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Abstract

This paper discusses the role of prices as signals in a static two-sided asymmetric information
monopolistic model. We demonstrate the existence of equilibria involving fraud even if
consumers’ private information about quality is made arbitrarily precise. Our main result is that
higher levels of fraud attempted by low-quality sellers may be beneficial to prospective buyers via
a decrease in the market partial-pooling price. Furthermore, more precise private information
may harm consumers. These findings suggest that standard consumer policies based on the
provision of accurate information and the promotion of honesty in the market place may reduce
consumers’ welfare.
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1 Introduction

Information asymmetries about the quality of products or services between
consumers and traders create incentives to attempt fraud. Information pro-
vided by independent third parties such as consumer report magazines and
institutional warnings are the traditional tools employed to allegedly enhance
consumer protection from unfair business practices. Nonetheless, if despite
this information, consumers can only assess the quality of the good imper-
fectly and prices play a signalling role, a supplier of a low quality product
might have an incentive to influence the buyer’s perception about the quality
of his product by distorting his! pricing decision. If the consumer is fooled
into purchasing a low quality product at a price above the full information
price for this item, then the attempted fraud by the seller becomes successful
and we say that the buyer becomes a victim of fraud.

Consumer fraud is a common phenomenon nowadays and it is well docu-
mented in different surveys.? The results suggest that around 15% of the adult
U.S. population are victims of fraud each year. There is a wide variety of ex-

perience (and credence) goods for which fraud is a relevant problem. Some

IFor ease of exposition, we refer to a seller as “he” and to a consumer as “she”.
2For instance, refer to the ones sponsored by the National Institute of Justice (NLJ) in

1991, by the Federal Trade Commission (FTC) in 2003, and by the American Association
of Retired Persons (AARP) in 1998.



examples are second hand objects?, illicit drugs?, gas saving devices® or even

fish.¢

Governments are concerned about protecting consumers against fraud and
recognize the need of developing consumer law and implementing public poli-
cies in order to achieve this goal. Consumer protection is thought to generate
a healthy economy based on trust and confidence that enhances consumers’
welfare. Such goals are expressed in the communication from the Commis-

sion of the European Communities “Empowering consumers, enhancing their

3The lemons suggested by Arkelof (1970) in his classical paper about the adverse selection

problem.
4llicit drugs are frequently sold diluted and/or adultered. The lack of correlation between

purity and price per raw gram can be taken as evidence of the existence of fraud. Refer to

Reuter and Caulkins (2004) and Simon and Burns (1997).
5Canada’s Competition Bureau recently warned Canadian consumers to be aware of

false claims about so-called gas saving devices that supposedly improve fuel efficiency, reduce
harmful emissions and reduce repair costs on a vehicles engine. These devices are advertised
in garages and accredited installation centers, in newspapers, on the radio and Internet and
range in price from $100 to $600. The Bureau was unaware of any credible scientific evidence

that could demonstrate that such products can significantly improve fuel efficiency.
SLower-quality and less expensive fish are often mislabeled as desirable species for finan-

cial gain, an activity called seafood fraud. For example, a piece of sushi sold as the luxury
treat white tuna usually turns out to be Mozambique tilapia or even escolar, a much cheaper
fish that can cause severe gastrointestinal distress. Recent studies using DNA bar coding
techniques have found that seafood may be mislabeled at restaurants and stores as often as
25 to 70 percent of the time for fish like red snapper, wild salmon, Atlantic cod, tuna and
grouper among others. Refer to reports about investigations carried out by Globe (Abelson
and Daley (2011) and Daley and Abelson (2011); by Consumer Reports Magazine in 2011;
by Oceana (Warner (2011)); and by the U.S. Government Accountability Office (GAO) in
2009.



welfare, effectively protecting them”. This communication refers to the de-
velopment and adoption of the E.U. Consumer Policy Strategy during the
period 2007-2013. The main purpose of this paper is to show that building up
consumers’ confidence by reducing market fraud or providing more accurate
private information to consumers may indeed harm consumers.

We assume that two exogenously given qualities are offered in a market for
an experience good (Nelson (1970)). The seller is a monopolist and a price
setter. Consumers have access to a noisy private signal about the quality
of the good without incurring any cost. In our model, the level of fraud
determines the precision of the public signal (the price) set strategically by
the seller. Ceteris paribus, the less fraud, the more important price is as a
signal of quality and potential buyers can make more informed choices. From
customers’ perspective, an increase in the precision of the endogenous public
information is costly via a higher equilibrium price for high-quality products.
We show that the benefit to consumers of a more precise public information
is outweighed by the price distortion for some parameter values. As a result,
more precise information provided by the supplier is beneficial from the seller’s
point of view but it hurts consumers in expected terms. Hence, devoting
effort to building up trust and confidence by promoting honesty in two-sided
asymmetric markets with monopolistic power may go against the objective of
enhancing consumers’ welfare.

If as the efficient market hypothesis holds there is a positive relationship
between the equilibrium prices and the precision of the imperfect private in-
formation owned by consumers, the a priori costless exogenous private infor-
mation provision becomes costly to consumers. We show that if this is the

case, the value of private quality information can be very well negative to con-



sumers. Furthermore, even if the efficient market hypothesis did not hold, due
to the supply-side structure of the market, it is immediate that the revelation
of perfect information about quality (regardless of its revealing source) de-
prives consumers of any informational rent. In turn, this prevents consumers
from appropriating any gains from trade. All these facts imply that the em-
powerment of consumers by a policy favoring accurate information may be
harmful for them.

If the main objective of consumer protection policies is to enhance con-
sumers’ welfare, other consumer policy approaches, such as a combination of
a better private information provision and price regulation strategies, such
as the imposition of a price ceiling, might be superior to simply promoting
honesty in the market and providing accurate information.

Our paper is organized as follows. A brief review of related works in the
literature is provided in section 2. The model is formalized in section 3. Section
4 carries out the equilibrium analysis and presents the central results of the

paper. Section 5 discusses policy implications. All proofs are in the appendix.

2 Literature Review

The analysis of fraud has received little attention by the industrial organiza-
tion literature on price as a signal of quality. Its main focus is on examining
the informational content of prices and therefore, it restricts attention to the
existence of pure strategy separating equilibria that survive selection criteria.
Two close two-sided asymmetric models that combine hidden action and hid-
den information are Hertzendorf (1993) and Bester and Ritzberger (1999). In

Hertzendorf (1993) model, a monopolist can signal its quality to consumers



through its selection of price and advertising. Advertising is stochastic because
consumers may see fewer advertisements than were originally purchased. How-
ever, the supplier controls the amount of information about her product that
is available to potential buyers. In our model, the information structure is
not completely endogenous. The buyer has access to a public signal set by
the seller and a costless private signal provided by an independent party. In
Bester and Ritzberger (1999), an informed monopolist sets the price and unin-
formed buyers may infer quality from the price or acquire private information.
The private test for quality fully reveals the true quality but it is costly. As
a result, buyers are either perfectly informed or completely uninformed about
the quality of the product when they take their purchasing decisions. Their
information structure is more extreme than ours. The results are that for small
costs of information acquisition, prices reveal information imperfectly. As the
information cost vanishes, the prices become perfectly revealing, approaching
the full information levels.” We find a similar result in our model if the in-
formation structure is modified in such a way that a sufficiently large fraction
of consumers have access to perfect information. If all consumers have access
to imperfect private information, the results are that the level of fraud in the
market vanishes as the private information is made arbitrarily precise. How-
ever, the equilibrium prices do not necessarily approach the full information

levels. The slightest decrease in the information precision favors the existence

"Unfortunately, it is not possible to solve explicitly for the equilibrium and the authors
rely on a numerical example to perform comparative statics. They find that the relation-
ship between the high-quality seller’s price and the information cost (as it vanishes) is not
monotonic. In principle, the high-quality seller’s price could be higher or lower than its full

information level.



of equilibria that do not exist under full information.

The literature on the moral hazard aspects of the choice of quality has
focused on the analysis of fraud. Our analysis is quite distinct from this liter-
ature. In our model, quality is exogenously given and we focus on signalling
considerations. An alternative literature which has also focused on fraud (re-
fer to as expert cheating) includes research work on credence goods. With
credence goods, consumers cannot judge actual quality either before or after
purchase (Darby and Karni (1973)). Most of the existing literature on cre-
dence goods (see Pitchik and Schotter (1987 and 1993), Taylor (1995), Fong
(2005) and Dulleck and Kerschbamer (2006)) assumes that the consumer is
either completely informed or completely uninformed about the nature of her
problem. An exception is Hyndman and Ozerturk (forthcoming) who intro-
duce non-identifiable heterogeneously informed consumers. The authors show
that when a positive fraction of consumers observe a noisy but informative
signal about the seriousness of the problem and the expert cannot distinguish
between informed and uninformed consumers, there is a unique equilibrium
outcome in which the expert is always truthful to all types of consumers. A
noisy quality signal, which is imperfectly correlated with the true quality of the
good, is also introduced in our model and customers’ types are non-identifiable
by the seller. We prove the existence of equilibria involving fraud and show
that these fraudulent equilibria exist even if consumers’ private information is
made arbitrarily precise.

Our paper also contributes to the literature on the value of information.
Schlee (1996) analyzes a model in which both consumers and a monopolistic
producer are uncertain about the quality of the goods they exchange. His

model is technically different from ours. The differences are that quality in-



formation is public and there are no information asymmetries. The author
then abstracts from signalling considerations. He shows that consumers may
sometimes prefer less public information about product quality.® We demon-
strate that a similar result extends to a two-sided asymmetric information
signalling model. Our finding is important from consumer policy’s perspec-
tive. The author also provides an example where private information about
quality may hurt consumers facing a monopolist price setter. However, his
example is constructed under the assumption that trade is not desirable in
the low-quality state under full information. We obtain a similar finding in a
signalling setting’under the assumption that trade is always desirable under
full information.

Finally, Amstrong, Vickens and Zhou (2009) discuss other possible unde-
sirable effects of consumer protection policies in a setting with no potential for
signalling (they analyze markets of homogenous product qualities with search
costs). Using a parsimonious oligopolistic model with price dispersion, the
authors show that imposing a price cap or allowing consumers to opt out of
advertising reduces the endogenous proportion of consumers who are more in-
formed about price deals in the market, encouraging firms to offer high prices

and harming consumers.

8The author identifies two properties of the cost functions (it is assumed that the cost
of production is independent of quality and it is strictly increasing in quantity) that lead to
a negative value of information for consumers: increasing returns to scale and “sufficiently”

convex marginal costs.
9Gal-Or (1988) investigates the value of information to firms in a signalling duopolistic

model and she also shows that more precise incomplete information about cost may hurt

firms.



3 The Model

Our modeling approach is in the spirit of Voorneveld and Weibull (2004).
Consider the simplest static monopolistic two-sided asymmetric information
setting. Two exogenously given qualities (high quality and low quality re-
spectively) are offered in the market: ¢y > ¢ > 0. We model quality as
an experience attribute and it is assumed to be seller’s private information.
Consumers are ex ante identical and do not interact strategically with each
other. This allows us to consider each potential buyer in isolation. The seller
has one unit of the good for sale and the buyer is willing to purchase at most
one unit. Prior to purchase, the buyer obtains without cost a private and
imperfectly informative binary signal about the quality of the product. Im-
portantly, the seller can control the buyer’s informational environment only
via his take-it-or-leave-it price offer. In other words, the seller’s ability to
manipulate the consumer’s beliefs is limited by the consumer’s private infor-
mation. Both seller and buyer are assumed to be risk neutral and expected
utility maximizers. We formalize the market interactions between the seller

and the buyer as a signaling game with the following stages:

(1) Nature draws a type 0 for the seller from the set of feasible types: © =
{L, H} according to a commonly known probability distribution fully
described by Pr(H) = 7 € (0,1). In addition, Nature picks the signal
realization s from the set of feasible signals S = {L, H}, according to
the following structure: Pr(s = 6|0) = 6 V8 € © and Pr(s = #'|0) =
1-0V0 # 0 and 6,0 € © where 3 < § < 1. The number ¢ is interpreted

as the probability of observing the correct signal realization according to

10



quality. It denotes the precision!® of the customer’s private signal. Its
value is common knowledge. Given this information structure, the types
of seller and buyer are imperfectly correlated. A more accurate signal is

associated with better information in the sense of Blackwell (1951).

(2) The seller observes § and then, publicly posts a price, p € R. A pure
strategy for the seller is a pair p = (pr, py) € R? of prices where py is
the price charged by each seller-type that nature might draw. Allowing
mixed strategies, we can then write the seller’s strategy as: ¢ : © —
D, where D is the set of density distribution functions on R, and the
probability that type 6 seller charges any given price p is denoted by

Po(p)-

(3) The potential customer observes the price-signal pair (p,s) (but not )
and then she updates her beliefs as to which type of seller she faces. Let
pu: R xS —[0,1] be the buyer’s posterior belief that the unit at hand
is of high quality if offered an item at price p and the signal realization
s is observed. Based on this belief, the consumer then chooses whether
to or not to buy the good. Allowing mixed strategies for the buyer,
her strategy can be represented by b : R x S — [0, 1], being b(p, s) the
probability that she accepts to trade at price p if the signal realization s

is observed.

(4) If trade takes place, the seller serves the forthcoming demand at the posted

10Tt could be interpreted as the consumer’s ability to understand and process available
information to assess the quality of the good. In general, consumers may differ in their ability
to process information about quality. Other specifications of the information structure that

account for this heterogeneity are analyzed in section 4.
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price p and the players’ ez-post utilities are given by:
Up = Vg — P

Ug = p — Wy

where vy > wy > 0 are respectively the buyer and seller’s valuations
(reservation prices) of a given item of quality § € ©. We assume that
vg > vy, and normalize w;, = 0. The ex-ante expected valuation of the
good is denoted by v = mvg + (1 — m)vr. Both agents’ utilities are also
normalized to zero in the no-trade case. These values imply that trade

is desirable under perfect information.

4 Main Results

4.1 Equilibrium Analysis

We solve this game by using the notion of (weak) Perfect Bayesian equilibrium
(PBE) as the solution concept. Note that accepting all price offers satisfying
p < vy with certainty and rejecting all price offers such that p > vy is a
customer’s best response irrespectively of the signal realization observed.
Under perfect information, the buyer is not be willing to purchase a low
quality unit at any price exceeding her valuation for this item and the seller
is aware of this fact. The imperfect ability of the consumer to assess the
quality of the object might lead her to occasionally be fooled into purchasing
low-quality products at a price above her valuation. Throughout the paper,

selling a low quality object at price higher than the buyer’s valuation for a low

12



quality object is referred to as fraud.*!

Lemma 4.1. Assume § € (%, 1). The candidates for separating equilibria are

pure-strateqy equilibria with p;, = vy, and pg > vg.

In any separating equilibrium, the low-quality seller reveals himself by quot-
ing the same price as under full information and the high-quality seller posts

a price at least as high as the full information monopoly price.

Corollary 4.2. Assume§ € (%, 1). None of the candidate separating equilibria
exhibits fraud.

Separating equilibria are truthful equilibria in the sense that the seller never
attempts fraud. However, note that if trade takes place, the seller is always
able to fully extract the buyer’s surplus. Honest behavior by the seller ensures
the buyer a zero utility in equilibrium. Because fraud is not attempted, the
buyer’s utility is always non-negative but the perfect revealing prices prevent
the buyer from earning any of the realized gains from trade. This result holds
even if the buyer’s private information is made arbitrarily precise but it is
sensitive to the specification of the information structure considered.

Suppose instead that a positive fraction («) of consumers had access to
perfect information and the remaining consumers are uninformed. The in-
formed consumers would disregard any public signal revealed by the seller in
equilibrium since it would add no useful information in assessing quality. As

a result, separating equilibria can be supported for prices strictly lower than

"Tn the English dictionary by Oxford University Press, fraud is defined as the action or
an instance of deceiving somebody in order to make money. Alternatively, it is defined as a

thing that is not what is claimed to be.

13



the buyers’ valuation for high quality items.!? On one hand, there is a positive
externality caused by the presence of few perfectly informed consumers which
results in the impossibility of the high quality seller to extract the entire con-
sumer’s surplus. Consequently, the gains from trading high quality items are
shared by both the buyer and the seller. But as the fraction of perfectly in-
formed consumers increases, the utility of all types of buyers decreases due to
the increase in the equilibrium price charged by the high quality seller. Thus,
the positive externality vanishes in the limit, as « tends to 1 — Z_,L{

Almost all pooling equilibria are fraudulent equilibria in the sense that
the seller with the low quality items attempts fraud. It can be easily proven
that these equilibria exist for all parameter values. But since the level of
fraud is at its maximum level and it does not depend on the accuracy of
the buyer’s private information, we find these equilibria not interesting for
our comparative statics exercise. Throughout the paper, we restrict attention
to “hybrid equilibria” defined as mixed-strategy equilibria in which the low
quality seller uses a price randomization strategy and the high quality seller
uses a pure strategy. The seller with the low-quality good reveals himself by
quoting a low price p;, with a positive probability strictly lower than one and
he imitates any price py that the high-quality seller quotes in equilibrium with
the complementary probability.

R2Formally, if o € (1 - a1 5—2), there exist a unique separating equilibria with

pg < vy that satisfies the Intuitive Criterion. The equilibrium high price is given by

pu = 1% and the expected utility of the buyer is u, = 7 (UH — 1”7La). In the same range of

a-values there exist hybrid equilibria (refer to definition (4.1) and lemma (4.3) in the main

text) for each py € P'(a) where P'(a) = {p € Rlp € (v,vy) &p> max{ UL v — ”—L}}

1—a? a

The buyer’s ex-ante utility is given by uy = m(vg — prr)a.

14



Definition 4.1. Suppose § € (%, 1). A hybrid equilibrium is a mized-strategy
equilibrium in which the high quality seller chooses a high price and the low

quality seller randomizes between the high price and a low price, that 1is,
Oy (pr) =1 and ¢7(pr) = 1 — ¢} (pu) where ¢} (pu) € (0,1).

Lemma 4.3. Assume § € (%, 1). The candidates for hybrid-equilibria are

partial-pooling equilibria with pr, = vy, and py € (max{vy, wy},vy).t

As in any separating equilibrium, the low-quality seller partially reveals

himself by quoting the same price as under full information.

Corollary 4.4. Assume § € (1 1). All candidate hybrid equilibria exhibit

29
fraud.

Although in this static setting there are no explicit reputation concerns,
hybrid equilibria reflect an implicit opportunity cost associated to fraud for
the low quality seller. In any hybrid equilibrium, the buyer accepts a low price
offer with certainty and rejects a high price offer with a probability which
is dependent on the signal realization observed. Thus, the low quality seller
faces a trade-off between charging the low price and obtaining a low payoff,
or charging the high price which yields a high payoff with probability strictly
lower than one. This implicit opportunity cost associated to fraud captures
the essence of reputation concerns by limiting the extent to which the seller
can deceive the buyer.

A PBE consists of beliefs and strategies satisfying two conditions: (i) given
the players’ beliefs, their strategies are sequentially rational; and (ii) at infor-

mation sets on the equilibrium path, beliefs are determined by Bayes’ rule and

13We slightly abuse notation here because the high price could in principle take a value

equal to wy if wy > vy,

15



the players’ equilibrium strategies. At the buyer’s information set, the system

of consumer beliefs must be Bayes-consistent:

.

o . . B
A ieem tp=rn &s=H
m(1-38) . - B
; if p = &s=1L
M(pa 3) = n(1-0)+(1—-m)d¢7 (pr) p PH (1)
0 if p = v,
Arbitrary if p {v,pu}

It can be easily shown that there exists a continuum of hybrid equilibria

parameterized by pg.

Proposition 4.5. Assume § € (3,1). For each py € P(0) there ezists a

hybrid equilibrium characterized by the following strategies:

1 ofp=pn

0 otherwise

(2) (59 (2222)  ifp=ps
(1%6) <M> ifp=vg

PH—VL

0 otherwise

1 ifp<wporifp=pu

b* (pv H) -
0 otherwise
1 if p <wp,
D) =3 (% -0-2) ifp=pu
0 otherwise

1

where P(8) = {p € (v, 1) : max {wH, <<><)( f“”} <p< 1—}

16



Note that the set P(d) is non-empty for all 6§ € (3,1) if ¥ < 2vz. Other-

wise, it is non-empty for all § € [0, 1) where ¢ is the highest root that satisfies
TNV (=g 4o

max {wH, () (55" ot L} = k. The set P(J) guarantees that the seller,

ENICIEN R

irrespective of his type, does not have incentives to deviate (by outright cheat-

ing the customer in the case of a low-quality seller and by outpricing himself
in the case of the high-quality seller).

The proposition can be easily proven using the least favorable system of
beliefs in information sets off the equilibrium path.'* The equilibrium price
posted by the high quality seller exactly equals the expected valuation of the
customer who observes the low signal realization given the equilibrium level
of fraud (¢% (pg)) in the market. As a result, the customer who observes the
low signal realization is indifferent between accepting or rejecting trade at the
high price. In turn, her equilibrium randomization strategy makes the seller
who has a low quality unit indifferent between charging either price.

The ex-ante equilibrium probability of trade for low-quality items when
they are offered at the high price is given by ¢; (py) = (1—0)+0b*(py, L) = oL
whereas the equilibrium probability of trade for high quality-items is given by
ty =0+ (1 —0)b"(pu, H) = 1— (52) <1 - ;’—;) As expected, the higher is
pH, the lower are these trading probabilities. Despite a lower probability of
transaction, a higher py increases the high quality supplier’s expected utility
due to the higher mark-up: uj; = [1 — (52) (1 - ;—flﬂ (P — wh).

Interestingly, the level of fraud is decreasing in the value of the high

price. The higher is py, the less often the low-quality seller cheats her cus-

1 That is, the buyer believes that the item is of low quality with probability one if p ¢
{vr,pr}. These pessimistic beliefs support the largest set of PBE outcomes.

17



tomers in order to keep serving both types of customers’ demands. Otherwise,
the buyer who observed a low signal would strictly prefer to reject trade at
the high price. The incidence of fraud is defined as the customer’s ex ante

probability of becoming a victim of fraud. Its equilibrium value is given by
o* = (1—m)¢} (pu)t; (pr) = 7 (152) (;’;%’Zf) . Given that the seller cheats
his customers less often and the buyer with a low signal realization accepts
trade at py less frequently, we conclude that the higher is py, the lower the
incidence of fraud. This positive effect on the incidence of fraud dominates
the negative effect due to a higher suffered loss in the unfortunate case of be-
coming a victim of fraud. As a result, the higher py, the lower the equilibrium
expected loss due to fraud: ELoss = ®*(py —vp) =7 (lg—‘s) (;’ﬁ - 1) Vy,.

On the other hand, the lower equilibrium level of fraud implies that some
transactions that were previously offered at the high price and that were re-
jected by the customer with the low signal realization, are now offered at

the low price and they are accepted by any customer with certainty. This

leads to a higher equilibrium ex-ante trade probability for low-quality units:

t; =1—¢7(pu)1—t;(pn)) = 1— (=) (59) <;’ﬁ — 1), and to larger realized

gains from trade:
W* =ty (vg —wy) + (1 — m)tjvL =

=n(vg —wy)+ (1 —mv, —7 (1__(5) (UH — wi — v+ ULwH)
0 PH

Despite of less consumer fraud, equilibria with higher values of py are associ-

ated with lower ex-ante (and ex-post) customers’ expected utility levels:

Euy = nty (v —pu)+@" (ve—pu)+(1-7)(1—¢1 (pr)) (vr—vr) = 7 (?) (v —pH)

(2)

18



The explanation of this result is intuitive. The negative effect due to a lower
equilibrium probability of trade for the high-quality item and the lower con-
sumer surplus obtained from any such transaction dominates the positive effect
from a decrease in the expected loss due to fraud. Despite a larger number of
market transactions taking place at the low price, these transactions have no
impact on the consumer’s wellbeing. This is because the low quality seller is
able to extract the entire consumer’s surplus when he offers his product at the

low price.

Corollary 4.6. Assume § € (%, 1). Hybrid equilibria with py € P(6) can be
indexed by pg. The higher is py, the lower are the level of fraud and the level

of consumers’ wellbeing.

Clearly, a policy aimed at building up an economy based on trust and
confidence by promoting honesty does not enhance consumers’ welfare, but
merely reduces it by increasing the price charged for the high quality items,

harming consumers.

4.1.1 Robustness

An insight offered by the model is that the presence of an exogenous infor-
mative signal, even if its accuracy level is slight, is crucial in determining
whether higher levels of fraud are beneficial to consumers. If consumers were
completely uninformed, a continuum of partial-pooling equilibria in the spirit
of the above hybrid equilibria could be supported if the high price exceeded

the ex-ante valuation of the good.!® The equilibrium level of fraud would be

15Otherwise, pooling equilibria can be supported in this range of parameter values.
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given by ¢} = (ﬁ) (ﬁ and the uninformed consumer’s randomization

strategy would be b (py) = oL As before, equilibria characterized by a higher
partial-pooling price would exhibit less fraud. However, the potential increase
in the consumer’s ex ante utility from a lower expected loss due to fraud would
be exactly offset by the higher price distortion. This same result is obtained
in our model for a second class of hybrid equilibria (not characterized in any
proposition). In this second class of hybrid equilibria, the equilibrium level
of fraud chosen by the low-quality seller <¢z = (ﬁ) (%) (ﬁ)) is such
that the expected valuation of the customer who observes the more favorable
signal coincides with the high price posted by the high-quality seller. As a
result, the buyer with the high signal realization agrees to trade at this price
with probability b*(py, H) = %i making the seller who has a low quality
unit indifferent between charging either price. A necessary condition for its

L

5. This condition guarantees that the low-quality seller

existence is py >
does not deviate by outright cheating his customer. As a result, these second
class equilibria are characterized by higher high prices than our first class equi-
libria. In the first (second) class of equilibria, the buyer with the low (high)
signal realization is sometimes fooled into purchasing low-quality products at
the high price, resulting in a monetary loss, but she is exactly compensated
from this loss by obtaining positive gains from her purchases of high-quality
products. Her expected utility is zero in equilibrium. The crucial difference
between the two classes of equilibria resides on the type of consumer who is
not made indifferent between accepting or rejecting trade at the high price. In

the first class of hybrid equilibria, the buyer who observes a favorable signal

always accepts trade at the high price because the observation of a high sig-
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nal realization makes her be strictly more optimistic about the quality of the
product than her counterpart. She does obtain gains from trade because of the
positive correlation between the types of the buyer and the seller,. Instead, in
the second class of equilibria, the buyer with the low signal realization does
not obtain any gains from trade because she never accepts trade at the high
price and all her surplus is extracted when a transaction takes place at the low
price. As a result, the consumer’s ex-ante utility is zero in all hybrid equilibria
with py > 7.

Our result is robust to other specifications of the information structure.
Suppose that the potential buyer observes an informative signal of preci-
sion & with probability a and uninformative signal with the complementary
probability. This information structure accounts for heterogeneity among
consumers in the degree of signal precision. Here, o can be interpreted as
the fraction of buyers who are active information seekers. After all, few
consumers take notice of information provided in warnings or consumer re-

ports. Under these assumptions, for each py € P'(d), where P'(§) = {p €

(0,vg) : max{wy, <1(7‘T”,,)()1(Ef_)§§[;%} < p < %51, the hybrid characterization
specified in propositi(l);lﬁ (4(;')) can be supported in equilibrium V a € (0, 1)
and for all § € (1,1). In addition, for each py € P"(0), where P"(§) =
{p € (v,vy) : max {wH, 13—25} <p< (13—%)&}, and all v € (0,1) and § € (%, 1),
there exists a hybrid equilibrium characterized by the following strategies:
0 = () (2222 and b*(pw, L) = 0 < bi(pm) = |2 — a(1 - 9)| (%) <
b*(py, H) = 1. In the latter equilibria, the expected loss due to fraud is in-
variant to information parameters but the equilibrium trading probability for

high quality units is increasing in both the fraction of informed consumers and

the precision of the signal. As a result, the buyer’s and the seller’s utilities
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are also increasing in both parameters. The working channel through which
higher levels of consumer fraud result beneficial to buyers is exactly the same
as under our original information structure. This holds true even if we al-
low a fraction of consumers to become perfectly informed about the quality
of the good on sale. This implies that our finding does not depend on how
information is sorted among consumers, that is, it does not depend on the

dissemination of information.

4.1.2 Refinements

The out-of-equilibrium beliefs play an important role in sustaining equilibria.
Given the multiplicity of hybrid equilibria analyzed in the previous section, we
proceed to apply some of the refinements suggested in the literature in order
to prune the set of outcomes. It can easily be shown that the “Equilibrium
Domination Test” and the “Intuitive Criterion” suggested by Cho and Kreps
(1987) have no cutting power over in this model so we impose stronger re-
strictions on the beliefs off the equilibrium path. Our model is a monotonic
signalling game with only two types of sender, so that critera D1, Universal
Divinity (criterion D2) and Never a Weak Best Response are all equivalent
(Cho and Sobel, 1990).

Criterion D1 states that if the set of buyer’s best responses that make a
seller of type 0 willing to deviate to p is strictly smaller than the set of buyer’s
best responses that make type 6’ willing to deviate, then the buyer should
believe that type @’ is infinitely more likely to deviate to p than type @ is.

This criterion was developed in the context of pure signalling games with

one receiver. In our model, the receiver is the buyer who is of one of two
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possible types. Thus, we extend the idea of criterion D1 to this setting. The
out-of-equilibrium beliefs of the buyers are mappings from the observed vector
of price and signal realization to the distribution of sender’s types. To evaluate
the reasonability of a system of beliefs supporting an equilibrium, we impose
the restriction u(p, H) > p(p, L) Vp € R. This means that after observing an
out-of-equilibrium price p, the buyer with the high signal realization is at least
as optimistic about the quality of the good on sale as the buyer who observes
the low signal realization.

Requiring the hybrid equilibria to be immune to D1 alleviates up to some

degree the multiplicity problem.

Proposition 4.7. Hybrid equilibria indezed by a high price py satisfying uj; >

vy, <1 — %) survive criterion D1.
Criterion D1 effectively increases the lower-bound of the high price support.

However, its power is limited and the multiplicity of equilibria persists.

4.2 The Efficient Market Hypothesis and Information

Better private information owned by consumers reduces the degree of informa-
tion asymmetry between the two sides of the market. Ceteris paribus, trade as
well as the utilities of both agents and the realized gains from trade in equilib-
rium are monotonic in the quality of private information in our model. More
precise private information also decreases the equilibrium level of fraud and
the incidence of fraud in the market so that the endogenous public informa-
tion that reaches the consumer in equilibrium is also more precise, enhancing

consumers’ welfare.
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The purpose of this section is to show that a policy based on the provision
of better private information may make consumers worse off if there is a strictly
positive relationship between the equilibrium value of the high price and the
accuracy of the buyer’s private information.

From proposition 4.5, the upper-bound and the lower-bound of the high
price support are (weakly) increasing and decreasing respectively in the quality
of private information. The less noise, the more values of the high price can
be supported in equilibrium and the less often is the high price selected by
the low-quality seller. In the financial markets literature, the efficient market
hypothesis holds that prices aggregate all relevant private information.'® This
implies that equilibrium prices, and not just the level of fraud, should also
reveal the precision of the private information owned by consumers. Under
this hypothesis, equilibrium prices should be a function of this precision. It
seems reasonable to assume that the less noise (the lower the information
gap between the seller and the consumer), the higher the degree of market
power (indexed by pg) captured by the high-quality supplier in equilibrium.
Under this assumption, the equilibrium value of the high price is an increasing
function of the precision of the private information that reaches the buyer:
pg = p(d) and p'(0) > 0. More precise private information is now implicitly
costly to the consumer because it is accompanied in equilibrium by an increase
in the price posted by the high quality seller, reducing the surplus of the
consumer from her purchases of high quality products. If the increase in the

equilibrium high price due to a higher precision is sufficiently large, ie. if

P'(0) > 1:51(’2?_’ (15)), a policy based on the provision of better private information

16In this setting, the return distribution of an asset can be interpreted as quality.
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will then harm consumers.
To illustrate this discussion, consider the highest feasible equilibrium high

1 v,

price py = 7% for all § € <§, — E) This hybrid equilibrium price is a
strictly increasing and convex function of § and it is the unique hybrid equi-
librium high price that can be supported under the assumption of a fraction ¢
of perfectly informed consumers (see footnote (12)). The ex-ante consumer’s
utility is then given by Fu; =7 (L{l) (UH — %), which is also concave in
for all § € %, — ;’—IL{) Let dp denote the lowest root that satisfies condition
vy = Vg, (1_(?5_—(51)_26)) This value maximizes the buyer’s ex-ante utility. Since
0o € <%, — 3—2), more precise private information is harmful for consumers if

6 € (0,1 2)

5 Policy Implications

Governments are concerned about consumers’ welfare and about protecting
them from unfair commercial practices. They recognize the need of developing
and implementing consumer policies in order to achieve this goal. Some exam-
ples are the operation of the new Consumer Protection Co-operation (CPC)
regulation'”, the Unfair Commercial Practices (UCP) directive'®, the Euro-

pean Consumer Centre (ECC) Network and the 2007 communication from the

1"Regulation (EC) No 2006/2004 of the European Parliament and of the Council of 27
October 2004 on cooperation between national authorities responsible for the enforcement

of consumer protection laws (OJ L 364, 9.12.2004, p.1).
8Directive 2005/29/EC of the European Parliament and of the Council of 11 May 2005

concerning unfair business-to-consumer commercial practices in the internal market (OJ L

149, 11.6.2005, p.22).
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Commission of the Furopean Communities “Empowering consumers, enhanc-

ing their welfare, effectively protecting them”. The Commission Communica-

tion cites:
“Confident, informed and empowered consumers are the motor of economic change
as their choices drive innovation and efficiency... EU Consumer policy can address
problems that individuals lack the capacity to tackle. It ensures goods and ser-
vices are safe and that market are fair and transparent, so that consumers can
exercise informed choice and rogue traders are excluded... The Commission will
have three main objectives in the period 2007-2013: (1) To empower EU consumers.
Putting consumers in the driving seat benefits citizens but also boots competition
significantly. Empowered consumers need real choices, accurate information, mar-
ket transparency and the confidence that comes from effective protection and solid
rights; (2) To enhance EU consumers’ welfare in terms of price, choice, quality, di-
versity, affordability and safety. Consumer welfare is at the heart of well-functioning
markets; (3) To protect consumers effectively from the serious risks and threats that
they cannot tackle as individuals. A high level of protection against these threats is

essential to consumer confidence”.

A preference for policies that favor accurate information provision is re-
vealed by the Commission in this communication. The regulators’ presump-
tion is that through more accurate information, consumers are able to make
better informed choices, building up a health economy based on trust and con-
fidence. In our model, an improvement in the quality of the buyer’s private
information decreases the information asymmetry between consumers and the
seller. But as it had been shown in the previous subsection, the value of pri-
vate information about quality may be very well negative for some parameter

values if it leads to a sufficiently increase in the equilibrium partial-pooling
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price. Hence, a better information provision could harm consumers’ welfare,
contradicting the second main objective of the commission.

The need for action to increase consumer confidence in the retail side of the
internal market has also been expressed by the commission. Policies that stop
dishonest practices and exclude rogue traders from the market, for example
by streamlining the prosecution of fraud, are favored by the Commission. In
our model, separating equilibria encompass honest behavior by businesses as
the low-quality seller always charges the buyer’s willingness to pay for low
quality units in these equilibria. Equilibrium prices are perfectly revealing
and therefore, the noisy private signal that reaches the consumer is ignored in
equilibrium. The perfect information about quality revealed in equilibrium by
the seller and the seller’s ability to commit to a leave-it-or-take-it offer allows
the seller to extract the entire consumer’s surplus. As a result, none of the gains
from trade accrue to the consumer in equilibrium. Instead, the development of
fraud in hybrid equilibria favors the persistence of the two-sided asymmetric
information in the market. In turn, this incomplete information limits the
extent to which the high-quality seller can appropriate the gains from trade
by lowering the equilibrium price for such units. Consequently, the presence
of fraud in the market enhances consumers’ welfare given that the consumer
now enjoys a positive ex-ante expected utility in equilibrium. From consumers’
point of view, this result casts doubt on the desirability of promoting honesty
in this type of markets. Hence, although dishonest business practices might
undermine the consumer’s confidence in the market, these practices might be
willingly tolerated by prospective buyers if suppliers with high quality products

charge lower prices.
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Appendix

Proof of Lemma 4.1. At any information set (py, s), the customer believes
that the item is of low quality with certainty. If a price p;, > vy, is offered, the
buyer’s unique best response is not to purchase the product regardless of the
signal realization observed. Given that there is no trade with certainty, the low
quality seller’s utility is zero. But he could deviate to a lower price p’ < vy, sell
the product with certainty and obtain positive rents. A contradiction. Then
pL < VL.

In equilibrium, it must be the case that b*(vy,s) = 1 Vs € S. We prove
this statement by contradiction. Suppose not. Then, the low quality seller
could guarantee a profit arbitrarily close to vy, by setting a price p’ sufficiently
close to vy, given that any price offer p with p < vy, is accepted by the buyer
with certainty. But then, his expected payoff could be increased from p’ to
p” by deviating to a price p” € (p/,vr). A contradiction. We conclude that
b*(vp,s) = 1 Vs € S which implies p;, = v. In any separating equilibrium
pr # pu. Hence, py > vr.

We prove that py > vy by contradiction. At any information set (py, s),
the customer believes that the item is of high quality with certainty. If
pr < vy, the buyer’s unique response is to always purchase the product in-
dependently of the signal realization. But then, the low quality seller would
prefer to deviate and set always py > vy, guaranteeing a strictly greater payoff

for himself.

Proof of Lemma 4.3. By the argument used in the previous proof,

we have that b*(vg,s) = 1 Vs € S which implies p;, = vy and py > vp.
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In any hybrid equilibrium p; # py. Hence, pg > vr. Charging a price
pr > vy results in no trade given that the buyer’s unique best response is
not to purchase the product regardless of the signal realization observed. As
a result, the seller would earn a zero payoff if he charged this price. But then,
the low quality seller would prefer to deviate and charge v, guaranteeing a
strictly positive payoff equal to vy, > 0 for himself. Hence, py < vg. Finally,
note that a high quality seller is not willing to sell his item at a price py < wy

since, if he did so, he would get a negative payoff. Thus, py > wg.

Proof of Proposition 4.7. Formally, let M BR(jur, p) be the set of mixed
best responses for the buyer who observes signal s = L to price p for beliefs
w(p, L) € [0,1]. Similarly, let M BR(uy,p) the set of mixed best responses for
the buyer who observes signal s = H to price p for beliefs u(p, H) € [0, 1]. Let
MBR(u,p) = MBR(pg,p) x MBR(ur,p) where p1 = (g, pr) € [0,1]%. Fix
a vector of equilibrium payoffs uj, for the sender. Define D(6,©,p) to be the
buyer’s set of mixed-strategy best responses to price p and beliefs concentrated

on © that make type @ strictly prefer p to his equilibrium strategy:

D6,0,p)= |J {(bp,H),b(p,L)) € MBR(p,p) : uj < ug(p, (b(p, H),b(p, L))}
np€l0,1]2
(3)

where,

ug(p, (b(p, ), b(p, L))) = [6b(p,0)) + (1 — 6)b(p, 0')](p — wp)

and let D°(0,0,p) be the set of mixed best responses that make type 6 exactly
indifferent.
A type 0 is deleted for strategy p under criterion D1 if there is a type 6’ € ©
such that
{D(6,0,p) UD"(8,0,p)} C D(#',0,p) (4)
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where the symbol C denotes strict inclusion.

Having deleted a type for strategy p, we can impose further restrictions on the
buyer’s beliefs and the best responses to those beliefs. This criterion is a strength-
ening of the Intuitive Criterion as type # is removed by the latter criterion only if
the sets D(#,0,p) and D°(#, O, p) are empty.

The restriction u(p, H) > pu(p, L) ¥p € R implies another restriction: b(p, H) >
b(p, L). The seller’s equilibrium payoffs are u}; = {1 — (15;5) ( - %)} (pH —wn)
and u}; = vy. Note that an equilibrium necessary condition for type H seller not
willing to deviate is uy; > vy, — wpy.

For each p < uj; or p > vy, D(H,©,p) = {0} whereas for each u}; < p < vp:

D(H,©,p) = {(b(p, H),b(p, L)) € [0,1]* : b(p, H) > b(p, L) &

Sb(p. H) + (1 — )b(p, L) > "1} (5)
P —wH

Similarly, for each p < vy, or p > vy, D(L,0,p) = {0} whereas for each vy <

p < vg:

D(L,®,p) ={(b(p,H),b(p, L)) € [0,1]* : b(p, H) > b(p, L) &

(1 — 8)b(p, H) + 8b(p, L) > %} (6)

If a type H seller were deleted for a given strategy p > vr, the deviation should be
interpreted as coming from type L. This induces the buyer to strictly reject trade at
p, which is an equilibrium response. Therefore, the hybrid equilibrium would survive
criterion D1. Only if a type L were deleted for some strategy max{vy,wg} < p <
v, the hybrid equilibrium would fail this criterion. A type L is deleted for a strategy
p if the unique solution to the following system:

*

Sbrr + (1 — 8)by, = pi‘if;H (7)
(1~ )by + 8br, = % (8)
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satisfies by < br. Straightforward calculations reveal that those hybrid equilibria

characterized by a high price py satisfying uj; < v, (1 — %) fail criterion D1.
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