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1 Introduction

It has long been felt that prices perform a dual role in markets with unknown
product quality. They clear markets and may signal product quality. This
occurs in particular when informed traders are present (Wolinsky (1983),
Cooper and Ross (1984), Riordan, (1986)) and/or when other quality signals
are absent or noisy (Jones and Hudson (1996)). For instance, the marketing
literature has long argued that consumers infer quality from price (Monroe
(1973)). For a wide variety of consumption goods there is empirical evidence
on a positive price-quality correlation (Gerstner (1985), Tellis and Werner-
feld (1987), Curry and Riesz (1988)), even when advertising does not serve
as an effective quality signal (Caves and Greene (1996)). For the introduc-
tion of new and better quality products, models predict an upward price
distortion for signaling purposes, with and without cost asymmetries across
qualities (see Wilson (1980), Milgrom and Roberts (1986), Bagwell and Ri-
ordan (1991), Ellingsen (1997) and Judd and Riordan (1994), respectively).
For insurance markets, model predictions of a negative relation between price
and the insurer’s default risk get supported empirically (Cummins and Dan-
zon (1997)).

For financial markets there is an even stronger variant. When quality is
the return (distribution) of an asset, the efficient market hypothesis holds
that prices aggregate all relevant private information, thus revealing it to all
market participants (see Fama (1970), Grossman (1976, 1978, 1981)). Yet,
in this context also a potential conflict between the two roles which prices
play has been pointed out. That prices reflect private information requires
the presence of informed traders. But, if information acquisition is costly,
perfectly informative prices eliminate the incentive to collect information.
But then there is no information which prices can reflect. At completely
uninformative prices it, however, becomes profitable to acquire information.

This has become known as the Grossman—Stiglitz parador (Grossman and



Stiglitz (1980)). It effectively points to the non-existence of an equilibrium

in pure strategies.

The model by Grossman and Stiglitz keeps the price formation implicit
by employing the competitive paradigm, where traders are price-takers and
prices are determined from a market-clearing condition. Hence, the way
information is passed from individual trades on to price and then on to what
is publicly known is collapsed into a simultaneous determination of a market-
clearing price and an information structure. This simultaneity of pricing and
information processing prevents a strategic analysis of pricing decisions on

the one, and information acquisition on the other hand.

This paper, therefore, considers a market where an informed monopolist
sets the price and uninformed buyers may infer quality from the price or
pay for access to an external source of information (or both). The pricing
side of the model is thus in the tradition of monopoly pricing models with
unknown quality (Wilson (1980), Wolinsky (1983), Cooper and Ross (1985),
Milgrom and Roberts (1986), Riordan (1986), Bagwell and Riordan (1991),
Judd and Riordan (1994), Ellingsen (1997)). This structure not only applies
to commodity markets, as indicated above, but also to asset markets. An
example may be a new investment fund issuing shares. The fund’s quality
or value will depend on the fund managers’ abilities, but those are unknown

to investors at the time of the share issue.

In contrast to the above literature, we do not assume the presence of
informed traders, whose reaction a high-quality seller may exploit to separate
himself. Rather all buyers observe the price, infer whatever information
it may contain, and then decide whether or not to buy information. The
buyers’ final purchasing decisions are thus based on the price observation

plus, possibly, costly outside information.

Also we do not assume production cost asymmetries across suppliers of

different qualities. In the absence of such asymmetries informative prices



arise solely from the high-quality seller’s attempt to separate himself. High
prices serve as signals from which uninformed buyers infer high quality,

granted there are informed agents who buy at high prices.

Since the price does potentially serve as a signal of quality, the multiplicity
of equilibria familiar from the signalling-games literature arises (see Mailath,
Okuno-Fujiwara and Postlewaite (1993)). Here we extend the idea of the
“intuitive criterion” of Cho and Kreps (1987) to select among equilibria. It

rules out counter-intuitive equilibria driven by overly pessimistic beliefs.

Under this refinement we establish a version of the Grossman-Stiglitz
paradox. For small costs of information acquisition there is no separating
equilibrium, i.e., prices cannot be perfectly informative. If it were, no buyer
would pay for information acquisition and a low-quality seller would mimic
high-quality ones. But there is also no pooling equilibrium. If there were,
some fraction of buyers would become informed, thus making it profitable for
the high-quality seller to separate himself by excessively high prices. Hence,
the equilibrium price does reveal some information, though imperfectly. In-
deed, we show that there is a unique equilibrium consistent with our refine-

ment, which involves mixed pricing strategies to resolve the paradox.

The important insight concerns the case of arbitrarily small costs of infor-
mation acquisition. We show that as the information cost vanishes, the price
becomes perfectly revealing. Moreover, the sellers’ profits and their pricing
policies approach their full information levels. Hence, while the Grossman—
Stiglitz paradox holds true (for pure strategies), allowing sellers to randomize
resolves the paradox in a favorable way: Sufficiently small costs of informa-
tion acquisition induce equilibrium outcomes almost in line with the efficient

market hypothesis.

In the financial markets literature there are other approaches to to infor-
mation acquisition under potentially informative prices. Verrecchia (1982),

in a competitive asset market, adds an extra source of uncertainty (”noise”),



which prevents the price from being a sufficient statistic. Thus traders have
an incentive to invest in information acquisition. If the noise goes to zero
faster than the cost of information, the induced equilibrium price becomes
almost perfectly informative. Hellwig (1982) allows uninformed traders only
to condition on past prices, but not on the present price. Again there is
an incentive to buy advance information. When the time interval between
trading dates becomes arbitrarily small, the price process becomes almost
perfectly informative. Both these models remain within the realm of the

competitive (price-taking) paradigm.

The paper is organized as follows. Section 2 describes the model. Section
3 studies the buyers’ decision problem and derives demand. In Section 4 we
define the equilibrium and motivate our belief refinement. Section 5 presents
the analysis of equilibrium and its limiting properties when information costs

become arbitrarily small. Section 6 contains concluding remarks.

2 The Model

There is a single seller of some good or asset who knows its quality ¢ > 0.
Buyers only know that the seller supplies quality ¢y with probability A €
(0,1) and quality ¢;, < gg with probability 1 — A. Hence, there are two types
i € {H, L} of the seller. The seller’s valuation of the good or his production

cost is zero.

Buyers do not interact strategically with each other. This allows us to
consider each buyer in isolation independently of whether there is just a single
buyer or a set of many buyers. Each buyer purchases at most one unit of the
good. His utility from purchasing quality ¢ at the price p is ¢ — p. His utility
from not buying is u. The seller does not observe the buyer’s outside option
payoff, he only knows that « is uniformly distributed on [0, @], with g5 < 4.
Without loss of generality, we normalize u = 1.



Upon observing the price, each buyer may test for the quality of the good
by paying a fixed cost k > 0. For simplicity we assume that this test fully
reveals the true quality. Further, by assuming that the test is not publicly
observable, we rule out that the seller can condition his price on the buyer’s
decision to become informed. Similarly, the outcome of the test cannot be
credibly communicated, which precludes any payments that are contingent
on the buyer’s posterior information about ¢q. The assumption that testing
is not contractible distinguishes our model from the literature on auditing
and monitoring (see, e.g., Border and Sobel (1987) and Mookherjee and Png
(1989)).

In summary, we consider the following sequence of events:
1. The seller commits to a price offer p.

2. Each buyer decides about whether to become informed about ¢ by
paying k.

3. Each buyer decides whether to purchase the good or not.

In what follows we study the Perfect Bayesian Equilibria of this game. In
particular, we are interested in the question of whether the equilibrium out-
comes for small values of k£ are similar to the full information equilibrium.
If the buyer were perfectly informed about ¢, he would purchase the good
whenever ¢ —p > u. Thus the type-i seller would maximize his profit p(¢; —p)
by charging p; = ¢;/2 which earns him ¢?/4.

3 Information Acquisition and Demand

After observing the seller’s price, the buyer updates his beliefs as to which
type of the seller he faces. Denote by p(p) his conditional probability of seller
type H given the price p. Thus the buyer’s expected payoff from not testing



for the quality is

max [p(p)gn + (1 — p(p))ar — p, u].- (1)

The informed buyer purchases the good if ¢ —p > u. Therefore, the expected

payoff from becoming informed is

pu(p) max [gr — p,u] + (1 — p(p)) max[qr, — p, u] — k. (2)
Obviously, for all buyers with v > ¢y — p the optimal action is not to buy
and also to refrain from investing k. Similarly, all buyers with u < q;, —p will

optimally purchase the good without testing its quality. The following two

Lemmas characterize the equilibrium behaviour of the remaining buyers.

Lemma 1 Upon observing p, a buyer with outside option u optimally invests
k if and only if

k
1= p(p) u(p)

Moreover, he purchases the good only if the test reveals quality qg.

u=q,—p+ Su<qg—p-— u.

Proof: Performing the test is optimal if and only if the expression in (2) is
at least as large as the expression in (1). If this is the case, one must have
qr, —p < u < qmg — p, which proves the last statement of the Lemma. Thus
investing k is optimal if and only if

p(p)lgn —pl + (1 — p(p))u — k = max[u(p)qn + (1 — u(p))ar —p,ul. (3)

This condition is equivalent to the first statement of the Lemma. Q.E.D.

Notice that the interval [u, @] is non-empty only if

k< (g — a)p(p)(1 — u(p)) =k (4)

Thus, even for small values of k£ no buyer will test for the quality if u(p) is
either close to zero or close to unity. The buyer purchases information only

when his beliefs are sufficiently diffuse.



Lemma 2 Let k < k. Then, upon observing p, a buyer with outside option u
optimally purchases the good without paying to become informed if and only
if

k

u<u=gq,—p+-——.
1 — u(p)

Proof: Purchasing the good without a test is optimal if and only if

w(p)ar + (1 — pu(p))gr — p > max [u(p)(qu — p) + (1 — pu(p))u — k, u]. (5)

For k < k this condition is equivalent to the statement in the Lemma. Q.E.D.

The two Lemmas identify three types of demand behavior: Buyers with
low outside options purchase the good unconditionally without testing. Buy-
ers with intermediate outside options become informed and purchase the good
only if the test confirms high quality. Finally, buyers with high values of u are
not interested in purchasing the good. As long as k < k, it follows from the
Lemmas that all buyers with « < @ purchase high quality while only buyers
with u < u purchase low quality. When & > k, testing plays no role and all
buyers with u < u(p)gy + (1 — pu(p))qr — p purchase the good. Equilibrium
demand is, therefore, characterized by the coefficients

oulp) = i |+ (1= a0+ ] ©)

k
ay (1) mwb@rﬂl—MQAH—;m

These coefficients represent the intercepts of the (linear) demand functions
facing the two types of sellers. For all u it is the case that ag(p) > ar(p)
so that the high-quality seller’s demand is at least as high as the low-quality
seller’s demand. Notice also that both ay,(p) and ay (u) are strictly increasing
in p, which means that more optimistic beliefs generate higher demand for
either type of the seller. Moreover, ar,(0) = ay(0) = gz and ar(1) = ay (1) =

qH-



For seller type i € {H, L} the profit function at the belief ;1 and price p
is defined by

I (p, p) = pmax|a;(p) — p, 0] (7)

By (6) one has 0lly/0k < 0 and 0I1;/0k > 0. For a given (p, i), an increase
in the buyer’s cost of becoming informed typically benefits the low-quality

seller and hurts the high-quality seller.

4 Pricing and Beliefs

Denote by o;(p) the probability that the type-i seller charges the price p > 0.
The functions (o}, 0}) constitute an equilibrium if there is p*(-) such that
fori=H, L

IL;(p, p*(p)) > 1L (P, w*(p")) for all p' >0, whenever o} (p) > 0; (8)

and

_ W)
Aog(p) + (1= N)oi(p)’

Equilibrium condition (8) states that, for given beliefs 11*(-), the seller assigns

w*(p) whenever o (p) + o7 (p) > 0. (9)

positive probability only to those prices that maximize his profit. The second
equilibrium requirement (9) is that the buyers’ beliefs are consistent with
Bayes’ rule whenever possible. For a given equilibrium (o7, 07}, 1*) denote
by II} the equilibrium profit of seller type ¢ € {H, L}. Say that a price p is
out-of-equilibrium if o} (p) + o} (p) = 0.

By (8), the seller takes into account the effect of his pricing decision on the

buyers’ expectations. Yet, condition (9) does not impose any restriction on

LAs our analysis shows, each seller will randomly choose a finite number of prices.
Therefore, we can avoid measure theoretic complications by restricting the definition of

equilibrium to this kind of pricing strategies.



out-of-equilibrium beliefs. As in other signaling games, beliefs are arbitrary
out-of-equilibrium, which may lead to a multiplicity of equilibria. This is so
because the profitability of a deviation depends on the buyers’ interpretation
of it. Suppose, for instance, that the high-quality seller reduces his price. If
the buyers interpret the new price as a signal of low quality, then the reduced

price may actually lower the seller’s demand.

To avoid this problem, typically one employs restrictions on out-of-equi-
librium beliefs. A prominent example is the “intuitive criterion” of Cho
and Kreps (1987), which has been successfully applied to a large number of
signalling games, including market environments where prices signal qual-
ity (see, e.g., Bagwell and Riordan (1991) and Bester (1993)). The intu-
itive criterion requires that, for any out-of-equilibrium price p, p*(p) = 1 if
Og(p,1) > I}, and T, (p, 1) < II7. The idea is that the price p should be
considered as a signal of high quality if — given this belief — only the high-
quality seller has an incentive to deviate to p. Unfortunately, as the following
examples show, in our context the intuitive criterion is not sufficient to rule

out counter-intuitive outcomes.

Example 1: Let p' = qp/2 and p" = [qn + \/¢% — ¢2]/2. Then o} (p)) =
1, o5 (p") = 1 constitutes a separating equilibrium which is supported by
p*(p) =0if p < p”, and p*(p) = 1 if p > p”. In this equilibrium IT};, = T} =
0.25 ¢%. Tt is easily verified that p*(p) satisfies the intuitive criterion because

HH(p7 1) = HL(p7 1) for all p.

In this example, the seller’s pricing behavior reveals the quality of the
good and so there is no information acquisition in equilibrium. Yet, even for
small values of k, the high-quality seller earns the same profit as the low-
quality seller. This happens because he is unable to set a price below p”
that would induce some buyers to invest k. Since buyers have deterministic
beliefs, condition (4) cannot hold for any & > 0.

Ezxample 2: Let p' = qr,/2. Then o} (p') = o5 (p') = 1 constitutes a pooling



equilibrium which is supported by p*(p) = 0if p # p', and p*(p) = A ifp =1p'.
Again, p*(p) satisfies the intuitive criterion because Iy (p,1) = I (p, 1) for
all p.

In the second example, the equilibrium price reveals no information and is
again independent of k. Although, for k£ small enough, some buyers inspect
the quality of the good, the high-quality seller cannot distinguish himself

from the low-quality seller by setting a price above p'.

Both examples rely on beliefs with the property that no buyer decides to
become informed after observing an out-of-equilibrium price. To provide a
more effective role for information acquisition, we refine the intuitive criterion

by the following assumption:

Assumption For any § € [0, 1] and for any out-of-equilibrium price p,
[y (p,d) > I} and I (p,d) < I}

implies p*(p) > 4.

Our assumption contains the intuitive criterion as the special case § = 1.
It extends the idea of this criterion to a situation where a deviation to p is
profitable only for the H-type when the buyer believes that the deviation
originates from the H-type with probability . This belief is already rather
pessimistic, because it actually gives no incentive to the L-type to deviate to
p. We require that in such a case the buyer’s belief should not be even more

pessimistic.?

5 Equilibrium

In the remainder we maintain our assumption on out-of-equilibrium beliefs to

characterize the equilibrium outcome for small information costs. The next

21f, instead of requiring the implication for all § € [0, 1], we would only require it for the

prior 6 = A, all our results, except for uniqueness of equilibrium, would still go through.

10



Lemma establishes a lower bound on the high-quality seller’s equilibrium

payoff.

Lemma 3 In any equilibrium, 1T} > 1 (qu — k/N)? whenever k is suffi-

ciently small.

Proof: Suppose to the contrary that IT% < 0.25 (gg — k/A)°. Let p/ =
(qg — k/A)/2. Then, by (6) and (7), p’ maximizes [y (p, A) and

, 1 A
HH(pa)‘):Z qH_X > 117 (10)

for k sufficiently small. Moreover

2

1, (¢, 3) < max I (p. ) = i (qL + &) (11)
Thus, for k sufficiently small, IT;(p', \) < ¢%/4. Since the low-quality seller
can always get the same payoff as under full information, IT (p', \) < ¢% /4 <
IT% . By our assumption, this together with (10) implies p*(p') > A. Therefore,
Ou(p, p*(p')) > Mu(p', ) > I}, a contradiction to equilibrium condition
(8). Q.E.D.

As an immediate consequence of Lemma 3, for small values of k, our
restriction on beliefs eliminates the example of a separating equilibrium in
the previous Section. More generally, (o}, 07) is a separating equilibrium if
oy (p)os(p) = 0 for all p. In a separating equilibrium the two seller types
never charge the same price and so the equilibrium price reveals the seller’s
type. The next result shows that this cannot happen in a market with small

information costs.

Proposition 1 For k sufficiently small, there is no separating equilibrium.

11



Proof: In a separating equilibrium there is a p’ and a p” such that o3, (p') >
0,05 (p') = 0and o3, (p") = 0,05 (p") > 0. Therefore, p*(p') = 1 and p*(p") =
0. By equilibrium condition (8),

Ty, =My(,1) >y (p",0) =T,(p",0)=1I;, (12)
I =TM.(p",0) > (p,1) =Tx(,1) =1},

so that II; = IIj. Since I} = I(p”,0) < max, [I;(p,0) = 0.25¢%, this
implies II%; = ¢% /4. Since q; < gy this yields a contradiction to Lemma 3
when £ is sufficiently small. Q.E.D.

Proposition 1 states the impossibility of fully revealing prices reminiscent
from the Grossmann—Stiglitz paradox: If the equilibrium price reveals the
true quality of the good, then no buyer will test for the quality, even when
information costs are arbitrarily small. But, if no buyer becomes informed,
then prices cannot reflect quality information. The main difference to the
Grossman—Stiglitz paradox is that in our model prices are chosen by the
(informed) seller rather than by a fictitious Walrasian auctioneer. The re-
striction on beliefs implies that the seller will not use his price as a perfect
signal of quality when the buyers can acquire quality information at a low

cost.

Our next result shows that there is no pooling equilibrium, in which
equilibrium prices are completely non-informative as in the second example
of the previous Section. Pooling would make it profitable for the high-quality
seller to separate himself by charging a higher price, which would induce
some fraction of buyers to become informed. Rather, it turns out that the
market outcome for small information costs must exhibit partial pooling: The
low-quality seller imitates with positive probability any price that the high-
quality seller might quote. When this happens, quality remains uncertain
and some buyers invest in information acquisition. Yet, it also happens with
positive probability that the low-quality seller reveals himself by quoting the

same price as under full information.

12



Proposition 2 Let k be sufficiently small. Then, in any equilibrium o’ (p')
> 0 implies o} (p') > 0. Moreover, o3;(qr./2) =0 and o3 (qr/2) > 0.

Proof: Suppose there is a p’ such that o};(p') > 0 and o} (p') = 0. Then
p*(p') = 1 and 11}, = y(p',1) = ML (p',1) < II}, because type L can
imitate the H—type’s behavior. Therefore, by Lemma 3,

I, = I, (0", 4" (p")) > iy > 0.25 (qu — k/N)* (13)

for all p” such that o} (p") > 0. For k small enough, (6) and (7) then imply
that p*(p"”) > A whenever o (p”) > 0. Therefore, by (9), o5 (p") > o7 (p")
whenever o7 (p") > 0. Adding up over the support of o7 (-) implies o}, (p") =
o5 (p") whenever o (p”) + o3 (p") > 0. Thus o} (p") > 0 implies o5 (p”) > 0
for all p”, a contradiction.

Now suppose o (p') > 0 if and only if o5;(p) > 0. As I}, = gz (p', u*(p'))
for o3;(p") > 0, Lemma 3 then implies that p*(p’) > A whenever o, (p) > 0.
By the same argument as above, this implies ©*(p') = A whenever o};(p’) > 0.
Since the low-quality seller can always guarantee himself the profit ¢% /4 by
charging p = ¢;,/2, one has for k sufficiently small that

* k 1
I =.(p,A) =p' <QL -9+ ﬁ) > —q7. (14)

By Lemma 3, however,

. E\ 1 K\
I, =y, A) =1 (qH—p’— X) 2 1 (‘JH_X) , (15)

which implies p' = (¢ — k/))/2. For k sufficiently small, this yields a con-
tradiction to (14). Therefore, there is a p” such that o (p") > 0, o3;(p") =0
and p*(p") = 0. Since I (p,0) < ¢2/4 for all p # qr/2, this implies that
o3 (qr/2) > 0 and o(qL/2) = 0. Q.E.D.

Key to uniqueness of equilibrium under the belief restriction is the fol-

lowing Lemma:

13



Lemma 4 In any equilibrium, oy (p') > 0 implies that Ty (p', p*(p')) >
g (p, ) for all (p, p) such that I (p, p) < I17.

Proof: Suppose that there is a (p, ) such that Iy (p', p*(p')) < Hg(p, 1) and
I (p, ) < IT; . Note that this implies p > 0, because T3, = [T (p/, p*(p')) >
q7/4 > Tl (p,0). Then, for € > 0 small enough, one has Iy (p, p — €) < II}
and Ty (p', p*(p')) < Uy (p, p — €). By our assumption on beliefs this implies

w'(p) = p — e Therefore, Iy (p, pu*(p)) = Mr(p,p =€) > Mu(p, 1" (p)), a
contradiction to equilibrium condition (8). Q.E.D.

Now we can prove existence and uniqueness of equilibrium under the belief
restriction for small values of k. In this equilibrium, the high-quality seller
adopts a pure strategy by setting a price p* > ¢1,/2. The low quality seller
randomizes between imitating the high-quality seller’s price and revealing

low quality by charging ¢, /2 :

Theorem 1 For k sufficiently small, there is a unique equilibrium. In this
equilibrium, o3 (p*) = 1 for some p* > qr,/2. Moreover, one has oj (p*) > 0,
07 (qr/2) > 0 and o5 (p*) + 05 (qr/2) = 1.

Proof: By Lemma 4, oy (p') > 0 implies that (p, u*(p')) maximizes g (p, i)
subject to Iz (p, u) < II%. By Proposition 2, IT; = ¢% /4 for k small enough.
Also, by Lemma 3, k < (qu — q1)p*(p')(1 — p*(p')). Therefore, (p', u*(p))
maximizes [Tz (p, i) subject to p(qr —p+k/(1 —u) < ¢3 /4. Using Lemma 3,
it is easy to show that the solution of this maximization problem must satisfy
p' > qp/2 if k is small. Therefore, the constraint p(q, —p+k/(1—p)) < ¢2 /4

can be rewritten as

2 2(1 — p) '
One can show that ¢'(u) > 0 and ¢"(u) > 0. Therefore, the set of all

(p, 1v) that satisfy (16) is convex. Because IIy(,-) is strictly quasi-concave,

p>o(p) = (16)

14



there is a unique (p*, p*(p*)) which maximizes I1y(p, u) subject to (16). By
uniqueness of (p*, u*(p*)), one has oj;(p*) = 1. By construction, the belief
p*(p) = 0 for p # p* and p*(p) = p*(p*) for p = p* supports of;(p*) = 1 and
is consistent with our assumption on beliefs.

As the constraint (16) is binding and o7} (qz/2) > 0, II.(p*, u*(p*)) =
11(gz/2,0) = ¢3 /4 = 1T} . Suppose there isap” & {q./2, p*} with o} (p") > 0.
As o3, (p") = 0, this implies p*(p”) = 0 and so II.(p", p*(p”)) < II;, which
is inconsistent with profit maximization. Thus o} (p*) + o3 (¢r./2) = 1. Note
that ¢(p) — oo as p — 1, which implies p*(p*) < 1. Also, by Lemma 3 one
must have p*(p*) > A. Therefore equilibrium condition (9), which requires
that

B A
A+ (A= N (pr)’

w(pY) (17)
uniquely defines o7 (p*) € (0,1). Thus the low-quality seller’s strategy is
uniquely defined and it satisfies o} (p*) > 0, 0}(qz/2) > 0 and oj (p*) +
o5 (qr/2) = 1. Q.E.D.

Finally, we show that as k becomes very small the equilibrium outcome
approaches the full information outcome. Indeed, it already follows from
Proposition 2 that the low-quality seller gets the same profit as under full in-
formation, because he reveals low quality with positive probability by charg-
ing the price g7, /2. Similarly, Lemma 3 implies that the high quality seller’s
profit becomes identical to his profit under full information as &k tends to

Zero.

Proposition 3 Ask — 0, the equilibrium price p* charged by the high quality
seller converges to qg/2. Moreover the probability o;(qr/2) that the low-

quality seller charges qr,/2 converges to one.

Proof: It follows from Lemma 3 that ITj; — ¢% /4. Since this is the highest
payoff possible, one must have p* — ¢y /2 as k — 0. From II} = p*(q;, —

15



p*+k/(1—p*(p*)) = ¢2/4, it follows that p*(p*) — 1 as k — 0. By (17) this
implies o} (p*) — 0 so that o} (¢./2) — 1. Q.E.D.

Thus, in the limit as k£ tends to zero each seller type charges the same
price as under full information. This means that with small information costs
prices almost reveal the quality and that the market outcome approximates
the equilibrium under full information. Nonetheless, for all £ > 0 the infor-
mation revealed by prices remains noisy. This has to be the case since the
seller’s pricing behavior is informative only because some buyers invest k. As
the following result shows, a positive fraction of buyers becomes informed

even in the limit £ — 0, where prices become perfectly informative.

Proposition 4 In the limit k — 0 a buyer with outside option u becomes

informed after observing p* if

Proof: For k sufficiently small, one has

=p"\ac—p' +— =] ="
g - 1 — p(p*)
In the limit £ — 0 this implies
k s (QH — (]L)2
1— p*(p*) 2qn

(19)
because p* — ¢y /2. This together with Lemma 1 proves the Proposition.
Q.E.D.

Hence, that prices become revealing as £ — 0 does not imply vanishing
information acquisition. Rather, it is because of a non-vanishing fraction of

informed buyers that prices almost certainly reveal quality.

Unfortunately, it does not seem possible to solve explicitly for the equi-

librium described in Theorem 1. For this reason, we resort to a numerical
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|k | o1 |o075 | 005 | 0.025 [ 0.01 |0.0075 | 0.005 |0.0025 |

p* 0.6088 | 0.5622 | 0.5214 | 0.4964 | 0.4960 | 0.4968 | 0.4977 | 0.4988
o7 (p*) || 0.8969 | 0.7622 | 0.5476 | 0.2569 | 0.0893 | 0.0652 | 0.0423 | 0.0206

Table 1: Equilibrium for qg = 1,q;, = 1/2,A =1/2

example with ¢y = 1,q; = 1/2 and A = 1/2. Table 1 reports the equilib-
rium solution for p* and o7} (p*) for various values of the parameter k. As
the table shows, the probability that the low-quality seller sets p* decreases
with k. Surprisingly, however, p* does not monotonically depend on k£ when
it approaches ¢y /2 = 1/2 in the limit & — 0. Thus, depending on k, the
high-quality seller’s price can be higher as well as lower than under full in-

formation.

6 Conclusion

This paper considers a market with asymmetrically informed traders. Specif-
ically, prices are set by an informed monopolist supplier. Buyers, who are
originally uninformed, may decide to become informed at a cost, after having
observed the price offer. Thus, whether prices reveal information depends on
how the supplier’s pricing policy reacts to the buyers’ interpretation of price

signals.

For arbitrary out-of-equilibrium beliefs this constitutes a situation where
virtually anything can happen. If beliefs are restricted by our generalization
of the “intuitive criterion”, the equilibrium is unique. It is a partial pool-
ing equilibrium in mixed strategies. Prices only imperfectly reveal private
information and some buyers always invest in information acquisition. As
the information cost becomes negligible, the equilibrium approaches the full

information outcome and prices become perfectly informative.

17



References

BAGWELL, K. AND M. H. RIORDAN (1991), “High and Declining Prices
Signal Product Quality,” American Economic Review 81, 224-239.

BESTER, H. (1993), “Bargaining vs. Price Competition in Markets with
Quality Uncertainty,” American Economic Review 83, 278-288.

BORDER, K. AND J. SOBEL (1987), “Samurai Accountant: A Theory of
Auditing and Plunder,” Review of Economic Studies 54, 525-540.

Caves, R. E., AND D. P. GREENE (1996), “Brands’ Quality Levels,
Prices, and Advertising Outlays: Empirical Evidence on Signals and

Information Costs,” International Journal of Industrial Organization
14, 29-52.

Cuo, I.-K. aAND D. M. KREPS (1987), “Signaling Games and Stable Equi-
libria,” Quarterly Journal of Economics 102, 179 - 221.

COOPER, R., AND T. W. Ross (1984), “Prices, Product Qualities and
Asymmetric Information: The Competitive Case,” Review of Economic
Studies 51, 197-208.

COOPER, R., AND T. W. Ross (1985), “Monopoly Provision of Product
Quality with Uninformed Buyers,” International Journal of Industrial
Organization 3, 439-449.

Cummins, D. J., AND P. M. DANzON (1997), “Price, Financial Quality,
and Capital Flows in Insurance Markets,” Journal of Financial Inter-
mediation 6, 3-38.

CURRy, D. J., AND P. C. RiEsz (1988), “Prices and Price/Quality Rela-
tionships: A Longitudinal Analysis,” Journal of Marketing 52, 36-51.

18



ELLINGSEN, T. (1997), “Price Signals Quality: The Case of Perfectly In-
elastic Demand,” International Journal of Industrial Organization 16,
43-61.

Fama, E. F. (1970), “Efficient Capital Markets: A Review of Theory and
Empirical Work,” Journal of Finance 25, 383-417.

GROSSMAN, S. J. (1976), “On the Efficiency of Competitive Stock Markets
where Traders have Diverse Information,” Journal of Finance 31, 573-
585.

GROSSMAN, S. J. (1978), “Further Results on the Informational Efficiency
of Competitive Stock Markets,” Journal of Economic Theory 18, 81-
101.

GROSSMAN, S. J. (1981), “An Introduction to the Theory of Rational
Expectations Under Asymmetric Information,” Review of Economic
Studies 48, 541-559.

GROSSMAN, S. J. AND J. E. STIGLITZ (1980), “On the Impossibility of In-
formationally Efficient Markets,” American Economic Review 70, 393-
408.

GERSTNER, E. (1985), “Do Higher Prices Signal Higher Quality?,” Journal
of Marketing Research 22, 209-215.

HeELLwiGg, M. (1982), “Rational Expectations Equilibrium with Condition-

ing on Past Prices: A Mean-Variance Example,” Journal of Economic
Theory 26, 279-312.

JONES, P., AND J. HupsoN (1996), “Signalling Product Quality: When
Is Price Relevant?,” Journal of Economic Behavior and Organization
30, 257-266.

19



Jupp, K. L., AND M. H. RIORDAN (1994), “Price and Quality in a New
Product Monopoly,” Review of Economic Studies 61, 773-789.

MAILATH, G. J., M. OKUNO-FUJIWARA, AND A. POSTLEWAITE (1993),

“Belief-Based Refinements in Signalling Games,” Journal of Economic
Theory 60, 241-276.

MiLGgroMm, P.; AND J. ROBERTS (1986), “Price and Advertising Signals of
Product Quality,” Journal of Political Economy 94, 796-821.

MoNRrOE, K. B. (1973), “Buyers’ Subjective Perception of Price,” in H.
H. Kassarjian and T. S. Robertson (eds.), Perspectives in Consumer

Behavior, Glenview, I1., Scott, Foresman, 23-42.

MOOKHERJEE, D. AND I. PNG (1989), “Optimal Auditing, Insurance, and
Redistribution,” Quarterly Journal of Economics 104, 399-415.

R1orpAN, M. H. (1986), “Monopolistic Competition with Experience
Goods,” Quarterly Journal of Economics 101, 255-280.

TeLLS, G. J., AND B. WERNERFELD (1987), “Competitive Price and
Quality Under Asymmetric Information,” Marketing Science 6, 240-
253.

VERRECCHIA, R. E. (1982), Information Acquisition in a Noisy Rational
Expectations Economy, Econometrica 50, 1415-1430.

WiLson, C. (1980), “The Nature of Equilibrium in Markets with Asym-

metric Information,” Bell Journal of Economics 11, 108-130.

WOLINSKY, A. (1983), “Prices as Signals of Product Quality,” Review of
Economic Studies 50, 2-22.

20



