utility payoffs, then one could interpret the Certain Demand
treatment in the literal sense. If so, then with any continuation prob-
ability the Pacman strategy is an equilibrium strategy (propositiond 1 .5,
1). As summarized in table 1, if subjects play the Pacman equilibrium,
the game should last at most two periods, with the opening price equal
to 54 and the second price equal to 18. Note that in this equilibrium,
offer prices are independent of d.

In the Uncertain Demand treatment, each buyer knows his own val-
uation with certainty, but sellers know only the probability distribution
underlying buyer valuations. Buyer 1 has a valuation of 54 pesos with
probability .95 and a valuation of 18 with probability .05. Buyer 2 has
a valuation of 18 pesos with probability .95 and a valuation of 54 with



TABLE 1
Summary of Experiment Parameters and Theoretical Predictions

A. Parameters

Certain Demand Treatment Uncertain Demand Treatment

v1p54 v2p18 v1p54 v2p18
m11pm22p1 m12pm21p0 m11pm22p.95 m12pm21p.05

B. Equilibrium Predictions

d Treatment

Certain Demand Treatment Uncertain Demand Treatment

Number of
Periods

Price p1 (pv1)
(Pacman Equilibrium) Price p2 (pv2) Number of Periods

Price p1

(p[1�d]v1�dv2) Price p2 (pv2)

dp.60 2 54 18 2 32.4 18
dp.75 2 54 18 2 27 18
dp.90 2 54 18 2 21.6 18

Note.—Each session employed two buyers for each monopoly seller. Sellers and buyers were randomly reassigned to new markets each trading round.
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probability .05. If one were to assume no divergence between utility and
valuation, then in terms of the notation used in Section II, m p11

and Therefore, the seller knows that withm p .95 m p m p .05.22 12 21

probability .905 she faces one buyer with a value of 54 and one buyer
with a value of 18, as in the Certain Demand treatment. She also knows
that with probability .0475 she faces two buyers that both have a value
of 54 and with probability .0475 she faces two buyers that both have a
value of 18. The experimenters determined the random values prior to
the experiment using a 20-sided die, and the same drawn sequence of
random values was used in all Uncertain Demand sessions. The instruc-
tions also explain that buyers can change between buyers 1 and 2 in
different trading periods and that buyer valuations remain constant
across periods in the same trading round. Note that and sincem p .05,21

we have Further, ( ).1 1 2∗a p , m p .05 ! a p . m � m p 1 1 p 2a1 21 11 21 13 6 9
So from proposition 2, it follows that the unique outcome is such that
the game should last two periods, with the opening price equal to

and the second price equal to Table 1 sum-(1 � d)54 � d18 v p 18.2

marizes these parameters and price predictions.
As discussed above, the Pacman equilibrium in the Certain Demand

treatment may not be robust to the endogenous (or inherent) incom-
plete information regarding buyer reservation values.11 Note also that
the specific price predictions in the Uncertain Demand treatment are
sensitive to d but not to the level of uncertainty (by proposition 2 the
outcome should not change for all and m11 such that1m � (0, )21 9

). So if the endogenous uncertainty in the Certain Demand2m � m 111 21 9
treatment is small and if adding further noise in the Uncertain Demand
treatment does not violate the condition imposed in proposition 2, then
there is reason to expect that endogenous uncertainty in the Certain
Demand treatment may lead to prices that are similar to prices in the
Uncertain Demand treatment.

We report 13 sessions in the Certain Demand treatment and 12 ses-
sions in the Uncertain Demand treatment, employing a total of 408
subjects: 336 subjects were inexperienced and 72 were experienced in
a previous session of this series. Table 2 summarizes the number of
monopolists in each of the treatments. Experienced sessions were con-
ducted in only the and .6 treatments, where the largest differenced p .9
in opening prices is expected. Subjects were recruited using in-class

11 Some readers have suggested an alternative “robot buyers” treatment to test the Pac-
man equilibrium. In such a treatment, the experimenter would make purchase decisions
for the buyers using an announced myopic strategy (i.e., buy one unit at a price no higher
than 54 and a second unit at a price no higher than 18). Although we considered such
a treatment, we expect that these announced buyer strategies would make the Pacman
strategy rather obvious, so little would be learned in such a nonstrategic environment.
We therefore chose to devote the scarce resources to pay subjects to the strategic envi-
ronment with human buyers.
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TABLE 2
Number of Monopolists in Each Treatment

d Treatment Certain Demand Uncertain Demand

dp.6 27 monopolists (6
experienced)

22 monopolists (6
experienced)

dp.75 18 monopolists 18 monopolists
dp.9 26 monopolists (6

experienced)
24 monopolists (6

experienced)

Note.—d denotes the continuation probability from one period to the next.

announcements from the general undergraduate population at the In-
stituto Tecnológico Autónomo de México. All experiments were con-
ducted in Spanish.12 Subjects were paid 50 pesos as an appearance fee
plus their profit from trading. Salient earnings per subject ranged from
a minimum of 2 pesos to a maximum of 342 pesos, with an average of
107 pesos. The approximate exchange rate when the experiment was
conducted was 10 pesos equal to U.S.$1.00, but in terms of local pur-
chasing power, the average earnings considerably exceed the equivalent
of U.S.$30. On average, a session required about 105 minutes to
complete.

IV. Results

We organize the results using hypotheses derived from the theory pre-
sented in Section II. Subsections A and B present results from the Cer-
tain and Uncertain Demand treatments. Subsection C compares the
results in these two treatments, and Subsection D compares prices for
the three d treatments. Subsection E briefly compares the results to the
related experimental literature.

A. Certain Demand

Hypothesis 1. Median opening offer prices equal 54—the highest buyer
valuation.

Table 3 presents the opening offer prices in the inexperienced Certain
Demand sessions, separately by the continuation probability treatment
(d). Nearly all offer prices fall well below 54, rejecting hypothesis 1. In
some rounds the mean offer price exceeds the median offer price by
a wide margin, because of a few outlying prices. However, over all, only
14 out of 378 opening prices (4 percent) are greater than or equal to
54. The bottom of table 3 indicates that the median offer pooled across
rounds is 35 pesos when 30 pesos when and 26 pesosd p .6, d p .75,

12 An English translation of the instructions is available from the authors.
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when The medians are, respectively 35, 28, and 25 in round 6.d p .9.
As we discuss below, note that these median offer prices are roughly
consistent with the equilibrium predictions of the incomplete infor-
mation model (which are 32.4, 27, and 21.6, respectively). Figure 1
summarizes the opening prices across the six trading rounds, separately
for each d treatment. Opening prices tend to fall, and the variance tends
to decline across rounds. In every round and in every treatment, a
nonparametric Wilcoxon sign rank test rejects the null hypothesis that
the median prices equal 54 at the 1 percent significance level.13

Figure 2 presents the opening offer prices across the six trading
rounds for the experienced sessions. For both d treatments, prices are
substantially below 54, again rejecting hypothesis 1. For openingd p .6,
prices are remarkably close to the incomplete information model pre-
diction. For opening prices usually exceed the incomplete in-d p .9,
formation model prediction.14

Hypothesis 2. Median offer prices after one unit has been sold equal
18—the second-highest buyer valuation.

When all rounds in the inexperienced sessions are pooled, the median
offer price immediately after one unit has been sold is 20 pesos when

16 pesos when and 15 pesos when 15 The mediansd p .6, d p .75, d p .9.
are 18, 16, and 15, respectively, in the final round. According to the
Wilcoxon test, median offers are not significantly different from 18 at
the 5 percent level in all but two individual rounds. This provides some
support for hypothesis 2. In the experienced sessions, when all rounds
are pooled, the median offer price immediately after one unit has been
sold is 14 pesos when and 15 pesos whend p .6 d p .9.

One interpretation of the result that opening prices are substantially
below 54 is that subjects—as in most experiments on the ultimatum
game—resist highly asymmetric distributions of exchange surplus. The
observed opening prices are often in the range of 20–40 pesos, which
if accepted lead the monopolist to earn roughly 35–75 percent of the
gains from trade. Ultimatum offers are in this same range, although
they typically offer no more than one-half of the surplus to the respon-

13 Here and in what follows we report statistical tests only for the independent markets,
separately for each round. We cannot pool observations for this statistical test across rounds
because the same seller makes multiple price offers in different rounds, causing the data
to be nonindependent when all rounds are pooled.

14 Statistical tests for individual rounds of the experienced data have low statistical power
because only six sellers participated in each treatment for the experienced data. Therefore,
we focus on statistical tests for the inexperienced data and usually report only summary
statistics for the experienced data to assess if a major shift in behavior occurs as subjects
gain experience.

15 Some of the offers exceed the low valuation of 18, which may reflect mistakes or
confusion on the part of sellers when they have already sold a unit at a price above 18
(most probably to their high-valuation buyer). Some sellers, however, may believe (some-
times correctly) that they sold their first unit to the low-valued buyer.
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TABLE 3
Median and Mean Opening Period Prices in the Certain Demand Treatment with Inexperienced Subjects

dp.6 dp.75 dp.9

Np21
per Rounda

Pacman
Equilibrium

Uncertain
Demand

Equilibrium
Np18

per Round
Pacman

Equilibrium

Uncertain
Demand

Equilibrium
Np20

per Roundb
Pacman

Equilibrium

Uncertain
Demand

Equilibrium

Round 1:
Median offer 45 54* 32.4* 30.5 54* 27 31.5 54* 21.6*
Mean offer 66.8 31.8 74.2
Standard error 21.90 2.12 38.31

Round 2:
Median offer 40 54* 32.4* 30 54* 27* 30 54* 21.6*
Mean offer 43.3 32.3 31.65
Standard error 3.80 2.16 3.55

Round 3:
Median offer 36 54* 32.4 30 54* 27* 27.5 54* 21.6*
Mean offer 35.3 33.6 28.5
Standard error 2.08 2.13 2.54

Round 4:
Median offer 32 54* 32.4 30 54* 27* 25 54* 21.6
Mean offer 35.2 30.8 26.6
Standard error 3.73 1.46 2.40
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Round 5:
Median offer 33 54* 32.4 28.5 54* 27 25 54* 21.6
Mean offer 32.1 29 25.4
Standard error 1.56 1.90 2.02

Round 6:
Median offer 35 54* 32.4 28 54* 27 25 54* 21.6
Mean offer 43.1 29.6 24.7
Standard error 10.00 1.67 1.86

All rounds pooled:
Median offer 35 54 32.4 30 54 27 26 54 21.6
Mean offer 46.2 31.2 35.6
Standard error 7.04 .78 6.80

a Round 6 has only 17 observations.
b Round 6 has only 15 observations.
* This equilibrium price prediction is rejected at the 5 percent significance level using a two-tailed Wilcoxon test. This test is not conducted on the pooled rounds data.
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Fig. 1.—Opening offer prices, by trading round, for inexperienced certain demand. a,
Continuation probability ; 21 observations per round except round 6 (17 obser-d p .6
vations). b, Continuation probability ; 18 observations per round. c, Continuationd p .75
probability ; 20 observations per round except round 6 (15 observations).d p .9
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Fig. 2.—Opening offer prices, by trading round, for experienced certain demand. a,
Continuation probability ; six observations per round. b, Continuation probabilityd p .6

; six observations per round.d p .9
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dent (in our case this translates to offer prices greater than or equal to
27). According to this interpretation, our failure to observe prices near
54 is similar to the well-documented failure to observe ultimatum offers
near the equilibrium level. The equilibrium offer in the ultimatum game
is 1 peso (i.e., a price of 53 pesos), which is the smallest unit of exchange.

There is a problem with this interpretation, however. In our experi-
ments we observe median prices near 18 after one unit has been sold.
Median second-unit offers are about 16 pesos, which provides the second
buyer with only 11 percent of the exchange surplus. Offers with such
extreme earnings distributions are rarely observed in ultimatum game
experiments.16 Moreover, surely fairness considerations alone cannot
describe the data, for as formally documented below, sellers strategically
change prices as d changes.

Hypothesis 3. Both units are purchased after exactly two trading
periods have been completed.

This hypothesis is clearly rejected by the data. The random termi-
nation rule sometimes exogenously terminates the round after only one
trading period, so to test hypothesis 3 we include only those rounds
that continued for at least two periods. Table 4 shows that in the in-
experienced Certain Demand treatments, both units were purchased by
the end of the second period in only 6–22 percent of the rounds that
could continue through two periods. In the experienced Certain De-
mand treatments, both units were purchased by the end of the second
period in less than one-third of the rounds. In both experience con-
ditions, the rate at which both units are sold within two periods falls as
d rises.

To provide some insight into why rounds typically extend beyond two
periods, table 5 presents the distribution of opening prices pooled across
rounds, along with the number of acceptances by at least one buyer. In
the Pacman equilibrium, myopic strategy calls for an acceptance rate
of 1.00 for all prices below 54. This is clearly rejected by the data. The
acceptance rate tends to be inversely related to opening prices, though
it usually remains well below 1.00 except for very low prices. Equilibrium
in the incomplete information model implies very sharp cutoffs for
acceptable prices, depending on d. The table highlights in bold the
range of prices accepted with probability one in equilibrium. The ac-
ceptance rate is rather high for the inexperienced treatment,d p .6
even for prices slightly exceeding the acceptance threshold (33–35 pe-
sos). But elsewhere the acceptance rates tend to fall below one-half as
prices begin to approach the theoretical acceptance threshold from

16 For example, in the 10 ultimatum game experiments summarized by Fehr and Schmidt
(1999), only 4 percent of the offers provide less than 20 percent of the total surplus to
the respondent.



TABLE 4
Number of Rounds with Both Units Sold within Two Periods

Treatment and
Experience
Level

Rounds with Two Units Sold
(1)

Total Rounds Not Randomly Terminated
after First Period

(2)
Rate Two Units Sold (col. 1/col. 2)

(3)

Certain Demand Treatment

dp.6:
Inexperienced 17 77 .22
Experienced 13 42 .31

dp.75:
Inexperienced 12 90a .13

dp.9:
Inexperienced 6 95 .06
Experienced 0 36 .00

Uncertain Demand Treatment

dp.6:
Inexperienced 20 65b .31
Experienced 7 18 .39

dp.75:
Inexperienced 17 86c .20

dp.9:
Inexperienced 5 107 .05
Experienced 1 30 .03

a Includes one round with both units sold that terminated after one period.
b Includes three rounds with both units sold that terminated after one period.
c Includes two rounds with both units sold that terminated after one period.
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TABLE 5
Opening Price Offers and Acceptance Rate for Certain Demand Sessions

Price Range (Pesos)

!19 19–21 22–24 25–27 28–30 31–32 33–35 36–38 39–41 141

Inexperienced Sessions

dp.6:
Opening price

frequency 5 13 6 16 18 4 16 5 35 37
Number accepted 5 12 6 15 14 2 13 1 15 9
Acceptance rate 1.00 .92 1.00 .94 .78 .50 .81 .20 .43 .24

dp.75:
Opening price

frequency 5 5 7 24 22 5 12 6 10 12
Number accepted 5 4 3 13 6 2 2 0 1 1
Acceptance rate 1.00 .80 .43 .54 .27 .40 .17 .00 .10 .08

dp.9:
Opening price

frequency 20 19 5 16 19 2 10 1 3 20
Number accepted 12 8 0 4 2 1 0 0 0 1
Acceptance rate .60 .42 .00 .25 .11 .50 .00 .00 .00 .05

Experienced Sessions

dp.6:
Opening price

frequency 1 2 2 9 15 3 10 5 7 0
Number accepted 1 2 2 6 6 1 1 0 0 0
Acceptance rate 1.00 1.00 1.00 .67 .40 .33 .10 .00 .00 …

dp.9:
Opening price

frequency 3 8 1 4 2 0 5 0 6 7
Number accepted 1 2 0 0 1 0 1 0 0 0
Acceptance rate .33 .25 .00 .00 .50 … .20 … .00 .00

Note.—The incomplete information model predicts acceptance rates of 1.00 in the bold highlighted regions and
acceptance rates of .00 elsewhere.

below. These high rejection rates cause the rounds to extend beyond
two periods quite frequently.

Although the finding that the rejection rate generally increases with
increases in the offer price is reminiscent of the standard ultimatum
game, table 5 highlights several ways in which the present experiment
differs from the ultimatum game. First, the fraction of “fair” opening
offers that provide the seller and the high-valued buyer with at least 40
percent of the exchange surplus ranges between 19 and 54 percent in
our various d and experience treatments. This is well below the overall
rate of 71 percent in ultimatum games (Fehr and Schmidt 1999). Sec-
ond, note that the acceptance rate for prices in various ranges of table
5 changes significantly as d changes. Although the acceptance threshold
is clearly not as sharp as implied by the incomplete information model,
acceptance rates decline as d increases; for example, the inexperienced
sessions’ acceptance rate for the price range 25–27 is 94 percent when

54 percent when and 25 percent when Statisticald p .6, d p .75, d p .9.
tests for individual, independent periods are not possible because of



durable goods 1337

TABLE 6
Median and Mean Opening Period Prices in the Uncertain Demand Treatment

with Inexperienced Subjects

dp.6 dp.75 dp.9

Np16
per Round

Uncertain
Demand

Equilibrium
Np18

per Round

Uncertain
Demand

Equilibrium
Np18

per Round

Uncertain
Demand

Equilibrium

Round 1:
Median offer 39 32.4* 35 27* 32.5 21.6*
Mean offer 50.4 59.6 42.4
Standard error 9.36 23.65 7.52

Round 2:
Median offer 37 32.4 30 27 35 21.6*
Mean offer 40.4 32.1 40.2
Standard error 4.94 2.96 6.95

Round 3:
Median offer 33.5 32.4 27 27 25 21.6*
Mean offer 34.1 28.2 28.3
Standard error 3.54 2.32 2.40

Round 4:
Median offer 30 32.4 28 27 26 21.6*
Mean offer 30.1 28.6 29.3
Standard error 2.32 1.95 2.65

Round 5:
Median offer 25 32.4* 26 27 25 21.6*
Mean offer 25.7 28.9 26.1
Standard error 2.14 3.20 1.78

Round 6:
Median offer 25 32.4* 26 27 26 21.6*
Mean offer 24.6 25.8 26.3
Standard error 1.86 2.13 1.87

All rounds pooled:
Median offer 30 32.4 28 27 28 21.6
Mean offer 33.9 33.9 32.1
Standard error 1.96 4.15 1.92

* This equilibrium price prediction is rejected at the 5 percent significance level using a two-tailed Wilcoxon test.
This test is not conducted on the pooled rounds data.

small sample sizes, but the overall pattern is clear in most price ranges
shown in table 5.

B. Uncertain Demand

Hypothesis 4. Median opening offer prices equal 32.4, 27, and 21.6,
respectively, when .75, and .9.d p .6,

Table 6 presents opening offer prices in the inexperienced Uncertain
Demand treatment for each d.17 The median offer pooled across rounds
is 30 pesos when 28 pesos when and 28 pesos whend p .6, d p .75,

The medians are 25, 26, and 26, respectively, in the final round.d p .9.
Figure 3 shows the opening offer prices across the six trading rounds,

17 We exclude from our analysis one obviously confused seller in the inexperienced
Uncertain Demand, treatment. This seller nearly always set an opening offer priced p .9,
greater than 54 pesos (his mean opening offer price was 308 pesos, with a median of 204
pesos). These are prices that are very unlikely to be accepted.



Fig. 3.—Opening offer prices, by trading round, for inexperienced uncertain demand.
a, Continuation probability ; 16 observations per round. b, Continuation probabilityd p .6

; 18 observations per round. c, Continuation probability ; 18 observationsd p .75 d p .9
per round.
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separately for each d treatment. As in the Certain Demand treatment,
opening prices tend to fall and the variance tends to decline across
rounds. Note that the first-round median prices are ordered according
to the comparative static prediction for changes in d, with first-round
medians of 39, 35, and 32.5 for .75, and .9. By the final round,d p .6,
however, opening offer prices are (statistically) identical in the three d

treatments (see Subsection D below for details). According to a two-
tailed Wilcoxon test, at the 5 percent significance level, the median
opening offer price is significantly below the equilibrium level in rounds
5 and 6 for and significantly above the equilibrium level in roundd p .6
1 for in round 1 for and in all but round 5 ford p .6, d p .75, d p

Hypothesis 5 therefore receives support in the inexperienced data.9.
only when d p .75.

For the experienced Uncertain Demand opening offers shown in
figure 4, mean and median prices closely correspond to the equilibrium
prediction of 32.4 when However, mean and median prices re-d p .6.
main above the lower equilibrium prediction of 21.6 when d p .9.

Hypothesis 5. Median offer prices in the second period equal 18
—the second-highest buyer valuation.

When all rounds are pooled, the inexperienced sessions’ median offer
price in the second period is 20 pesos when 20 pesos whend p .6,

and 25 pesos when These medians are 17, 12, and 21,d p .75, d p .9.
respectively, in round 6. According to the Wilcoxon test, median offers
are not significantly different from 18 at the 5 percent level in any round
when and are not significantly different from 18 in all roundsd p .75
except round 1 when The inexperienced data therefore provided p .6.
support for hypothesis 5 when and When how-d p .6 d p .75. d p .9,
ever, median second-period price offers are significantly greater than 18
at the 5 percent level according to the Wilcoxon test in rounds 1, 2, 3,
5, and 6.18

The experienced sessions’ median offer in the second period is also
higher than the equilibrium of 18 only for It is equal to 20 pesosd p .9.
for pooled inexperienced rounds with and 16 pesos for pooledd p .9
experienced rounds with d p .6.

Hypothesis 6. Both units are purchased after exactly two trading
periods have been completed.

18 In the incomplete information model, the monopolist’s equilibrium strategy is to
reduce the price to 18 in the second period even if she does not sell a unit in the first
period. By contrast, in the Pacman equilibrium, the monopolist cuts the price to 18 only
after one unit is sold. This is why hypotheses 2 and 5 for the Certain and Uncertain
Demand treatments differ. For comparison to the results summarized below hypothesis
2, we note that in the inexperienced Uncertain Demand treatment, the median offer
prices immediately after one unit has been sold are 18, 17, and 17 for .75, and .9d p .6,
when all rounds are pooled. These median offer prices are 16, 9, and 15 for the final
inexperienced round.



Fig. 4.—Opening offer prices, by trading round, for experienced uncertain demand.
a, Continuation probability ; six observations per round. b, Continuation probabilityd p .6

; six observations per round.d p .9
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TABLE 7
Opening Price Offers and Acceptance Rate for Uncertain Demand Sessions

Price Range (Pesos)

!19 19–21 22–24 25–27 28–30 31–32 33–35 36–38 39–41 141

Inexperienced Sessions

dp.6:
Opening price

frequency 13 9 2 18 13 7 6 10 11 15
Number accepted 12 8 2 14 7 3 4 5 6 1
Acceptance rate .92 .89 1.00 .78 .54 .43 .67 .50 .55 .07

dp.75:
Opening price

frequency 15 10 6 22 16 2 12 3 8 13
Number accepted 15 7 4 9 6 2 2 1 1 0
Acceptance rate 1.00 .70 .67 .41 .38 1.00 .17 .33 .13 .00

dp.9:
Opening price

frequency 13 16 10 14 14 0 14 3 5 25
Number accepted 7 9 3 1 2 0 1 0 0 2
Acceptance rate .54 .56 .30 .07 .14 … .07 .00 .00 .08

Experienced Sessions

dp.6:
Opening price

frequency 2 0 0 0 12 3 18 0 1 0
Number accepted 2 0 0 0 9 1 5 0 0 0
Acceptance rate 1.00 … … … .75 .33 .28 … .00 …

dp.9:
Opening price

frequency 2 12 2 11 1 0 5 1 1 1
Number accepted 1 4 0 1 0 0 0 0 0 0
Acceptance rate .50 .33 .00 .09 .00 … .00 .00 .00 .00

Note.—The incomplete information model predicts acceptance rates of 1.00 in the bold highlighted regions and
acceptance rates of .00 elsewhere.

As in the Certain Demand treatment, price offers are frequently re-
jected and the game typically continues for more than two periods.
Because of the random termination rule, again we include only those
rounds that continued for at least two periods to test hypothesis 6. Table
4 shows that in the inexperienced Uncertain Demand treatment, both
units were purchased by the end of the second period in only 5–31
percent of the rounds that could continue through two periods. In the
experienced Uncertain Demand treatment, both units were purchased
by the end of the second period in only 3–39 percent of the rounds.
As in the Certain Demand treatment, as d rises, it is more rare to observe
both units sold within two periods.

In the same format as table 5, table 7 presents the distribution of
opening prices pooled across rounds for the Uncertain Demand treat-
ment, along with the number of offers in each price range accepted by
at least one buyer. The acceptance rates highlighted in bold indicate
the price ranges for which opening price offers are accepted with prob-
ability one in the incomplete information game. For example, all prices
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below 33 pesos should be accepted when and we observe 46 ofd p .6,
the 62 prices (74 percent) below 33 accepted in the inexperienced
sessions and 12 of the 17 prices (71 percent) below 33 accepted in the
experienced sessions. No price above 32 should be accepted in this

treatment, and we observe 16 of the 42 prices (38 percent) andd p .6
five of the 19 prices (26 percent) in this range accepted in the inex-
perienced and experienced sessions, respectively. For the other d 1 .6
treatments, the acceptance rate in the equilibrium acceptance region
tends to be lower, and buyers usually reject most offers in the rejection
region. The frequent rejections for prices in the equilibrium acceptance
region (especially for ) are a major reason that rounds often lastd 1 .6
more than two periods.

C. Comparison of the Certain and Uncertain Demand Treatments

Hypothesis 7. Median opening offer prices are higher in the Certain
Demand treatment than in the Uncertain Demand treatment.

Tables 3 and 6 and figures 1–4 indicate that the median opening
offers are very similar in the Certain and Uncertain Demand treatments.
We have data for six trading rounds in each of the three inexperienced
d treatments, for a total of 18 inexperienced data sets for testing hy-
pothesis 7. On the basis of a one-tailed Wilcoxon test, the median offers
are significantly different at the 5 percent significance level in only three
of the 18 data sets: rounds 5 and 6 of and round 3 ofd p .6 d p .75.
Median prices in the experienced data are never significantly different
in the Certain and Uncertain Demand treatments for and ared p .6
significantly different only in period 2 at the 10 percent level (one-
tailed) for The data therefore provide little support for hypoth-d p .9.
esis 7.

To formally test the conjecture that the endogenous incomplete in-
formation in the Certain Demand treatment leads to offers more con-
sistent with the imperfect information model of Section II, consider the
following alternative hypothesis to hypothesis 1.

Hypothesis 1′. In the Certain Demand treatment, median opening
offer prices equal 32.4, 27, and 21.6, respectively, when .75, andd p .6,
.9.

Recall figures 1 and 2 and table 3, which display median and mean
offer prices for the Certain Demand treatment. Especially in the later
rounds, median prices correspond somewhat closely to the imperfect
information model predictions. According to a two-tailed Wilcoxon test,
at the 5 percent significance level the median opening offer price for
the inexperienced data is significantly above the model prediction in
rounds 1 and 2 for rounds 2–4 for and rounds 1–3 ford p .6, d p .75,

In 10 of the 18 rounds the data fail to reject hypothesis 1′, andd p .9.
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this hypothesis is never rejected in the later rounds. It is also not rejected
in any experienced session round. This provides some support for hy-
pothesis 1′.

The preceding results can be summarized as follows. Opening offer
prices are similar in the Certain Demand and the Uncertain Demand
treatments, and for both treatments the results are more consistent with
the imperfect information model equilibrium than with the perfect
price discrimination (Pacman) equilibrium. The next hypothesis there-
fore compares second-period prices irrespective of whether a unit was sold
in the first period. This comparison is based on the conclusion that
subjects do not play the Pacman equilibrium in the Certain Demand
treatment.19

Hypothesis 8. Median offer prices in the second period are equal
in the Certain Demand and Uncertain Demand treatments.

In evaluating hypothesis 5 above, we noted that in the inexperienced
Uncertain Demand treatment, with rounds pooled, the median offer
price in the second period is 20 pesos when 20 pesos whend p .6,

and 25 pesos when In the inexperienced Certain De-d p .75, d p .9.
mand treatment, with rounds pooled, the median offer price in the
second period is 25 pesos when 20.5 pesos when andd p .6, d p .75,
25 pesos when To test hypothesis 8, we compare second-periodd p .9.
offer prices in the Certain and Uncertain Demand treatments separately
by round for each d treatment. According to a two-tailed Wilcoxon test,
second-period offer prices are significantly different at the 5 percent
level in only three of the 18 data sets: rounds 3 and 6 of andd p .75
round 5 of The second-period offer prices are never significantlyd p .6.
different in the Certain and Uncertain Demand treatments in the ex-
perienced sessions. The data therefore support hypothesis 8, as well as
our broad conclusion that pricing behavior is very similar in the Certain
and Uncertain Demand treatments.20

Another way to evaluate the pricing behavior in the Certain and Un-
certain Demand treatments is to compare first-period prices with second-
period prices, taking into account the number of units the seller has
remaining for sale in the second period. Table 8 presents this compar-
ison. Column 1 reproduces the data from the lowest rows of tables 3

19 Recall that in the Pacman equilibrium, the second-period price is 54 if no unit was
sold in the first period, and it is 18 if a unit was sold in the first period. In the imperfect
information model equilibrium, the second-period price is 18 regardless of whether a unit
was sold in the first period.

20 Note also from a comparison of tables 5 and 7 that buyer behavior is similar in the
Certain and Uncertain Demand treatments. In both treatments the rejection rate increases
in the offer price and as d increases. Although sample size limitations for individual periods
and individual price ranges do not permit a statistical test, in most cases the rejection
rates (within a d treatment) appear rather similar in the Certain and Uncertain Demand
treatments.
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TABLE 8
Pooled Prices in the First and Second Periods for Inexperienced Subjects, by

the Number of Units Remaining

First-Period Price,
Two Units Remain

(1)

Second-Period Price,
Two Units Remain

(2)

Second-Period Price,
One Unit Remains

(3)

Certain Demand

dp.6:
Median offer 35 30 24.5
Mean offer 46.2 35.3 24.1
Standard error 7.04 5.88 1.38

dp.75:
Median offer 30 25 16
Mean offer 31.2 26.1 17.8
Standard error .78 1.13 1.15

dp.9:
Median offer 26 25 17
Mean offer 35.6 33.9 18.6
Standard error 6.80 6.61 1.60

Uncertain Demand

dp.6:
Median offer 30 25 18
Mean offer 33.9 28.4 19.2
Standard error 1.96 3.49 1.40

dp.75:
Median offer 28 24 15
Mean offer 33.9 24.0 16.8
Standard error 4.15 1.12 1.28

dp.9:
Median offer 28 25 19
Mean offer 32.1 29.3 20.4
Standard error 1.92 2.13 1.62

and 6. Recall that when no units are sold in the first period, in the
Pacman equilibrium the seller should not lower price. Table 8 shows,
however, that except for column 2 prices are lower than columnd p .9,
1 prices in both Certain and Uncertain Demand treatments.21 That is,
sellers appear to update their beliefs following zero sales in period 1,
inconsistent with the Pacman equilibrium but consistent (in a qualitative
sense) with the equilibrium in the imperfect information model. The
incomplete information model also predicts that second-period prices
are the same regardless of whether one or two units were sold in the
first period, but this is not supported: column 3 prices are lower than
column 2 prices in all cases shown in table 8.22 It therefore appears that

21 Statistical tests indicate that prices are significantly different at the 5 percent level in
about one-third (seven out of 24) of the individual periods with andd p .6 d p .75.

22 Statistical tests indicate that prices are significantly different at the 5 percent level in
40 percent (15 out of 36) of the individual periods.
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sellers do not update beliefs as strongly as the incomplete information
model predicts, which is reasonable given the (disequilibrium) buyer
rejection pattern shown above in tables 5 and 7.

D. Comparison of Opening Offer Prices across the Continuation Probability
(d) Treatments

Hypothesis 9. Median opening offer prices are lower in treatments
with a higher continuation probability (d) in the Certain Demand
treatment.

This hypothesis, like hypothesis 8, is based on the imperfect infor-
mation model rather than on the Pacman equilibrium. Figure 5a pre-
sents the median prices in the three d treatments for the inexperienced
Certain Demand treatment. As predicted, the median price is highest
in the treatment for all rounds, and after round 2 the threed p .6
median prices are ordered according to hypothesis 9 in every round.
According to a one-tailed, two-sample Wilcoxon test, at the 5 percent
significance level, the median price is greater for than ford p .6 d p

in rounds 1 and 2 (and in round 6 at the 10 percent significance.75
level). This same test indicates that the median price is greater for

than for in rounds 4 and 6 (and in rounds 3 and 5 atd p .75 d p .9
the 10 percent significance level). The predicted difference in price is
of course substantially higher for the versus comparison,d p .6 d p .9
and for this comparison the Wilcoxon test rejects the hypothesis that
the two median prices are equal in every round. Moreover, a Kruskal-
Wallis test rejects the null hypothesis that median prices in the three d

treatments are equal in rounds 1, 2, 5, and 6. In sum, the inexperienced
data provide support for hypothesis 9.

The experienced data do not support hypothesis 9, however. As shown
in figure 2, mean and median opening prices in the experienced sessions
are not lower than 30 pesos except for round 5 with Accordingd p .9.
to the Wilcoxon test, experienced session prices are not significantly
different in the two d treatments.

Hypothesis 10. Median opening offer prices are lower in treatments
with a higher continuation probability (d) in the Uncertain Demand
treatment.

Figure 5b presents the median prices in the three d treatments for
the inexperienced Uncertain Demand treatment. In rounds 1, 3, and
4 the medians are ordered according to hypothesis 10, but in rounds
5 and 6 the median prices are virtually identical in the three d treatments.
A Wilcoxon test never rejects the null hypothesis that the median prices
are equal in different d treatments. A Kruskal-Wallis test also fails to
reject, in any round, the null that median prices in the three d treatments



Fig. 5.—Comparison of median opening offer prices, by trading round, for different
continuation probabilities. a, Certain Demand treatment. b, Uncertain Demand treatment.
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are equal. The inexperienced data therefore fail to support hypothesis
10.

The experienced data, however, do provide support for hypothesis
10. Figure 4 shows that mean and median opening prices range between
30 and 35 pesos when and that they remain well below 30 pesosd p .6
when These experienced Uncertain Demand treatment pricesd p .9.
are significantly lower when than when according to thed p .9 d p .6
Wilcoxon test in periods 2, 3, and 4 at the 5 percent level and in period
1 at the 10 percent level.

E. Comparison with Previous Laboratory Studies

We are aware of three previous laboratory studies that are related to
this research, and all three provide substantially less support for theory
than the present experiment. Reynolds (2000) reports an experiment
with both single-buyer and five-buyer durable good monopoly environ-
ments. His durable good setting differs in many respects from ours,
including a finite horizon (usually six periods) and a proportional (20
percent) discount of payoffs across periods. Contrary to the Coase con-
jecture, observed initial period prices were higher in the multiperiod
durable goods sessions than in the nondurable good control sessions.
That is, the durability of the good enhanced rather than constrained
monopoly power.

Guth, Ockenfels, and Ritzberger (1995) report finite horizon durable
goods monopolists matched with 10 buyers, either two or three trading
periods, and different discount factors. Prices were inconsistent with
the comparative statics predictions of theory and were much higher
than predicted. Again, the durability of the product failed to constrain
monopoly power, and standard theory failed to organize the results.

The study by Rapoport, Erev, and Zwick (1995) is more closely related
to the present study. The authors report a one-buyer, one-seller bar-
gaining experiment with the seller making all the offers. However, pay-
offs are discounted from period to period rather than discounted using
a random termination rule. They use three discount rate treatments of
d, where d has values .33, .67, and .9. They implement uncertainty with
buyer values drawn from a known distribution with a (nearly) contin-
uous support rather than the two-point distribution employed in the
present study. In contrast to our findings, Rapoport et al. find that
opening prices are higher for higher discount rates.

Without a controlled experiment, one can only conjecture about the
substantial differences in the success of theory organizing the results of
our experiment and those of the previous studies. Surely the sensitivity
of the theoretical predictions to the underlying assumptions of the mod-
els is important. This is one reason that the finite horizon experiments
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of Reynolds (2000) and Guth et al. (1995) are difficult to compare to
the infinite horizon experiments of Rapoport et al. (1995) and the
present study. As for the difference between the results in our study
and those in Rapoport et al., there is an important difference between
our two-buyer model and the one-buyer model of Rapoport et al. As
the model of Section II highlights, we need at least two buyers to bring
into play the externality that buttresses the Coase conjecture. We believe
that multibuyer conditions are particularly important in understanding
durable goods markets in the field, and future experiments can deter-
mine whether the use of two buyers instead of one is a primary reason
that theory fares better in our study.

V. Conclusion

Though discrete demand curves may be a fact of real life, complete
information environments could be very rare. For the purpose of gen-
erating predictions, we suggest that it may be important to model im-
perfect information. In this paper we introduce a specific, tractable kind
of uncertainty to the durable goods monopoly problem in an environ-
ment that could contradict the Coase conjecture, namely, one in which
there is perfect information, a finite number of buyers, and a patient
seller. Uncertainty is introduced in the form of private information for
the buyers. To analyze situations close to one in which the monopolist
is perfectly informed about a downward-sloping demand curve, we as-
sume that all buyers have “high” valuations only with a small probability.
In this environment, the Coase conjecture emerges as an outcome of
a (generically) unique perfect Bayesian equilibrium.

In our two-type, two-buyer model, we show that along the equilibrium
path, the game always ends in at most two periods. This is true for all
parameters of imperfect information in a “small” range close to a sit-
uation of perfect information. This result is independent of the discount
factor. Consequently, our robustness result is independent of the speeds
of convergence. Thus we are able to transport hypotheses from our
theory to our experiments with a fair degree of confidence.

The experimental results provide some support for the theory. Open-
ing offer prices in the Certain and Uncertain Demand treatments are
very similar. Furthermore, opening offer prices in both treatments
clearly reject the Pacman strategy (perfect price discrimination) and
are often not significantly different from the price predicted by the
imperfect information model. This model, in spite of its strong as-
sumptions, generates predictions consistent with observed outcomes
with certain demand. Furthermore, as in Coasian dynamics, we observe
lower opening offer prices for treatments with a higher continuation
probability (d) in the inexperienced Certain Demand treatment and
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the experienced Uncertain Demand treatment. This strategic response
of opening prices to changes in the continuation probability provides
evidence against the hypothesis that low offer prices are due only to
considerations of fairness, unlike typical results in the ultimatum game.
The high offers (near the second-buyer valuation of 18) after one unit
has been sold also suggest that fairness concerns are muted in this
market environment.

Buyers nevertheless frequently withhold demand, however, so that the
game usually extends beyond the prediction of two periods. We observe
this same violation of the theoretical prediction in all treatments, al-
though it is most pronounced for high continuation probability (d)
sessions. The simple model presented here does not allow for bounded
rationality, decision error, or learning and experimentation. Recent re-
search (see, e.g., McKelvey and Palfrey [1998] for finite horizon games)
has emphasized the role of these “noise” factors in explaining behavior,
and such extensions may provide insight into the nature of the devia-
tions from theory that we observe.

Appendix A

Proof of Lemma 5

It is standard to show that the monopolist never charges a price below v2. If the
monopolist could charge different prices to the two different buyers, then the
monopolist could make a profit at least as large as that when she has to charge
the same price to the two different buyers. So suppose that the monopolist could
charge different prices to the two different buyers. In such a situation she could
make larger profits if she could commit to two different prices, one for each
buyer. If so, then she would charge either v1 or v2 in period t to the two different
buyers. Her expected payoffs from charging v1 to buyers 1 and 2 are andtm v11 1

Similarly, her expected payoff from charging v2 to each buyer 1 and 2 istm v .21 1

v2. So when and then it is optimal for thet tm ≤ v /v (p a ) m ≤ v /v (p a ),11 2 1 1 21 2 1 1

monopolist to charge the same price of v2 to both the buyers. Now v2 is a price
that she can indeed commit to since she will never sell below v2. Also, as a result,
it is optimal for both the buyers to buy at this price. Q.E.D.

Proof of Lemma 6

Since we have Sot ∗ t t te ! a ! a , 2a � e 1 0. (1 � d) � (d/m )(2a � e ) 1 0.1 1 11 1

The monopolist’s expected payoff in t is at least t t ′ t(m � e )v � d(2 � m �11 11

where The reason is that the monopolist can alwayst ′e )v , v { (1 � d)v � dv .2 1 2

charge and buyers with valuation v1 find it optimalt t�1p p (1 � d)v � dv p p v ,1 2 2

to buy in period t, and those with valuation v2 buy in period t � 1.
Define The maximum prices that the monopolist can′′ 2 2v p (1 � d )v � d v .1 2

charge from t onward are andt 2 2 t�1p p (1 � d )v � d v , p p (1 � d)v � dv ,1 2 1 2

(since the game lasts up to only in Y). Therefore, the monopolist’st�2p p v t � 22

expected payoff in Y cannot be greater than t t ′′ t ′(m x � e )v � d[m (1 � x)]v �11 11
2 t td (2 � m � e )v .11 2

Since it has to be the case thatY ( M,
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t t ′′ t ′ 2 t t(m x � e )v � d[m (1 � x)]v � d (2 � m � e )v11 11 11 2

t t ′ t t≥ (m � e )v � d(2 � m � e )v ,11 11 2

or
t t t t ′(m x � e )(1 � d)v � d(m � e )v11 1 11

t t ′ t t≥ (m � e )v � d(1 � d)(2 � m � e )v ,11 11 2

or (since )d ! 1
t t t t ′ t t(m x � e )v ≥ (m � e )v � d(2 � m � e )v ,11 1 11 11 2

or
t t t t(m x � e )v ≥ (1 � d)(m � e )v � 2dv ,11 1 11 1 2

or

d
tx ≥ (1 � d) � (2a � e ).1tm11

Q.E.D.

Proof of Lemma 7

It suffices to show that Suppose not. Then or, fromt�1 t�1 t�1 t�1v m ! a . v m ≥ a1 11 1 1 11 1

equation (1),
t tm (1 � x)e y11 ≥ a ,1t t t tm x(1 � e y) � (1 � m x)e y11 11

or (since )t t[1 � m x]e y ≥ 011

t tm (1 � x)e y11 ≥ a ,1t tm x(1 � e y)11

or (since from lemma 6)x 1 0
t t(1 � x)e y ≥ a x(1 � e y),1

or (since )a ! 11

t t te y � xe y 1 a x � xe y,1

or (since )t tx ≥ [1 � d] � [d/m ][2a � e ]11 1

a1t t t te y 1 [m � d(2a � e � m )].11 1 11tm11

If the right-hand side of the inequality above is minimizedt t2a � e � m ≤ 0,1 11

when Sod p 1.

a1t te y 1 (2a � e ),1tm11

or, since tm ! 1,11
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t te 1 a (2a � e ),1 1

or

2
t 2e 1 a ,11 � a1

a contradiction. So But then or ort t t 22a � e � m 1 0. e y 1 a , [2/(1 � a )]a 1 a ,1 11 1 1 1 1

which is again a contradiction. Q.E.D.2a 1 a ,1 1

Proof of Lemma 8

If then either case 1, case 2, or case 3 has to hold. When t ∗Y ( M, e � (0, a ),
lemma 7 shows that cases 1 and 2 cannot hold. Therefore, it is sufficient to
show that case 3 cannot hold when Suppose that case 3 holds. Sincet ∗e � (0, a ).

by lemma 5, the price charged by the monopolist is v2 when exactlyt�1 t�1v m ≤ a ,1 11 1

one good is sold in t. So, for the game to go for more than two periods, it has
to be the case that when no good is sold in period t. Let us call thist�1p 1 v2

price p.
Equilibrium pricing dictates that at least one high-valued buyer is indifferent

between buying at periods t and Otherwise the monopolist is better offt � 1.
charging a slightly higher or lower price. So either t tp p (1 � d)v � d[m xv �1 11 2

and the high-valued buyer 2 is indifferent ort t(1 � m x)p] p p (1 � d)v �11 1

and the high-valued buyer 1 is indifferent. Since andt td[e yv � (1 � e y)p] p 1 v2 2

(which follows from the proof of lemma 7), we havet tm x 1 e11

t t t t(1 � d)v � d[m xv � (1 � m x)p] ! (1 � d)v � d[e yv � (1 � e y)p].1 11 2 11 1 2

So if then the high-valued buyer 1t t tp p (1 � d)v � d[m xv � (1 � m x)p],1 11 2 11

strictly prefers to buy in period t, that is, But then and caset�1 t�1x p 1. v m p 00 11

3 does not hold. So it must be the case that t tp p (1 � d)v � d[e yv � (1 �1 2

and the high-valued buyer 2 strictly prefers not to buy in period t (i.e.,te y)p]
). Therefore, ty p 0 p p (1 � d)v � dp.1

Suppose that no good is sold in period t and p is charged in period t � 1.
Since the game goes on to period with positive probability and ends theret � 2
with probability one, it has to be the case that Given thep p (1 � d)v � dv .1 2

analysis in the previous paragraph, the monopolist’s expected profit in cant � 1
be written as

t tm (1 � x) m (1 � x)11 11t t� e [(1 � d)v � dv ] � d 2 � � e v .1 2 2t t[ ] [ ]1 � m x 1 � m x11 11

Further, this profit has to be at least as large as 2v2. Otherwise the monopolist
would charge v2 and the game would end in with probability one. Thist � 1
condition implies that

tm (1 � x)11 t� e ≥ 2a ,1t1 � m x11

which in turn can be written as

t t t tm � m x � (e � 2a )(1 � m x) ≥ 011 11 1 11

or
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t tm � e � 2a11 1 t≥ m x.11t1 � e � 2a1

Substituting for x from lemma 6, we then get

t tm � e � 2a11 1 t t t≥ m � d(2a � m � e )11 1 11t1 � e � 2a1

or

t t t t[(1 � m ) � d(m � e � 2a )](e � 2a ) ≥ 0,11 11 1 1

which is a contradiction since andt t t t(1 � m ) � d(m � e � 2a ) 1 0 e � 2a ! 0.11 11 1 1

So case 3 cannot hold, and hence Q.E.D.Y p M.

Proof of Proposition 2

Let there exist some equilibrium path under which the game lasts for more
than two periods. Then We shall prove the proposition by showing that′Y ( M.

is false.′Y ( M
From lemma 8, we know that Y is empty. By the definition of Y, it therefore

has to be the case either that the game does not go to period with positivet � 2
probability or that or Since it has to be thet t ′m � (0, 1) e � (0, a ). Y ( M,11 1

case that either or Therefore, by assumption and Bayes’t t ∗m � (0, 1) e � (0, a ).11

rule, either or When lemma 5 implies that the gamet t tm p 0 e p 0. m p 0,11 11

stops in t with probability one. So it has to be that te p 0.
Since there exists such that buyer 2 of valuation v1 buys withte p 0, t ! t

probability one in period t. Let 1, be the period t price charged bytp , i p 0,i

the monopolist when i goods have been sold before period t. Let buyer 1, with
valuation v1, buy with probability xt in period t.

Since buyer 2 of valuation v1 buys with probability one in period t, given that
the monopolist optimizes, it has to be the case that buyer 2 is indifferent between
buying in t and Sot � 1.

t t t t�1 t t t�1p p v � d{v � [m x p � (1 � m x )p ]}.0 1 1 11 1 11 0

Let us start by considering the case in which In equilibrium, ift�1 t�1p ≥ p .1 0

buyer 1 of valuation v1 were to buy with probability zero, then

t t t�1 t t�1p ≥ v � d{v � [e p � (1 � e )p ]},0 1 1 1 0

implying that which contradicts the fact that So buyer 1t t t t0 ! e ≤ m x , x p 0.11

of valuation v1 has to buy with probability greater than zero and less than one
(otherwise the game would end with probability one in period ). So whent � 1

we havet�1 t�1p ≥ p ,1 0

t t t�1 t t�1p p v � d{v � [e p � (1 � e )p ]}0 1 1 1 0

and

t t te p m x .11

We shall now show that Consider the case in which no good ist�1 t�1p ≥ p .1 0

bought in t; then in to make the high-valued buyer 1 indifferent betweent � 1,
buying in period and it has to be the case thatt � 1 t � 2,
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t�1 t�2p p v � d(v � p ).0 1 1 0

Furthermore, if no good had been bought until and one good is boughtt � 1
in then, along equilibrium (since ), the price in is v2 (byt�1t � 1, e p 0 t � 2
lemma 5) and the game ends in So in period buyer 2 (if he weret � 2. t � 1,
still to be in the market) would correctly expect with probabilityt�2p p v1 2

Recall that So to restrict the high-valued buyer 2 from deviatingt�1 t�1 t�1m x . x 1 0.11

in t, it has to be the case that

t�1 t�1 t�1 t�1 t�1 t�2p ≤ v � d{v � [m x v � (1 � m x )p ]}.0 1 1 11 2 11 0

The last two inequalities imply that Since it follows thatt�2 t�2p ≤ v . p ≥ v ,0 2 0 2

Therefore, if no good is bought in period t, then the game ends witht�2p p v .0 2

probability one in period But for we need the game to go beyond′t � 2. Y ( M,
period with positive probability (as ). Otherwise, (because′t � 2 t ! t Y p Y p M
of lemma 8). So the game has to go beyond when one good is sold int � 2
period t. But then t�1 t�1p 1 p .1 0

Now, for the pricing sequence to be credible, it follows from lemma 4 that,
contingent on no good being sold in period t, we have to have sincet�1m ≤ b11 2

the game has to end in That is, t t t t tt � 2. m (1 � x )/[m (1 � x ) � (1 � m )] ≤11 11 11

This in turn implies that Contingent on one goodt t tb . x ≥ (m � b )/m (1 � b ).2 11 2 11 2

being sold in period t, we have, from lemma 2, since the game has tot�1m ≥ a11 2

go beyond This along with (since ) implies thatt t t t�1 t�1t � 2. e p m x p ≥ p11 1 0

tm � 2a11 2 t≥ x .
1 � 2a2

As (lemma 4), we haveb ! 2a2 2

t tm � b m � 2a11 2 11 2
1 .

1 � b 1 � 2a2 2

But then and cannot be truet t t tx ≥ (m � b )/(1 � b ) (m � 2a )/(1 � 2a ) ≥ x11 2 2 11 2 2

at the same time. Therefore, and there exists no equilibrium path under′Y p M
which the game lasts for more than two periods.

Constructing the equilibrium outcome is now easy. Since the game lasts for
at most two periods, it is easy to see that, along the equilibrium path, 1p p

and when and when2 1(1 � d)v � dv p p v m � m 1 2a p p v m � m ≤1 2 2 11 21 1 2 11 21

Furthermore, since we construct these equilibrium outcomes using back-2a .1

ward induction, uniqueness of the outcome follows for all parameter values
and When either of the two equi-m � m 1 2a m � m ! 2a . m � m p 2a ,11 21 1 11 21 1 11 21 1

librium outcomes can hold. Q.E.D.
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