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Economists are becoming increasingly aware of how imperfect
information can cause a wide range of market imperfections.

A great deal of effort has gone into careful analysis of
uncertainty about the various prices at which a homogenous
product is being offered for sale.l Yet uncertainty about
price 1is relatively minor and inexpensive to eliminate in
comparison with uncertainty about other product characteristics
(e.g., durability, safety or taste). This paper is concerned
with performance in markets where the products sold cannot

be fully and accurately evaluated prior to purchase. The
analysis will center on how a profit-maximizing firm chooses
product gquality in an environment where consumers cannot
observe gquality prior to purchase. I am particularly in-
terested in how the quality of products provided depends on
the manner and speed with which consumers gather information
about products and enter and leave the market.

Qualitative uncertainty is a widespread and important
feature of markets for most firms' goods and services. Vir-
tually all services are impossible to evaluate until they
are used. This includes wedical and legal services, auto-
mobile repair, plumbing and electrical work, etc. Another
important class of products whose quality cannot easily be
judged prior to purchase are consumer durables. In fact, when

a new model automobile comes out, there simply is no way of

knowing what its repair record will look like. As a final

class of examples, there are many products which we buy



guite frequently which have unobservable attributes: restaurant
meals (taste) and clothing (will it fade or shrink) are two
examples. The rise in both the complexity of products (consider
hi fi equipment or ethical drugs) and the fraction of income
spent on services has increased the importance of these infor-
mational problems.

The performance of the market in such a setting is
essential to the evaluation of a wide variety of regulatory
initiatives. These include occupational licensing (or minimum
quality standards in general), occupational health regulations
(the worker taking the role of the consumer), automobile
safety rules, and a wide range of regulations by the Food
and Drug Administration, Federal Trade Commission, and Con-
sumer Product Safety Commission. Recent actions such as
the FTC's proposed used car rule are designed precisely to
improve the information in the market and thereby enhance
performance. It is paramount, therefore, to describe market
performance in the absence of policy interference to be able
to evaluate the worthiness of either mandatory standards
or public provision of information.

The analysis in this paper is restricted to the case
where a monopolist controls the quantity as well as quality
of the good in question. Since imperfect informaticsn generally
leads to some market power, this analysis is a necessary

prerequisite to studying many suppliers in the presence of



gualitative uncertainty. One treatment of such markets with
many sellers is Shapiro [1980].

The paper is organized as follows: first I discuss a
variety of modelling problems which arise once the perfect
information assumption is removed. This is meant both to
familiarize the reader with the problems and introduce some
proposed solutions. Then I present the analysis in the case
where the seller sets quality once and for all (a new product,
for example). Finally, I treat the case where sellers can

vary their gquality over time.



Product Characteristics and Quality

Since the issues described above revolve around product
choice by a seller rather than simply pricing or output
decisions for a given product, it is very useful to adopt
Lancasters' framework and view/products as bundles of
characteristics. When products are viewed in this way, one
guestion which arises is whether or not the market provides
the so;ially optimal mix of product characteristics.2 Since
I wish to focus on product quality as opposed to product
variety, I restrict quality to a single dimension. This
should be thought of as some product attribute which is
difficult or impossible to observe prior to purchase, but
which consumers all like to have more of. Examples include
durability, safety (probability of no accident), or speed of
service. The restriction of guality to one dimension implies,
in particular, that any two consumers will agree which of two
products is preferred although they may disagree as to how

much the added quality is worth.3

Enodenous Quality Choice: A Dynamic Problem

To understand the problems which occur when product
guality is unobservable prior to purchase, it 1is important
to distinguish the case where sellers choose product quality
from the case where there is an exogenous supply of products

of different qualities. The latter case is the one introduced



by Akerlof in his seminal article [1970]. Unfortunately, models
with exogenous quality supply are of limited usefulness in
product markets. If the price offered depended only on

average quality in the market, and higher guality items are
more costly to produce, then in a one-shot model there is no
incentive for a given producer to provide anything other than
minimal quality. Consequently, the market will be overrun by
minimal quality items.4 The same result occurs in a dynamic
model if consumers do not learn about the gquality of individual
firms over time. The incentive to producing high gquality items
is that higher quality today will cause the demand curve in the
future to shift out. So product guality choices by sellers

are fundamentally dynamic.

;nformation Flows

It is apparent from these considerations that the technology
of information flow will be essential to any story of market
equilibrium. It is convenient to distinguish three facets of
this technology: (1) How information flows among consumers,

(2) How much a consumer learns about the product's quality
from using it, and (3) how consumers enter and leave the
market. Both the nature of the product and the institutions
surrounding the market for the good influence the way in which

information flows regarding each firm's products.



Personal Learning

The first stage in the process by which a firm's guality
today is transmitted to potential future buyers is through
the observations of those who have actually used the product.
So the ability of consumers to observe product characteristics
is crucial.

Product attributes which can be observed prior to purchase
have been called search attributes (by Nelson [1970]). They
present the same informational problems as do prices. In my
opinion, these problems are minor in comparison with those
involving attributes which require use to be observed. These
latter characteristics have been divided into two classes:

experience attributes which are observable after use (e.g.,

taste) and credence attributes which may remain unobservable
even after use. (e.g., the structural integrity of an auto-
mobile).5 It is intuitively clear that consumer information
problems are most severe for credence properties of products.
In fact, most regulations regarding product attributes are
directed at credence attributes. Licensing of doctors, most
regulations by the Food and Drug Administration and the Con-
sumer Product Safety Commission are examples.

For most products the distinction between experience
and credence properties is probably overdrawn. There is
some learning about product attributes with use, but at

varying speeds for various products. It is very useful



in this context to think of the consumer as observing some
outcome which depends on both the guality of the product and
some unobservable random variable.6 In the car safety example,
if a car holds up well in an accident it is not clear whether
the minimal damage is due to the type of accident or the way
the car was made. A similar lack of observability holds true
for drugs, services, etc. If a lawyer loses a case it is hard
to know if he was bad or the case was weak.

One way to incorporate learning into consumer choice is
to assume that guality is positively related to the probability
of repeat purchase. This approach has been taken in Schmalense«
[1978) and Smallwood-Conlisk [1979]. One problem with it is that
it gives no insight as to how consumers respond to price.7

I have taken a different approach in what follows. At

any point in time a consumer has some expectations regarding

product quality. This determines the position of his demand
curve. The learning then corresponds to adjusting expected
guality towards true quality. Products for which quality is
hard to observe even after use will display slow or lagged
adjustment of consumer expectations. It should be noted that
the ability of consumers to draw inferences about the firm's
guality from using the product is not solely technologically
determined. To the extent that firms have imperfect guality

control a consumer who gets a bad item may have difficulty



knowing whether its poor quality is representative of that firm
or not. For the purposes of this discussion, I will avoid this
problem by assuming that all the products a firm sells on a

given date have uniform gquality.

Interpersonal Learning and the Market for Information

There are quite a few potential sources of information
about product quality in addition to personal experience.
These are (1) Experience of friends, (2) Publications,

c¢ither public or private, such as Consumer Reports,8 (3)

Advertising, and (4) Potential signals of quality such as
price, warranties, or advertising.

If the market for information about product attributes
worked well, the informational problems in the markets for
final goods and services would be substantially reduced or
eliminated. There are several reasons why the information
market cannot be expected to work well, however.

The first two reasons relate to the public good nature
of information. The first is that it is difficult to prevent
resale of information. A private firm that sells information
may not be able to survive even though there is a substantial
value to the information, because there would be no restric-
tions on individuals who buy the information passing it along
(freely) to non-buyers. The second reason is due to the
positive externality created by informed buyers which benefits

u.informed buyers through raising gquality (similar to what



happens in Salop-Stiglitz [1977])). This quality influence is not
accounted for by consumers when considering whether to buy
information or not, and hence too little is purchased.

A final reason why private provision of information may
not be possible is due to credibility problems. Consumers
may fear that the information supplier is not entirely candid;
perhaps he is being bribed by some producers, or under the
influence of his advertisers. A governmental provision of
information may be able to avoid these problems. This of
course depends on how such an agency is set up to provide
incentive s for truthful provision of information.

In order to evaluate the desirability of information
activities by public authorities, it is necesséry first to
understand the advantages which derive from improved informa-
tion. That is the goal of the analysis to follow. The
comments above are intended to highlight why the laissez-
faire level of information can be expected to be suboptimal.

The possibility that warranties may provide information
about quality will be ruled out in this paper. Spence
[1977b) has shown that when quality refers to probability of
failure of an item, warranties may serve as signals of
guality. For many goods this is possible only to a very
limited extent. Take a washing machine, for example. A
warranty may hold for 1 or 2 years, but it is not possible

even for manufacturers of good machines to offer comprehensive
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warranties. This is because the manufacturer cannot monitor
maintenance or intensity of use. Such moral hazard and
adverse selection problems are inevitable barriers to the
absorption of product quality risks by the producer. 1In

the example of legal services, it is possible to write
incentive contracts, but adverse selection limits their
scope.9

Finally, in this paper I do not include advertising,
although its virtues as well as faults must be analyzed
in thé context of imperfect information. Advertising
can be viewed as altering consumer's expectations of quality.
Since there is an obvious incentive for producers to over-
rate their product, the key question here is why consumers
pay any attention to such claims. The ability of advertising
to convey information about product quality is something I
hope to treat in the future.

I have tried in this section to identify factors which
influence the speed of learning by consumers. The analysis
below focuses on the relationship between that speed and
the guality of product chosen by the monopolist. 1In
examples where the only learning is personal learning,
it is possible to be guite explicit about how the firm's
demand curve shifts in response to learning. Such examples
place an upper bound on the informational problems in the
market, since there are in fact additional information

sources, as discussed above.
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General Formulation of Quality Choice by a Monopolist Under
Imperfect Information

Consider the problem faced by a firm in setting its quality,
g. At any point 1in time the firm can reap extra profits by
cutting quality; there will be no loss in revenues until
consumers can respond to the quality change.

Since the problem is essentially dynamic, let t denote
time and call p(t) the price at time t, g(t) the quality, and
x(t) sales. There is also a cost function c(x,gq) in quantity
and quality.

There may also be costs to changing gquality i.e., once
and for all costs to introducing a new gquality line. I ignore
these for the most part, except to note that they justify
the attention paid to once-and-for-all quality choices below.
In fact we do not usually observe frequent gquality changes
by sellers; price changes occur much more rapidly. This
is further justification for the treatmént in the following
section.

Profits at time t are given by
T(t) = p(t)x(t) - c(x(t), g(t)).

The crucial question is how x(t) depends on p(t) and previous
guality choices.lo One approach is to treat x(t) as the
state variable representing a loyal set of patrons. Then

the inflow of new customers and the outflow of dissatisfied
customers will in general depend on quality, price, and the

cstock of customers itself. Smallwood and Conlisk [1979] took
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this approach in discrete time with quality being the probability

any given customer would return the next period. This re-
guired them to take price as fixed and exogenous, and they
could not generally determine what guality a firm would
choose. Furthermore, they did not allow guality changes over
time.ll Farrell [1979) has also taken this approach and is
able to study the optimal g(t) path for a firm, again taking
price as fixed and exogenous.

The approach in this paper is quite different since 1I
am interested in allowing price changes over time, and view
the firm's reputation as the state variable rather than its
sales. In this view, previous guality and sales influence
what various consumers think about the gquality of a firm's
product, and it is this reputation, R(t), which determines
the location of the firm's demand curve. Consequently,
the firms' pricing decisions over time can be studied, and
consumers' individual demand curves can be derived from
utility functions and expectations of quality.12

This approach does require specifying the process by
which reputation adjusts over time. I argue strongly for
adaptive expectations by consumers in response to quality
changes by a seller. There is no evidence at all to support

a more sophisticated approach by consumers in which they

solve out the firm's optimal control problem to figure out
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what to expect. Instead, evidence on consumer behavior suggests
strongly that consumers extrapolate from recent experience to
predict future product performance.

Viewing a firm's reputation as the state variable in the

dynamic setting outlined above, the firms problem is:

max § et xt)pix(t), R(E)) - c(x(t), g (t) Jat
X(t): q(t) t=0
subject to R(t) = £(x(t), g(t), R(t)).
R(0) given.
Here the inverse demand curve the firm faces at time t 1is

p(x(t), R(t)); its location depends on reputation, not guality

at time t (since that will not be observed until later). Now
consumer learning will be embodied in the f(x, g, R) function.
The discussion above about information sources influences firm
behavior through f. Consequently, itlwill be very important
to see how the optimal choice of g(t) and x(t) depend on the

specification of f.
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Once and for All Quality Choice: General Results

In this section I shall consider the problem faced by a
monopolist when he is choosing once and for all what gquality
product to produce. It is best thought of as introduction of
a new product, but applies at any point where a long-run
guality choice is being made.

Suppose consumers all expect the quality produced to be
Ro' Thgt is, suppose the firm has an initial reputation of
RO (R and g are measured in the same units). For now I take
R, as beyond the control of the firm. If advertising is
permitted, it may well operate through altering Ro‘ One could
study how much the firm would advertise to influence RO
favorably. Of course, such advertising need not be informative.
Ro may also depend on the gquality of products already in the
market (more on this below). In the full model where quality

changes over time are permitted, R, will depend on previous

t
guality and sales chbices by the firm itself.

Suppose, given initial reputation Ro the firm elects to
produce a product of quality g. It then chooses an optimal.
pricing path (and corresponding sales path) over time to
maximize the present value of its profit stream. What such

a path looks like will depend on how learning occurs by consumers.

To remain perfectly general, denote the optimized present value
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of profits from choosing g given RO by V(qg, RO). So long as
there is discounting we expect this to be finite, and initial

reputation to be of some value, i.e.,

(Al) Vz(q, RO) > 0 for all q, RO>0.
(here subscripts denote partial derivatives).

(A2) V(g, R ) is finite for all (q, RO) and is continuously
differentiable.

Such a V function permits gquite general learning behavior on
the part~of consumers. I will bound the choice of g from
Felow by assuming that for g<0 (this is just a normalization)
consumers can detect the poor quality and will not buy the product.
Therefore V(g, RO) = 0 for g<o0.

In order to discuss the firm's optimal quality choice
when facing initial reputation Ro' it is very useful to
identify the quality which would be chosen in a perfect
information world. Define

W(g) = V(g, g).

This is the present discounted profits from choosing g under
perfect information.14 I will assume

(A3) W(0) =0, W'(0) > 0, and W'(g)<0 for g large.
Consequently, the guality chosen under perfect information,
g* satisfies

(1) W'(g*) =0

(There may be several roots to (1), but g* is the best one).
It is now quite easy to identify one sense in which imperfect

information will lead the firm to shade on guality:
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Theorem 1. Under Al, A2, and A3 if consumers expect the firm
to produce at the perfect information profit maxi-
mizing quality level g*, it will be optimal for

the firm to produce a lower quality.

Proof: We know W'(g*) =V, (g*, g% + V,(g*, g* =0
By Al we know Vz(q*, g*) > 0. Consequently,
Vl(q*, g*) < 0. Thus the curve V(g, g*), the relevant
one for a firm facing initial reputation g*, cuts
W(g) from above at g*. Furthermore, again by Al,
for g>g*,W(gq) = vig, gq) > V(g, g*) so W(g) lies above
V(g, g9*). Similarly, for g<g* V(g, g*) > W(g). A
consequence of these facts is that V(g, g*) must be ¢
shown in Figure 1. Therefore the optimal choice of
quality facing initial reputation g*, g** in the Figpre,

is less than g*. W
$

vy, ¢*)

wiq)

q}* qf %

FIGURE 1
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Note the great generality of Theorem 1. 1In particular it

requires no concavity assumptions.

by
If we denote B(RO) the best choice of quality facing

initial reputation RO, the above argument shows that for

Roiq*’ B(Ro)<RO. It is natural to ask whether there is some

gquality level § such that B(§)=§. That is, is there some

quality level such that if consumers expect the firm to produce

at that 'quality level it will be optimal for the firm to do so?
Without making further assumption about the V function

it is not possible to conclude that such a quality level exists.

If V is concave in its first argument, however, there will be

such a self-fulfilling gquality level:

Theorem 2. Under Al-A3, if V is concave in its first argument
then there exists a quality level §<g* such that
if consumers expect the firm to produce g, it will

in fact be optimal for the firm to do so.

Proof: Consider the funcﬁion Vl(q, g). We know
. Vl(O, 0) + V2(0, 0) = W'(0) >0. Also V2(0, 0) =0
because I assume V (0, RO) = 0 for all Ro’ Therefore
Vl(O, 0) > 0. Also, by the argument above Vl(qf g*) <O0.
So, since Vl(q, g) 1is continuous and is positive at g=0

and negative at g=g* there must be some ge(0, g*) such

that Vl(q, g) = 0 by the intermediate value theorem.



18

Now if V is concave in its first argument and Vl(q, g) =0,

A~

then § maximizes V(g, §), so facing initial reputation §

the firm picks q=§.15 a

It is instructive to cast these results in term of the
B(RO) function mentioned above. The concavity assumption guarantees
that B(RO) is a continuous function. Then Theorem 1 tells us that
B(RO) lies below the 45° line for Rozq*. The simplest case 1is
when there is a single solution to B(g)=gq, as in Figure 2.

It is possible that B(RO) intersects the 45° line several
times, however. Generically there are an odd number of such
intersections. See Figure 3. The shape of the V function

corresponding to Figure 2 is shown in Figure 4.

-

‘:.

~*> L
<

o)

Q\

FIGURE 2
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FIGURE 4
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This self-fulfilling quality level (any of them if several
exist) has some peculiar properties. First of all, the monopolist
does worse at § than he would under perfect information, since
W(§) < W(g*). Therefore, if the monopolist could commit himself
to producing g* and convey this commitment to consumers, he
could do better. This provides one justification for warranties;
the monopolist could promise to pay customers if they get a
product of guality less than g*. He would then credibly commit
himself to producing g* and could achieve W(g*). Without the
warranty, however, after inducing expectations g* he would
want to cut gquality, by Theorem 1.

If consumers are sophisticated and solve out the firms'
optimal choice problem we would expect to see g produced. It is
a rational expectations equilibrium gquality level in the
following sense: if all consumers expect § the firm will fulfill
their expectations.l6

Such calculations by consumers is not consistent with observed
consumer behavior, however, which is rather more adaptive and

17 Without the self-fulfilling expectations

extrapolative.
requirement it is not possible to pin down what quality is

chosen by the monopolist, since Ro is exogenous. One story
which leads to firms producing § is that there is a sequence

of firms introducing the product, and consumers expect an

entering firm to have quality equal to the lowest of all
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existing firms. Suppose that the first firm to enter faces
expectations q,- It then produces a product of quality ql=B(qo).
Consider first the case where qo>§ and assume Figure 2 1is

the relevant B(q) function.18 Then B(qo) < q,- The second

firm therefore faces expectations 9, and produces q2=B(ql). The
process converges to production of § by later entrants. The

same result holds when qo<§. This argument also goes through if

consumers expect a new entrant's quality to be that of the most

recent entrant.

It is possible to indicate in this framework how the speed
of learning by consumers affects the firm's optimal quality
choice. Suppose all consumers hold their initial expectations

of q, for « periods, after which they will learn the true

quality.20 Denote by u(q,qo) the profits earned in one period

when all consumers believe the gquality is q, but in fact it is

g. Clearly Ul<0, U2>0. If all learning occurs after «k periods

and the discount factor is p, 0<p<l, then the present value of

profits from choosing g is

K
l_
v(g, q,r K) = : v(g, qo) + oKW(q).
l-p

The first order condition for the choice of g is given by

Vl(ql qO\K) = i-_ Ul(CI: qO) + p W' (g) =0

o
=P
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Defining s=pK, the speed of learning (since when k rises s falls

beause p<l) we can rewrite the first-order condition for g as
(1-s)v, (@, q)) + s(1-p)W'(q) =0
Differentiating with respect to s yields

(1-s)u _ _ ' _vwedg _
ll?g up + (=)W' + s(l-p)W"g2 = 0

or

dg _ _ (l-p)W'(q) - ul(q, qo)
s

(1-s) (q,q,) + s(l-p)W"(q)

v
11

From the first-order condition we know W'(g)>0 at the g chosen

(because v,<0 everywhere) so the numerator is positive. The

1

denominator is negative by the second order condition defining
dgq

the optimal g, so we can conclude that ds >0 and have proven

Theorem 3 In the case where all learning occurs after « periods,
as Kk increases the optimal guality level falls, for
any given initial reputation.

Consequently, the guality chosen approaches g* monotonically from

below as k falls to 0.

This comparative static result can be shown in a more general

setting. Denote the present value of profits from choosing g

when the speed of learning is s by VI(g, q, s). Then the first-
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order condition for g is Vq(q; qo,s ) = 0 and the comparative

statics computation gives

ol®

\%
='V3§ so 895 ¢ if and only if v_ >0 i.e., if increased
oo ds as

speed of learning increases the value of gquality to the monopolist.
In the case where V(qg, qo, s) = (l—s)V%q, qo) + swW(g)
this will hold. 1In general one would need to look to see how
s entered V to see if Vqs>0.

It is only slightly more difficult to see how the self-

fulfilling quality level is influenced by the learning speed of

consumers. Let me consider the case where this quality is
unique; uniqueness is guaranteed if we assume the function
Vl(q, é) is decreasing in g (so there can only be a single
root to Vl(q, g) = 0). This assumption is equivalent to

Vll(q, a) + VlZ(q’ g) < 0 for all g. The self-fulfilling

quality level, G, is defined as a function of s by

vl(q, g, s) = 0. Differentiating with respect to s gives
gﬂ = -Vls
s e e
V1i1*V12

So again we get %% >0 exactly when V, >0, under the additional

>
1ls

assumption of Vl(q, g) declining.
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Welfare Implications

The analysis qbove indicates that imperfect information will
tend to cause a reduction in the quality of products provided.
This can lead to either a gain or loss in social welfare, using
the criterion of consumers surplus plus profits to judge welfare.
The welfare consequences of gquality choice by a monopolist under
perfect information are studied in Spence [1975] and Sheshinski [1976). The
conclusion of their analysis is that, depending on the shape of the inverse
demand curve in quantity and gquality, p(x, g), a monopolist may
either under- or over-supply quality. This is because the
monopolist considers the effect on the marginal buyer of a
change in quality, while social welfare requires looking at the

effect on the average buyer. As a result, given the quantity

produced, the monopolist quality is too low if and only if

pxq<0, i.e., if and only if the marginal consumer's evaluation
of quality is less than the average consumer's. (See Spence
(1975] p.419). Furthermore, the choice of quality may interact

with the severity of output restriction if price elasticity
is dependent on gquality.

Consider the welfare consequences of the self-fulfilling
eqguilibrium quality choice. If gquality at the perfect informa-
tion outcome, g* was sub-optimal , then the informational problems
would exacerbate the welfare losses. It is perfectly possible,
however, that g* is supra-optimal in which case the lack of

information could help matters. This is a typical second-best

example of two imperfections counteracting each other.
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The welfare analysis along the path to a steady state, i.e.,
while consumers are learning the true quality, is considerably
more complex. For example, some consumers may purchase the
product even though it in fact has little value to them, because
they overestimated the quality. It is clear that the joint
distribution of valuations of quality and expectations of
guality, and how this distribution is updated, is central to
a welfare analysis.

Consider a special case: everyone has common misperceptions
about guality, expecting RO instead of g. Suppose initially
that price elasticity of demand is unaffected by expected
guality, so the firm's price is independent of reputation.21
Then 1if Ro>q more people will buy the product than would under
perfect information. This seems like it would represent
a welfare gain, since monopoly output is too low. Even though
some of those who bought only because they expected Ro>q regret
having done so whe.. they observe g, there is a social gain
to their having purchased the product if their valuation
exceeds the cost of production.

To sketch out this example more fully, assume constant
return to scale with unit cost function c(g). Let consumers

be described by their valuation of gquality © such that type

@ has utility function 0g-p from buying a unit of quality g
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at price p.22 The demand curve is generated by a distribution of

O@'s. Suppose the monopolist sets price p, quality g, and has

/

initial reputation Ro' Then 0 will buy if and only if @Ro>p.
From a social welfare point of view, © should buy if and only

if eg>c(qg). Depending on the relative size of c¢c(g) and p
q R
o)
there may be too little or too much output. See Figure 5. It
is possible that the first best outcome is achieved under

monopoly and imperfect information if c(gq) _ P
q R °
0
course be distributional consequences of the imperfections, but

There will of

those are not considered in our standard welfare measure.

g
‘2
Qo

FIGURE 5

Over-Estimates of Quality
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P
If R

is at A then too many consumers purchase the product.
This does not imply that the situation would be improved by
eliminating the informational problem, however. We must compare
purchases by @3%0 with purchases by @i%. The latter suffers from
the usual monopoly output restriction.

If RO is at B, too few consumers purchase under imperfect
information, but the imperfect information improves welfare.
So mild overestimates of quality improve welfare (under the
assumption of price elasticity independent of reputation).

The situation is quite different if Ro<q. Then the

pessimistic misperceptions tend to reduce sales and exacerbate

welfare problems. See Figure 6 below.

C]
c(qg) 2] P
g g RQ
FIGURE 6

Under-Estimates of Quality

Now even fewer sales occur with expectations RO than would
under perfect information:; there is an unambiguous welfare
loss.

Allowing reputation to influence what price the firm charges
permits almost anything to occur. For example, it could be
the case that pessimistic expectations increase demand elasticity
and this cause price reductions which more than affect the losses

mentioned above due to such expectations. That is, if
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c(9) P(RO)

q -_— R

< p(q) , even though Ro<q, then there are welfare
o

gains to having mispefceptions of Ro (here p(g) is the price

charged when consumers all believe the quality is q).23
Another welfare effect, explored in an example below,

is caused when the firm's pricing decisions are made with recog-

nition that they effect the learning process and hence future

demand. Supposing that higher sales leads to more rapid learning

by the market about true guality, there is an incentive to cut

back on sales when reputation exceeds true quality. This excer-

bates tﬁe usual monopoly welfare losses. Conversely, when

reputation is below true gquality there is a benefit in addition

to static marginal revenue from making another sale. Namely,

there is a more rapid expansion of demand due to the increased

speed of learning about the true quality. This effect leads

the monopolist to expand output relative to its static profit

maximizing level, causing a welfare gain along the path as consumers

learn. It is worth noting that these effects are not small,

because the monopolist is not at the social optimum in their

absence.
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Personal Learning: An Extended Example

7

In this section I analyze monopoly pricing and output decisions
overtime as consumers learn. The learning is restricted in two
ways which limit the generality of the results: (1) All consumers
begin with the same expected quality,24 and (2) learning occurs
only from personal experience: a given consumer learns nothing
until he tries the product, at which time he learns its true quality.

Consumers differ in their tastes for quality. A consumer of
type 6 has utility function eq—p,25 as above. Hence if all consumers
expect quality R, then those 6's who buy will be {8 = 6 > p/R}ZG.
Denote by F(u) the number of consumers of types 6 < 6. Let the range,
of 68's lie in the closed interval [eL, 6yl where 0<6;; call F(SH)=N,
Suppose all consumers initially believe the gquality to be R, when
in fact it is g. The initial demand curve is thus s(p) = N-F(p/R).
Similarly, the fully informed demand curve is z(p) = N - F(p/q).

In the diagrams these are drawn as linear demand curves; that cor-
responds to taking F to be the uniform distribution, but is totally
unnecessary.

Under the type of learning assumed, the position of the current
demand curve depends only on which consumers have previously tried
the product (and therefore learned). This in turn depenpds only on
the lowest price previously charged.

Each period the firm chooses a price. 1Its objective is the pre-
sent value of profits. 1In general the price charged will vary with
time as more consumers learn the true quality of the product. The

price charged will not generally be the one which maximizes static
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profits, because the firm must account for the effect of this period's

price on the demand curve in future periods.
Since the situation is fundamentally different depending upon
whetler initial expectations are over- or under-estimates of true

guality, I separate the analysis into two cases: R > g and R < g.

Oyt s(pd

EQﬂ

FIGURE 7

Initial Reputation Exceeds True Quality

(CASE 1I)
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Case I: R>qg (Refer to Figure 7)
Call the price changed in period t, Py -
Lemma 1l: If for some T, PT > PT-l’
then Py = Pp for all t > T.

Proof: If Py > Pp_j;, then there is no shift in the demand curve

due to the sales made during period T. This is because

no new people tried the product during period T. Con-
sequently, if it was optimal for the firm to charge Pr
facing this demand curve during period T, it is optimal
for it to do the same thing again in period T+l1l. @&
Since we know the pricing sequence is monotonically decreasing
over time except possibly for a final jump in price, it is natural
to ask how low pt+ gets, and where it finally ends up.
It is at this point necessary to describe what the demand curve
looks like as a function of the lowest price previously charged,

~

P . Denote this demand curve by x(p,pP). We must distinguish two

A

subcases: (A) ﬁ > BHq and (B) p < qu.

Case I-A = p > 649

The demand curve x(p, p) in this case is shown in Figure é. It
is constructed as follows: There are s(p) consumers who have pre-
viously tried the product. Since they updated from R to g, their
demand is represented by the portion of the z(p) curve from x=0 to
x=s (P). Those who have yet to try the product have demand represented
bv s(p) from x = s(p) to x = N. It is adding these two demand curves

A

together which gives x(p, p).
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For p>p no one Yill buy, since all those who previously did
now know better. For 6Hq‘<p<<§ some uninformed consumers will
buy, namely those who value the product enough to buy but not
enough to have done so at ﬁ: qu < BR < p. There are just
s(p)-s(g) of these, since s(ﬁ) have already learned. For

z"(s(ﬁ))<p<qu some informed consumers will buy and some do not.

Exactly those 6 s.t. 6R>ﬁ (informed) and 6g>p will do so. There

are z(p) of these. Also some uninformed buy: those 6 s.t. 6R<p
and 6R>p. There are s(p)-s(ﬁ) of these. Finally, for very low

P (p<z"(s(§))) all those who are informed buy,s(ﬁ), and some un-
informed do as well: z(p)-S(ﬁ) of these. Summing up, we get the
demand curve x(p, p) shown in Figure 8. Algebraically, for

ﬁ > GHq we have

0 P2p
5 (p)-s (B) 8g<P<p
x(p,p) = s(p)-s(p e
s(p)-s(p)+z(p) 2z~ '(s(P))<p<Oyg

~

s (p) p<z~s(p)).
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FIGURE 8

R>q and p > 8Q

Case I-B. §<:qu.

The description of demand is somewhat simpler in the case where
ﬁ < 8yg Dbecause those willing to pay the most are now the informed
who value gquality the most, rather than the uninformed who are
overly optimistic. See Figure 9 below for the shape of x(p,p) in
this case. Again this curve is derived by added two other curves

together horizontally: the s(p) curve from s(pP) to N and the z(p)

curve from 0 to s(p). Algebraically, when 5 < fyg we get
z (p) PP
x(ps B) = J z(p)+s(p)Es(B) 2E' (s (p)) <p<p

s(p) p<zE(s (P))
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It

s(p) N
FIGURE 9

R>q, P < 849

Notice that even though both s(p) and z(p) exhibited declining
marginal revenue, x(p, P) need not.

Now we can proceed to analyze the optimal pricing sequence
{pt} chosen by the monopolist. Denote by p* the profit maximizing
price facing the fully informed demand curve z(p). Then

Lemma 2 For some T, py < p* for all t > T.
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Lemma 3:

Proof:
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By Lemma 1, thHere are two cases to consider. One where
price falls monotonically, and another where price remains
the same after some date. 1In the latter case, price could
not remain at Pp > p* because thefirm could gain profits
both in the short- and long-run by chavging p* instead of
p (charging p forever yields per period profits of
(p-c(q))z(p)<(p*-c(q))z(p*) and x(p,p) always lies on or

above z(p) so it is feasible to earn (p*-c(g))z(p*) every

‘period.) In the case where {pt} declines monotonically,

it must approach some . Then if p>p* the per period profits
approach (p-c(q))z(p)<(p*-c(q))z(p*) so approaching p

cannot be optimal. W8

For some t, pt<:p*.

suppose not. Then {p .} ~ p* by Lemmas 1 and 2, and profits
approach (p*-c(g))z(p*). The demand curve approaches x(p,p*)
which looks like Figure 10 below. I have drawn in the as-

sociated marginal revenue curve as well.
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x ¥

x* ‘\ *&\\ N

- MR
» MR!’(?) *(p,p*)
FIGURE 10

Since tle curve x(p,p*) has a kink at p*, the marginal revenue

is not defined there. But the marginal revenue curve associated

with x(p,p*) is shown as MR on Figure 10. It can be seen that

x (p,p*)
the firm can make one perio 'profits in excess of (p*-c(qg))z(p*)

by setting p<p* , since MRx(p’p*)>c(q) for p<p*. 1In fact, it
could earn as much as the shaded triangle's area in a one-shot ex-
ploitation of consumer's initial misperceptions. Whether it will
want to do this all at once depends on the exact shape of demand
and the discount rate, but the basic point is established: at some

point the price will fall below p* to reap some gains from the

misinformed. ==



37

Theorem 4 When consumers learn only from personal experience
and begin with common overexpectations about product
quality, the monopolist's prices over time fall mono-
tonically, eventually falling below the fully-informed
monopoly price, and then jump back to that price for-
ever after.

Proof: 1In view of the Lemmas, all that needs to be shown is that

price does eventually return to p* after it has fallen
Below it. If not, suppose {pt} > P<p*. Then profits
approach (p-c(q))z(p)<(Btc(q))z(p*) and it would be better
for the firm to charge p* forever rather than P. ‘l

Case II R<g

The situation is entirely different when consumers are skeptical
about a product's attributes. Now the firm will tend to sell more
than the static monopoly profit maximizing level, because more sales
today shifts out the demand curve tomorrow. While this might repre-
sent a welfare gain, it must be balanced against the fact that con-
sumers are less likely to buy, even if the product is valuable to
them, because they underestimate its value.

The initial demand curve s(p) and the fully-informed demand
curve z(p) are shown below in Figure 11. I have also drawn in
x(p,ﬁ), the demand curve the firm faces when ﬁ is the lowest price

previously charged.



FIGURE 11

Quality Exceeds Initial Reputation

Let p*(R) be the static profit maximizing price facing common
expectations R (i.e. facing s(p)), and p*(g) be the profit maximi-
zing price facing perfect information demand, z(p). Let x*(R) and
x*(gq) be the corresponding levels of sales and m*(R), m*(g) the
profit levels. Then there is a simple case which can be fully de-
scribed:

Lemma 4 If x*(R) > x*(g) then the monopolist first charges p* (R)
and forever after charges p*(q).
Proof: Observe that the monopolist cannot possibly make more
than 7*(g) during any period, and cannot possibly make
more than m* (R) the first period. So if making 7* (R)

followed by m*(g) is feasible, it is optimal. 1If
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x*(R)ix*(q)’then after making w*(R) the first period
he faces a demand curve such that the quantity-price
combination (p*(g), x*(g)) is feasible. Hence the pro-
posed regime must be optimal. | |
While it is possible that x*(R)>x*(g) it does not seem to be
the usual case. This is because such a relationship implies that
P*(R) is considerably below p*(g) i.e. the pessimistic expectations
cause much more elastic demand than accurate expectations. If this
inequaiity does not hold we can prove
Theorem 5 If x*(R) <x*(g) then in the long run the monopolist
will not sell as many units when he faces initial
expectations R<g as he would under perfect information.,
His long-run per period profits will be below their
perfect information level, and there will be an added
welfare loss as a result.
Proof: The analysis is significantly aided by reference to Figure 12

below. There I have drawn the initial and fully informed

profits as a function of sales. That is
m(x; R) = [s™!(x)-c(q)])x and
m(x; @) = [z27' (x)-c(q)]x .
Since R<g, or equivalently s(p)<z(p) so s ! (x)<z=!(x), m(x,R)<
m({x,g). I have drawn the case to which this Theorem refers, namely

x* (R) <x* (q) .
The profits obtainable as a function of sales when X is the
mavimum number of sales previously made (alternatively: p=s—! (X)

is the minimum price previously charged) is shown in Figure 13 as

T(x, X%).



Fi@gge 13
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Several points can now be made clear. First of all, the monopo-
list will never sell more than x*(g) or less than x*(R). This is
because either of these actions loses money in both the short- and
long-run. Selling less than x*(R) sacrifices profits this period
and fails to inform very many consumers that the product is better
than they had thought. Selling more than x*(g) sacrifices short-run

profits, whichever m(x, %) the firm is facing, while informing cus-

tomers who the firm will not want to sell to anyway. That is the

key: tﬁere is a cost to informing more customers that the product
is better than they had believed. This is done through introductory
offers in this example. I have implicitly assumed that it is impos-
sible to cut price only to new customers; the firm sets one price
each period.

Once x*(g) customers are informed, there is no point in informing
more, because the firm does just as well facing 7w (x, x*(g)) as facing
T(x; q).

What will the actual sales path look like? Again, the trade-
offs to be made between short-run sacrifices and long-run gains
depend on the discount rate. But it 1is easy to see that, so long
as the discount rate lies between 0 and 1, (l) at scme time the
firm will sell more than x*(R), and (2) the firm will never sell
as many as xX*(g). The firm will not repeatedly sell x*(R) because,
to the first-order, there are no losses from selling a bit more

(wx(x*(R); R) = 0) but there are real long-run gains (wx(x*(R);q)>o).
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Similarly, there’is no point in pushing sales all the way up

to x*(g) because the long-run gains are wx(x*(q); g) = 0 and

—~ Hl—

the short run gains are ﬁx(x*(q% Q) <0 i.e., there are short-run
losses from expanding output. Consequently, the monopolist will
utlimately sell =Xe(x*(R), x*(q)) forever after. This provides less
profit than he would obtain under perfect information since

T(x*(q); g)>7(x,%X). And it entails a welfare loss since the monopolist
already has restricted output below its socially optimal level.

I should point out that this welfare loss is exacerbated by the
inability of the monopolist to provide selective discounts to new
customers. If he could do that, he would find it profitable to
inform more consumers, through introductory offers, that the true
quality is g.

The results in this example of personal learning carry over
if learning is not immediate in response to use of.the product,
so long as it takes only finitely long. Slower learning will in-

fluence the optimal sales (price) path, but the gualitative con-

clusions of Theorems 4 and 5 carry over.
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A Continuous Time Example of Once with For All Quality Choice

In this section'& move away from studying how individual
consumers learn to focus on one aspect of the monopolist%ﬁ optimal
sales path in the presence of aggregate consumer learning. That
aspect, referred to above in the welfare section, is that when
sales levels influence learning, if reputation exceeds quality
the firm will cut back on sales relative to static profit
maximization. As in the above section, this model takes
quality choice as given and studies the sales path over time.

Dénote quality by g, reputation by R, and sales by x. The
inverse demand curve the firm faces depends on reputation,
and is written p(x,R). The firm faces a control problem of
the type discussed in the introduction, with the restriction
that quality is a once-and-for-all choice. This problem

fits precisely into the framework analyzed in Theorems 1 and

e Tt p(x(t), R(£))x(t) - c(x(t), gsldt

<
W
o
o
]
3
Y
»
O W\ g

s.t R = sx(g-R)
R(0o) given.
The analysis here will focus on what the path x(t) looks like.

To avoid other effects, I assume constant returns to scale:

c(g, x) = xc(qg).

The specification of R is crucial to the optimal control

problem. The idea behind the equation R = sx(g - R) 1is that
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the speed with which reputation adjusts towards true gquality
depends positively on, the level of sales. This occurs for
two reasons: (1) A given customer updates his expectations
more completely, the more experience he has with the product,
and (2) the more customers who try the product, the more
learning there will be regarding true gquality (and the more
subsequent interpersonal communication about the firm's quality).
As we will see, this causes the monopolist to cut back on sales
Qhen R>q in order to retard the deterioration of reputation.
The reverse effect occurs when R<g. The parameter s measures
the speed with which consumers learn from using the product.
The present value Hamiltonian for the firms control

problen is

H(x, R, A) = p(x, R)x - xc(g) + Asx(g-R).
Assuming pR(x, R) > 0 we know that reputation must have
positive shadow value, i.e,, A>0. The assumption in Theorem 1

that v,>0 is exactly that A>0.

2
Denote marginal revenue by MR , R)
(i.e MR(X, R) = p(x, R) + xpx(x, R)) .

Then the necessary conditions for the optimal path include

MR(x, R) - c(q) XS(R-q)

rk—i

pr(x, R) - Asx

We can see from the first eguation that MR>c exactly when R>q.
Assuming declining MR (MRx<0) this means that sales are cut

back relative to static maximization exactly when R>q.
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Assuming that MRR>O, i.e, that increased reputation

increases marginal revenue, we know the curve in x-R space

along which MR(x, R) = c is upward sloping, as in Figure 14.

By the first equation above, since A>0 we know that sgn(MR-c)=sgn(R-q),

so the optimal regime never enters the shaded regions.

R, MR (X&) = c(q)

W
x

Figure 14
To investigate the dynamic system induced ir x-R space by

the necsssary conditions above, eliminate X and solve for x and

R as functions of x and R. This is done in the Appendix. The

resulting equations of motion are

. -sX MR-c(g) r
X = MRX (g=R) [xPx8.+ R-g SxJ

:Uo
"

sx(g - R)
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When p r=0' a central case, the x=0 curve corresponds to MR=c.
P

This case 1is drawn in/Figure 15 below. Since MR-c

///

Il-- - - -

Ry MR=zC

4 —
* X
x

Figure 15
are
and R-quf the same sign in the relevant regions, we then get

sgn (x) = sgn (g-R) outside the shaded regions. Unless pxr is
a large negative number, the expression in brackets in the x
equation above will be positive and we will have sgn x = sgqn (g-R)
To complete the solution to the optimal control problem,
we must see which path is best, starting at a given R(O0).
Fortunately, it is easy to rule out all paths except the one
leading to the steady state. Begin with the case R(0)>g.
We know any path which enters the shaded regions from Figure 14
cannot be optimal. Consider those paths which lead to the

x=0 boundary. These involve closing down with a high reputation.
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This cannot be optimal under the assumption that positive profits
can be earned in the steady-state, because a firm with R>g can
at least duplicate the actions of a firm with reputation qg.
This proves that the optimal regime when R(0)>g involves following
the separatrix into steady state from where it intersects
R=R(0) .

The analysis is much the same when R(0)<g. Now we must
rule out paths which lead off to x=» as g>R. These lead to
large losses as x grows and hence cannot be optimal. Again
the optimal regime goes to the point (x*, g) in the Figures.

The relationship between sales levels in the presence
of learning x*(R), and under static profit maximization xS(R)
is depicted below. The fact that x*(R) > xS(R) if and only if
R<g does not depend on the assumption that MRR>0. The welfare
consequences of this behavior were discussed in a previous
section.

% s

% (R)

without learning X*( R:)

1
v

1

Figure 16
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Product Quality Choice Over Time: Remarks and General Results

While in some cases producers choose product attributes
once and for all, as studied above, in other cases it is
possible for them to change their guality over time. 1In this
section, I study the behavior of a monopolist who can alter
his guality each period. This is one polar case - no costs
to changing quality - while the earlier analysis is the other -
large costs to changing quality so that a once and for all
choice must be made.

A central issue in studying quality changes over time
is the following: wunder what circumstances (cost functions,
demand functions, and consumer learning) will a monopolist
rind it optimal to settle down to some steady-state quality
level? The alternative 1s to oscillate, repeatedly running
up a reputation and then milking it. If the oscillations
were optimal, we might expect alternative mechanisms instead
of reputation to arise to certify or control the monopolists
product quality.

First I discuss the necessary conditions for a quality
level to constitute a steady state. Again we see that imper-
fect information causes the monopolist to reduce guality.

The way in which consumers' expectation formation affects
the steady-state guality level is analyzed. Finally I make
some observations on when the sufficient conditions will be
satisfied so that staying in or going to steady state is

optimal.
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The first main result regarding steady-state guality levels
is the analogue of Theorem 1 in a world where guality can be
changed over time:

Theorem 6. So long as reputation has positive value, any steady-
state gquality level must lie below the perfect

information gquality level.

Proof: One possible deviation from steady state is a once and
for all change in gquality. Since, by Theorem 1, for any
qguality level at least as great as g* (the perfect
information gquality level) it is preferable to cut
guality (forever) rather than to maintain guality,

such quality levels cannot be steady states. P

To analyze more carefully what the steady state quality
level will be, consider the following set up: Each year t
the firm can choose a gquality level qy - Consumer expectations
at the beginning of the year are summarized in the reputation,
R,. The firm can vary prices (and sales) throughout the year

t

if it desires. The resulting profits during the year are
written Vigy Rt).28 By the end of the year, reputation will
adjust to Rt+l in a manner yet to be specified. The firm's

objective function is

t=0

where RO is given.

Theorem 7. Let W(g) = V(g, q) be concave in g. If R, = YR _;*+(1-v)q _
where 0<y<l, then any steady-state gquality level qs

must be less than the full information profit-
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maximizing gquality level g*, and greater than the lowest

self-fulfilling quality level § (this g* and § refers

to the given V function).

Suppose the firm is in steady-state at quality qs.
sider a small one time increase in g during period
followed by a return to qs forever. The effect on

stream of profits is

© dR
t

%’w' = Vl(qsl qS) + Z p Vz(qst qS)qu_i’:

qo t=1 o]
Now Rl = YRO + (l-Y)qO so

dRrR
1 =1-y.

9o
And R2 = YRl + (l—y)ql so

dR dR

2 1 =

_— =Y = Y(l-Y).

dqo dqo

dR
In general —_t = Yt l(l-y), t>1.
dqo -
So
s. . -t t,1-

dw - vl(qs, qs) + vz(qs, a)lZ ey (—71) ]
dg t=1

If qs,is to be a steady-state, it must be the case
that L 0 at q=qs.
dqo

Therefore we get

S S
Vl(qs, q) + V2<q , 9) Y 1-py

Con-
0,

the
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or
s s p(1-Y) s s
vilaT, @) + 1-ey  Vy(a7, ) = 0.

For g>g* we know Vl(q, q) + VZ(q’ g) < 0 since W(g) 1is concave.
p(1-v) p(l-v)

Since V2>0 and 0< l-py <1 we then know Vl(q, g) + l-py Vz(q,q)<0

for g>g*. Therefore no quality level at or above g* can qualify

as a steady state. (As we know from Theorem 6)

Next consider quality levels below the lowest self-filling

quality level §. They key thing about § is that for g<§ we have
p(l-y)

Vl(q,q)>0. Consequently we also have Vl(q,q) + 1l-py V2(q,q) > 0,

sc these gualities cannot be steady-states.
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Since the incentive to cut quality is greater when detection
is delayed, there is lower guality in steady state under such
circumstances. The self-fulfilling quality, §, is the one which
would be chosen if there were no future after this year. If there
were no learning about gquality until the year was over, §=0 (Akerlof)
In general, however, even ignoring future years it does not pay
to produce the lowest possible quality: thinking of automobile
model years as an example, word may get out within the year that
the car performs poorly. Since future years do matter, quality
chosen will exceed § Shigher future reputation is of positive value.
2t g there is no loss, up to the first-order, of an increase in
gquality, and there are real gains in the future.

Notice that as the interest rate approacﬁes 0, ie., as p=+1,
the solution approaches g*. Also, as p+0 so that future

years matter very little at all, the steady-state gquality level
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goes to §. In fact, it is possible to see how the speed with

which consumers update their expectations influences the steady-

/

state guality level:

Theorem

Proof:

Example:

8. When a steady state quality level exists in the context
of Theorem 7, it is higher (1) the higher is the
weight placed on recent quality by consumers in
forming reputation and (2) the higher the discount

. . 2
factor (i.e., the lower the interest rate). 2

The steady-state quality level, defined by (*) above,

p(1-Y)
‘depends on the factor s=1-py ; 0<s<l. Observe that
§$ < 0 and g% > 0. So higher discount factor and more
weight on quality in reputation formation cause s to rise.
s
All that needs to be shown, therefore, is that g%— > 0.
Differentiate (*) with respect to s yielding
s

dg
V1112781222035 1 v, = 0 or
dq® _ V3

ds vll+v12+STVl2+v22)

If qs is a steady-state, the denominator is negative by
3¢S
the second order conditions. Therefore a%— > 0 since

V2>0 and the Theorem is proven.

Suppose the firm produces one project each period so
that sales are not a control variable. This would apply
to a lawyer, for example, who does one case each period
and can choose how hard to work on the case. Let the
price he can earn for one project be a function of his
reputation n(R). Let the cost of producing a project

of quality g be c(g). Assume p'>0, p"<0, c¢'>0, c">0.
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Under perfect information the seller would choose g to

7

maximize p(g) - c(qg)
q
So g* satisfies p'(g*) = c'(g*). Under imperfect
information we have V(g, R) = p(R) - c(g) so the first-
p(l-Y
order condition is -c'(gq) + 1l=-py p'(g) =0
when Rt = YRt—l + (l—Y)qt_l. Writing this as
dq dgq
c'(q) = sp'(g), 0<s<l we have c"(g)ds = p'(q) + sp"(q)ds
dj: p.(q) > .
°f ds ~ TG - sp Q) 0
In the case y=0 so R =q__; we get c'(qg) = pp'(Qq)

See Figure 17 below.

4 P9

S iik )“l

FIGURE 17

é -
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In general there is no guarantee that an optimal steady-
state quality level exists. If V(g, R) is concave, then we can
be sure that it does. Part of the problem, however, is that
the specification of how reputation changes which was used in
Theorems 7 and 8 does not incorporate a sales term in reputation
adjustment. If the firm can build up a good reputation by selling
one good item and yet sell many poor items before reputation
diminishes, it will never be optimal to stay in steady state.

In general, oscillations will be desirable whenever a
firm can earn more in the process of running down its reputation
than it cost to bﬁild it up. This will depend on the precise
mechanism by which reputation is formed. I consider one
plausible specification of reputation adjustment in the model
below. An open problem is how the activities of individual
consumers - both information gathering and expectation adjustment-
influence the way in which reputation moves. A model which
addressed that problem would be able to trace through the impact
of improved comm'nication or information gathering on the

firm's steady-state quality level.
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A Continuous Time Model with Variable Quality _

In this section I analyze another model of the form dis-
cussed in the introduction. It is very similar to the earlier
continugyus time model, with the addition of quality as a control

variable . Formally, the monopolist faces the control problem

max ¢ _ -rt )
q(t), x (t) é © [B(x,R) - c(x,q)) dt
s.t. R = SX(Q‘R).
R(o) given.

The function B(xx,R) is the benefit or revenue function; it is
xp(x,R) where p(x,R) is the inverse demand curve. The reputation
adjustment equation was discussed above in the once and for all
quality choice model.

The current value Hamiltonian is H(x,q,R,») = B(x,R) -C(x,q) +
Asx (q-R). The necessary conditions for the optimal Tegime include
(1) Bx(x,R) - cx(x,q) + xs(q-R) = 0
0

(2) -Cgx,q) + Asx

TY - A

(3) By (x,R) - Asx

(4) R = sx(q-R)

I consider the case with constant returns to scale so

c(x,q) =xc(q). Then cq(x,q)= xc'(q) and (2) gives us
c'(q) = xs.

Therefore c'(q)g = As. We can thus eliminate both ) and A to get
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(5) B, (x, r) = c(@) +c'(q(gR =0

- xc'(q) = Ze'(q) -+
(6) Bp(x, R) - xc'(q) =" (@ -5 ¢ (q)q
Using (5) and (6), it is easy to write down the equations which
must be satisfied by a steady state quantity - quality pair (x,q).

In steady state g=R, R=0 and we get

(7) Bx(x, g) = c(q) N

xc'(g) + s c'(q).

(8) ‘Bq(xl Q)
It is very instructive to compare these steady-state
equations to the first-order conditions for guantity and guality
choice under perfect information. With perfect information the

monopolist solves

(**) max B(x, g) - xc(qg)
g,x

with first-order conditions

(9) ”x(x, q) = c(q)

(10) Bq(x, g) = xc'(qg)

Theorem 9. So long as there is a solution to the perfect
information problem (**), the steady-state guality
level is strictly lower and is monotonically
decreasing in %. That is, as the speed of learning

falls or the interest rate rises the firm's steady

state guality level declines.

Prc >f: Totally differentiate (7) and (8) to get

X =
(11) BXXd + qudq c+dqg
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r r
(12) B dx + B__dg = c'dx + xc"dg + (s)c"dg + c'd(5s)
xq aq

s

Rewriting, we have
XX B -c' dx 0

r
" - 1d(&)

P - c"x-(=)c gq c-at
B,g~C Byg = s

The second-order condition for the perfect information problem

is that the matrix

XX xg

B =-c' B -c"x
Xq ag

be negative definite. The addition of the term(éﬁc" will preserve
negative definiteness since c">0. Call the new matrix A. So
|a|>0.

Now, using Cramer's Rule,

dg = Pxx -
r TXT— < 0 since Bxx<o'
d(s) dx
L
We cannot generally sign d(s) because the relationship

between x and R 1s ambiguous even in the perfect information
case. But by (7) and (9) we can see that in steady-state the
sales associated with a given quality are the same that would
prevail under perfect information.

The result of Theorem 9 is a very intuitive: for high

speeds of learning the firm's incentives look much like they
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do under perfect information. Likewise, for low interest rates

the short-run gains/from cutting quality are relatively unimportant
so guality in steady-state again nears its perfect information
level.

This leaves us only with the question of whether it is in
fact optimal for the firm to go to a steady state. One very
special case where it is optimal to do so is when c(g)=cg. 1In
this case we get a bang-bang solution to the control problem.

In such a case one would want to put an upper bound on g as well
as a iower bound of 0. Call qs the guality level which satisfies
the steady-state equations. Then if R(0)>qS the firm sets g=0
until R=qs at which point it sets q=qs forever. The opposite
result occurs when R(0)<qs. By the theorems above we know

q<q*.

The bang-bang example does not give any insight into the
dynamics. Fortunately, since there is only one state variable
it is possible to eliminate oscillations and be guaranteed
of convergence to some steady-state. The key is that the

Hamiltonian is jointly concave in the control variables:

H =B

XX XX
H = =xc"(q) and
aq q
qu = -c'(gq) + xs = 0 by (2).

So the second derivative matrix is
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XX

0 -xc"(q) which is negative

definite. As a result, the optimal controls are continuous
functions of the state variable: x*(R) and g*(R).
Now there are two fundamentally different possibilities.

Case A is when g*(0)>0; Case B is when g*(0)=0.

Case A

Consider the function g*(R). We know that for R large
enough it cannot pay to keep building up reputation. That
is, for R large q*(R)<R.30 Since g*(R) is a continuous function,
and it starts above g=R at R=0 and eventually falls below

g=R, at some point it must cross g=R. That is, for some qs,

a*(q°)=q°. See Figure 18.

N

A

4=R

¢y*(RJ)
470

+ 4 e
15 FIGURE 18 1* R

CASE A: Steady-State at qs
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7

The steady-state at qs is stable. Assuming the perfect
information problem has a unique solution, there will be only
one such steady state. Theorem 9 has analyzed the position

of the steady state.

Case B g*(0)=0

It is possible that it is always optimal for the firm to

run down its reputation. This corresponds to Figure 19 below.

14 q:ﬁ

FIGURE 19

Case B: g*(0) =0



62

This would occur if learning was very slow or the interest

rate high. The firm simply runs down its reputation, eventually
going out of business when R=0 (assuming p(x,0) = 0 for all x)
It is interesting to note that just because a firm is intending
to run down its reputation does not imply it will necessarily
set g=0 while doing so. After all, since c(g) is convex there

is little cost to improving quality slightly from 0, and it

may significantly retard the deterioration of reputation.
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Conclusions

This paper has.presented a number of models which describe
a monopolist' behavior when consumers cannot observe all the
relevant attributes of his product prior to purchase. 1In a
very general setting it has been shown that the quality the
firm chooses to produce is lower under such circumstances than
in a perfect information setting. The welfare consequences of
this reduction in gquality are generally ambiguous because we
are in a second best world due to monopoly power.

The outstanding issues are many: How is product quality
choice related to the information gathering activities of
individual consumers or generally the information flows in the
marketplace? Directly related to this is the guestion of under
what circumstances a firm would find it profitable to alternately
run up and then milk its reputation. Finall}, firms themselves
engage in a host of information-providing activities. There
is no reason they will provide information with socially
desirable content or format. The relation between advertising
and quality must be explored in an information environment
of the type presented in this paper.

The desirability of public information provision can Be
evaluated using the results above.3l Improved information
increases the speed of learning by consumers; the effect this
has on gquality has been treated above. Equipped with this
relationship and an estimate of consumers' preferences over

quality as well as gquantity, a welfare analysis of information

provision can be made.
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Notes

See, for example, Salop-Stiglitz, or Wilde-Schwartz.

See Lancaster [1975]). This question is only interesting
when the variety of products is limited by the existence of
some fixed costs.

With one dimensional quality g, the utility derived from
consuming one unit can be written as 6g where 6 measures
the intensity of preference for quality. So any two

consumers 81 and 62 would agree that higher g was better.

If 6y>6,, consumer 1 would be willing to pay more for
increased quality than consumer 2.

With two (or more) attributes, consumers can disagree which
of two products is preferred: one may prefer the restaurant
with good food but slow service (sensitive taste but not in
a rush) while another may prefer a fast food option.

Imagine that there is a minimal gquality below which consumers
can tell the product is shoddy.

See Darby and Karni and Nelson for a fuller discussion of
these notions.

A treatment along these lines is given in Grossman, Kihlstrom,
and Mirman.'

And in fact the models mentioned take price as fixed and
exogogenous.

Interestingly enough, there does exist at least one regular
publication providing information on the local level about
services: Washington Checkbook.

It is yet not possible to provide such a service without
outside funding, however, due to public goods problems
discussed below.

For very low qualities malpractice suits may become relevant.
In most cases, however, consumers respond to low quality by
simply not buying the product again or they can lower their
reservation price for it. I ignore product liability below.

In a fully general formulation one would certainly want to
include advertising.

Although they have a computation to show the firm's best
choice of quality, I believe it is in error. This is
because they ignore the effect gquality has on the inflow
of new consumers through its effect on market share.
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This is in contrast to the approach with x(t) as the state
variable. Following the rule: "Switch brands if the pro-
duct fails" is a useful rule of thumb but hardly optimal.

See, for example, Bettman [ ] or the consumer behavior or

marketing literature.

I am assuming that under imperfect information consumers
act as though their expectations were known with certainty.
That is, Ro is a point expectation.

I have ruled out the possibility that the firm always

want to produce minimal quality by assuming V(0, R ) = 0.
This requires some ability of consumers to observe

guality if it is very low. Without this assumption it
could well be the case that the choice for the firm is
"minimal quality", whatever that may mean. This would hold
for attributes which are completely unobserable (e.g.,
automobile safety features if no one took the trouble

to run tests on new models). Theorem 2 still holds without
assuming that VY(o,R*)=0 so long as v, (0,0)>0.

Individual consumers cannot "game" with the firm by changing
their expectations because there are many consumers so any
one consumer cannot influence the firm's choice.

Such sophistication would not be logically inconsistent with
the type of learning embodied in V, but is implausible.

This story also goes through if Figure 3 is relevant, but the

guality ultimately produced then depends on q,-

Obviously, this is a very special type of learning. It may
apply, for example, to automobile repair records or other
examples of durability.

This is of course a very special case of learning. It may
well hold for attributes which no one can observe for some
time (e.g., durability) but which then become public
knowledge, perhaps through publication.

This is relaxed below.
I stick to {0,1} demands for simplicity.

Permitting diverse expectation among consumers further
complicated the analysis and can lead to welfare gains or
losses from the misinformation as well.

As discussed above, in general, the joint distribution of
expectations and valuations of quality determine demand.
The updating which occurs as consumers buy and learn in
that more general context is considerably more complex.

I make some remarks about it below.

Again, consumers have {0,l1} demands. This is not essential
for the analysis, but provides a substantial simplification.



66

26. I treat consumers as having point estimates of quality,
thereby assuming away the possibility of the consumer's
buying a product he expects will not be worth the price
in order to learn about its guality.

27. As in Case I, the monopolist must eventually settle down
to a steady-state level of sales.

28. So this V(g,R) function is a truncated version of the one
used in the once and for all quality choice problem.
L

29. In general, I can permit R, =I A g, _ This has no effect
. . t k=t-k.
the gqualitative results k=0 »
' k
The factor Ip Ak is the relevant speed of expectation formation.

30. It cannot pay to continually build up higher and higher
reputation. Here is why: suppose g*(R)>R for all R.
Then R(t) would be strictly increasing. But when R>g*
(the perfect information level of quality) we have ~

B(x, R) - c(x, R) < B(x, g*) - c(x, g*).
Furthermore, if g>R
B(x, R) - c(x, g)< B(x, R) = c(x, R).

Therefore, So long as g>R>g* we know the flow of profits
is less than the perfect information profit flow. But when
R>g* the firm could achieve at least B(x, g*) - c(x, g¥*)
forever. Hence continual building of reputation cannot
be optimal.

o

31. The attractiveness*minimum quality standards, however,
should not be treated in a monopoly model. This is because
only one quality is provided, so the policymaker could
just specify the socially optimal guality. Instead,
quality standards must face the issue of diversity of
preferences in the presence of many suppliers. See
Shapiro [1980].
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- Appendix
We begin from
(A.1) MR(x,R) - c(q) = As(R - q)
(A.2) %P (x,R) = Asx = ri - X
(A.3) R = sx(g - R)
From A.l, when g#R
- MR(x,R) = cl(qg)
(A.4) A s(R - q)
. 1 (R=a [MRX+MRR] - [ MR -c ]R
So A = = 2
s (R=-qg)

Substituting for A into (A.2) gives

MR - ¢

MR-¢c £ MR- c
(A.5) pr(x,R) - R-gx-= R

£ c L
S - g - A

Multiply by s( R- g) and substitute for XA to get

(3.6) sx [ (R-q) pge (MR =-c) ] =r[MR -c] - [MRx:l + MRsz]
+ MR = c |
R=-gR.

From (A.3) the last term is just =-sXx (MR - c) and thus
cancels the last term on the Jeft - hand-side to give

(A.7)  sx(R=-q) pp = r(MR - c) - MRxﬁc - MRRIQ

Solving for X, using (A.3) to substitute for é,gives
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(a.8) 5 = SX(R 7 @) (MR = pp) + r(MR - c)

MR
X

This can be rewritten as

SX

e

X

Finally, MR = p + p, SO

MRR - pR = pXR SO
r
(A.9) x = [=X 1(q R) [ xPyp +

{MR
X

= [ "gg~ 1(a = R [ MRp - pg)

]

r(MR - c)

sX(R - q)
MR- clg) )

R -¢g ‘
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