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ABSTRACT
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Consider a market where an informed monopolist sets the price for a good or
asset with a value unknown to potential buyers. Upon observing the price,
buyers may pay some cost for information about the value before deciding on
purchases. To restrict buyer beliefs we generalize the idea of the Cho-Kreps
‘intuitive criterion’. Then there is no separating equilibrium with fully revealing
prices. Yet, as the cost of information acquisition becomes small, the
equitibrium approaches the full information outcome and prices become
perfectly revealing.
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NON-TECHNICAL SUMMARY

This paper 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. An example
of an asset market with this structure 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.

It has long been felt that in such markets, where quality is uncertain, prices
perform a dual role: They ciear markets and may signal the quality of the good
or the asset. This occurs in particular when informed traders are present
and/or when other quality signals are absent or noisy. For financial markets
there is an even stronger variant of the hypothesis that prices signal quality.
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. Yet, in this context a potential conflict
between the two roles which prices play has also 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, however, it becomes
profitable to acquire information. This has become known as the Grossman-
Stiglitz paradox.

The model by Grossman and Stiglitz (1980) 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 coliapsed 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 hand, and information acquisition on the other hand.

We, therefore, abandon the competitive paradigm and study a framework
where economics agents choose prices. More, specifically we study the price
setting behaviour of a monopolistic seller who is privately informed of the
quality of his supply. We do not assume the presence of informed buyers,
whose reaction a high-quality seller may exploit to separate himself from low-
quality sellers. Rather, all buyers observe the price, infer whatever information
it may contain and then decide whether or not to buy information, for example,



by getting advice from auditors. The buyers’ final purchasing decisions are
thus based on the price observation Plus, possibly, costly outside information.

We first derive the buyer's decision behaviour. Their decisions on information
acquisition and demand are interdependent. It turns out that a buyer decides
to become informed only when his belief about quality is sufficiently diffuse
and his information cost is small enough. Altogether we identify three types of
demand behaviour: The first group of buyers purchases the good
unconditionally without testing. The second group decides to become
informed and purchases the good only if the test confirms high quality. All the
other buyers are not interested in purchasing the good. The potential
informativeness of price arises from the high-quality seller's attempt to sell to
informed buyers at a higher price from which uninformed buyers can infer high
quality. But here the presence of informed buyers is endogenous and depends
on the seller’s pricing policy. This allows for a potential re-emergence of the
Grossman-Stiglitz paradox.

Since the price does potentiaily serve as a signal of guality, the buyers’
information and demand decisions are dependent upon how they interpret
deviations from the sellers equilibrium pricing strategy. Thus the multiplicity of
equilibria familiar from the signalling-games literature arises. To avoid this, 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 related version of the Grossman-Stiglitz
paradox. For small costs of information acquisition there are no separating
equilibrium, i.e. prices cannot be perfectly informative. If there 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. Indeed,
we show that there is a unique equilibrium consistent with our refinement,
which involves mixed pricing strategies to resolve the paradox. In this
equilibrium, price only imperfectly reveals private information and some
buyers always invest in information acquisition

The important insight concerns the case of arbitrarily small costs of
information 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 favourable way: Sufficiently small costs



of infarmation acquisition induce equilibrium outcomes almost in line with the
efficient market hypothesis.






1 Imntreduction

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
oceurs in particular when informed traders are present (Wolinsky (1983),
Cooper and Ross (1984), Riordan, (1986)) and/cr 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
qualitics (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 tisk 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 ¢liminate 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 paredor (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 emploving 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 2, 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 {1897)). An example for an asset market with this
structure 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 comtrast to the above literature, we do not assume the presence of
informed traders, whose reaction a high-quality seller may exploit to separate
himself from low-quality sellers. Rather all buyers observe the price, infer
whatever information it may contain, and then decide whether or not to buy
information, say, getting advice from auditors. 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. The potential informativeness of price arises from the
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high-quality seller’s attempt 1o sell to informed buyers at a higher price from
which uninformed buyers can infer high quality. But here the presence of
informed buvers is endogenous and depends on the seller’s pricing policy.
This allows for a potential re-emergence of the Grossman— Stiglitz paradox.

Since the price does potentially serve as a signal of guality, the multiplicity
of equilibria familiar from the signalling-games literature arises (see Mailash,
Okune-Fujiwara and Postlewaite (1993)). Here we extend the idea of the
#ntuitive eriterion” of Cho and Kreps {L987) to select among equilibria. It
rules out counter-intuitive equilibxia driven by overly pessimistic beliefs.

Under this refinement we establish a related version of the Grossman-
Stiglitz paradox. For amall costs of information acquisition there ig no sepa-
rating equilibrium, i.e, prices cannot be perfectly informative. If it were, no
buver would pay for information acquisition and a low-quality seller would
mimic high-quality ones. But there is also ne pooling equilibrivm. If there
were. some fraction of huyers would become informed, thus making it prof-
itable for the high-quality seller to separate himself by excessively high prices.
Hence, the equilibrium price does reveal some information, though imper-
fectly. Indeed, we show that there is a unique equilibrium consistent with
our refinement, which invelves mixed pricing strategies to resolve the para-
dox.

The important insight concerns the case of arbitrarily small costs of infor-
mation acquisition. We show that s 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 acquisizion induce equilibrium outcomes almost in line with the efficient
market hypothesis.

The paper is organized as foliows. 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 ¢ > (.
Buyers only know that the seller supplies quality gy with probability A &
(0.1} and quality ¢; < i With probability 1 — ). Hence, there are two types
i€ {H.L} of the scller. The seller’s valuation of the good or his production
COSt I8 zZero.

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

Upon ebserving the price. each buver may test for the quality of the good
by paying a fixed cost & > 0. For simplicity we assume that this test fully
reveals the tmie guality. 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 hecome informed. Similarly, the outcome of the test cannot be
credibly communicated, which precludes any pavments that are contingent
on the buyer's posterior information about g. The assumption that testing
is not contractible distinguishes our mode! fram the literature on auditing
and monitoring (see, ¢.g., Border and Sobel (1987} and Mookherjee and Pug
(1989)).




In summary, we consider the following sequence of events:

1. The seller commits tc a price offer p.

2. BEach buyer decides about whether to become informed about ¢ by
paving £.

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 % are similar to the full information equilibrium.
If the buyer were perfectly informed about ¢, he would purchase the good
whenever ¢—p > . Thus the type-i seller would maximize his profit p(g; ~p)
by charging 7 = ¢;/2 which earns him g2/4.

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(pdgy + (1 — w(®))qr — pul. )

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

w(p) max g — pyuw] + (1 — p{p)) max gy — p,u) — &. (2)

Obviously, for all buyers with w > gy ~ p the optimal action is not to buy
and also to refrain from investing k. Similarly, all buyers with u < ¢ —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, o buyer with outside option u optimally invests
I oaf and only of
v k

wEg -pt———<SuLgg—p—
1 — u{p) 1(p)

= .
Moreover, he purchaescs lhe good only if the test reveals quality qp.

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
gr, = p < u < qy — p, which proves the last statement of the Lemma. Thus
investing £ 1s optimal if and only if

#@llar = pl -+ (1= plphyu = b 2 maxu(plar -+ (1 - wlp))ge —p,u]. (3)
This condition s cquivalent to the first statement of the Lemma.  Q.E.D.

Notice that the interval [, T is non-empty only if

k< gn — qo)p(p) (L — ulp) = & (4)

Thus. even for small values of £ no buyer will test for the quality if u(p) is
either close to zero or close to unity. The buyver purchases information only
when his beliefs are sufficiently diffuse.

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

i

"*"SH=G'L_p+1""’";""_

ulp)
Proof: Purchasing the good without 2 test is optimal if and only if
#pdan + (1 - p(p))gs — p 2 max [u(p) (g ~ p} + (1 = plp))u — ky u]. (5)
For & < E this condition is equivalent to the statement in the Lemma. Q.ED.
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The two Lemmas identify three types of demand behavior: Buyers with
low cutside 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. Firally, buyers with high values of u are
net interested in purchasing the good. As long as & < E, it follows from the
Lemmas that all buyers with v < @ purchase high quality while only buyers
with w < u purchase low quality. When k > k, testing plays no role and all
buyers with u < u(p)gr + (1 — p{p))qr — p purchase the good. Equilibrium
demand is, thercfore. characterized by the coefficients

. k
an(#) = min [#QH + (21— g, g + i*_—#] . (6)

k
aplp) = max [#G’H + (L= g, g ~ ‘"U-] .

These coefficients represent the intercepts of the (linear) demand furctions
facing the two tvpes of sellers. For all g it is the case that ag(p) = enly)
30 that the high-quality seller’s demand is at least as high as the low-quality
seller’s demand. Notice also that both ey (u) and ay () are strictly increasing
in g, which means that more optimistic beliefs generate higher demand for
cither type of the seller. Moreover, ay(0) = a5 (0) = gz and a7 (1) = ag(l) =
qm-

For seller type # € {H, L} the profit function at the belief £ and price p
1s defined by

L{p. 1} = pmaxia:(p, ) — p,0]. (7)

By (6) one has 911 /0k < 0 and 8I1,/8% = 0. For a given (p, 1), an increase
in the buyer’s cost of becoming informed typically benefits the low-quality
seller and hurts the high-quality selier.




4 Pricing and Beliefs

Denote by o, (p) the probability that the type-i seller charges the price p > 0.!
The functions (g}, 07} constitute an equilibrium if there is 4 (-) such that
fori=H.L

iipo () = T 0 (p')) for all p' = 0, whenever o (p) > 0; (8)

and

— Aay(p)
Aair{p) + (1= Aop(p)

D! whenever oy (p) + o (p) > 0. 9)
Equilibriun condition (8) states that, for given beliefs (), the seller assigns
positive probability culy to those prices that maximize his profit. The second
equilibrium requirement {9) is that the buyers’ beliefs are consistent with
Bayes' rale whenever possible. For a given equilibrium (g}, o7, 1) denote
by 1T the equilibrinm profit of seller type ¢ & {H, L}. Say that a price p is
out-of-cquilibrium it a7 {p) + o5 {p) = 0.

By (8). thie seller takes into account the effect of his pricing decision on the
buyers' expectations. Yet, coudition (9) does not impose any restriction on
out-of-eqnilibrinm Deliefs. As in other signaling pames, beliefs are arbitrary
out-of-cquilibrinm. which may lead to a multiplicity of equilibria. This is o
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 lnterpret the new price as a signal of low quality, then the redunced
price may actnally lower the seller’s demand.

To avold this problem. typically one employs restrictions on out-of-equi-
librium beliefs. A preminent example is the “intuitive ecriterion” of Cho

and Kreps (1957). which has been successfully applied to a large number of

LAs pur analvsis shows, each seller will randomly c¢hoose a fnite number of prices.
Therefore, we can avold measure theoretic complications by restricting the definition of
equilibrinm to this kind of pricing strategies.
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signalling games, including market environments where prices signal qual-
ity (sce, o.z., Bagwell and Riordan (1991) and Bester (1993)). The intu-
itive criterion requires that, for any out-of-equilibrium price p, p*(p) = 1 if
Ty 1) > Iy and Oy (p 1) < II7. The idea is that the price p should be
comsidered 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
excamples shiow, in onr context the intuitive criterion is not sufficient to rule

out counter-intuitive outcomes.

Ezemple 1: Let p' = 4,/2 and p" = [gu + /&% ~ ¢31/2. Then o1 (p)) =
L, ay(p") = 1 constitutes a separating equilibrium which is supported by
p{p) = Qif p <y and p*(p) = 1if p > p". In this equilibrium II}; =1II; =
0.253¢7. It 1s easily verified that p*(p) satisfies the intuitive criterion because
Oyip 1) =T, (p 1) for all p.

In this example, the seller's pricing behavior reveals the quality of the
pood and so there s no information acquisition in equilibrinm. Yet, even for
small values of F, 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 . Since buyers have deterministic
beliefs, condition (4} cannot held for any & > 0.

Example 2: Let o = g /2. Then ¢7(p') = o} (p') = 1 constitutes a pooling
equilibrium which is supported by p(p) =0ifp £ p,and ™ (p} = Aif p = p'.
Apain, p*(p) satisfies the intuitive criterion becanse Mg {p, 1) = (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 relv on beliefs with the property that no buyer decides to
hecome informed after observing an out-of-equilibrivm 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,
Hﬁ(p, 6) = H;I and HL(p, 5) < Hi
implies p*{p) > 4.

Qur assumption coutains the intuitive criterion as the special case § = 1.
It extends the idea of this criterion to a situation where a deviztion to pis
profitable only for the H-type when the buyer believes that the deviation
originates from the H-type with probability 6. This belief is already rather
pessimistic, hecause it actually gives no incentive to the L-type to deviate to
». 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 ta
characterize the equilibrium outeome for small information costs. The next
Lemma establishes a lower bound on the high-quality seller’s equilibrium
payoff.

Lemma 3 In any equilibrium, T3 > ilaw — B/2)? whenever k is suffi-
ciently smoell.

Proof: Suppose to the contrary that ITy < 0.25 (g — k/M)%. Let o =
(g = £/X)/2. Then, by (6) and {7), ¢’ maximizes [y (p, X) and

cy 1 AN
HH(P'A]=Z -5 | >Tly (10)

*H, instead of requiring the implication for all § € [0, 1], we would only require it for the
prior § = ), all our results, except for uniqueness of equilibrium, would still go through,
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for & sufficiently small. Moreover

o ) < max Holp, A) = :1{ (q,; + %A—) (11)
Thus, for £ sufficiently small, I, (p, A} < g% /4. Since the low-quality seller
can always get the same payoff as under full information, I, (p’, A) < gija <
II; . By our assumption, this together with (10) implies u*(p") > A. Therefore,
I (p', = (p)) = Hxfp', A) > O}, a contradiction to equilibrium condition
(8). Q.E.D.
Ag an immediate consequence of Lemma 3, for small values of &, our
restriction on beliefs eliminates the example of a separating equilibrium in
the previous Section. More generally, (o}, 01) is a separafing equilibrium if
ay(ploy(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 I sufficiently small, there is no separating equilibrium.

Proof: In a separating equilibrium there is a p’ and a p” such that oy () >
0,05(") = 0 and o3 (p") = 0,07 (") > 0. Therefore, 12 (') = 1 and p*(p") =
0. By equilibrinm condition (8),

Iy =My 1) 2 e {p",0) =(p",0) =11, (12}
G =10 0) 2 I(p, 1) =1g(p,1) =,

so that 1l = ITj. Since Ty = I, {(p",0) < max, I.(p.0) = 0.35¢2, this

implics I}, = ¢7/4. Since ¢ < gg 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

11



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. Peoling 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 cuscome 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.

Proposition 2 Let £ be sufficiently smoll. Then, in any equilibrium o3, {p)
> 0 dmplics o (p') > 0. Moreover, o{q./2} = 0 end a3(g/2) > 0.

Proof: Suppose there is a p’ such that o} (p") > 0 and o} (p) = 0. Then
@) = Land I = ly(p,1) = T (p,1) < I, because type L can
imitate the H—type’s behavior. Therefore, by Lemma 3,

I0;, =TI, (0", " (")) = Iy > 0.25 (gir — k/A)° (13)

for all p” such that o} (p"} > 0. For k small enough, (6) and (7) then irply
that 4" (p") = A whenever ¢} (p") > 0. Therefore, by {9), o;{p") > o1.(p")

12




whenever 77 (") > 0. Adding up over the support of ¢} () implies o3, (p"} =
o1 (p") whenever ¢ (p") + (0" > 0. Thus a3 (p") > 0 implies o ) >0
for all p”, a contradiction.

Now suppose o} {p') > 0 if and only if oy (p) > 0. As I3, =TI (o', u*(p'))
for o3, (») > 0. Lemma 3 then implies that 1 (p") > A whenever o (p) > 0.
By the sanie argument as above, this implies 12" (p') = A whenever o (s} > 0.
Sinee the low-quality seller can always guarantee himself the profit g7 /4 by

charging p = 4, /2. one has for & sufficiently small that

. , k 1,
I, =M. (e, 3) =p' (qi. -+ 1_:_)\) 2 PR {14)
By Lemma 3, however,
. Y 1 A%
113, =1u(p' M) =9’ (qH—P'ij > I (QH— X) , (15)

which implies p' = (g — k{A)/2. For k sufficiently smal, this vields a con-
tradiction to (14). Therefore, there is a p" such that o3 (p") > 0, (@) =0
and p'(p") = 0. Sinee 1 (p,0) < aif4 for all p £ ¢, /9, this implies that
75(g2/2) > 0 and o0}, {g, /2) = (. QE.D.

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

Lemma 4 In any cquilibrium, gu{t’) > 0 implies that Hglp', 17 () >
Wlp, o) for all (p. ) such thet Uplp,p) <103,

Proof: Suppose that there is a {p &) such that Ty (g, u* (0")) < g (p, p) and
I (p. 1) < IT}. Note that this implies s > 0, because II3, = g, w (@) >
#1./4 > Ny {p.0). Then, for € > 0 small enough, one has T, (p, 1 — 6 < I}
and g (', 4" (') < T (p, o — €). By our assumption on beliefs this implies
#(p) 2 i~ e. Therefore, g (p, 4*(p)) > My(p, u — € > Iy(p, w(p), a
contradiction to equilibrium condition (8). Q.E.D.
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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* > gr/2. The low quality seller
randomizes between imitating the high-quality seller’s price and revealing
low quality by charging gz /21

Theorem 1 For k sufficiently small, there is a unique equilibrium. In this
equilibrium, @y (p*) =1 for some p* > qi/2. Moreover, one hes ay(p) > O,
o3 {g/2) > 0 and a3 (p") + oilan/2) =1

Proof: By Lemma 4, o(p) > 0 jmplies that (p, u* ()} maximizes Tz (p, 1}
subject to Iir{p, 1) < T1j. By Proposition 2, I} = ¢4 /4 for k small enough.
Also, by Lemma 3, k < [ij — g ()1 — ) Therefore, (o, u*(0))
maximises [y (p, ) subject 1o plgr —p+ k/(1—p) < g1 /4 Using Lemma 3,
it is casy to show that the solution of this maximizaticn problem must satisfy
P2 qp/2if ks small. Therefore, the constraint p(gs —p+k/(1 —)) < gifd

can be rewritten as

b ofk2 4+ 2kgn(l - )
201 — ) )
One can show that ' (p) > 0 and ¢"(i) > 0. Therefore, the set of all
{p, 42) that satisfy (16) is convex. Because Ilg{-, -} is strictly quasi-concave,
there is 2 unique (p", ;2 (p")) which maximizes Ty (p, ) subject to (16). By
unigueness of (p7, " (p")), one has oy(p") = 1. By construction, the belief
pwip)=0forp#p and p*(p) = p*(p7) for p = p’ supports ay{p*) =1 and
is consistent with our assumption on beliefs.

pz )= 5+ (16)

As the constraint {16) is binding and o3 lge/2) > 0, Tplp pm (7)) =
L (g/2,0) = ¢} /4 = H}. Suppose thereis ap" € {gr/2.p"} witho1.(p") > 0.
As o3 (p") = 0, this implies ” (") = 0 and so T, (p", p{p")) < I}, which
is inconsistent with profit maximization. Thus ei(pm) +oi(er/2) = 1. Note
that (p) — oo as ¢ — 1, which implies u*(p*) < 1. Also, by Lemma 3 one
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must have u*{p*} > A Therefore equilibrium condition (9), which requires
that

A

i(pT) = w, (7

uniquely defines o} (p*) € (0,1). Thus the low-quality seller's strategy is
uniquely defined and it satisfies o7 {p") > 0, 97(g2/2) > © and ar(p*) +
oplen/2) =1. Q.ED.

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

Proposition 3 Ask — 0, the equilibrium price p* charged by the high quality
seller converges to gn /2. Moreover the probability o3 (gy/2) that the low-
quality scller clharges q /2 converges to one.

Proof: It follows from Lemma 3 thet 1T — ¢% /4. Since this is the highest
payoff possible, one must have p* = ¢4/2 as & — 0. From Iy = p*(qr —
Pt R/l = (p")) = ¢} /4, it follows that 4 {p*) = 1 as k = 0. By (17) this
implies o} (p*} — 0 so that o} {g,/2) — 1. QED.

Thus, in the Hmit as & tends to zerc 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 equilibrinm under full information. Nonetheless, for all k£ > 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 %, As
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| 0.075 | 0.05 | 0.025 [ 0.61 | 0.0075 [ 0.005 | 0.0025
[ 7 1 0.6058 | 0.5622 | 0.5215 | 0.4964 [ 0.4960 [ 0.4968 | 0.4977 | 04988
op(p) | 0.8965 | 0.7622 | 0.5476 | 0.2569 | 0.0893 | 0.0652 | 0.0423 | 0.0206

Table 1: Equilibrium for gz = 1,q, = 1/2,A =1/2

the following result shows, a positive fraction of buyers becomes informed

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

Proposition 4 fn the limit & — 0 g buyer with oulside option v becomes
informed afier observing p~ if

Proeof: For & sufficiently smali, one has

Iy =p (%—p”r—-—ﬁw-—) = ﬁ. {18)
1—p(p)) 4

In the limit & — 0 this implies

k (g5 —qu)*
=
E—p(p*) Zam

(19)

because p* — gp/2. This together with Lemma 1 proves the Proposition.
QE.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 zlmost certainly reveal quality.

Unfortunately, it dees not seem possible to solve explicitly for the equi-
librium deseribed in Theorem 1. For this reason, we resort to a numerical
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example with ¢ = 1,¢r = 1/2 and ) = 1/2. Table 1 reports the equilib-
rium solution for »* and o(p") for various values of the parameter k. As
the table shows, the probability that the low-quality seller sets p* decreases
with &, Surprisingly, however, P does not monotonically depend on k when
it approaches gy /2 = 1/2 in the limit & — 0. Thus, depending on k, the
high-quality seller’s price can be higher as well as lower then 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 informaticn 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 partia) 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 onteome and prices become perfectly informative.
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