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1 Introduction

Quality is a fundamental source of heterogeneity among products. A casual
observation of almost any market will reveal that firms compete on the basis
of quality as much as on price and that often high prices are justified by
claims of high quality. Early contributions to the large economic literature
of quality models, decomposed products into the services they provided, see
[17]. According to this “services” approach, a higher quality good merely
embodied more services. Thus, a light bulb which lasted 200 hours was seen
as being twice the quality of one which lasted only 100 hours. In these models
firms minimize the cost per service and then choose the level of services which
maximize profits.

Later work interprets quality more generally as anything that would in-
duce consumers to pay more. A variety of applications have been developed
to explore issues such as the effect of regulation on quality, see [15] and [11],
price discrimination by a monopolist in the presence of information problems,
see [6], and the choice of quality as a location issue, see [9]. [10] and others,
have studied multi stage games where firms precommit to quality and then
compete in price or output choices.

In all these models, consumers choose to buy one product or another. In
contrast to this, in a number of settings it may be more appropriate to think
of a customer purchasing a product knowing that it may fail to “deliver”. If
the product delivers, the consumer leaves the market with whatever payoff
the product yields. If it does not deliver, the customer may wish to choose
some other product. In this setup, a product is defined by the probability
that it actually delivers as well as the payoff when it does deliver".

Many situations have the flavor of this model. For example, an auto
repair shop may not fix a particular defect effectively so that another may
have to be visited. One doctor may be unable to cure a patient, where as
another may succeed. Purchases of shoes which may not actually end up
being the right fit is another!

This is the setting explored in this paper. We model a two stage game
where firms first chose quality and then price. We show that in equilibrium,
the high quality firm (the one with a higher probability of being able to
“deliver”) always makes higher profits than the firm with low quality even

1Due to the possibility of returning to the market, the value of choosing a product
differs from the product of the payoff and the probability.



if costs of establishing quality are sharply increasing. Our model provides
a theoretical reason for why high quality niches may be more profitable,
supporting the common business school idea that “the money is at the high
end”?. This perception has been difficult for Economists to explain. Some
tend to think that it is a result of not accounting for all relevant costs. In
neoclassical models, investments in advertising, research and development or
cultivation of a loyal customer base via early discounting, not high quality per
se, are seen as reasons for current high profits. In fact, in standard models of
vertical product differentiation such as [10], higher quality firms may make
lower profits once all costs are accounted for.

Increasing quality is also seen as a means of reducing costs by reducing
defects and material wastage as well as warranty claims and costs associated
with recalls of products. A defective two cent resistor soldered into a com-
puter component may cost a hundred dollars to repair [5]! According to [14],
faulty checks account for half of all annual check processing costs in U.S.
banks and Firestone’s recall of radial tires cost $135 million, more than the
firms net income for that year.

There are also reputation effects to consider. These seem to be asymmet-
ric, in that reputation is easier to lose than to gain! A leading manufacturer
of appliances estimated that while satisfied consumers conveyed their expe-
riences to three other people, dissatisfied ones talked to fifteen. A big three
auto maker found that one dissatisfied owner of a luxury car cost the company
no fewer than 100 sales in a single year’! A study by Ford [3] showed that
satisfied customers tell eight other people about their car while dissatisfied
ones tell 22!

However, none of this can provide a reason why higher quality is more
profitable. If faults are expensive, then profit maximizers will reduce faults
until the marginal costs of reducing faults equals the benefit. Then firms
which choose above the optimum quality levels make lower, not higher, profits
than optimizing firms!

2In contrast to this, Porter, see [8], takes the view supported by standard models of
product differentiation. He argues that quality as such does not raise profits. Rather, he
focuses on the role of product differentiation in reducing the extent of price competiton.
He highlights the importance of finding a “niche” so as to differentiate your product from
the competition. He argues that product differentiation on the basis of quality creates a
defensible competitive position and insulates a firm from competitve pressures in a way
that competing solely on the basis of price and low costs could not achieve.

3See [16] for more on this.



There are a number of case studies that suggest that better product
quality raises profitability, see [12],[13]. Peters and Waterman, [7], study well
managed U.S. companies and argue that those that are most profitable also
emphasize product and service quality. Changes in market share and changes
in product quality are shown to be strongly related in [2], while advertising
had only a modest relationship with market share, and price changes had no
relationship with market share!

Table 1 reproduces a table from [1]. It uses 1970’s data from the Profit Im-
pact of Marketing Strategies (PIMS) study which involved 1,200 businesses.
It shows that both the return on investment and profits as a percentage of
sales revenue rise with quality. The more recent data in Table 2, reproduced
from a table in [4], shows that the return on investment rises with quality,
independent of how a firm’s costs compare to its competitors’.

Our model suggests a reason for the association between higher quality
and higher profits. Consumers who buy a good and are not satisfied re-enter
the market and have to buy again. Higher quality goods have a higher prob-
ability of satisfying the consumer than lower quality ones. This is why firms
who make higher quality products can charge enough to cover the additional
costs of higher quality. Moreover, unequal quality choices constitute a Nash
equilibrium even though firms are ex ante symmetric. Our model also sug-
gests that in equilibrium, ”sales” of lower quality goods are more likely than
of higher quality goods.

In Section 2 we look at a simple duopoly model where the payoff to the
consumer when the product delivers is the same across the two firms, but
the probability of delivery, g, differs between firms. We assume that there
are a continuum of identical consumers who obtain the benefit V' from the
product when it does deliver, and zero when it fails to satisfy. We assume
that marginal costs of production are zero. We show that a pure strategy
equilibrium does not exist and construct the mixed strategy equilibrium.

In Section 3 we look at firms’ quality choices. Section 4 provides a welfare
analysis and compares the equilibrium to the welfare optimum. In Section 5
we allow for non zero marginal costs of production. Section 6 contains some
concluding remarks.



2 The Model

There are two stages to the game. In the first stage, firms choose the proba-
bility with which their product will satisfy the customer. This probability is
interpreted as the quality of the product and represented by ¢;, 7 = 1,2. The
fixed and sunk costs of producing a product of a given quality are incurred at
this stage and are given by C(g;). In the second stage, the two firms compete
in price and sell to a continuum of identical consumers with unit mass*. For
given prices a consumer chooses which firm to buy from first. If that firm
satisfies him, he goes no further. If it does not, he chooses whether to try
the second firm or to quit®. All participants are assumed to be risk neutral.

As is standard we begin by solving the consumer’s problem. We then use
these results to solve for equilibrium in the second stage, which in turn forms
the basis for solving for the equilibrium in the first stage.

2.1 The Consumer’s Problem

The consumer’s problem is particularly simple. Each of the identical con-
sumers must choose which firm to buy from first and whether or not to visit
the other firm if the first does not deliver. The consumer chooses to visit
a firm as long as it expects a positive payoff, that is as long as ¢;V — F is
positive. Assuming that both firms are patronized, he chooses to visit the
firm with the lower value of % first.5

2.2 Competition in Prices

In the second stage firms take their quality choices as given and essentially
compete in prices. It turns out to be convenient to depict a firm’s profit and
choices in terms of its price quality ratio, rather than of prices alone, as this
ratio determines the consumers’ switching behavior.

4Firms have zero marginal costs of production. Dropping the assumption that marginal
costs are zero does not affect the flavor of the results as shown below.

50Once a firm is visited, it is removed from the set of possible choices.

5This is a simple application of the “Buried Treasure Problem”. A treasure worth V
could be buried in any of N locations. Digging at location ¢ costs F; and the probability
of finding the treasure in location ¢ is ¢i. The solutlon to this problem involves choosing
to dig where S‘V——-‘- is highest, that is, where & s lowest and all sites where ¢;V — P is

positive are wsIted Generalizations of such problems are dealt with in ([18]).



First, consider the case where —L < —ﬂ In this event the consumer visits
firm L first and pays P,. With probablhty 1 — g1 the consumer is not
satisfied and subsequently visits firm H. Since there are a continuum of
identical consumers, a fraction 1 — q; of them visit firm H as well as L. If,
on the other hand 'EL > ?H' then the consumer visits firm H first and pays
Py. With probability 1 — gy the consumer is not satisfied and subsequently
visits firm L. Therefore a fraction 1 — gy of them visit firm L as well as H'.

Hence, the profits of firm H are given by:

Py P

(P Py | qmiqL) = Pn if — < —=

dH qaL

- Pu-a) ¥ 252

ar 4L

The heavy line in Figure 1 depicts Firm H’s profits as a function of its price

quality ratio. For price quality ratios below £&, it has a slope of g5® while

above —f the slope is (1 —gqr)gx. Firm L’s proﬁts can be analogously defined
and are depicted in Figure 2.

Notice that profits jump down at the point where ££ = £& and are
increasing in the firm’s price quality ratio above this point. Hence, if a firm
chooses to price above this switchover point, it will choose a price quality
ratio of Vthe highest possible ratio which will still attract customers.

Let ZZ denote the level of —ﬂ such that the profits earned at fﬂ when
Firm H 1s visited first are equal to its profits when it chooses V and 1s S'visited
second. This is shown in Figure 1.The horizontal line set at the height of
grr(1—q1)V (which is the level of profits obtained by the high quality firm by
pricing at V' ) intersects the profits obtained assuming that Firm H has the
lower price quality ratio at %’3—. In other words, P = (1 — qz)guV. Hence

Py

dH

=(1-q)V (1)

"Note that we specify that the price is paid up front and not refunded if the product;
fails to deliver. If we assume that firms can “guarantee satisfaction or your money back”
the problem becomes the usual Bertrand one as consumers choose the firm with the lowest
price.

8 This is because profits are drawn as a function of f"- so that firm H's profits are given

by ( ) gy and the slope of the profit function is gy.



and & is analogously defined as

B _-gv (2)
QL

At this stage it is useful to impose a tie-breaking rule.

Assumption The lowest quality firm not previously visited is visited first
in the event of a tie. In the two firm case, if both firms choose the same
price-quality ratio the consumer visits Firm L first.

Now note that if % < -‘Eﬁi , then H’s best response is to choose a price

quality ratio of V. If ff > % then H’s best response is to choose a price
quality ratio just a little below ff. Firm L’s best response function is anal-
ogously characterized. These best responses are depicted in Figure 3. It is
clear from Figure 3 that the best response functions do not intersect so that
there are no pure strategy equilibria in this game.

If L chooses a price-quality ratio weakly below -1’- H’s best response is
to choose his monopoly price-quality ratio, V and onjy serve those customers
who were not satisfied when they visited ﬁ.rm L. If H prices in this way, then
it is best for L to just undercut him so that this cannot be an equilibrium.
If , L chooses a price-quality ratio above —g- H’s best response is to just
undercut him and get all consumers to visit him first. But if A prices in
this way, then it is best for L to just undercut him so that this cannot be an
equilibrium.

Proposition 1 There are no pure strategy equilibria when two firms campete
in prices for given qualities.

Given Proposition 1 we turn our attention to the existence of mixed strat-
egy equilibria®. We begin by restricting the support of the mixed strategy

90One might suspect that a simple mixed strategy equilibrium exists, namely one where
H randomizes between Ef,‘ and V while L plays -E-ﬂ However, this is not an equilibrium.
If L is assumed to be v1sxted first (or if firms are visited randomly) in the event of a tie,
then H prefers V t.o so that this is not an ethbnum If H is visited first in the event
of a tie then L prefers to charge slightly less than 3? ensuring he is visited first so that
this is not an equilibrium either.



equilibria. First, note that any price quality ratio below -;L yields lower prof-
its, no matter what the other firm chooses to do, than the price quality ratio
of V. By charging a price quality ratio of V, thereby always being the higher
priced firm, L can ensure itself a payoff of at least (1--qg)qrV. Similarly, firm
H can ensure itself the payoff of (1 — g1 )gg V. Thus, price-quality ratios below
=i for firm 1 are strictly dominated and will never be used in equilibrium.
Second, note that choosing any price quality ratio greater than V is also
dominated by choosing V since charging a price-quality ratio exceeding V'
ensures that no customers will buy the product.

Third, note that the lower bounds of the supports of the two firm’s mixed
strategies must be the same. If these lower bounds were not equal, then the
expected profits of the firm with the lower bound evaluated at its lower
bound, would be increasing in its price-quality ratio, as at this price it is the
customers first choice with certainty. Hence this could not be part of a mixed
strategy equilibrium.

From (1) and (2) it follows that —H- > —‘- , so that neither firm will choose

a price-quality ratio below 'Ef}L in equ111br1um. These results show that the
following Lemma holds.

Qi

Lemma 2 The support of the mized strategies of the two firms must lie in
the interval [%, VT.

In Appendix 1 we show that this interval in fact constitutes the support of
the both mixed strategies in equilibrium and characterize the mixed strategy
equilibrium itself.

10Recall also that a firm must be indifferent over all points it mixes over. Thus if %
and V lie in the support of prices charged by firm H in the mixed strategy equilibrium,
their expected profits at these two points must be equal. We will use this fact extensively
below.



Proposition 3 In equilibrium the two firms will choose the following unique
mized stralegies.

r(2) - 10wV 2V g Bepuoqviv)

q qL qL
P 1 (1-q)V (P)"l p
Fyl=)] = —-x—2— (= r=— efl-q)V,V
H(q) L GwlV (B por 2 cla-av)
=1 for§=V.

Note that Fy (V) = & <1, which implies that the high quality firm has
a mass point of (1— ) at the price-quality ratio V11, A proof of Proposition
3 is given in Appencﬁx 1. It is easy to verify that this set of strategies in
fact constitutes an equilibrium. Given that L is randomizing over prices as
defined above, the expected profit for Firm H of a price quality ratio in the
interval [{1 — q)V,V) is given by:

Eira(Py) = Fi (%) (1—q)Pa+ (1—FL [—%D Pa

P
= Py—-F [—H'] qLPr
qH
1 (1-q)V {Py\™"
_ p,,_[__g__qi(__g) wwPa
qr qL au
= (1-qi)qgV (3)

which is independent of Py.

For this to be an equilibrium, 'Eff = V must yield the same expected
profits. In this case, Firm H gets profits of (1 — gr)gxV with probability-gf;
and gV with probability (1 - gﬁ;), so that expected profit are the same as

11 ooking at Figure 2 shows that the profits of L when it chooses the price-quality Viand
is visited second, are less that its profits at the price ratio = (1 - g.}V. To equalize them
so that they can both be in the support of the distribution, firm H needs to have a mass
point at V. This mass point, in conjunction with the assumption that Firm L is visited
frst in the event of a tie, ensures that when Firm L charges V it is visited first with finite
probability and can obtain profits equal to those at %.

8



those obtained in the range [(1 — gz)V,V). For price-quality ratios below
(1 — g1)V; expected profits are Py. These cannot exceed their value at £2

= (1 — ¢1)V . Hence Firm H will not choose any price quahty ratio below
(1-g)V.

Similarly, the expected profits of L for price-quality ratios in the interval
[(1 — qL)V,V) are given by:

E(ry(Pr) = Fi (fL) - anPe+ (1 Fa [ff]) P,

P,
= Pp—Fy [—L] quPL
qL

[ 1 (1-g)V (PL)"
= Pp—|— -3 (L
dy du qr

= (1—-qr)qV (4)

which is independent of Pr.

If £u L =V, L gets profits of (1—qx) P = (1—gg)q.V which are the same
as those obtained in((1 — ¢)V, V) . For price-quality ratios below (1 — q.)V,
expected profits are P, which cannot exceed (1 — gz)q V. Hence L will not
choose any price quality ratio below (1 — ¢.)V. Therefore, both L and H
will be content to randomize as indicated!?. Notice that the total profits of
the firm with the lower quality are independent of the quality chosen by the
higher quality firm, as long as their quality ranking is unchanged. Now we

turn to the issue of how quality is chosen.

guPL

3 Choosing Quality

Firms realize that their choice of quality will affect their profits in the subse-
quent stage and they incorporate this information into their decision making

121t is worth pointing out that in this model, expected profits in the mixed strategy
equilibrium are identical with the profits obtained by charging the lowest price in the
common support. This in turn is easy to calculate as it equals the profits from being the
first firm visited at that price.



in the first stage. The profit function for firm 4, given that its rival chooses
the quality g-;, is a composite function denoted by II; (gi, i) where:

(g, 9-) = (1-g)aV -Cla) for e < g (5)
‘ (1—g-:)a:V — Cla) for ¢: > q-i.

Note that the firm’s profit function is continuous in g; for any g..; chosen by its
competitor. Firms choose their quality to maximize their total profits, given
the quality chosen by their competitor. - This results in the best responses
in quality space, which we define below. We look at two timing structures.
First we look at the case where firms choose their qualities simultaneously.
Then we turn to the case where they choose them sequentially.

3.1 Simultaneous Choices

It turns out to be useful to break the problem up into two parts. First we
consider the case where C(g;) is concave and increasing in g;. Then we turn
to the case where C(g;) is convex and increasing in g. The notation used in
this discussion is summarized in Table 3.

3.1.1 Concave Costs

Figure 4 illustrates the shape of profits for firm i as a function of its qual-
ity, given g_;. Its profits correspond to those for the low quality firm for ¢
below g_; and to those for the high quality firm for ¢ above ¢_.. Start with
g—: =9 for concreteness. The switchover between the two components of its

-L
profits occurs at ¢ as depicted in Figure 4. However, as profits are. continu-

ous in quality thefrle is no jump at this switchover point. As g_; rises, to q
and further to gz, (1 — g-:)&V — C(g;) falls, shifting the latter component
of the composite function down as shown in Figure 4. The composite profit
function for ¢_; = ¢’ >4 is given by the bold line in Figure 4.

L
Let ¢ denote the level of ¢ that maximizes (1 — g)gV — C(g). Thus, ¢
z z
is defined by the first order condition: L

(1-2¢ )V -C'(g)=0. (6)
=L ~L

Thus, II.(2 ) = IILis the maximum profit L can attain. We assume this
Y

10



is positive. Note that as (1 — ¢)gV attains its maximum at ¢ = 1/2, the
maximum of (1 — ¢g)gV — C(g) must occur at ¢ < 1/2.
~L

Next, consider the components of IIg(g). (1 — g-:)g V is linear in g and
decreasing in g_;. If —C(g:) is convex in g, as it is when C(.) is concave,
g (q) must be convez in ¢ so that the profits of the high quality firm are
maximized at the corner solution, ¢ = 1. Let the profits associated with
this choice, given that the other firm chooses gy, be denoted by IIx(1, q1).
S1m11a.rly, if irm L chooses q Firm H can obtain profits of IIx(1,4 )

Note that the slope of II H(q, ) evaluated at ¢ =9 is given by:
-L -L
(1-¢ )W-C'(9). ()
-L -L

Comparing the slopes of Ig(g, ¢ ) and II (g) at ¢ =9 , that is comparing
-L ~L

(7) with (6), reveals that the slope of the former exceeds that of the latter
(which equals zero) as depicted in Figure 4. This is why the high quality firm
makes greater profits in equilibrium than the low quality one.

Let gr, be defined by

M1(1, ) = Ha(g ) (®)
and recall that ¢ was defined by (6). Thus,
-L
Lemmad4 1>q,>9 .
=L

Recall that Iy(g,qr) = 11(9 ) at go =9 . As g (g, qL) is increasing
in ¢, Iy(1,9 ) > I1.(q ). Since HLH(qH,qL) isLdecreasing in ¢z, ,gr must rise
from q to g for l'IH(If gr ) =TII.( ¢ ). Hence g, > ¢ .This is depicted
in Fxgure 4. The value of Hg(g,qr) a.tLqL =1is negatnl;e As, I1,( g L) is

positive it follows by continuity arguments that g, < 1.
The form of the best response functions is now clear. A firm chooses a
quality of q if its opponent chooses a quality ¢_; > g, and chooses a quality

oflforg_; < < dr. Thus there are two equilibria at points A and B as depicted
in Figure 5. They are mirror images of one another where one firm chooses

g and the other chooses ¢ = 1. Our results so far are summarized below.
-L

11



Proposition 5 When costs of quality are concave and non decreasing in ¢
there are two pure strategy equilibria, which are mirror images of one another,
where one firm chooses 4 and the other chooses q = 1. In equilibrium, the

. —L.
high quality firm makes greater profits than the low quality firm.

We now turn to the case with convex costs of quality.

3.1.2 Convex Costs

As C(g;) is convex, the latter segment of the total profit function (correspond-
ing to being the high quality firm) is concave. This is depicted in Figure 6
which is analogous to Figure 4. As a consequence, if the firm chooses to op-
erate on this latter segment, it need not be best off choosing a quality of 1.
Let gz (qz) denote the profit maximizing choice of quality in this case’®. This
best response is implicitly defined by:

(1-a)V—-C'galge)) =0 9

provided that (1-gz)V —C'(1) < 0. Of course, if a corner solution occurs and
(1—q )V —C'(1) > 0, then gy (gr) = 1. Note that gx(g.) is weakly downward
sloping. Let the maximized profits along gr(gz) be denoted by II a(ax(qr),
qr). Likewise, let the profits associated with choosing this quality, assuming
that L chooses ¢ be denoted by Ix{gu (2 ), qL). As in the concave cost case,

the slope of IIH(Z, q ), evaluated at ¢ =qL , exceeds that of II (¢ ) which is
Zero. ok L L

In this case it is easy to see that there is a pure strategy equilibrium.
The best response function of a firm will be either gx{gz) or qL, depending

on which gives greater profits. We show that it is gy(qr) if the other firms
quality choice is low enough and is ¢ if the other firm chooses a quality

L
above a critical level denoted by §r. §r is defined by
Me(gn(dr),dc) = HL(EL)- (10)

Let ¢¢ denote the value of gz where gyr(qy) intersects the 45 degree line. That
is:

gu(gz) = ¢i. (11)

13We assume that as ¢ goes to zero, the slope of C(.) also goes to zero. This ensures
that a quality choice of zero is not optimal.

12



Lemma 6 ¢ < §y < ¢ where §; and ¢§ are defined in (10) and (11} re-
-L
spectively,

Again recall that Iy(g,¢ ) is concave and increasing in ¢ as well as
being equal to IIL(gL) when ¢ = EL . Thus,'HH(qH(gL), gL) > I'IL(EL) and
qg(g ) >q . From this and as Iz (g (qL),qr) decreases in gy, it follows that
i >LE L

q% 12 uniquely defined and greater than ¢ as gg(gr) is downward sloping
and lies above the 45 degree line at gz =9 *

L
From the definition of ITy(gs(gr), g.) and the fact that the switchover in
profits occurs along the 45 degree line, its value at g7 = gf is given by:

Mu(gn(gs),qi) = Mulez,qz)
= Mr(q3)
< HL(EL)

= Ily(gu(dc}),dr)-

Since [y (gr(gL), qr) falls as g, rises, it follows that ¢z < gf which completes
the proof.

The form of the best response functions and the equilibrium is now clear.
A firm chooses a quality of q if its opponent chooses a quality g_; > ¢z and

chooses a quality of qH(qL) 1f g—i < §p. The best responses look much like
those in the case of concave costs. The only difference is that in the concave
cost case they could be downward sloping for low g choices by the opponent.

The best response functions are drawn in Figure 7. Two pure strategies
can be seen to exist as a consequence of the fact that q < §r < qf. These

are mirror images of one another, at points A and B. In equilibrium, one
firm chooses q and the other chooses gz(4 ). Note that once again the high

-L
quality firm must always make greater profits in equilibrium than the low
quality one. Our results so far are summarized below.

Proposition 7 When costs of quality are convezr in g there are two pure

strategy equilibria. These are mirror images of one another, where one firm

chooses q and the other chooses qg (9 ). In equilibrium, the high quality firm
-L

makes greater profits than the low guality one.

13



3.2 Sequential Choices

Here again it is worth considering the concave costs of quality separately from
the convex case. In the concave case the first mover has to essentially choose
between the two equilibria A and B in Figure 5. Of course, he chooses to be
the high quality producer. Hence, the Stackelberg equilibrium is a subset of
the Nash equilibria.

With convex costs of quality, the first mover (whose quality is on the
vertical axis) can choose A to be the equilibrium as the best response function
of the opponent is flat if the first mover chooses A as depicted in Figure 7.
As profits are higher at A for the firm labelled H than at the points K and
L (where profits are equal) they exceed profits along the downward sloping
part of the opponents best response function. Hence, the Stackelberg point
for the first firm to enter remains at A.

Proposition 8 The firm which moves first will produce a higher quality and
earn higher profits whether costs of quality are concave or convez.

4 Welfare

In this section we ask whether the quality chosen by firms is socially optimal
or not. Recall that as demand is completely inelastic, there is no distortion
caused by the existence of market power, for given quality levels. If prices
are high, firms get a greater share of the social surplus than if prices are low,
but the sum of consumer and producer surplus is constant. However, the
level of the social surplus itself could be sub-optimal if the quality choices of
the firms differ from those a social planner would make.

As usual, social welfare equals the sum of consumer and producer sur-
plus as we assume there is a numeraire good and all profits are returned to
consumers in a lump sum. Since price paid enters negatively into consumer
surplus, but positively into producer surplus, it cancels out in the social wel-
fare calculations. Social welfare is denoted by W and is given below. The
price quality ratio fﬁ occurs with probability Fy (fﬁ-). If firm L chooses a
lower price quality ratio than that of firm H,it is visited before firm H and V
is obtained with probability gz + (1 — gz )qy. If firm L chooses a higher price
quality ratio than that of firm H, it is visited after firm H and V is obtained
with probability gz + (1 — gx)gr. Integrating over all the prices charged by
firm H and subtracting production costs gives the expression below.
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W = 7 Fy (-P—H) {FL (%) lgzV + (1 — qL)exV]

(1—qL)V QH

+ [1 ~Fp (%)] lgaV + (1 - QH)QLV]} d (f—:)
~C(qz) — Clgn)

Collecting terms and simplifying results in:

W =V [gg + (1 — gx)ar] — C(qL) — Clgn)

This is a particularly simple symmetric form. ¢y and g can be in-
terpreted as the quality levels of the two firms. As demand is completely
inelastic, there is no monopoly distortion and no dead weight loss of pricing
above marginal costs. However, if quality is not perfect, g; # 1, then the
utility of V' is not obtained by visiting firm i, but instead V¢; is obtained. If
the first try fails, a second chance to get V can be obtained by visiting the
other firm and this gives utility V(1 — g;)g—i. Of course, the cost of having
each firm is C(q) so that it may be best to settle for only one try.  If costs
of quality are convex, it is expensive to have quality high so that it is best to
opt for two chances at V' and choose equal levels of ¢ (due to the symmetry of
the two firms) and a non zero probability of not getting V. If costs of quality
are concave, it is not expensive to have quality very high so that it is best to
be sure to get V on the first try. This is what we show more formally below.

It is useful to look at the pseudo best responses of the social planner.
These are defined as the choice of gy (or alternatively, ¢, ) which maximize
social welfare for a given level of ¢z (or alternatively gg). This is preferable
to relying on first order conditions alone since welfare is not concave in its
arguments when costs of quality are concave.

Consider the case with concave costs of quality. Welfare can be written
as

W=V {gu(l —qr)+a} — Clar) - Clgn).
For a given gz, the object is to maximize Vgy(1 — qr) — C(gy). This is
maximized at gz = 1if (1—g.)—C(1) > 0and at gz = 0if (1—¢.)—-C(1) < 0.
Hence gy = 1 for gz, close to zero and gy = 0 for g, close to unity with a
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switch at gz = 1 — C(1). Thus, the intersection of the pseudo best responses
oceurs at the points (0,1) and (1,0). It is optimal to have only one firm in
the market producing a quality of unity. This makes sense as this policy
gives a utility of V' at minimum cost.

Consider the case with convex costs of quality. Here as costs of quality
rise sharply, it is optimal to allow a second firm so that consumers get a
second chance to get V. In this way total utility, while short of V, is as high
as possible. More formally, consider the pseudo best responses. As welfare is
concave in its arguments these pseudo best responses are defined by the first
order conditions: oW

B (1-¢.)V-Clg)=0 (12)

It is easy to see that this looks like the first order condition for firm H which
defined gg(gz) earlier. Note that the socially optimal policy is to equalize
the quality levels of the two firms. Comparing this with the Nash equilibrium
and Stackelberg equilibrium gives the following.

Proposition 9 If costs of quality are concave, then it is optimal to have only
one firm producing a quality of unity. In equilibrium, the quality chosen by
the high quality firm is optimal, while that chosen by the low quality firm is
higher than the socially optimal level of zero. If costs of quality are convez
the quality chosen by the high quality firm is higher than the socially optimal
level, while that chosen by the low quality firm is lower than what is socially
optimal.

It is also worth comparing the choices of a monopolist with those of
a planner. A monopolist will always charge a price of Vg as this is the
common reservation price. Hence he will choose ¢ to maximize Vg — C(q).
With concave costs of quality a monopolist sets ¢ = 1, the socially optimal
level, assuming that it is optimal to produce at all. If costs of quality are
convex, a quality level of g, which satisfies V = C' (@m), is chosen by the
monopolist. Comparing this with the conditions for optimality and duopoly
shows the following.

Proposition 10 With concave costs of quality a monopolist chooses the so-
cially optimal level of quality. If costs of quality are conver, he chooses a
quality level which exceeds that chosen by the high quality firm in the duopoly,
as well as the socially optimal level. If the monopolist is allowed to control
more than one firm, then the socially optimal quality is chosen.
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This should not be surprising. As mentioned earlier, there is no monopoly
distortion in this model. Having a monopoly distortion would tend to reduce
the quality choice of the monopolist as he will produce less than the optimal
output so that there will be fewer units to spread the costs of quality over.

5 Allowing for Production Costs

While we have assumed zero production costs for simplicity so far, our results
are not dependent on this assumption. The model can easily be generalized to
allow for non zero costs of production. Essentially, equilibrium has the same
form as in the absence of production costs, with some small adjustments.

First consider the case where production costs are constant independent
of quality. Let ¢ be these constant costs. Profits are now given by

m;(P,P=) = Pi—c if .I_Dl<_}3
Qi g-i

P P

= (P, —c)(1—qg- lf__'>_;"

( )(1-gu) i 2>

Again, we define P; such that expected profits from choosing P are equal
to the expected profit from choosing the maximum price. This yields,

5:(1-q_,-)(v-f-).

5 a:
As earlier, %’- > % and both firms mix over a common support [%, V] .

We can solve for the mixed strategies to get!*:

—_ — L -1 .-
A (g) _ 1 1—g)(V-2=) (P—c) forg c [P,,, ]
q qL qr q q dH
— — S -1 *
7, (I_{) _ 1 (1—g)(V—-<) (P—c) for P [PH,V)
q aq au q q dH
= 1 for g =V

M4 Egsentially all that happens is that V gets replaced by (V - an) while £ ;“’ replaces

% in the previous formulae. In fact, it is easy to show that even marginal costs which
are linear in quality produce the same kind of equilibrium. All that needs to be done
to describe the equilibrium is to replace ¢ with mq in the above where m is a positive

constant and ¢ is the quality of the product chosen.
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and

Ky
qH

(1-q)an (V -~ —c-)

c
: KL = (l—qL)qL (V—-—) .
an/ -
We now turn to the optimal choice of quality for each firm. The firms’
profits are given by,

Hy(gn;a) = 1 —aq)ga(V - =) - Clan)
ay

and ¢
I (q) = (1 —qu)a(V - ;:;) - Clqr)

In this model, constant marginal costs of production which are indepen-
dent of quality ensure that the choice of the low quality firm depends on that
of the high quality firm. Nevertheless, as g4 > g1, the firm with the higher
quality in equilibrium makes greater profits.

We can also accommodate costs of production which rise with quality.
Let the total cost of production be mg;X; where X; is firm i output. Thus,
the marginal cost of production is constant and equal to mg;.

.. P P
7o(PL, Py | quma)=Fo—mgL 1f-£—>-‘—'

aL
.. P P
= (P, —mgy) (1 —gn) if == <=
, qH qL
.. P P
7u(Py,P. | qu,qL) =Py —mguif Ak
qu qL
. P, P
= (PH —qu)(l—qL) l.f-i > '—E
qy qL

Again, we define P} such that expected profits from choosing P;* are equal
to the expected profit from choosing the maximum price. This yields

"if' =(1—g-)) V +mgi.

Qi
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We can solve for the mixed strategies to get

R(E)=i-fa
q % gg-i(g —m)

Once again as, gy > gz and V > m , 2k < Z&. Firm H is then indifferent

between pricing at —E’l and pricing at V and as before

Kp=(1-q)qu(V-m)

and
Kr=(1-q)q(V-m)

We now turn to the optimal choice of quality for each firm and the effects
of non-negative marginal cost on welfare. The firms’ profits are given by

Oylgn;q) = (1 — q)gu(V —m) - Clgn)

and
(g} = (1 = q)q(V —m) — Clqr).

Applying the same profit maximization procedure used above we can
analyze the effects on quality choices. The addition of marginal cost of pro-
duction reduces the marginal benefit of quality. The resulting changes in the
firms’ choice of quality depend critically on the nature of the cost of quality
function. With concave cost of quality, a high quality producer continues
to choose perfect quality regardless of marginal cost of production as long
as (1 — g )(V —m) > C(1). With convex cost of quality the both the low
and high quality producers will reduce their optimal quality choices when
accounting for nonzero marginal costs so that equilibrium quality choices
fall.

6 Conclusion

In the model presented above, the probability of satisfying the customer plays
a similar role to the number of services embodied in a unit of the product
in the model of quality developed by Swan [17]. However, while quality was
chosen to minimize the cost per unit of services by the producer (competitor
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or monopolist) in the Swan model of quality, it is chosen for strategic reasons
in this model. Our equilibrium also requires mixed strategies in price. We
interpret these as a policy of sales. In this context, our model suggests that
lower quality products come on sale more often than higher quality ones,
although they have a common support over which they randomize. There is
a pure strategy equilibrium in the choice of quality and as firms are ex ante
symmetric, its mirror image is also an equilibrium. As stressed above, even
though firms are ex ante identical, they are ex post different, and the firm
that produces the higher quality product is more profitable! Thus, we see
ourselves as providing both a new model of quality and a possible reason for
profits to be higher in higher quality niches! In ongoing work, we are working
on extending the model to the case of many firms. We are also looking at
the effects of policy in this model and comparing its predictions to those of
standard models.
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7 Appendix 1

We proceed by establishing a series of small results which allow us to essen-
tially construct the equilibrium strategies. For concreteness, we assume that
consumers visit firm L first in the event of a tie.
— 1 _ Ky (B\7?
Lemma 1l £ (§) =4 - (8)
Proof: Given that L is randomizing according to FL (5) , the expected

profits of firm H must be constant and at least (1—qr )gyV over the support of
its own distribution. Let Ky denote the expected profits of H in equilibrium

so that:
P, Py
Eﬂrﬁ( H) = FL( ) (1 qL)PH+ (I—FL (PH)) Py
qu qH qu
Py
= —qPrFL ( ) + Py
qH
= KH
This implies that:
n(2) - Pt
qu gt Py
_ 1 _Ku
q. 9P
-1
qr  9HY9L \ 9H

which completes the proof.

qH H4L

o (2) a-anpes (1-50(2)

P

= —QHPLFH( )+PL
qL

= K

Lemma 12 Fy (f) =1 _ K (%)

Proof:

E‘ITL (PL)
ar
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Hence:

(2) - o

qL quPL .
_ 1 _ A
g quFL
-1
= 1_K (ﬂ) (14)
gy 9H9L \ 9L

which completes the proof.
Lemma 13 V is the upper bound of the support of Fi, (%) and of Fy (%)

Proof: First, note that the upper bound of the support for a firm cannot
exceed V as this would require the firm to play a dominated strategy. Second,
if the upper bound for firm L were Z < V, then from (13),

1l Ky 7)1

gr. qHAL .
=1 (15)

Fi (2)

Hence:
Kyp=(1-q)guZ < (1-qr)guV.

However, this is not possible as H can always get (1 — qr)gsV by pricing at
V. Thus, the upper bound for firm L is V.
Similarly, if the upper bound for firm H were Z < V, then from (14),
1 Kp -
Fu(Z) = ——-—(2
% (2) 97  9HAL ()
=1 (16)

Hence: 7
Kr=(1-gqu)aZ < (1 —ga)aLV.

However, this is not possible as L can get at least (1 — g.)gugV by pricing at
V. Thus, the upper bound cannot be less than V for L. Hence it must be V.

Lemma 14 (1 —gq.)V is the lower bound for Fi (%) and Fy (f) .
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Proof: Recall that the lower bounds of H and L must be equal and
this common lower bound cannot be less than —}-’H- = (1-qL)V as argued
in Section 2 above. Suppose this common lower bou.nd equals Z > i -

(1 — g2) V. Then by pricing just below Z, Firm H, which is not the favored
firm in the event of a tie, can make profits just short of Zgy. However, as
Zqy > (1 —q)guV since Z > (1 — q) V, these exceed the profits made at
the upper bound of V for this firm. Since V' is in the support of the mixed
strategy equilibrium, Z cannot be.

Lemma 15 Ky = (1 - q.) gsV-

Proof: Knowing that the upper bound of Fy, [.] is V allows us to solve for
Ky using (13), so that

1 K -
FV) = -2y
gr  4qHAL
=1 (17)
so that
Ky =(1-qL)gxV. (18)

More intuitively, as Firm H is always the consumer’s second choice when
it charges V, it earns profits of (1 — q.)guV by doing so. As V is in the
support of its distribution, the mixed strategy must yield this level of profits
in equilibrium. Hence, Ky = (1 ~ q1)guV.

Lemma 16 7, (£) = & - G2 (2]

Proof: Substituting (18) into (13) we find:

F (E) _ 1 _(-gav (z)
q qL gHqL q

1_(-aV (f)_l
qr qL g/
Lemma 17 K; = (1 —qr)qLV-

(19)

Proof: Firm L is always the lower priced firm when it prices at (1—g.)V,
which is in its support. By doing so it earns profits of (1 — gz)q.V. Hence:

Kp=(1-gq)qV. (20)
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Lemma 18 Fy (2) = & - 4582 ()™

Proof: Comes from substituting for K from (20)into (14) to get;
(P) . 1 (1 - qL)qLV (P) -1
Fy(=~) = —-~—2Ra (o

q ) 4 agqL qg
: -1
= 1 _ (1-q )V (f) ) (21)
aH 1} 4 q

Lemma 19 Fy (%) has a mass point at V' of (1 — ).

Proof: Evaluating Fgy (-q’:) at % =V yields:

1 (1- 74

Fa (V) q—H-—( q:;)
_a
qH

< 1.

This indicates that Firm H chooses V with probability (1 — ).

Now we must verify that mixing is an optimal response for Firm L, i.e.
expected profits are constant over the support of Firm H’s mixed strategy
and there are no other strategies outside the support which yield a higher
expected profit to Firm L. This is done in the text in Section 2.
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Table 1

Product Quality and its Effect on Profitability
PIMS Data Base

Return on Investment and Net Profit as a Percentage of Sales, by Strategic
Position
Quality Relative to Competitors
Low Average High
Return on Investment 13 17-21 30
Net Profit as a Percentage of Sales 6 §-9 14

Source: Robert D. Buzzell, “Product Quality”, The PIMS letter on Busi-
ness Strategy, No. 4, 1978.



Table 2
Return on Investment, by Strategic Position

Quality Relative to Competitors

Low Medium High
Low 11.7 14.2 19.7
Medium 6.8 139 - 179
High 34 438 13.8

Costs Relative to Competitors

Source: J. Kay, Financial Times (10 May 1996) p. 17.
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Table 3
Summary of Notation from Section 3

q The profit maximizing quality choice of Firm L.
-L
gL The maximum profits of the low quality producer.
ar

Firm L's choice which equates the two firms’ profits with concave costs.
gy(qr) Firm H's best response function.
. Firm L's choice which elicits the best response from Firm H
L which equates the two firms’ profits with convex costs.
qi Firm L’s choice which induces Firm H to also choose gf.
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Table 3
Summary of Notation from Section 3

The profit maximizing quality choice of Firm L.
The maximum profits of the low quality producer.

&LL Firm L's choice which equates the two firms’ profits with concave costs.
gu(qr) Firm H's best response function.

. Firm L's choice which elicits the best response from Firm H

9 which equates the two firms’ profits with convex costs.

4@ Firm L's choice which induces Firm H to also choose ¢f.
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