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Price and Advertising Signals of Product Quality

by
Paul Milgrom
and

John Roberts

Although economists have included advertising and other selling expenses in various
of our models at least since the 1930%, it is only within the last decade or so that we have
begun to offer explanations of way advertising might affect customers’ choices and thus of
why firms might choose to advertise.

The most successfully developed of these models involve firms’ using advertising to
inform potential customers about the existence, characteristics, and prices of the commodi-
ties they offer. This work has obvious relevance to the huge volume of advertising that
is directly informative on these dimensions. Most newspaper advertisements (including
especially want ads) would seem to be of this sort.

However, 2 non-trivial amount of advertising (especially on television) has little or
Do obvious informational content. A recent example is the ad that was shown when Diet
Coca-Cola was introduced: a large concert hall full of peaple, a long chorus line kicking, a
remarkable number of (high-priced) celebrities over whom the camera pans, and a simple
announcement that Diet Coke is the reason for this assemblage. Another example from
late 1983 is the advertising campaign for the 1984 Ford Ranger truck, which featured these
trucks being thrown out of airplanes (followed by half-a-dozen sky-divers) or being driven
off high cliffs. These ads carry little or no direct information, other than that the product
in question exists. But if that is the message being sent, these ads seem an inordinately
expensive way to transmit the information. Indeed, the clearest message they carry is “We
spent an astronomical amount of money on this ad.”

In a series of provocative articles, Phillip Nelson (1970), (1974), (1978) has suggested
that the latter is, in fact, the primary message of such ads and, moreover, that this is
a useful, positive message to prospective customers. Nelson differentiated between prod-

ucts on a “search good” versus “experience good” basis. With the former, the relevant
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characteristics of the produet are evident on inspection, and, because there is little gain to
misrepresen tation, ads for them can be directly informative. With the latter, crucial aspects
of the product’s quality are impossible to verify except through use of the product. Thus,
unless the product i given away, one must buy without really knowing what one is getting,
In such a circumstance, a seller’s claims to be offering high quality are unverifiable before
purchase and thus are freely copied. They are consequently meaningiess and consumers
will rationally ignore them. As a result, ads for such a product cannot credibly convey
much direct information about the product. Yet it remains in the interests of consumers to
identify high quality goods and of the producers of these “best-buys® to make themselves

known.

Nelson’s crucial insight was that the mere fact that a particular brand of an experience
good was advertised could be a signal to customers that the brand was of high quality. It is
clear that if high quality brands advertize more, and if advertising expenditures are obaerv-
able (even if not perfectly so), then rational, informed consumers will respond positively
to advertising, even if the ads cannot and do not have much direct informational content.
What then is needed to complete the explanation is a reason why advertising should be
differentially advantageous for high-quality sellers, so that they will be willing to advertise

at levels which low quality sellers will not mimic.

The factor on which Nelson focuses to prévide this linkage is repeat iaurchases. He
argued that, because a high quality product is more likely to attract repeat purchases,
an initial sale is, ceterts paribus, more valuable to a high-quality producer, and such a
firm would be willing to expend more—on advertising or whatever—to attract an initial
sale. This relationship would then provide the basis for the correlation of quality with the
net benefits of sigpalling that is needed in the standard Spence- type analysis to obtain a
separating equilibrium.

Nelson’s analysis is very insightful and appealing, and although not worked out in
terms of a formal model, it seems to fill a major gap in our understanding of advertising.
We already knew from the classic analysis by Dorfman and Steiner (1954) that, giver an
advertising response function, a firm will advertise more the higher is its markup of price
over marginal cost. What was lacking was a satisfactory explanation of the existence of the

advertising response function, especially for experience goods and the uninformative ads as-
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sociated with these products. Nelson’s suggestion provides a basis for such an explanation.

Unfortunately, there are major gaps in his analysis.

In particular, Nelson’s signaling story focuses exclusively on advertising as the means
to stimulate sales, ignoring the role of pricing. Yet the pricing issue is central. For example,
might not the firm prefer to stimulate sales through its pricing rather than by advertising?
Or, if advertising convinces customers of a product’s high quality, shouldn’t the firm raise
its price? Note that if prices do vary systematically with quality, then Nelson’s explanation
of advertising is undercut. Customers can infer quality from prices and so have no need
to look at advertising as a signal. In this circumstance, why should firms waste money on
ads?

Nelson thus provides an explanation of the advertising response function, given the size
of the markup, but this explanation is incomplete because it ignores the issues of pricing
and of the determination of the markup. Making the markup endogenous, however, raises

new problems.

Nelson’s “ceterts paribus” condition includes the assumption that the margins earned
on high-quality goods are the same as those on low-quality goods. That assumption is
central to the argument; if margins were sufficiently higher on lower quality goods, then the
value of an initial sale would be negatively correlated with quality: Low quality producers
would then be more willing to spend resources on advertising than would high quality
producers. A priori, there would seem to be little reason to suppose that optimal margins
should be the same for high and low quality goods. Certainly, costs can vary, and we just
saw above that there are also good reasons why prices might vary, even if costs were the

same.

It thus becomes important to attempt to formulate Nelson’s basic ideas in a complete,
formal model. In fact, a number of authors since Nelson have investigated the relationship
between quality and the use of the non-informative or image advertising on which he fo-
cused, and some have been explicitly interested in formalizing his ideas. However, in our
opinion none of these latter efforts has been totally satisfactory. In particular, the issues
of both prices and quantities being choice variables and possible signals and of repeat sales

being a key phenomenon have not, to our knowledge, been satisfactorily incorporated mto
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a formal analysis.’

In this paper we offer a modelling based on the repeat sales mechanism in which
both price and advertising are decision variables that may potentially be used as signals of
quality.? We show that in equilibrium both may simultaneously be used as signals, with
the chosen levels of both prices and advertising differing between high- and low-quality
firms (and, moreover, usually differing for the high-quality firms from the levels that would
be chosen in the absence of the informational asymmetry about quality). This means, in
particular, that customers could in fact infer product quality from observing either price
or advertising volume. However, if the firm were to cut back on either dimension—price
or advertising—of its signalling and move the relevant variable toward its full information
optimal level, then a low quality firm would be willing to mimic, the signal would no longer
be credible, and customers would ignore it. Meanwhile, in such an equilibrium the firm uses
both variables to signal (rather than just one) since this achieves the desired differentiation
at minimal cost. A corollary of this result is that an effective ban on purely dissipative
signals (such as advertising is here) may lead to a Pareto-worsening in the allocation of
resources.

Two points are worth noting here. First, while we will consistently refer to advertising,
the analysis clearly applies to any observable expenditure that does not directly provide
information or otherwise improve demand or costs. A shop in a high-rent location and
corporate social responsibility activities are obvious examples. Second, the analysis is

strictly applicable only to new products, whose quality is not generally known. Thus, it

! Kihlstrom and Riordan (1984) present a mode} in which advertising is a choice variable
while price is competitively determined. Their analysis is insightful, but does not explicitly
address the possibility that both price and advertising volume may, in equilibrium, be
correlated with quality. Schmalensee (1978) offers a model in which consumers follow a
rule of thumb. In it, Jow quality producers may do the advertising because markups are
pegatively correlated with quality and customers do not recognize the negative advertising-
quality relationship. Johnsen (1976) directly attempts to formalize Nelson’s argument,
but does not obtain existence of equilibrium when both prices and ad budgets are choice
variables. (We are grateful to Ed Prescott for this reference.)

2 Klein and Lefler (1981) offer an alternative, complementary explanation for introduc-
tory advertising. In their formulation, unlike ours, quality is a choice variable and the
problem is to motivate firms not to cheat by cutting quality. The incentive to maintain
quality comes through positive markups and repeat sales, which are lost once cheating is
discovered. However, these profits must be reconciled with free entry. This is achieved
by requiring new firms to sink resources on ads in an amount equal to expected operating
profits before they can attract any business. See also Shapiro (1981).
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says little about advertising for established brands.

While this paper may be of value in clarifying the role of pricing and advertising for
newly introduced experience goods, it may also offer some methodological contribution
through providing the analysis of multiple variables being used simultaneously to signal
for a single unobservable variable and though illustrating a method of obtaining a unique
equilibrium in a signalling model.

The second of these actually underlies the first. Models based on games of incomplete
information, and signalling models in particular, have typically suffered from an embar-
rassing plethora of (Nash) equilibria. Not only are there often both pooling and separating
equilibria (as well as partial-pooling ones), but also there are typically a horde of each
of these types. The source of this multiplicity is the indeterminacy of the inferences tha.t_
individuals draw “off the equilibrium path,” that is, when they see a level of the signal
that they can tell ought not to have arisen in equilibrium. Bayes’ rule gives no guidance in
such situations, and the usual equilibrium notions are unspecific about how such inferences
should be made. Yet these beliefs that are formed off the putative equilibrium path and
the actions tbat they generate determine what individuals can accomplish by deviating
from the prescribed strategies. They are thus crucial determinants of what will, in fact,
be equilibrium behavior. The assumption of equilibrium thus places relatively few restric-
tions on behavior, and, consequently, many different behavior patterns can be supported
in equilibrium.

Numerous authors have addressed the problem of paring down the set of equilibria
in situations with incomplete information. This work has progressed on two fronts. On
the one hand are arguments presented in the context of specific models and based on
economic intuition relating to the particular situation being studied.* On the other hand
is the systematic effort of game theorists to refine the Nash equilibrium concept for general

games.*

Our approach involves something of a mixing of the two: our arguments are based

on the game-theoretic notions of sequential elimination of (weakly) dominated strategies

5 See, e.g., Riley (1979).
4 See, e.g., Selten (1975), Kreps and Wilson (1982), Kohlberg and Mertens (1982}, and
McLennan (1983).



(Moulin 1979, Pearce 1982} and of “useless” strategies® (McLennan 1983), as well as on
the concept of strategic stability (Kohlberg and Mertens 1982), but we have specifically

developed them in the economic context of signalling.®

In particular, we will define a locus of price-advertising pairs beyond which a low
quality producer would not be willing to venture, even if by so doing it would be taken
initially to be high quality. We then specify that a choice from the region on or outside this
locus will be treated as having been made by a high quality firm, while the choice from the
region inside the locus is treated as that of a low quality producer. The logic underlying this
specification is based on (sequential) elimination of dominated and/or useless strategies:
given that customers do not use dominated or useless strategies (and that the firm will not
itself use such strategies in the future), a choice from outside the region is dominated for a
low quality firm. Meanwhile, a choice from inside this locus is one that a low-quality firm
would gladly make if doing so caused it to be thought to be high quality. We then treat
this locus as a constraint for high quality firms: if they wish to distinguish themselves, they
must not select a price-advertising pair from the region inside the locus, while any choice on
or outside of the locus identifies them as being high quality. Conditions on the relationships
between the isoprofit curves for the different types of firms then (generically) yield a unique
solution to the resultant constrained optimization problem for the high quality firm. These
conditions are closely related to the usual sorting conditions in signalling models. They
also play a central role in establishing that the solution to this maximization problem is
the unique equilibrium satisfying the ideas underlying strategic stability.

Once we are able to view the signalling problem as one of constrained optimization,
the use of several signals emerges naturally. The high quality firm can be thought of as
making it costly for a low quality firm to mimic it, and as seeking to do so at least cost to
itself. Then, as is common in such multivariate optimization problems, the solution may

easily involve non-zero use of all variables.”

5 A strategy is “useless” if it is not played in any sequential equilibrium.

® Kreps (1984) uses these same methods to obtain uniqueness in a Spence-type model
of job market signalling. The relationship between the economic and game-theoretic ar-
guments for eliminating various outcomes is made very clear in this highly recommended
paper.

7 See Hughes (1983), Kohlleppel (1983a,b) and especially Johnsen (1976) for other mod-
els with multiple signals.



A DIAGRAMMATIC EXPOSITION

The key ideas underlying our analysis are contained in the following diagrams. We
present these now, without being explicit about whether they can be generated by a fully
specified model. In the next section we present one such model, show existence and unique-

ness, obtain comparative statics results, and compute some numerical examples.

Consider a firm that has just developed a new product which may be of either high or
low quality. The firm knows the actual quality, but consumers cannot observe quality until
after purchase. The firm’s immediate decision variables are the price, P, at which 1t will
introduce the product and the amount, A, that it will spend on introductory advertising
over and above whatever level is optimally used to inform potential customers of the good’s
existence, its price, and its verifiable characteristics. These two variables are shown on the
axes of the diagrams below.

Without being specific about the exact nature of quality, we assume that the number
of people who buy initially is increasing in perceived quality and that the fraction of these
who make repeat purchases is increasing in actual quality. For simplicity, we assume too
that quality can take on only two levels, L or H, L < H.

Consumers will form conjectures relating the product’s quality and its introductory
price and advertising level, and will attempt to infer quality, g, from the observed values
of P and A.® Equilibrium will be a situation where these conjectures are borne out: what
customers expect is what the firm, contingent on its true quality, actually chooses to do.
Since these choices (and the customers’ conjectures about them) may naturally depend on
the true value of g, we must specify the choices corresponding to both ¢ = H and ¢ = L,
even though only one of these will actually obtain. {We refer to a firm producing quality g
as being of “type ¢°, ¢= L, H.)

Assume that however potential customers may form their initial estimates of quality,

8 They may also attempt to forecast the price that will prevail in the post-introductory
period, since that could bear on the value of the information they gain about product
quality. In the equilibrium of the example that we offer in the next secticn, consumers
will purchase if and only if the expected utility from consuming the product in the intro-
ductory period exceeds the introductory price. Thus, in this example, optimal and myopic
behavior coincide. This arises because of the pricing policy followed by the firm, which
involves raising prices in the post-introductory period so that the marginal consumer in
the introductory period obtains no consumer surplus after the price is raised.
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they follow utility-maximizing behavior given these estimates and their forecasts of future
pricing. Further, assume that once they have gained knowledge through experience of the
actual quality of the good, both they and the firm act optimally from that point forward,
and that both the firm and consumers anticipate such behavior. Then, let x(P, g, @) denote
the present value of the profits gross of advertising accruing to a firm which: (1) charges
price P, (2) produces actual quality ¢, and (3) is initially perceived to be producing quality
Q.

If actual quality were known by potential customers before purchase, then x(P,q,q)- A
would be the relevant profit function net of advertising expenditure for a firm known to
be producing quality g. Clearly, the optimal advertising budget in these circumstances is
A = 0. Denote the optimal value of P for firrn known to be of type q as Py, i.e..Fy is Py
or Pr,.

Under the actual information conditions that initially obtain with experience goods, ¢
and Q may differ. Define B to be the locus of points (P, A} 2 0 such that

mP,L.H - A=x(P,,L,L).

Thus, along B, a firm producing low quality but initially perceived to be a high-quality
producer earns the same profit as it would if it were recognized as an L and optimized
accordingly. Assume that B has the shape shown in the diagrams, so that it defines a
function A(P) that coincides with the P axis for P < P and P 2 P and is strictly concave
and positive on (P, P). Let P® maximize A(P) or, equivalently, n(P, L, H).

Note that x(P, L, H) — A is strictly less than (P, L, L) for (P, A) pairs above B, and
that the inequality is reversed below B.

Given the assumed behavior of consumers, a choice of (P, A) from the region above
B is dominated for a firm actually producing L. The best that can happen is that such
a choice leads to its product initially being perceived to be of quality H and thus to its
temporarily receiving the higher demand that an H enjoys. But even if this occurs, the L
firm earns less than if it selects (P, A) = (Pg,0) and is thereby taken to be an L. (If {Fy,0)
leads to its being considered an H, so that it receives the high demand, so much the better.)
Thus, customers can justifiably expect that a choice of (P, 4) from above B cannot have

been made by low-quality producer, i.e., that it is the choice of an H. On the other hand,
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they cannot rationally regard a choice of (P, A) from below B as surely indicating an H, for
if they did so and made their initial purchases accordingly, then an L would gladly mimic
this choice in order to be thought an H. Given this, we will actually assume that a choice
below B is taken as surely indicating that the firm’s quality is L.° Finally, for choices on
B, we assume that these are taken by consumers as indicating an H. The justification for
this is again a (weak) domination argument: in the best of circumstances, such a choice

does no better than (Pr,0) for an L, and it may yield a worse outcome.

Given these beliefs, if an H firm wishes to signal its true quality in a credible fashion,
it must select a (P, A) pair from on or above A(P). K it happens that Py is at or above P,
the point where B hits the price axis, this is no problem: the “natural”, full-information
price differential is enough to render mimickery unprofitable. (The same is true if Py is
less than P). However, if Py is strictly between P and P, then the constraint is binding,
and an H that chooses to distinguish itself will select a point on B.

Assume now that the isoprofit lines x(P, H,H) — A = k are strictly concave. Note
that they are vertically parallel and have slope zero at P = Py for any value of 4, since A
enters the net profit function linearly. Then, unless the optimum (P*, A”) for (P, H, H)~ A
subject to A = A(P) occurs at P or P, it will involve A* > 0. Further, unless P* = P? =
Py, it will involve the firm deviating from its full-information pricing as well.

In particular, suppose that the isoprofit lines for x(P, H, H} — A are “more concave”
than those for x(P,L,H) — A, i.e., that 3°x(P,H,H)}/3P? < 82 A(P)/dP? < O for P €
(P, P). (This condition on the relative slopes of isoprofit lines is a “sorting” condition: in
particular, the more common condition ordering the slopes of the level curves for the two
types holds on either side of P*.} Further, assume that Py is not “too close” to P, but
does exceed P%. Then the solution involves a tangency where A* > 0 and P* > Py. This

possibility is illustrated in Figure 1. Note that equilibrium will typically involve signalling

® This specification obviously facilitates our obtaining a separating equilibrium, but we
must emphasize that it is an assumption, not a consequence of our techniques of sequential
elimination of dominated or useless strategies. Thus, it is consistent with these restrictions
for customers to assign positive probability (but less than certainty} to the firm being a
high quality producer if they observe a (P, A) pair from below B. However, such beliefs
could alter the actual equilibrium choices only if they led to a pooling equilibrium, i.e., a
(P, A} pair that both types of firme select with positive probability. In the context of the
specific mode) in the next section, we show that if any such pooling equilibria exist, they
fail to meet the Kohlberg-Mertens criterion of structural stability.
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with both variables. The high-quality firm employs “image” advertising while a low-quality
firm does not, and, so long as Py 2 P, we will have P* > P_r,, so observation of either
price or advertising expenditure reveals the firm’s quality. {Of course, the low-quality firm
selects (P, A) = (Pz,0), since it is not worthwhile to try to mimic an H, and the firm thus
“chooses” to be revealed as an L, in which case, (Pr,0) is optimal.) Moreover, even if
P; > Py, we can still have P* different from Ff.
A second possibility, corresponding to Py < PC, is illustrated in Figure 2. Here, the
high-quality firm advertises, but lowers its price from its full-information level.
We should also note here the possibility that the solution will occur at P* = P or P
“with 4 = 0. The case P* = P shows up as particularly significant in the next section,
where it can be interpreted in terms of overcoming the informational asymmetry by giving

free samples of a high quality good.

Of course, for this methodology actually to yield an optimum, we also need to have

r{P°,H H)~ A" > sup {x(P,H,L) - A},
(P,A)

so that the H firm prefers to distinguish itself rather than be taken initially as an L. We
show in the next section that this does obtain in the model developed there, 3o the preceding

analysis is not vacuous.

Note that, in the case where P* > Py, were excessive advertising (or other publicly
observable forms of burning money) to be successfully forbidden, and if the high quality
producer were to continue to differentiate itself, then it would do so by selecting P = P.
This involves a Pareto- worsening in the resultant outcome: low quality firms are unaffected,
while high quality firms receive lower profits and their customers pay higher prices!

The foregoing analysis is incomplete in at least two ways. First, we need to establish
the logical pessibility that the isoprofit curves have the shapes assumed in our diagrams.
Second, in view of the variety of possible equilibria in the diagrammatic analysis, a com-
parative equilibrium analysis needs to be done to specify the circumstances that make each
type of solution most likely. To do so will require being much more explicit regarding the

model.
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AN EXPLICIT ALGEBRAIC MODEL

In this section we present a detailed exploration of a model leading to the diagrammatic
analysis in Section 2. This model is rather special, but its analysis does establish the logical
possibility of simultaneous signalling with both price and advertising. We also obtain some
comparative statics results, as well as spelling out more fully our equilibrium concept. We
find that producers with a new product that is of high quality and has a low marginal cost of
production would introduce the product at very low price, e.g., by mailing out free samples
or by handing out coupons. Such a firm will not advertise. Firms which incur a higher
marginal cost to produce high quality should mix introductory pricing with an advertising
campaign. As the marginal cost goes up, the price should go up and, ultimately, the
advertising expenditure down, leading to an expected negative correlation between price
and advertising in new product introductions over this range. Finally, if marginal cost
for the high quality firm is very much higher than that for the low quality producer, no
advertising will be used.

We consider a monopolist producing a newly developed experience good.!® The quality
of good is already determined and is known to the firm. Potential customers know that the
product is of one of two possible quality levels, L or H, and they assign prior probability
p € {0,1) that it is of high quality, H, and the complementary probability that it is of low
quality.

We suppose that the set of potential customers corresponds to an interval [0, R] with a
uniform distribution!! and total mass R. Quality is operationalized as the probability that
a randomly selected customer will find the product satisfactory. Thus, 1> H > L > 0.
We also assume that customers’ payoffs are linear in income, that the probability of the
good’s being satisfactory to comsumer r is independent of r, and that customers have no
use for more than one unit of the good per period. A customer with valuation r who buys
in a particular period at price P receives utility in that period that we normalize to be

r — P if the good turns out to be satisfactory and of —P if it does not. A customer who

10 The assumption of monopoly seems appropriate in treating a new product, and it also
facilitates the analysis.

11 The uniform distribution gives rise to a linear demand which, in turn, facilitates com-
putation. However, our basic results hold so long as the distribution of reservation prices
gives rise to a demand curve showing decreasing marginal revenue,
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does not buy receives 0.

The costs of production for a firm producing z units of quality g are C,z.!? Although
one might expect that Cy > Cr, we do not assume this: see below. Thus, if the firm sets
price P and advertising level A in some period and produces and sells z units of quality g,
its profit in that period is (P — Cg)z — A.

Both the firm aod customers maximize the expected present value of their payoffs up
to a common (finite or infinite) horizon, T, using a common discount factor § € {0,1). Let
A =TTét

In this context, the firm initially selects a price, P, at which it will introduce the good
and ap introductory advertising level, A. Having observed these choices, the customers
update their beliefs about g and, in light of these, decide whether to make an initial
purchase. The firm produces to fill these orders, and then each customer who purchased
learns whether the good is satisfactory for his or her purposes or not. In each succeeding
period the firm then makes a new choice of its post-introductory price and advertising level,
and each customer decides whether or not to purchase in that period, knowing whether
the good is satisfactory for him or her and knowing all previous and current choices by the
firm. The firm then learns the aggregate demand forthcoming at the announced price and
produces to meet demand.

For simplicity, we assume that customers who do not purchase in the first round
can never purchase the good. This assumption turns out to be easily relaxed, even if we
also allow customers to observe the firm’s post-introductory production, from which in
equilibrium they could infer quality. We also assume that learning the quality takes only a
single period’s purchase. This too can also be relaxed, although it complicates the analysis.
As well, we can allow the firm to produce before demands are realized in the first period,
although this will introduce a new potential signalling variable if output is observed 13

To analyze this game, we assume that each decision-maker acts in a sequentially ratio-
nal fashion, following a strategy from each point forward that maximizes his or her expected

payoff given his or her current information and beliefs and the conjectured behavior of the

12 We ignore any fixed costs because their inclusion would have no effect on the solution.

13 Wilson (1983) has developed a general treatment along the lines suggested here that
allows for an arbitrary (finite) number of signalling variables and a continuum of possible
qualities.
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others. We further require that these beliefs be formed in a manner consistent with certain
principles we will discuss below (including revision according to Bayes’ Rule when possi-
ble) and that the conjectured behavior be consistent with the actual choices. Thus, we are
employing a refinement of the Nash equilibrium concept in the spirit of the game-theoretic
criteria of perfectness (Selten 1975, Kreps and Wilson 1982).

We will be locking for an equilibrium where the price-advertising pairs chosen in the
introductory period are different for the two types of firms (a “separating” or “signalling”
equilibrium). Let p(P, A) be the probability that customers ascribe to the firm being an
H if the choice (P, A) is observed. Then, in such a separating equilibrium, if (P$, A7) and
(P§. A3;) are the choices of the two types of firms, then p(P$, A$) = 0 and p(Pg,AS) = 1.
However, there still remains the issue of specifying values of p away from these two points.
This issue is crucial, since these beliefs will guide decision-making and behavior and thereby

will strongly influence what is, in fact, an equilibrium.

As suggested above, we will specify p to be either 0 or 1 for all (P, A), with customers
never entertaining the pbssibility that any given (P, A) could have been chosen by both
firm types. This sort of specification is standard, since it makes obtaining a separating
equilibrium relatively simple, but the actual specification of the regions p~*(0) and p71(1)
must still be made with some care. In particular, it must be sufficiently expensive for an L
to select a point with p(P, A) = 1. Otherwise, the L will try to be taken as an H by making
such a choice. Beyond this, however, there is still generally some significant latitude: as
long as it is not too costly for an H to make a choice with p(P, A) = 1, then we get a
signalling equilibrium with the H choosing the least expensive such (P, A) pair. Thus there

are many potential separating equilibria.

The key to our analysis is to make the set on which p{ P, 4) = 1, i.e., on which customers
believe they are facing a high-quality producer, as large as possible given the constraint
that an L not want to pick one of these points. This yields a unique outcome which also
enjoys a certain efficiency. The methods we use to do this are to specify that customers
never assign p(P, A) < 1 to choices (P, A) having the property that, independent of the
value assigned for p(P, A}, an L would earn less by this choice than by some other. This
method yields the locus B of the previous section as the boundary between the regions
p(P,A) = 0 and p(P, A) = 1. The method’s basis in sequential elimination of dominated
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and useless strategies will come clearer in the sequel.

Consider then a customer with valuation r who bought in the first period and thus
has already discovered whether the good is satisfactory or nﬁt. Suppose he or she now
faces a price p > 0 in some period. With a continuum of customers, this individual’s
decisions whether to buy or not in any period have no impact on aggregate demand and
thus cannot influence the future behavior of the firm or of other customers. Thus, it is a
dominant strategy for the customer to make a repeat purchase in this period if r — p is
non-negative and the good is satisfactory for him or her, and not to buy if r —p < O or if
the good is worthless to him or her. Thus, eliminating dominated strategies for customers,
after the introductory period the demand function for the good is the same in every period
and is independent both of the prices in other post-entry periods and of any post-entry
advertising. Further, given the set of customers who actually purchased the good in the
first period, demands in later periods are independent of the initial price and advertising.
(Of course, these variables determine the set of initial purchasers.) Given the above, any
equilibrium strategy must involve the firm charging a uniform price in each post-entry
period and setting A = 0 in each of these periods. Any other strategy is thus useless. In
fact, given consumer bebavior and the firm’s first period choices, any strategy involving
varying post-introductory prices or positive post-entry advertising is dominated by some
constant-price, zero advertising strategy.

Now consider a customer in the first pericd who has observed the price and advertising
choice (P, A) of the firm. Recall that p(P, A) is the probability that he or she now assigns
to the firm being of quality H and (1 - p(P, A)) the perceived probability that quality g is
equal to L. Further, suppose the customer anticipates that the post-introductory price in
each period will be g, if the firm is an L and pg if it is an H. (This involves the customer’s
never believing that the firm will use useless or dominated strategies.) Then the customer

will purchase the good initially if and only if
[1 = o(P, AJ{L|r - P + Amax(r — pr,0)] + (1 - L}(~P)}

+p(P, A){H[r ~ P + Amax(r — p5,0)] + (1 ~ H)(-P)} = 0.

The first term on the left-hand-side is the probability of getting low quality times the ex-
pected payoff to making an initial purchase and henceforth acting optimally conditional on
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the good being of low quality: the second term gives the -para.llel expression if quality turns
out to be hig'h. The expected payoffs conditional on the actual quality reflect sequential
rationality in that a customer anticipates a constant price in all post-introductory periods
and plans to buy in these if and only if the good is satisfactory and not too expensive.
Let r(P,pL,Py,p) denote the value of r at which the above expression equals zero:
r(P,fr,Pxu,p) is the marginal customer. Once the introductory period is completed, the
potential customers are those with r > #{P,pL,5n, p) who were satisfied, i.e., demand for
a type-g firm that sets price pg is q[R — p,] if pg = r(P,pr.pH,p) and g(R ~r(P,pr,pnu,p))
otherwise. In these circumstances, p; will clearly be set at max(r{P,s;, p'H,p),m(q)),
where m(q) = %’- is the simple monopoly price for a firm of type g. Thus, the actual
price will always (weakly) exceed r(P,pL,pu,p). Then, under rational expectations (i.e.,
Pg = Pg, ¢ = L, H} the marginal customer must always assume that both of the possible
post-introductory prices will weakly exceed his or her valuation for the good. Consequently,
with rational expectations the terms maz(r(P,pr,px,p) - p,,O) are both zero, and the

marginal customer iz defined by
(1= p)Lr(P,pr,py, p) = P} + plHr(P,pL,px, ) — P| =0,
or, defining Q(p) = (1 - p)L + pH,
r(P,pL,pr,p) = P/Q{p).

Thus, the profits x{P,q,Q{p)) of a firm of type g charging an introductory price of P
and regarded as being a high-quality producer with probability p are

P
[R- S 11P = Gl + Aq[R - max( g, m(a) ] [max( s, mla)) - sl

When p = 0 {respectively, 1) Q(p) is L (respectively, H}, and x corresponds with the
notation in the previous section.

The first step in finding the equilibrium is to determine the locus B of pairs (P, A)
such that an L which charged P initially and advertised at level A would earn the same
amount as if it were perceived to be an L and maximized accordingly. To do this, we first

calculate the maximal profits of a firm which follows this latter course.
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Consider then a low quality firm which is initially believed to be low quality. If it
cannot influence this perception, it will surely set A = 0. Its problem is then to select P
to maximize its profits, Under rational expectations and sequentially rational behavior,

profits for such a firm are:

(R= P/L){P - C1)+ AL[R — max(P/L,m(L))] [max(P/L,m(L)) - Cy].
As is intuitively clear, and readily established formally, the solution involves P/L > m(L)},
since there is no point to attracting initial purchasers if one is later going to price them out
of the market. The solution for the optimal P is then

Pp=L{m(L)+ (L= L)LCL],

ST AL
ie, »(P,L,L) = maxx(P,L,L}. Note that the price that will be set in the post-
introductory periods is indeed py, = Pr/L 2 m(L). The set of customers who purchase
initially and become informed is thus [P, /L, R} and a fraction L of these buy again at pr.

If an L is to find it desirabie to pretend to be an H by selecting some (P, A) # (P, 0),
it must thereby achieve profits (P, L, H) — A that exceed the value x(Pr, L, L). Suppose
then that there is some (P, A) value such that p{P, 4) = 1, i.e., customers take the choice
of (P, A) as certainly indicating that the firm 1s a bhigh-quality producer, and suppose that
an L selects this price-advertising pair.

Customers, seeing an initial price of P and believing the firm to be an H, will expect the
post-introductory price p to be set at max{P/H,m(H)}. Thus, as we saw above, customer
r will make an initial purchase if r > P/H. Of these, the fraction L will be satisfied and
thus be willing to consider repeat purchases. Then, the profit of an L mimicking an H by

initially choosing (P, A) is
(R-P/H}P -CL)+ AL{Pglng(R -p)p—Cr)} - A

The solution to the maximization problem is p = max{P/H,m(L)}. Thus, two cases
arise,. § P/H > m(L), then the locus of points yielding #{P,H,L) - A = x{P,,L, L) is
defined by

A= (R~ P/H)P-CL)+AL(R - P/H)NP/H - CL) - x(P,,L,L) = F(P).
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If m(L)=(R+ CL)/2 > P/H, the constraint becomes

R-Ct
2

2
A=(R~P/H)P-Cp)+ AL( ) - x{(Py,L,L) = F(P).

Now, let P be defined as the solution to F(P) = 0 and let P be the solution to F(P) = 0.
Then define

o

P<pP
F(P) P<P<Hm(L)
F(P) Hm(L)y<P<P
0 P<P

As indicated before, we now specify p by

A(P) =

S(P.A) = { 1 ifA2 A(P)

0 otherwise.
With this specification, it becomes a straightforward—if tedious—matter to calculate the
equilibrium.

Given the specification of p, it is clearly optimal for an L toselect (P, A) = (FL,0). We
now must determine the optimal choice for an H. We do this in two steps. First, we find
the optimal choice under the assumption that the high-quality firm chooses to distinguish
itself by selecting {P, A) with p(P,A) = 1. Then we verify that this is truly optimal by
checking that the profits accruing from this choice exceed those obtained from any choice in
the region p(P, A) = 0, recognizing that such a choice leads the firm to be initially perceived
to be an L.

The first step then is to solve the problem: max x(P, H, H) — As.t. A2 A(P).

Note first that A(PL) > 0, since the firm gets more demand and higher profits at any
price if believed to be an H rather than an L. (Thus, p(Py,0) = 0, as required.) Further, it
is easily checked that A(P) is strictly concave on (P, P), with its contipuous first derivative

being given by

ox(P,L,H) [R-2P/H+CL/H P < Hm(L)
8P | R-2P/H+Cy/H+A(L/H)R-2P/H+CL) P2 Hm(L)

This derivative is zero uniquely at P® = Hm(L) + (H(1 - H)Cr)/2(H + AL). Note that
this maximum of A(P) occurs in the region P > Hm(L), where A(P) is F(P). Further,
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A has a continuous, negative second derivative everywhere except at P = Hm(L). This
second derivative is —2/H for P < Hm(L) and -2(H + AL}/ H? for P > Hm(L). Thus,
the constraint set is very non-convex (see Figures 1 and 2), but is piecewise well-behaved.
Two cases then arise, depending on whether Py € (P, P) or not.

¥ Py ¢ (P,P), then the solution is (Py,0): the unconstrained optimal price is a
sufficient signal and no advertising is used. If Py € (P, P), then the constraint becomes

efective and the solution will involve 4 > 0 unless the optimum occurs at P or P.

Thus we are led to examine the level curves of x(P, H, H) — A on [P, P] and to compare
them with F and F.

Let us first consider the case in which Cg exceeds Cy, so that Hm{H) > Hm(L). One
can show by straightforward calculation that, for P < Hm(H), both the constraint and
the level cﬁrves have positive slope, with the slope of the level curves being strictly greater
than those of the constraint. Thus, in particular, the solution cammot be at P and must lie

in the region P > Hm(H). In this region there is a unique tangency, which occurs at

P = E;R + 2A(HH_ 1) [CH(I +AH)-Cr{(1 +AL)]
- (EE-LE) (Hm(H) ~ Lm(L)+ 9-!’-235-?&)

Further, on this region the second derivative of the level curves is strictly more negative
than that of the constraint. As a comsequence, so long as P* < P, i.e., A(P*) > 0, the
solution is for the high quality firm to price at P* and to spend A(P*) > 0 on advertising,
while if P* > P, the solution is for the high quality firm to do all of its signalling via high
prices. {This is the case illustrated in Figure 1.)

Note that P* may occur at a point where both the constraint and the level curves
have positive slope, as suggested by Figure 2. This happens if Cy > Cp but Cp, >
Crl(l+ AH)(H + AL)/{H + AH)(1 + AL), ie., Cyg > Cp and Py < P°. In this case,
the high quality firm lowers its price in signalling: Py > P*. (In fact, we may even have
P* < Py in this case.) Otherwise, P* > Py and, if signalling occurs, the informational
asymmetry leads to higher prices as well as to the use of uninformative advertising.

We still have to check that the high-quality firm does actually prefer to signal than to
be taken initially to be a low-quality producer.
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If the high quality firm does not signal, its profits will be
#(P,H,L)= (R~ P/L)(P - Cg) + AH{ max (R~ p){p - Cy)},
p2P/L

since it clearly will do no advertising. The solution for this problem involves

. (1-L)C

Verifying that the profits at this price, #(P, H , L), are less than those earned in signalling

then concludes the analysis.
First assume that P* < P. Then the requisite inequality is x(P*, H, H) — A(P") >
=(P, H,L), which, in view of the definition of A(P*), we can write as

»(P* H H)-x(P,H L})> x(P*,L.H)-x(P,,L,L).

Now define

P = q(p)[F+ L ARNOn - (L aBCL]

and note that the level curves of x(P, H,Q(p)) are tangent to those of x{P,L,Q{p))
uniquely at P = P(p) and that P* = P(1). As well, note that 3%z (P, H,Q(p)) /0P <
8%x(P,L,Q(p)) /3P? for all p and all P different from Q(p)m(L) and Q(p)m(H) (where

these second derivatives are undefined}. Finally, observe that

ax(P, H,Q(p)) /8 2 8%(P,L,Q(s)) /35

<
as PE P(p).

Given this, rewrite the inequality as
[x(P(1), H,H) - =(P(0), H,L)] + [x(P(0),H,L) - x(P, H,L)]

> [=(P(1),L,H) - x(P(0), L, L)] + [#(P(0), L, L) — x(P, L, L)]
+{x(P,L,L) — x(Py, L, L)).

The first bracketed term on the left-hand side is equal to f; [3x(P(p), H,Q(p))/8p)dp
while that on the right is fol [8x(P(p), L,Q(p)) /8p]dp. As moted above, these integrals
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are equal. The second term on the left-hand side is larger than the corresponding term
on the right because 8x(P(0), H,L)/3P = dx(P(0),L,L}/dP and 3*x(P,H,L)/0P* <
82r(P,L,L)/8P%. Finally, the third bracketed term on the right-hand side is negative,
so the inequality ho.lds. Thus, if Cg > Cr and P* < P, we actually have a separating
equilibrium.

Further, it is easy to see that if P* > P, then we need only run the integration to the
point P(p) = P; the inequality will still be valid.

I Cp, > Cpy, then the solution to the maximization problem is easily shown to be P.
This can be seen intuitively by considering the high quality firm’s problem of picking price
and advertising to maximize its profits subject to the L firm’s profits when mimicking being
less than or equal to x(Pr,L,L). The first order conditions here involve changing price
from Py up to the point where dx(P, H, H)/3 P equals 8x(P,L, H) /P, then increasing A
until the constraint is met. But with Cg < Ct, lowering price is always cheaper (in terms
of profits) for the H firm than for the L. Thus, the solution is as claimed.

To see that (P,0) is actually an equilibrium, i.e., that (P, H,H)} > x(P,H,L), note
that =(P,L,H) = x(P,,L,L) 2 x{P,L,L), so that x(P,L,H) — x(P,L,L) > 0. Now

rewrite the required inequality as
(x(P,H, H) ~ x(P,H,H)] + [x(P,H,H) -~ x(P,H,L)] > 0.

Note that the first bracketed term exceeds the non-negative expression [r(P,L,H) —
#(P,L,L)] because Cy < G and H > L, while the second bracketed term is also non-
negative because an improvement in reputation increases profits.

This case of Cy < Cp is not as unlikely as it might at first seem. First, recall that
quality is not a choice variable, so that the issue of why a firm would decide to produce a
high-cost/low-quality product does not arise. Moreover, recall that quality in this model
is the probability that a customer will find that a product meets his or her tastes; this
need not be correlated with production costs. As an example, consider a strongly flavored,
European-style beer and a standard American brew: the former may well cost more to
produce but be less likely to appeal to a randomly chosen American consumer.

Finally, in the case Cyg = Cy, the level curve corresponding to the highest attainable

profits consistent with successful signalling coincides with the constraint between P and
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Hm(H) = Hm(L), then lies under the constraint for bigher prices. Thus, any price in this
interval and the corresponding level of advertising can constitute an equilibrium. Note that

some of these prices will be less than P, while all are lower than Py .

It is a simple matter to do some comparative statics on the equilibrium. First, as
we increase Cy alome, we see P initially below and then at P until Cy = Cp. At this
point we get the interval solution of the preceding paragraph. For Cg > Cp, P* mcreases
with Cg until it hits P, where price remains until Cg is so great that Py exceeds P.
This result continues to hold with non-linear demand if marginal revenue is decreasing.
Correspondingly, A increases or decreases with Cy as Py is less or greater than P°. In
particular, for Py > P%, we obtain the negative correlation of price and advertising that
has been noted empirically. Increasing Cr, given Cx, has the mirror effect. Further, if we
assume Cgx > Cr, then increases in A, the present value of future sales, decrease price,
as can be seen from examining the expression for P*. Thus, if repeat sales occur more

frequently, the introductory price is lowered.

The rather complicated relationship between P and A for different levels of Cq is
shown in Figures 3 and 4.

Thus, except when Cgyg = Cp, there exists a unique separating or signalling equilib-
rium. However, it is also possible that there might be pooling equilibria, in which there is
some (P!, A') such that both types of firms select (P’, A') with positive probability. Note
that, given our successive elimination of dominated and useless strategies, we must have
A' < A(P') and p(P', A') € (0,1) at any such pooling equilibrium. Thus, the separating
equilibrium we have already identified is the only equilibrium consistent with the spec-
ification p(P,A) = 0 for A < A(P). But, as noted earlier, this specification is not an
implication of successive elimination and sequential equilibrium. Thus, the possibility of
pooling remains.

However, there is a further natural restriction to place upon beliefs that rules out
pooling. This is that there should be no price-advertising pair (P, A) such that () if an
H firm made this choice and were thereby taken to be an H, it would earn more than
it does at the pooling equilibrium, and (i) an L making the same choice and thereby
being thought to be an H would be worse off than at the equilibrium. Algebraically, this
condition is that there not exist (P, A) with (P, H, H) - A> x(P' . HQ(y) — A and
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(P, L.H)— A< (P, L,Q(p")) — A', where p' = p(P', A’) is the probability that the firm
is an H given that (P' A') is the observed choice. Were such a choice to exist, a high-
quality producer would have an incentive to adopt it (while perhaps making an explanatory
announcement), while a low-quality producer would not. Thus, such a choice “ought” to
be interpreted as signalling that the firm is high quality, and so existence of such a point
(P, A) would eliminate the pooling equilibrium.

Kreps (1984) has shown that this requirement essentially follows from the Kohlberg-
Mertens (1982) concept of strategic stability of equilibrium. He also shows that stability
identifies the {(uniquely) efficient separating equilibrium and, in this context, subsumes the
successive elimination arguments we have employed.

We now show that, in fact, there are no pooling equilibria when customers’ beliefs meet
this requirement, i.e., we show that for any pooling equilibrium (P, A’) there does exist
(P, A) meeting the inequalities x(P, HH)-A> (P, H,Q(s')) +A' and (P, L .H)-A<
(P, L,Q(s) - A"

Note first that the second inequality defines a locus given by A'(P) = »{P,L,H) -
=(P',L,Q{p')) + A'. This locus, B', is simply the locus B defined in the context of
identifying the separating equilibrium shifted down by the amount (P, L,Q(p)) - A"~
#(Pg, L, L), which is non-negative by the assumption that (P’, A") is a pooling equilibrium.
Define P’ and F analogously with P and P as the points where A’'(P) = 0. Then, in view
of our earlier analysis, in searching for (f’, A), we can assume that P=Pand A=0
if Cy < Cp while, if Cy > Cy, then P = min(P*,P') and A = A'(P). Thus, sufficient

conditions for the required inequalities are, for Cg < Ci,
~(P' H H) > :r(P',H,Q(p')) - A

and
T(_P_',L, H) < T(P’,L,Q(ﬂ’)) - A'

while, for Cy > Cp, sufficient conditions are
x(P*,H H)- A(P*)> =(P H,Q)) - A

and
(P, L, H) - A'(P") < »(P',L,Q(s")) — A'
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if A'(P*)> 0, and

=t

(P ,H,H) >=(P HQ()) - 4

and

(P, L,H) < =(P',1,Q(") - &
for A{P*) € 0. We will treat each of these cases in turn. Note that in each case, the second
inequality holds as an equality by construction.

First, suppose Cg < Cp and rewrite the conditions as
(«(P',H,H) - «(P',H,H)| + [(P', H,H) - x(P', H,Q(s'))]

> A'=[x(P',L,H) - »(P', L, H)| + [x(P',L, H) - x(P'", L, Q(s")]-

The first bracketed term on the left exceeds that on the right because, with Cy < Cp, the
level curve of x( P, H, H) through P’ lies under that for »(P,L, H) for all P > P'. Thus, it
is sufficient that the second bracketed term on the left exceed that on the right. This will
hold if 8= (P!, H,Q(p))/8p 2 dx(P',H,Q(p))/8p for p 2 ¢'. Using the defining formulae
this is easily established. Thus, when Cg < Cr, no pooling equilibrium is stable.

For Cy > CL, the argument is very similar to that made in connection with showing
that signalling was worthwhile for the high-quality producer. For P = P*, we note that

P* = P(1), where P(p) = Q(p) (§+ “HAH%gf;fL";AL)C‘]), and then write the inequality

as

[r(P(1), H,Q(1)) - =(P(¢'), H, Q(s"))] + [x(P(¢'), H,Q(")) = (P, H,Q(r'))]

> [x(P(1),L,Q(1)) = x(P(¢'), L,Q(s")] + [x(P(¢"), L,Q(s")) - x(P', L, Q(4"))].
Recalling that dx(P(p), H,Q(p})) /8p = dx(P(p), L,Q(p)) /3¢ aud applying the fundamen-
tal theorem of calculus shows that the first bracketed terms on each side are equal. Then,
since dx(P(p"), H,Q(s')) /3P = 8x(P(s'),L,Q(s')}/8 P, while the second derivative of
(P, H,Q(p")} is strictly less than that of #(P, L, Q{s')}, the second bracketed term on the
left exceeds the corresponding one on the right and the inequality holds. Finally, if P = F’,
we simply run the integration to that value of p at which P(p) = P Thus, no pooling
equilibrium is stable.

We close this section with some simple mumerical examples.
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Example 1:

Let L=1/2, H=1 A=2,C, =0,Cxg =1 and R =8. Then we easily calculate
m(L) = 4, m{H) = 45, P, = 2, P,/L = 4, and Py = 4.5 = Py/H. Thus, under full
information, an L would initially set price at 2, then later raise it to 4, while an H would
price at 4.5 in all periods (because there is no uncertainty to be resolved about whether an
H’s product will be satisfactory).

The constraint A(P) is given by

(8-P)P-8 P<y4,

- {2(8—P)P-24 P>4
and »(P,H, H) is given by

(8- PHP-1)+(4) P<4s5,

H) =
~(h H H) {3(8—?)(?—1) P> 45

Note P° = 4 < Py,

The tangency of the constraint and the level curve occurs at P* = 5.54, and A(P*) =
3.5.

It is easy to check that the H firm would not prefer to select a price-advertising
pair with p(P, A} = 0 and be ipitially thought to be an L. The optimal such point is
{P,A) = (2.3,0), which yields profits of 28.9 < 30.25 = x(5.5, H, H) — A(5.5). Thus, the
solution indeed is for the L type to set price initially at 2 = Py, not to advertize, and to
raise price later to 4 = Pr /L, while the high quality firm sets price at 5.5 > Py =45 in
all periods and spends 3.5 on introductory advertising.

Example 2:

In this example we will bave Cy = Cp. In the resulting eqguilibrium, the H firm
advertises, but lowers its price from the full information level, Py .

Set L=1/2, H=28/4, A =2,C, =Cyg =1, and R = 8. Thus, the example is the
game as the previous one except that Cy, is bigher and H is lower. Again, simple calculation
gives m(L) = m(H) = 9/2, Hm(L) = Hm(H) = 27/8, Lm(L) = Lm(H) =9/4, P, = 7/3,
Py = 41/12, P, /L = 14/3 and Py /H = 41/9. The constraint A(P) is given by

_[(-4P)(P-1-% Pz,
A(P)""{(g—gP)(gP—ﬂ-%g P 2> 21/8,
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which yields P® = 24/7 > Py, while #(P,H,H) is

(.

~4pP)(P-1)+ M1 P <27/8,

B
(P HAE)= { )(3P ~ &) P > 27/8.

(8-

Wik W
"y

For P < 27/8, the level curve »(P,H,H) — A = »(P*,H,H) — A(P*) and A(P)
coincide, while for higher prices, the level curve is under A(P). Thus, any pair (P, A(P))
with P € P < 27/8 < Py is a potential solution. All that remains is to check that the
H would rather signal its true identity than be taken mitially as an L. However, the most
profits it can earn if it fails to signal is 22.78, which is less than the 22.79 it earns by
signalling.

Note that were Cy just slightly larger, we would have Cxr > C1, > Cx (#3255 ) (FEAE)

and we would have a unique solution at P* < Py.
Example 3:

Here we assume Cyy < Cp. Let L =1/2, H=1,A=2,C,=0,Cyg =1, R=8. Then
m(L) = 4.5, m{H) = 4, P, = 2.33, PL/L = 4.67, and Py = Pg/H = 4. The constraint

A(P) is
: )_{(S-P)(P—1)+%—5-;! P<45

28-P)P~-1)-% P> 4..5

while (P, H,H) is
(8-P)P+32 P<4

3(8 - P)P P24
The lower imit P is 1.7 in this example, yielding x(1.7, H, H) = 42.71. For P > 1.7, the

*(PH H)= {

level curve of #(P, H, H) lies everywhere under A(P), so this is, in fact, the solution. Thus,
the low quality firm prices initially at 2.33, then raises its price to 4.67. The high quality

firm prices initially at 1.7, then raises price to its monopoly level, 4.
CONCLUSION

We bave constructed a model to formalize Nelson’s insight that apparently uninforma-
tive advertising for an experience good could be a signal for product quality. In doing so, we
have also treated the pricing decision of the firm and allowed for the possibility that price
itself might be a signal. Our analysis has confirmed and extended Nelson’s fundamental
point: advertising may signal quality, but price signalling will also typically occur, and the
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extent to which each is used depends in a rather complicated way on the difference in costs
across qualities.

Interestingly, while our analysis confirms Nelson’s fundamental point concerning the
role of advertising, its inclusion of the pricing decision upsets the intuition that a high-
quality producer will have a higher marginal benefit from attracting an initial sale and that
this would provide the basis for the high-quality firm’s being willing to advertise more.
Initially, starting from Py, signalling via changing price is costless for a high quality firm
(because dx( Py, H,H)/d P = 0). Thus, all the requisite signalling takes place through the
price unless the point P*, where 8x(P*, H,H)/8P = 8x(P*,L,H)/dP, is reached before
the necessary differentiation has been achieved. Only in this case is advertising used as a
signal. But, at P*, the present value to a firm perceived to be high quality of an additional
sale achieved through pricing is independent of the firm’s actual quality!

The essential difficulty is that the notion of the “marginal benefit to attracting another
initi’al sale” is not well-defined: in particular, it depends on who the marginal customer is,
i.., on the price being charged and on the beliefs that customers hold. Moreover, once one
allows that price might be a choice variable, then ambiguity remains even after the price
and beliefs are specified because there are several ways one might generate the sale. K
one imagines somehow obtaining an extra sale without changing perceived quality or price,
then, at price P* and perceived quality H, the marginal profit for a firm of type g from an
extra sale is [P*(1+ Ag/H) — C4(1 + Ag)], and this expression is greater for ¢ = H than
for ¢ = L. Similarly, if the additional sales are generated through extra advertising, then
the marginal benefit is greater for the high-quality producer so long as price always exceeds
P(p), and, in particular, if P > P*. However, if price is the means used to Increase sales,
then the net marginal benefits from an additional sale are a negative constant, (L — H),
times d7/8P. As we have seen, if Cyg > Cy then, in equilibrium, this marginal benefit is

always at least as large for the low-quality producer.
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