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Abstract

I analyze the implication of consumers’ limited attention to quality differences on
market outcomes and welfare. I model this limited attention to quality differences
with a perception threshold: Consumers only perceive quality differences between
goods that exceed the consumers’ perception threshold. The model allows for two
types of equilibria: equilibria with distinguishable and equilibria with indistinguish-
able qualities. I show that horizontal product differentiation, which gives firms
market power, affects equilibrium selection. If firms are horizontally differentiated,
firms produce goods with indistinguishable qualities. Then, limited attention harms
consumers and benefits firms. In contrast, if firms are not horizontally differenti-
ated, firms produce goods with distinguishable qualities. Then, limited attention

has no effect on consumers’ welfare or firms’ profits.

KEYWORDS: Limited Attention, Perception Threshold, Product Differentiation,
Product Quality.
JEL Cobegs: D43, D91, L13.
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1 Introduction

Increasing evidence documents consumers’ limited attention to information about goods.t
When consumers pay only limited attention to goods, consumers might overlook differ-
ences between goods and choose inferior goods. The quality of goods is often difficult to
compare and consumers pay only limited attention to quality differences. For example,
evidence documents limited attention to differences in fuel costs of cars (Allcott, 2013), en-
ergy costs of lightbulbs (Allcott and Taubinsky, 2015), coffee quality (Giacalone, Fosgaard,
Steen, and Miinchow, 2016), or restaurant hygiene (Dai and Luca, 2020). Nevertheless,
consumers are not always inattentive to quality differences: If the quality differences are
sufficiently large, consumers notice which good has the higher quality.

In this article, I analyze the implications of such limited attention of consumers to
quality differences between goods on market outcomes and welfare. If consumers pay
only limited attention to quality differences, two types of equilibria can occur: Equilibria
with distinguishable qualities and equilibria with indistinguishable qualities. In equilibria
with distinguishable qualities, consumers perceive the goods perfectly and choose the
utility-maximizing good. In equilibria with indistinguishable but nevertheless different
qualities, consumers perceive the goods as having identical quality and, therefore, some
consumers might be harmed by buying a good with worse quality than expected.

My objective is to analyze under which conditions firms have an incentive to produce
goods with distinguishable and under which conditions firms have an incentive to pro-
duce goods with indistinguishable qualities. In particular, I explore whether consumers’
attention influences the quality distribution in the market and whether consumers are
harmed by imperfectly attending to quality differences between goods. To address this,
I analyze a model where two firms compete for consumers who pay limited attention to
quality differences. I model such limited attention to quality differences with a perception
threshold: Consumers only perceive the quality difference between the two goods, if the
quality difference exceeds the consumers’ perception threshold.

Limited attention to quality differences harms consumers, if consumers do not notice
existing quality differences and buy a good with lower than expected quality. In addition,
limited attention to quality differences harms consumers, if firms’ investments in quality
decrease as a consequence of limited attention. Limited attention reduces the incentives
of firms to invest in quality, if they have to fear that their rival undercuts their quality
unnoticeably. Then, consumers do not notice the quality difference between the goods
and are unwilling to pay a premium for the higher quality. Thus firms’ incentives to invest
in quality are lower because the firms’ investments in quality are not fully rewarded. To

capture this undercutting and to analyze the effects on quality provision, I assume that

1See, for example, Chetty, Looney, and Kroft (2009); Brown, Hossain, and Morgan (2010); Lacetera,
Pope, and Sydnor (2012); Busse, Lacetera, Pope, Silva-Risso, and Sydnor (2013); Englmaier, Schméller,
and Stowasser (2018).



firms choose their qualities sequentially.

I highlight the role of horizontal product differentiation for equilibrium selection.? Be-
ing horizontally differentiated gives firms market power to set prices above marginal costs
for otherwise identical goods. In contrast, without horizontal product differentiation,
price competition for identical goods is intense and firms choose prices equal to marginal
cost. Therefore, the presence/absence of market power due to horizontal product differ-
entiation affects firms incentives to differentiate on the quality dimension. Firms produce
goods with distinguishable qualities strategically to increase market power. If firms have
sufficient market power even with indistinguishable qualities because they are horizontally
differentiated, producing distinguishable qualities is not necessary.

I start the analysis with a model where firms are horizontally differentiated and incur
fixed costs for quality. This captures situations where investing in quality is independent
of the quantity that a firm sells; for example, investing in research and development,
updating software and hardware, buying more efficient machines, or training employees.
I show that firms produce goods with indistinguishable qualities in equilibrium: Both
firms want to avoid being the firm with a noticeably lower quality as this leads to lower
prices and less demand. To avoid being the firm with noticeably lower quality, the first-
mover has to choose its quality high enough to discourage the second-mover from setting
a noticeably higher quality. To make the quality difference noticeable, the second-mover
would always have to set a quality that exceeds the quality of the first-mover by the
perception threshold. If the first-mover already sets a high quality, to make its quality
noticeably higher, the second-mover would incur high quality cost.

In the subgame-perfect equilibrium, the second-mover sets the lowest possible quality
that is still indistinguishable from the quality of the first-mover. That means, the second-
mover free rides: The second-mover benefits from the limited attention of the consumers,
who think that the second-mover offers the good at the same quality as the first-mover,
without incurring the same quality cost as the first-mover. With decreasing attention,
i.e., with increasing perception thresholds, the quality that discourages the second-mover
from producing goods with noticeably higher quality decreases. Thus with decreasing
attention, both firms reduce their quality until both firms produce zero quality.

The horizontal product differentiation ensures that firms can set prices above marginal
cost and make positive profits even if they produce goods with indistinguishable qualities.
As firms produce goods with indistinguishable qualities, firms choose the same prices,
split the market equally, and receive the same revenue. As the first-mover produces
higher quality, it incurs higher cost. Consequently, the first-mover makes less profit and

has a first-mover disadvantage. As with decreasing attention firms choose (weakly) lower

2] compare the cases where firms are horizontally differentiated and where firms are not horizontally
differentiated. Alternatively, one could think of this as consumers paying attention to the horizontal
characteristics or not paying attention to the horizontal characteristics of the goods.



quality, quality cost are (weakly) decreasing. Thus as revenues are constant, firms’ profits
(weakly) increase with decreasing attention. In contrast, as firms sell at the same price
and consumers are harmed by lower quality, consumer surplus (weakly) decreases with
decreasing attention. Overall, the increasing profits of firms do not balance the decreas-
ing surplus of consumers such that overall welfare (weakly) decreases with decreasing
attention.

If the firms are not horizontally differentiated, firms produce goods with distinguish-
able qualities in equilibrium. If firms produce goods with indistinguishable qualities,
consumers perceive the goods as identical and the intense price competition ensures that
firms choose prices equal to marginal cost. As firms have fixed costs for quality, if firms
produce goods with positive quality, this leads to negative profits. Consequently, firms
have an incentive to produce goods with distinguishable qualities. By setting a suffi-
ciently high quality in the first stage, the first-mover can ensure that it is the firm with
the noticeably higher quality and realize a higher profit. Then, the second-mover responds
with a noticeably lower quality. The first-mover thus has an advantage if firms are not
horizontally differentiated. Furthermore, in contrast to horizontally differentiated firms,
as firms always maximally differentiate, firms’ qualities are independent of the perception
threshold. That means, independent of how attentive consumers are, firms always choose
the same qualities and prices. The attentiveness of consumers thus also has no effect on
producer surplus, consumer surplus, and welfare. Consequently, the absence of horizontal
product differentiation changes firms’ incentives: Firms need to differentiate noticeably
in the quality dimension to create market power and realize positive profits.

To analyze how the results depend on the cost for quality, I analyze a variant of
the model with marginal costs in Section 6. Assuming marginal cost of quality captures
situations where investments in quality depend on the quantity that a firm sells; for ex-
ample, producing goods with more expensive ingredients. Compared to the fixed cost
case, with marginal cost, horizontal product differentiation has a limited effect on the
resulting equilibria. With and without horizontal product differentiation, an equilibrium
with indistinguishable qualities always exists. In addition, an equilibrium with distin-
guishable qualities may exist. Without horizontal product differentiation, an equilibrium
with distinguishable qualities exists for a larger range of values. The differences between
the marginal and the fixed costs case stem from the effects on price competition. In the
marginal cost case, producing indistinguishable qualities is more attractive, because firms
differ in their marginal costs and account for their quality costs in their prices.

The remainder of this article is structured as follows: Section 2 describes the contri-
bution to the related literature. Section 3 introduces the model. Section 4 derives the
results for the fixed cost case with horizontal product differentiation. Section 5 derives
the results for the fixed cost case without horizontal product differentiation. In Section

6, I compare the results to a model with marginal costs of quality. Section 7 concludes.



2 Related literature

An increasing literature analyzes the implications of consumers’ limited attention on mar-
ket outcomes and welfare.® One strand of this literature analyzes the implications when
limited attention prevents consumers from noticing all available goods in a market such
that firms have to compete for consumers’ attention before competing for their business
(Eliaz and Spiegler, 2011a,b; Haan and Moraga-Gonzalez, 2011; de Clippel, Eliaz, and
Rozen, 2014; Manzini and Mariotti, 2018; Astorne-Figari, Lopez, and Yankelevich, 2019;
Armstrong and Vickers, 2022). Another strand of this literature analyzes the implications
when limited attention prevents consumers from (perfectly) perceiving all characteristics
of the goods that they consider: for instance, the quality (Armstrong and Chen, 2009) or
the add-on costs of goods (Gabaix and Laibson, 2006; Heidhues, Koszegi, and Murooka,
2016, 2017). I focus on the implications of limited attention to quality differences and
thus contribute primarily to the second strand of this literature.

In particular, I model limited attention to quality differences with a perception thresh-
old such that consumers notice large quality differences that exceed the perception thresh-
old, but do not notice small quality differences that are below the perception threshold.
The assumption that individuals perceive similar options as identical proves troublesome
for the transitivity of the indifference relation. For example, Luce (1956) and Rubinstein
(1988) provide decision-making models that account for such constraints on similarity
perception. Yet, coarse perception is not necessarily detrimental. Horan, Manzini, and
Mariotti (2022) identify conditions under which coarser perception in a model with noisy
perception might even improve choice.

Current models on decision-making under limited attention also account for the influ-
ence of similarity on choice. Bordalo, Gennaioli, and Shleifer (2012, 2013) and Koszegi
and Szeidl (2013) analyze the implications of salience on decision-making. The salience
of a dimension depends on how similar options are in this dimension. For options with
multiple dimensions (e.g., lotteries with various outcomes or goods with different payment
plans), the more similar options are in one dimension, the less weight this dimension re-
ceives in the evaluation.* In contrast, in this article, I focus on the interactions of firms
that face consumers with limited attention.

I contribute primarily to the literature on market interactions with boundedly rational
consumers; specifically, to models where consumers only notice differences between goods
that exceed their perception threshold (Allen and Thisse, 1992; Bachi, 2016; Webb, 2017;
Balart, 2021; Chung, Liu, and Lo, 2021). Allen and Thisse (1992) and Bachi (2016)
analyze price competition in duopolies where consumers’ perception of prices is subject to

a perception threshold. If the prices are too similar, consumers perceive them as identical.

3See Gabaix (2019) for an overview of the limited attention research.
4See Bordalo, Gennaioli, and Shleifer (2016) for an application to market competition.



Both models show that consumers’ perception thresholds lead to prices above marginal
cost and positive profits. In other words, the imperfect perception of consumers allows
firms to overcome the Bertrand paradox. Balart (2021) analyzes the consequences of
a perception threshold in a model of horizontal product differentiation. Balart (2021)
shows that firms differentiate more under limited than under full attention and that more
inattention to the horizontal characteristics of the goods might lead to higher profits
for the firms. Chung, Liu, and Lo (2021) analyze situations where consumers cannot
detect small utility differences between two options. Then, adding a third option that is
noticeably different from one but not both options helps consumers to infer the better
deal.

Webb (2017) analyzes firms’ strategic interactions when consumers have a relative
perception threshold about quality differences. Although, I also study a model with lim-
ited attention to quality differences, the models differ significantly in the setup as well
as in the results. Webb (2017) focuses on a relative perception threshold. In contrast, I
focus on an absolute perception threshold. A relative perception threshold is often jus-
tified by Weber’s Law.5 Yet, a relative perception threshold is only sensible for quality
values that are sufficiently large. With one firm producing zero quality, even if the rival
firm produces goods with extremely low quality, the relative difference is infinite. Thus
all consumers notice the quality difference between the goods—even if they have a high
perception threshold. This logic explains why Weber’s law does not hold at the extremes
(see, e.g., Hunt, 2007). Consequently, I focus on the implications of an absolute percep-
tion threshold (see also Bachi, 2016; Chung, Liu, and Lo, 2021; Balart, 2021). Thereby,
I capture new insights into the incentives of firms and allow for equilibria with indistin-
guishable but low qualities. In contrast, in Webb (2017), firms always produce goods
with distinguishable qualities. In addition, in Webb (2017), profits and consumer surplus
depend on the perception threshold, whereas, I show that qualities, profits, and consumer
surplus do not always depend on the perception threshold.

Overall, I contribute to the literature by contrasting results with and without horizon-
tal product differentiation. Thereby, I provide a better understanding of the conditions
under which equilibria with indistinguishable qualities exist. In particular, I highlight the
role of market power. Firms produce distinguishable qualities strategically to increase
market power. If firms have sufficient market power even with indistinguishable qualities,

producing distinguishable qualities is not necessary.

SWeber’s Law states that the difference between two stimuli which is just noticeable depends on the
overall level of the stimuli (Hunt, 2007).



3 Model

Consider two horizontally differentiated firms, firm A and firm B, that compete in qualities
and prices for a unit mass of consumers. I follow Hotelling (1929) in modeling horizontal
product differentiation as a real line [0, 1] with firm A located at 0 and firm B located at
1. In Section 5, I derive the results for goods that are not horizontally differentiated and
discuss how the results depend on the assumption of horizontally differentiated firms.
Consumers are uniformly distributed on [0, 1]. The position = € [0, 1] of a consumer
denotes the consumer’s ideal version of the good. Consumers buy exactly one unit of the
good. By buying that unit from firm i € {A, B}, the consumer at position x receives

utility
u (i) = v+ ¢ — pi — (xr — yi)?, (1)

where v > 0 is the gross utility of the good, ¢; € [0, 1] is the quality, p; € Ry the price,
and y; the location of firm ¢ in the product space. I assume that v is large enough such
that consumers always buy the good in equilibrium. I follow d’Aspremont, Gabszewicz,
and Thisse (1979) in modeling disutility from consuming a non-ideal good as quadratic:
(z —wi)*.

Consumers are constrained in their perception of quality. Consumers only perceive
quality differences between the goods if the quality difference is sufficiently large. The

perceived quality ¢; is thus

i ifgp <qa—1
G =199(qa.q8) fga—7T<qgp<qa+T (2)
qi it gg > qa+ T,

where ¢(qa, qg) € [0, 1] and the perception threshold is 7 € (0,1).5 The perception thresh-
old 7 is identical for all consumers. The perception threshold captures the consumers’
limited attention to quality differences. The larger the perception threshold, the more
inattentive consumers are. The model includes perfect perception as the limiting case

7 = 0. If the quality difference is larger than the perception threshold 7, consumers

SExpression (2) captures:

. Ja if |ga —qB| > 7
qi = .
q(qa,qB) iflga —qBl < T.

That is, if the quality difference exceeds the perception threshold, i.e., |ga — gg| > 7, the true quality is
observed and if the quality difference is below the perception threshold, i.e., |g4 — ¢p| < 7, the consumers
observe both qualities as identical. Because of the discontinuities of profits at |ga — ¢g| = 7, I have
to make choices such that an equilibrium exists. Assuming that the consumers do not notice a quality
difference if g4 — 7 < g < qa + 7 but notice a quality difference if qg < g4 — 7 or if gg > qa + 7 ensures
this.



perceive the quality of each firm perfectly. If the quality difference is smaller than the
perception threshold 7, the consumers perceive the quality of firm i as §; = q(qa, qgp) for
both i € {A, B}. In other words, the consumers perceive the quality of firm A and the
quality of firm B as identical. For instance, ¢(qa,qp) could be the average of ¢4 and ¢p.
Yet, for the analysis it is not necessary to specify q(qa, ¢p)-

For the consumption decision, consumers use the perceived utilities i, (A) and @, (B)
instead of the true utilities u,(A) and u,(B) given in (1). The perceived utilities differ from
the true utilities only in the quality dimension: Instead of the true qualities consumers
take the perceived qualities given in (2) into account. A consumer is indifferent between

buying from firm A and firm B if
Gy(A) =1,(B) ©v+4s —pa— 2> =v+dp —pp — (1 —2)%

Denote the indifferent consumer by

1+ 4a—qds+pB—pa
5 )

z

Then, all consumers = < z buy from firm A and all consumers x > x buy from firm B. As
long as = € (0,1), both firms capture some demand. However, if firms choose sufficiently
different prices and/or qualities, one firm may capture the demand of all consumers.
Firms play a three-stage game, depicted in Figure 1: In the first stage, firms observe
the perception threshold and, then, firm A chooses its quality g4. In the second stage,
firm B observes the quality of firm A and chooses its quality gg. In the third stage,
firm A observes the quality of firm B and both firms, independently and simultaneously,
set prices. Subsequently, consumers perceive the goods and buy either from firm A or

from firm B.

t
1. Stage: 2. Stage: 3. Stage:
Firm A chooses Firm B chooses Firms choose
quality ga quality ¢p prices ps and pg

Figure 1: Timeline.

As firm B chooses its quality after observing the quality of firm A, firm B decides
whether the quality difference is noticeable. That means, if firm B wants to make its
quality indistinguishable from the quality of firm A, firm B has to choose a quality gg €
[ga — 7,94 + 7). In contrast, if firm B wants to make its quality distinguishable from the

quality of firm A, firm B has to choose a quality gg € [0,q4 — 7) N [ga + T, 1].



I assume identical cost functions C(g;) = %qf for both firms.” That means, the cost
for quality do not depend on the quantity that the firms sell. In Section 6, I contrast this

case with the results when costs for quality depend on the quantity.

4 Results with horizontal product differentiation

I solve the game by backward induction looking for the pure-strategy subgame-perfect
equilibria. In the price-setting stage, firms simultaneously set prices to maximize the

following profits, which depend on the qualities set in the first stage and in the second

stage®
_ 1,
a(pa, pB, qa, q5) =paT — 544
1
Ms(pa, ps, qa, q) =pp(l — ) — 56179-

The best replies are

* 1 A A
pa(pB) = §(QA —{p+ps+1)

* ]' A A
Pp(pa) = 5((13 —qa+pa+1).

The resulting equilibrium prices are
and pPp=1+—F5—

The prices depend on the consumers’ perception of quality. Consumers are only willing
to pay for a quality difference that they perceive. If g4 — 7 < g < qa + 7, i.e., if the
qualities are so similar that consumers do not notice the difference, consumers think the
firms offer goods with identical quality. Therefore, they are not willing to pay a mark-up
for quality. Consequently, in equilibrium, both firms set identical prices. However, as the
goods are horizontally differentiated, which reduces price competition, firms can charge
prices above marginal cost (here above zero). The resulting price equilibrium is p* = 1
and pp = 1.

If g € [0,q4 — 7,) N [ga + 7, 1], i.e., if the qualities are sufficiently different so that
consumers notice the quality difference, the resulting price equilibrium is p% = 1+ (g4 —
gp)/3 and pf = 1+ (¢ — qa)/3. The noticeable quality difference allows the firm with
the higher quality to charge a higher price than its competitor.

I adopt this specific cost function to keep the model tractable. Allowing for a more general cost
function complicates the analysis substantially.

81f firms choose sufficiently different prices, the demand for the good of one firm could become zero.
However, in equilibrium, both firms choose prices such that both firms receive some demand.



In the second stage, firm B chooses its quality to maximize its profit taking the prices
into account and given the quality choice of firm A. As the prices depend on the quality

difference between the goods, firm B’s profit is
1 G —as\> 1
I S S C S I
B(q4,9B) 5 ( + 3 ) 545
4B—4qA 2 1.2 ;
(1+T> —20 fgp<qa—7
— 34 if ga—7<qp<qat+r (3)
2
(1 + Lg‘“) — 305 ifga+T7<gs

NI= NI= N

For a given quality of firm A, firm B decides whether to produce indistinguishable
or distinguishable quality. If firm B chooses a quality that is indistinguishable from
the quality of firm A, i.e., g4 — 7 < ¢ < ga + 7, no consumer notices a quality dif-
ference. As firms then choose identical prices p¥% = pj; =1 in the price-setting stage,
firms split the demand equally. That means, firm B makes the same revenue with any
gp € [max{0,qa — 7},qa + 7). But, firm B’s cost are increasing in its quality. Thus
firm B chooses the lowest quality such that consumers do not perceive the quality differ-
ence; this quality is ¢g = max{0, ¢4 — 7}. In other words, it is impossible that firm A has
an unnoticeably lower quality than firm B.

If firm B chooses a quality such that qg < qa — 7 or qg > qa + 7, all consumers notice
the quality difference. Then, the prices and, consequently, also the profits depend on the
quality difference. Overall, firm B maximizes over (3) to derive the best response to the
quality of firm A. For a detailed derivation of the best reply, see Appendix A.

In the first stage, firm A chooses its quality taking the subsequent decision of firm B
into account. As firm A can never produce unnoticeably lower quality than firm B, firm A
is either the firm with noticeably higher, noticeably lower, or unnoticeably higher quality.
To avoid being the firm with noticeably lower quality, firm A has to choose a sufficiently
high quality in the first stage. Then, firm B has to exceed the quality of firm A by
the perception threshold 7 to make the quality difference noticeable. If the quality of
firm A is already high, this implies too high cost for firm B. Thus in the subgame-prefect
equilibrium, firm A provides a quality that is high enough to discourage firm B from
noticeably overbidding firm A’s quality. The necessary quality for this depends on the size
of the perception threshold. The lower the perception threshold, the higher the necessary
quality. As quality is costly, firm A prefers the lowest such quality to discourage firm B
from noticeably overbidding its quality. Thus the quality of firm A (weakly) decreases with
the perception threshold. As a best response, firm B undercuts the quality of firm A such
that the quality difference is just not noticeable, i.e., gg = max{0, g4 — 7}. Thus also the
quality of firm B (weakly) decreases with increasing perception thresholds. Proposition 1

characterizes the resulting subgame-perfect equilibria.

10



Proposition 1 Let

7=,/6/55 — 1/2\/3«/6/55 — 61/110 ~ 0.00002.

(i) Equilibrium with distinguishable qualities:

For 7 < T, a pure-strateqy subgame-perfect equilibrium exists, where firms choose
distinguishable qualities q% = 21/55 and q5 = 18/55 with prices p% = 56/55 and
Py = 54/55.

(ii) Equilibrium with indistinguishable qualities:
For 7 > 7, a pure-strategy subgame-perfect equilibrium exists, where firms produce

goods with indistinguishable qualities and identical prices py = pp = 1.

The proof is in Appendix A. Figure 2 illustrates the equilibrium qualities as a function

of the perception threshold 7.

qa.qB
A
21
55
‘\ QA
‘\ “““ gs
\

\

\

\

\

\
\
\
\
\
\\L e - -
> T
3

0 3—\/g - 1

4

Figure 2: Equilibrium qualities of firm A (solid) and firm B (dashed) as a function of the
perception threshold 7.

In the benchmark case under perfect perception, i.e., 7 = 0, both firms produce
goods with positive quality: ¢% = 21/55 and ¢} = 18/55. Firm A has a first-mover
advantage. Firm A takes the best reply of firm B, which is here g5(qa) = (3 — ¢qa)/8,
into account. That means by increasing its quality, firm A has a direct and a strategic
effect: Firm A directly increases its profit if it increases its quality. In addition, if firm A
increases its quality, firm B reduces its quality which, in equilibrium, also increases firm A’s
profit. Therefore, in equilibrium, the sequential game structure results in firm A producing
goods with higher quality than firm B. This subgame-perfect equilibrium also results for
extremely low levels of the perception threshold 7, i.e., for all 7 < 7. Consumers notice

this quality difference which allows firm A to set a higher price than firm B. In addition,

11



because of the quality difference more consumers buy from firm A and firm A makes a
higher profit than firm B. Thus for 7 < 7, firm A has a first-mover advantage.

In contrast, for 7 > 7T, it becomes profitable for firm B to undercut the quality of
firm A unnoticeably. That is, firms set qualities such that consumers do not notice the
quality difference. Then, the firms set identical prices and split the demand equally. Yet,
for 7 < 3/4, firm A produces goods with strictly higher quality than firm B: By setting a
sufficiently high quality, firm A wants to discourage firm B from producing a noticeably
higher quality than firm A. As a consequence, the best reply of firm B is to unnoticeably
undercut the quality of firm A. As the perception threshold 7 increases, firm A can reduce
its quality without firm B producing noticeably higher quality. Firm B, which produces
¢35 = max{0, g4 — 7}, then also reduces its quality until ¢5; = 0. Firm A reduces its quality
further with increasing perception threshold 7 until, for 7 > 3/4, both firms produce zero
quality.

Overall, firms produce goods with indistinguishable qualities for all 7 > 7 &~ 0.00002
and with increasing perception threshold 7 both firms reduce their quality. Figure 3
illustrates the subgame-perfect equilibrium profits of firm A and firm B as a function of
the perception threshold 7. Figure 3 shows that firm A makes less profit than firm B for
all T < 7 < 3/4. Because the quality difference is unnoticeable, both firms sell at the
same price and split the market equally. Thus both firms receive the same revenue, but
firm A has higher quality cost. Consequently, firm A makes less profit than firm B and
has a first-mover disadvantage. As 7 increases firms A and B reduce their quality until
at 7 > 3/4 both firms produce zero quality. Then, as the firms receive the same revenue

and have zero quality cost, firms make the same profits.

MNy4,MNg
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1
2| =
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Figure 3: Equilibrium profits of firm A (solid) and firm B (dashed) as a function of the
perception threshold 7.

For 7 > 7, with increasing 7, firms (weakly) reduce quality. As consumers buy exactly

one unit of the good independent of quality, firms’ profits (weakly) increase in 7. Thus
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the producer surplus (weakly) increases in 7. In contrast, as consumers prefer higher
quality to lower quality, consumer surplus (weakly) decreases in 7. In sum, as 7 increases,
the gains of the firms do not balance the losses of the consumers and welfare (weakly)
decreases in 7. Consumers benefit from the high quality under 7 < 7, when the qualities
are distinguishable. Thus consumer surplus and welfare are highest under close to perfect
perception, whereas, firms prefer inattentive consumers. Proposition 2 summarizes the
consumer surplus, producer surplus, and welfare results and Figure 4 illustrates the con-
sumer surplus, producer surplus, and the welfare dependent on the perception threshold

T.

Proposition 2 The producer surplus reaches its mazimum for T > 3/4 where qualities
are indistinguishable. The consumer surplus and the welfare reach their mazxima for v < 7

where qualities are distinguishable.

The proof is in Appendix B.

Welfare

A

——
Welfare
Consumer Surplus

----- Producer Surplus
1 :13 1 = T
0 3-4/8 s 1

Figure 4: Welfare (solid gray), consumer surplus (solid black), and producer surplus
(dashed) as a function of the perception threshold 7 for v = 6.

5 Results without horizontal product differentiation

In Section 4, when consumers have limited attention, firms produce goods with indistin-
guishable qualities in the unique subgame-perfect equilibrium. As firms are horizontally
differentiated, both firms can still charge prices above marginal cost and make positive
profits even if they produce goods with indistinguishable qualities; horizontal product
differentiation gives firms market power. In contrast, without horizontal product dif-
ferentiation, price competition is more pronounced. Then, if firms produce goods with
indistinguishable qualities, price competition ensures that firms charge prices equal to

marginal cost of zero and make zero revenue. Consequently, it is reasonable to expect
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that producing goods with distinguishable qualities becomes more attractive and the range
of values for which firms produce goods with indistinguishable qualities decreases. In this
section, I discuss the resulting subgame-perfect equilibria when firms are not horizontally
differentiated and compare the results with the results from Section 4.

Without horizontal product differentiation, consumers’ utility and perceived utility

from buying the good of firm i € {A, B} become

Uy (i) = v+ ¢ —pi

Consumers prefer the good of firm ¢ € {A, B} with ¢ # j and j € {A, B} if
ﬁ(Z) > 7:6(]) = pi < cjz — (jj +pj.

To sustain the equilibrium, I make the following assumptions about consumers’ be-
havior when they are indifferent between the two firms, i.e., when 4(i) = a(j). First,
consumers buy from the firm with the higher quality if the qualities are distinguishable.
Second, consumers randomize if the qualities are indistinguishable.”

In the price-setting stage, two types of subgames exist. In subgames with indistin-
guishable qualities, consumers perceive the goods as identical. Consequently, price com-
petition ensures prices equal to marginal cost of zero and zero revenues. In subgames with
distinguishable qualities, price competition ensures that the firm with the lower quality
chooses prices equal to marginal cost of zero and obtains zero revenue. Yet, the firm with
the higher quality charges prices equal to the quality difference and obtains a positive
revenue. Thus firms have an incentive to avoid subgames with indistinguishable qualities.

As the first mover, firm A can ensure that it is the firm with the higher profit by setting
a sufficiently high quality in the first stage. Then, firm B responds with a noticeably lower
quality. As this means that firm B obtains zero revenues, firm B chooses a quality of zero
to avoid quality costs. In the subgame-perfect equilibrium, firms thus produce goods with
distinguishable qualities, firm B makes zero profit, and firm A has a first-mover advantage
and makes positive profits.

Proposition 3 summarizes the results. See Appendix C for a detailed analysis.

Proposition 3 (Unique equilibrium with distinguishable qualities)
When goods are not horizontally differentiated, for all T € (0,1), in the unique subgame-
perfect equilibrium, firms produce goods with distinguishable qualities ¢y =1 and ¢ =0

and prices p =1 and pp = 0.

9These tie-breaking rules simply sustain the equilibria. Very similar equilibria occur without these
assumptions, because the firm with the higher quality is always able to set a marginally lower price to
capture the complete demand.
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Comparing the models with horizontal product differentiation and without horizontal
product differentiation shows marked differences. The horizontal product differentiation
dampens the price competition between the firms and ensures that firms still make suffi-
cient profit if they produce goods with indistinguishable qualities. Therefore, for almost
all values of the perception threshold 7, horizontally differentiated firms produce goods
with indistinguishable qualities. In contrast, firms that are not horizontally differentiated
have no incentive to produce goods with indistinguishable qualities, as indistinguishable
qualities imply intense price competition and zero revenues.

Furthermore, in contrast to horizontally differentiated firms, firms’ qualities are inde-
pendent of the perception threshold 7. That means, independent of how attentive con-
sumers are, firms always choose the same qualities and the same prices. The attentiveness
of consumers thus has no effect on producer surplus, consumer surplus, and welfare (see

Proposition 4).

Proposition 4 When goods are not horizontally differentiated, neither producer surplus,

consumer surplus, nor welfare depend on the perception threshold 7.

6 Extension: Marginal cost

To capture situations, where quality costs depend on the quantity that a firm sells, I extend
the model in this section to marginal cost. I assume cost functions C(¢;) = cg;z; with
¢ € (0,1), where x; is the demand for the good of firm i; all other marginal quantity costs
are set to 0. I discuss two cases: In Section 6.1, I analyze the subgame-perfect equilibria
when goods are horizontally differentiated. In Section 6.2, I analyze the subgame-perfect

equilibria when goods are not horizontally differentiated.

6.1 Results with horizontal product differentiation

When the goods are horizontally differentiated and costs are given by C(¢;) = cq;z; with

c € (0,1), the profit functions are'®

4(pa,ps:qa, q8) =(pa — cqa)T (4)
s(pa, pB, a4, q8) =(ps — cqp)(1 — ). (5)

In the price-setting stage, firms simultaneously set prices to maximize profits given in
(4) and (5) dependent on the qualities chosen in the first and second stage. As consumers’

demand depends on the perceived qualities, the best replies also depend on the perceived

10Tf firms choose sufficiently different prices, the demand of one firm could become zero. However, in
equilibrium, both firms choose prices such that both firms receive some demand.
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qualities

1+pp+cqa+q4a—ds

pa(ps) = 9
. I+ patcgp+ds—qa

In equilibrium, firms thus choose prices

3+ 2cqa +cqp + Ga — §B

pa= 3
. dt+cqa+2cqp+qds —qa

The prices are higher compared to the fixed cost case, because firms account for
the marginal costs in their prices. The equilibrium prices depend on the consumers’
quality perceptions. That means, if the firms choose indistinguishable qualities, i.e.,
g € [qa — T,qa + T), the equilibrium prices are p% = (3 + 2cqa + ¢qp)/3 and py =
(3 4+ 2cqp + cqa)/3. When consumers are unable to notice the quality difference, they
are unwilling to pay a quality premium. However, a firm’s price is still increasing in its
own quality: Higher quality implies higher marginal costs for producing the good, which
has to be recovered through higher prices. In addition, a firm’s price is increasing in the
competitor’s quality. If the competitor increases its quality, it has to raise the price, which
allows the firm to raise its prices as well.

In contrast, if firms choose sufficiently different qualities such that consumers notice
the quality difference, i.e., gg € [0,qa — T7) N [ga + T, 1], consumers perceive the qualities
perfectly. Then, firms equilibrium prices are p% = (3 4+ 2cqa + cqp + qa — qp)/3 and
Py = (34 2cqp + cqa + qg — qa)/3. When consumers are able to observe the quality
difference, consumers are willing to pay a quality premium for goods with higher quality.

In the second stage, firm B chooses its quality ¢g to maximize its profit taking the

prices into account. Firm B’s profit is

1 . \2
Mp(a,08) =72 (3+ claa — as) + s — da) - (6)

18

The decision of firm B is driven by the following consideration: If firm B chooses a quality
that is indistinguishable from the quality of firm A, i.e., ¢p € [max{0,q4 —7},qa+7), the
consumers’ demand does not depend directly on the qualities of the firms. The consumers’
demand depends only indirectly on the qualities through the firms’ prices. The lower the
quality, the lower the price firm B can charge, which increases its demand. In addition,
the lower the quality, the less cost firm B incurs. In sum, firm B’s profit is decreasing in
quality in the range [max{0,¢4 — 7}, qa + 7). Thus firm B prefers the lowest quality that
is indistinguishable from the quality of firm A: ¢p = max{0,q4 — 7}.
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In contrast, if firm B chooses a distinguishable quality, i.e., gg € [0,q4 —7)N[ga+T, 1],
the profit of firm B is increasing in its quality. If the quality difference is noticeable, the
demand is directly affected by the quality. The higher the quality of a firm, the higher
the demand. In addition, a higher quality allows firms to charge higher prices. Thus a
higher quality increases the revenue of the firms which compensates the higher cost.

Whether the best reply of firm B is the highest noticeably different quality or the
lowest unnoticeably different quality depends on the quality choice of firm A in the first
stage. If firm A chooses a high quality, outperforming firm A noticeably is expensive
or impossible. Thus firm B prefers the lowest quality that is indistinguishable from the
quality of firm A. In contrast, if firm A chooses a low quality, firm B is able to produce
goods with noticeably higher quality than firm A and thereby extract a quality premium
from the consumers. Then, firm B chooses the highest quality that is distinguishable
from the quality of firm A, gg = 1. See Appendix D for a full characterization of the best
replies of firm B.

In the first stage, firm A chooses its quality ¢4 to maximize its profit taking the prices
and the best reply of firm B into account. The profit of firm A depends on whether firm

B responds with an unnoticeably different or a noticeably different quality

IT4(ga,95(qa)) = 118(3 + cqp(ga) — cqa + Ga — QE(QA)Y-
If firm A chooses a sufficiently low quality such that firm B responds with ¢}(q4) = 1,
all consumers notice the quality difference. Then, firm A as the firm with the low-quality
good makes less profit than firm B. Nevertheless, firm A has an incentive to choose the
highest quality that induces firm B to respond with ¢;;(ga) = 1: The higher its quality
the more consumers are willing to pay. In contrast, if firm A chooses a sufficiently high
quality such that firm B responds with ¢};(q4) = max{0,q4 — 7}, firm A has cost for
quality but consumers do not notice the quality difference and are not willing to pay a
quality premium for the good of firm A.

For all 7 € (0,1) and for all ¢ € (0,1), firm A has an incentive to choose its quality
ga such that firm B replies by unnoticeably undercutting firm A. However, for 7 € (0, ]
with ¢ € [1/2,1), firm A is indifferent between choosing its quality g4 such that firm B
replies by unnoticeably undercutting firm A and by choosing its quality ¢4 such that firm
B replies with a noticeably higher quality. Thus for 7 € (0, ¢] with ¢ € [1/2, 1), equilibria
with indistinguishable qualities as well as an equilibrium with distinguishable qualities
exist.

See Appendix D for a full derivation of the subgame-perfect equilibrium qualities.
Proposition 5 summarizes the existence conditions for the two types of subgame-perfect

equilibria.
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Proposition 5 Subgame-perfect equilibria when firms have costs C(q;) = cqix; with ¢ €

(0,1) and goods are horizontally differentiated:

(1) Equilibrium with distinguishable qualities: For 7 € (0,c] with ¢ € [1/2,1),
there exists a subgame-perfect equilibrium in which firms produce goods with distin-

guishable qualities.

(2) Equilibrium with indistinguishable qualities: For all T € (0,1) and all ¢ €
(0,1), there always exists at least one subgame-perfect equilibrium in which firms

produce goods with indistinguishable qualities.

If ¢ < 1/2, in the subgame-perfect equilibria, firms always produce goods with in-
distinguishable qualities. Firm A always produces a higher quality than firm B. For
c € [1/2,1), the subgame-perfect equilibria depend on 7. For 7 € (0,1 — ¢| a range of
equilibria with indistinguishable qualities exists in addition to an equilibrium with dis-
tinguishable qualities. In the equilibria with indistinguishable qualities, firm A produces
goods with a higher quality than firm B. In the equilibria with distinguishable qualities,
firm B produces the higher quality. For 7 € (1 —¢, ¢, two equilibria exist: one equilibrium
with indistinguishable qualities and one equilibrium with distinguishable qualities. For
7 € (¢,1), a unique equilibrium with indistinguishable qualities exists.

Compared to the fixed cost case, this marginal cost case exhibits some differences,
but captures the main results. Similarly to the fixed cost case, when consumers are not
fully attentive to quality differences, an equilibrium exists where firms produce goods
with indistinguishable qualities. In addition, qualities are weakly decreasing (within an
equilibrium). Nevertheless, results also differ. With marginal costs, multiple equilibria
with indistinguishable qualities can exist and even equilibria with distinguishable qualities

can be sustained. Whereas with fixed cost, the equilibrium is unique.

6.2 Results without horizontal product differentiation

Without horizontal product differentiation, there always exists an equilibrium in which
firms produce goods with distinguishable qualities as well as an equilibrium in which firms
produce goods with indistinguishable qualities. If firms produce goods with indistinguish-
able qualities, price competition leads to prices equal to the marginal cost of the firm with
the higher quality. Then, the firm with the higher quality makes zero profit and the firm
with the lower quality makes positive profit. If firms produce goods with distinguishable
qualities in the marginal cost case, price competition leads to prices such that the firm
with the lower quality charges a price equal to its marginal cost and makes zero profit,
whereas, the firm with the higher quality is able to charge a higher price that incorporates

the quality difference and thus makes positive profits. Therefore, whenever firm A chooses
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a high quality, firm B as the second mover chooses the lowest quality that is indistinguish-
able from the quality of firm A. Whenever firm A chooses a low quality, firm B responds
with a noticeably higher quality. In both cases firm A makes zero profit. Thus firm A is
indifferent between the qualities, as they all yield the same profit. Therefore, there always
exists an equilibrium in which firms produce goods with distinguishable qualities as well
as an equilibrium in which firms produce goods with indistinguishable qualities.

Proposition 6 summarizes the results. See Appendix E for a detailed analysis.

Proposition 6 Subgame-perfect equilibria when firms have costs C(q;) = cq;z; with ¢ €

(0,1) and goods are not horizontally differentiated:

(1) Equilibrium with distinguishable qualities:
For all 7 € (0,1) and all ¢ € (0,1), there exists a subgame-perfect equilibrium in

which firms produce goods with distinguishable qualities.

(2) Equilibrium with indistinguishable qualities:
For all 7 € (0,1) and all ¢ € (0,1), there exists a subgame-perfect equilibrium in

which firms produce goods with indistinguishable qualities.

Comparing the model with horizontal product differentiation and the model without
horizontal product differentiation shows marked differences. The horizontal product dif-
ferentiation dampens the price competition between the firms. In the marginal cost case,
this has a limited effect. With and without horizontal product differentiation, there al-
ways exists an equilibrium with indistinguishable qualities. However, without horizontal
product differentiation the equilibrium with distinguishable qualities exists for a larger
range of values.

The lack of horizontal differentiation affects the equilibria in the marginal and in the
fixed cost case differently. This difference hinges on the consequences of price competition.
In the fixed cost case, both firms have the same marginal cost of 0. Then, if firms produce
goods with indistinguishable qualities, price competition drives prices down to marginal
cost and both firms make zero revenue. This makes producing indistinguishable qualities
unattractive in the fixed cost case. In contrast, in the marginal cost case, firms may
differ in their marginal cost. For firm A the marginal cost are cg4 and for firm B the
marginal cost are cqg. Then, if firms produce goods with indistinguishable qualities, price
competition drives prices down to the marginal cost of the firm with the higher marginal
cost. Therefore, the firm with the lower marginal cost sets prices above its marginal cost
and still makes positive profit. Thus in the fixed cost case, producing indistinguishable

qualities is less attractive than in the marginal cost case.
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7 Conclusion

In this article, I analyze the implications of consumers’ limited attention to quality dif-
ferences on equilibria and welfare. I capture this limited attention with a perception
threshold such that consumers do not perceive quality differences between goods that are
below their perception threshold. I show that in how far the perception threshold affects
investments in quality depends on whether goods are horizontally differentiated as well
as on the costs for quality.

When costs for quality are independent of the sold quantity, horizontal product dif-
ferentiation affects the firms’ incentives. With horizontal product differentiation, firms
produce indistinguishable qualities. Without horizontal product differentiation, firms pro-
duce distinguishable qualities.

In contrast, when costs for quality are dependent on the sold quantity, horizontal
product differentiation has a smaller effect. With and without horizontal product dif-
ferentiation, an equilibrium with indistinguishable qualities always exists. However, this
equilibrium need not be unique: A equilibrium with distinguishable qualities exists for
some levels of inattention. When goods are not horizontally differentiated, the range of
inattention, for which an equilibrium with distinguishable qualities exists, expands.

Understanding under which conditions firms produce goods with distinguishable and
under which conditions firms produce goods with indistinguishable qualities is helpful for
public policy. When firms produce goods with distinguishable qualities, consumers are
fully informed and always choose the utility-maximizing good. In these situations, policy
interventions to protect consumers are unnecessary. However, in many situations, firms
produce goods with different, but indistinguishable qualities. When firms produce goods
with different, but indistinguishable qualities, some consumers buy goods with lower than
expected quality. Policy interventions should focus on these situations. Possible policy
interventions include introducing labels that highlight the quality differences between the

goods or sensitizing consumers to check the qualities more carefully in those markets.
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A Proof of Proposition 1

The proof proceeds in two parts. In the first part, I derive the best reply of firm B. In
the second part, I derive the quality of firm A.

Part 1: Best reply of firm B

In the second stage, firm B chooses its quality given the quality of firm A to maximize its

profit given by

2
1 dp — da 1
5(qa,q8) =3 (1 + 3 - 5@1123
_ 2 .
%(1‘1‘7(133%) — 305 ifgp<qa—7
=41 -14} fga—717<qgp<qa+7 (7)
2 .
% (1 + Lg‘“) — %q% if ga +7 < qa.

Depending on 7 and g4 not all cases of (7) exist. The profit of firm B is strictly decreasing
in [max{0,g4 — 7},qa + 7). Thus the profit in [max{0,ga — 7},qa + 7) that yields the
highest profit is ¢g = max{0,¢4 — 7}. In addition,

3 qa 1 ( dB QA>2 1 2
- “ (142 )
3 arg max,, o 3 XL

Although 0 < (3 —q4)/8 <1,

3—(]A< o >3+87’
-7

3 qa qa 9

3 — 3 — 8T
SqAZQA+T<:>QA§ 9

Thus the best reply of firm B is either gg = max{0,g4 — 7} or ¢gg = (3 — qa)/8 or a

boundary solution. A comparison of the profits for the different candidates yields:

3_
g (qa,q8 =qa —7) > 11p <QA>QB = qA)

8
3+8 1 3+ 8 1
S VAT o8P < gu < T+ VAR — 87
3_
HB(QA;QBZO)ZHB(QAM]B:8QA><:>QAZ3—\/g

1
g (ga,98 =0) > (ga, g =qa+7) & qa > —T+§\/6T—|—T2.

In addition, if (3 —qa)/8 > qa — 7, lIp (qa,q8 = qa — 7) > 1l (qa,qB < qa — 7) and if
(3—qa)/8<qa+7,1p(qa,q8 =qa—7) > p(qa,q8 = qa + 7).
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Consequently:
(i) If 7 < 3 — /8, the best reply of firm B is

B g, < 5 L /Ig — 872
ap(qa) = Squ — 7 if¥—$\/487—87'2 <qgq < %—i—é\ﬂl&'—&'?
a4 f BT 4 LV/487 — 872 < qa.

(ii) If 3 — /8 < 7 < 3/4(3v/2 — 4), the best reply of firm B is

A ifga<3-V8

0 if3—vV8<qa<T

qa — T ifT<qA§¥+%\/m
s sy ISR < g

qp(qa) =

(iil) If 3/4(3v/2 — 4) < 7, the best reply of firm B is

3—8(1A lf qa S 3;87
qa +71 if —3_987 <QA§—T+%\/67‘—|—7'2
qp(qa) =140 if —74+3V6r+72<qga<T (8)

qga—71 ifr<qgq < %—F%\/ZLST—STQ
Saa g /T8 < g,

The last case of (8) only exists for 7 < 1 — 1/1/2, the first case exists for 7 < 3/8, and

the second case exists for 7 < 3/4.

Part 2: Quality of firm A

Generally, the profit of firm A is

2 .
: (1 + 7“;’13) — 34 fgp<qu-—T
a(ga,q8) = {3 — 344 ifga—7<gp<qa+r7
1
2

1 qA—4B 2_1 2 if <
+ 3 244 1t ga+ 7= qB.

The profit of firm A depends on the response of firm B. In the first stage, firm A maximizes
its profit taking the response of firm B into account. The following proof uses the fact
that

21 R 1 (7+3qA>2 1,
— = argmax,, - - =
55 e 5 Ty pda
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and that the corresponding profit is I14(ga = 21/55) = 49/110. That means if the profit of

firm A is T 4(qa, ¢5(qa)) = 1/2 (7 + ?>qA)/8)2 —q%/2, then with any g4, ITa(qa, ¢5(qa)) <
49/110.

(i) Case 7 < 3 — V/8:

If 7 < 3 — /8, the best reply of firm B is

3— . 348 1
A 1qu§—JBT—§ 48T — 872

5(ga) = qqa — 7 if 2T — GVABT — 872 < qu < T 4 5487 — 872
B gf BT 4 LA — 872 < ga.

Then, the profit of firm A is

2
(—”S‘“) —3q4  if g4 < 3T — 1487 — 872
. VA48T —872 /487 —8+2
o %qi if 34587' _ 487;) 8T < qa < 34587' 487;) 8t

2
(B2)" 13 if 5 4 LIS — 877 < ga.

a(g4,q5(qa)) =

NI~ N~ N

(1) Forga < (3+87)/9—v487 — 872/9, 21/55 = argmax,, [14(qa, ¢5(qa)) with I14(ga =
21/55) = 49/110. Furthermore, 21/55 € [0,(3 4+ 87)/9 — V487 —87%2/9] & 7 >
(21 + +/433) /55, which is never the case, because 7 < 3 — /8.

(2) For (3 + 87)/9 — V487 —87%2/9 < qa < (3 + 87)/9 + 487 —872/9,
Ol a(qa,q5(qa))/0qa < 0, ie., firm A makes the highest profit with
qa = (3+87)/9 — /487 — 872/9:

2
Ma(ga = (3+87)/9 — V487 —872/9) = 1/2 = 1/2((3 + 87)/9 — /48 — 87%/9) .
(3) For (3 + 87)/9 + V487 —872/9 < qa, the profit reaches its maximum at ¢4 =

21/55 with IT4(ga = 21/55) = 49/110. Furthermore, 21/55 € [(3 + 87)/9 +
VAST —872/9,1] & 1 < (21 — v/433) /55.

Note that (/6/55 —»1/2Nkh/6/55——61/110 < (21 — /433)/55. Thus for 7 < 1/6/55 —
1/2\/3\/6/55 —61/110, 21/55 € [(3 + 87)/9 + V487 — 872/9, 1]. In addition,

2

49 1 1 (34+8 /487 — 872 \/

222 - > —1/2 —61/11
— < ( . 5 ) o 7> 1/6/55 — 1/21/3,/6/55 — 61/110

Thus for 7 < 4/6/55 — 1/2\/31/6/55 — 61/110, in the pure-strategy subgame-perfect

equilibrium, firms choose

. 21 4 18
= — an = —.
qa 55 dp 55
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For /6/55 — 1/2\/3\/6/55 —61/110 < 7 < 3 — /8, in the pure-strategy subgame-

perfect equilibrium, firms choose

VST — 872

3—7 48T — 872

QA:9_ 9

dgp =
and qp 5 5

(ii) Case 3 — /8 < 7 < 3/4(3v2 — 4):

If 3 — /8 <7 <3/4(3v2 — 4), the best reply of firm B is

3—qa
8

0

qp(qa) =

Then, the profit of firm A is

8

a(qa, q5(qa)) = { 3 — 34

N N—= N

(7+3qA)2 _

7+3g4 ) 2
8

if ga <3 -8
if3—vV8<qa<T
if7'<q,4§¥+é\/487'—87'2

if%—i—%\ﬂl&'—&'?gq/‘.
14 ifqa<3-V8

if 3— V8 < qq < 3+ 3/487 — 872
14 if HET 4 1487 — 872 < qa.

(1) For g4 <3 — /38, Ma(qa, 5(qa)) < Malga = 21/55) = 49/110.

(2) For 3—vV8< qu < (34+87) /94487 — 872/9, Ol A(qa, ¢55(qa))/0qa < 0, i.e., firm A
makes the highest profit with g4 = 3—v/8: Tl4(q4 = 3—v/8) = 1/2—1/2 (3 — \/§)2
(3) For (3+87)/9+ V48T — 872/9 < qa, Ha(qa,q55(qa)) < Ta(ga = 21/55) = 49/110.

2
As 0 <49/110 < 1/2 —-1/2 (3 — \/§) , firm A chooses g4 = 3 — /8. Thus for 3 — /8 <
7 < 3/4(3v/2 — 4), in the pure-strategy subgame-perfect equilibrium, firms choose

¢y =3—+8and ¢y =0.

(iii) Case 3/4(3v2 —4) < 7:

If 3/4(3v/2 — 4) < 7, the best reply of firm B is

3—qa
8

ga+T
qp(qa) = 10

ga — T

3—qa
8

if gq <37

if 357 < g4 < =7+ V67 + 72
if —7+3V6r+m2<gqa<r
if7‘<qA§¥+%\/m
if S50 4 1 /I8T — 872 < g4
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Then, the profit of firm A is

1 (7+34\? 1.2 o s
5 ( 8“)2—2% if g4 < 33
1 T 1 .r 3_87 .
Ma(qa:45(a4)) = s(1-3) —3d 5T << —r+5Vorer (9)
'y 4YB -
: 30 if — 7+ 16T 77 < g < BT 4 VST
2
%G%ﬁ)—%ﬁ if 387 4 L A8 — 872 < g4

The last case of (9) only exists for 7 < 1 — 1/1/2, the first case exists for 7 < 3/8, and

the second case exists for 7 < 3/4.
(1) For g4 < (3—287)/9, Ha(qa, ¢5(qa)) <I1a(qa = 21/55) = 49/110.

(2) For (3 —87)/9 < qa < —7 + 1/3V/67+ 72, the profit of firm A is
a(ga, a5(aa)) = 1/2(1 = 7/3)° = 1/243.

(3) For —7+1/3v67 + 72 < ga < (34+87)/9+v48T — 872/9, 011 4(qa, ¢5(qa))/Oqa < O,
i.e., firm A makes the highest profit with g4 = —7 + 1/3v67 + 72
2
Ma(ga = —7+1/3V67 +72) =1/2 = 1/2 (—7 + 1/3V6r + 7).

(4) For (3+87)/9 4+ V487 —872/9 < qa < 1, Ha(qa, q5(qa)) < Halga = 21/55) =

49/110.

As
1 ~Z o1 49
S(1=T) S22« 2 and
2( 3) 594 < 110 ™
9 1 1 1 2
_ I - 2
110 = 2 2<T+3‘&+T>’

firm A chooses g4 = —7 + 1/3v/67 + 72. Thus for 3/4(3v/2 —4) < 7 < 3/4, in the

pure-strategy subgame-perfect equilibrium, firms choose
1
@y = —T+§V6T+T2 and g5 =0
But as —7 + 1/3v67 + 72 < 0 for 7 > 3/4, for 7 > 3/4:

gy =qp =0.
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B Proof of Proposition 2

i) If 0 < 7 < 7, in the subgame-perfect equilibrium, firms choose ¢% = 21/55 and
q5 = 18/55 and p’ = 56/55 and pj; = 54/55. Then, the indifferent consumer is z = 28/55.

The producer surplus, consumer surplus, and welfare are

H2ART
PS =11 Il = —
S =Mt =005
z 1 6613
CS:/ v+q2—p}]—x2d1’—|—/ v+ —py—(1—2)dr =v— ——
0 z 9075
W =PS+CS.

i) If 7 < 7 < 3 — /8, in the subgame-perfect equilibrium, firms choose
¢y =(3487)/9 — V48T — 872/9 and ¢} = (3 —7)/9 — V48T — 872/9 and p* = p = 1.
Then, the indifferent consumer is £ = 1/2. The producer surplus, consumer surplus, and

welfare are

1 1
PS =T+ =1 -5 (g3)" - 5 (4)°

z 1
C’S:/ v—l—qjg—p’g—ﬁdm—k/ v+ gy —ph — (1 —2)%dx
0 z
3 TT_ vAST -8

RS 9
W =PS+CS.
iii) If 3 — V8 < T < 3/4(3\/§ — 4), in the subgame-perfect equilibrium, firms choose

¢y =3 —+/8and ¢ = 0 and p* = pi = 1. Then, the indifferent consumer is 7 = 1/2.

The producer surplus, consumer surplus, and welfare are

1
PS :HA+HB:1—§(q;)2
z 1 5
CS:/ v+q2—pj‘4—$2dz+/ v+qg—pj§—(1—x)2dx:v+ﬁ—\/§
0 z
W =PS+CS.

iv) If 3/4(3y/2 —4) < 7 < 3/4, in the subgame-perfect equilibrium, firms choose
¢y = -7+ V671 +72/3 and ¢5; = 0 and p’, = pj; = 1. Then, the indifferent consumer is

r = 1/2. The producer surplus, consumer surplus, and welfare are

1 *

PS:HA+HB:1_§(QA)2
z . . ) 1 i} . , 13 1.
CS:/O U‘f’QA_pA_fL’dl’—i“/U+qB_pB—(1—x) dx:v_ﬁ—i_iqfl

W =PS +CS.
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v) If 3/4 < 7, in the subgame-perfect equilibrium, firms choose ¢4 = ¢} = 0 and
p% = pl = 1. Then, the indifferent consumer is £ = 1/2. The producer surplus, consumer

surplus, and welfare are

PS=ll,+1lg=1
z * * 2 ! * * 2 13
CS:/O v+qgy—ph—x dx+ﬁ v+qp —pp— (1 —2) dx:v—ﬁ

W =PS+CS.

Producer Surplus: For 7 > 7, each firm’s revenue is 1/2; the joint revenue is 1.
In addition, for 7 < 7 < 3/4, the firms have costs but for 7 > 3/4 the firms have no
costs. Then, firms reach the highest producer surplus (PS = 1) in the range 7 > 7 for
7 > 3/4. In addition, as 1 > 5289/6050, firms reach the overall highest producer surplus
for 7 > 3/4.

Consumer Surplus: For 7 > 7, the firms qualities are indistinguishable and the
firms sell the goods at the same price so that all consumers x < z = 1/2 buy from firm A
and all x > r = 1/2 buy from firm B. Thus for 7 > 7, the highest consumer surplus
is achieved when firms produce the goods with the highest quality. As for 7 > 7 firms
(weakly) reduce their qualities with increasing 7, firms produce the highest qualities in
the range 7 < 7 < 3 — /8. In addition,

6613

7 1
V=ogE VT +—7— V487 — 872.

18 9

- 6613 <0

Thus the consumer surplus reaches its highest value for 7 < 7.

Welfare: For 7 > 7, the demand is fixed; each firm serves half the market. As prices
are a reallocation of welfare from consumers to firms, welfare depends on the qualities.
Consumers benefit from higher qualities, firms are harmed by higher qualities. With
increasing 7, qualities are weakly decreasing. In sum, welfare is weakly decreasing in 7
such that the highest welfare for 7 > 7 is in the range 7 < 7 < 3 — /8. Yet,

1 1 2 1/3-7 1 2
1—<3+8T —\/487—872) —(3 T —\/487—872>

2 9 9 2 9 9
3 7t 48T —8r% 5287 6613
+U——+ 5 - < +Uv = —.
4 18 9 6050 9075

Thus welfare reaches its highest value for 7 < 7.
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C Fixed costs without horizontal product differenti-
ation

In the price-setting stage, the profits depend on the qualities chosen in the first and second

stage. In the subgames with indistinguishable qualities, firm ¢ € {A, B} with i # j and
j € {A, B} chooses price p; to maximize the following profit

pi—5q; i pi<p;
Hz(p’mp]aQHQJ) = L

spi— 5¢;  if pi=p;

This typical price competition yields prices equal to marginal cost p; = 0 and zero revenue
such that the profit is IT;(¢;, ¢;) = —5¢7-

In the subgames with distinguishable qualities, firm ¢ chooses price p; to maximize the
following profit

bi — %%2

it pi <pi+aq—q
i (pi, pj» 4is 45) = § Bpi — 32

ifpi=pj+a—q
0—3q¢?  ifpi>pj+a—q,
where f =01if ¢; < ¢;, B =1/21if ¢ = ¢;, and § = 1 if ¢; > ¢;. Assume ¢; > ¢;. The

intense price competition ensures that, in equilibrium, the prices depend on the qualities
of the firms

p; = ¢ —¢j and p; = 0.

The corresponding profits are

1
(g, q5) = —aj — 5

2%2 and I1;(g;, g;) ;

1
=54}

In the second stage, taking the results from the price-setting stage into account, firm
B chooses its quality ¢g to maximize the following profit

ifgp<qa—1
Hp(ga,q8) = iftga—7<qgp<qa+T (10)
4 —qa— 303 ifqa+7<qs

If g4 < 7, the first case of (10) does not exist. If g4 > 1 — 7, the third case of (10)
does not exist.

If firm B chooses a quality ¢z € [0,g4 + 7) the profit of firm B is
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Up(qa,q8) = —1/2q%. Thus the quality in gg € [0, g4 + 7) that yields the highest profit
for firm B is ¢ = 0 with IIg(qa, ¢z = 0) = 0. If firm B chooses a quality ¢ € [qa + 7, 1],
the profit of firm B is IIg(qa,q5) = ¢ — qa — 1/2¢%. Thus the quality in g5 € [qa + 7, 1]
that yields the highest profit for firm B is ¢g = 1 with [I5(ga,q5 = 1) = 1/2 — qa.

The best reply of firm B depends on ¢ and 7. If 7 < 1/2, the best reply of firm B is

i 1 ifga<
QB(QA) =
0 ifga>

(11)

NI— N

Firm B always chooses a quality that is noticeably different from the quality of firm A.
If 7 =1/2, the best reply of firm B is

1 ifga <35
qp(qa) =0 ifga =3 (12)
0 ifgq> %

If irm A chooses quality g4 = 1/2, firm B’s best reply is to choose a quality that is
unnoticeably different, otherwise firm B chooses a quality that is noticeably different.
If 7> 1/2, the best reply of firm B is

1 iqugl—T
qplga) =350 ifl—7<qa<T (13)
0 ifga>r.

If firm A chooses a quality g4 € (1 — 7, 7], firm B’s best reply is to choose a quality that

is unnoticeably different, otherwise firm B chooses a quality that is noticeably different.
In the first stage, firm A takes the best reply of firm B into account, when it chooses

its quality. If 7 < 1/2, the best reply of firm B is given in (11) and the profit of firm A is

-3 if ga <

a(qa, q5(qa)) =

NI= N

qa—35¢3  ifqa>

As Oll(qa, q5(qa))/0qa < 0 for qa < 1/2 and 91l(qa, q5(qa))/9qa > 0 for g4 = 1/2,
firm A either chooses g4 = 0 with profit II(¢g4 = 0,¢5(ga)) = 0 or g4 = 1 with profit

II(ga = 1,q5(qa)) = 1/2. As 1/2 >0, firm A chooses ¢’ = 1.
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If 7 =1/2, the best reply of firm B is given in (12) and the profit of firm A is

—1¢3 if g1 <3
ITa(ga, q5(qa)) = ¢ =144 if ga =3
ga—3¢4  if qa > 3.

As 011(qa, q5(qa))/0qa < 0 for g4 < 1/2 and 0l(qa, ¢5(qa))/0qa > 0 for g4 > 1/2,
firm A either chooses g4 = 0 with profit I1(¢g4 = 0,¢}5(ga)) = 0 or g4 = 1 with profit
II(ga = 1,q5(qa)) = 1/2. As 1/2 > 0, firm A chooses ¢} = 1.

If 7 > 1/2, the best reply of firm B is given in (13) and the profit of firm A is

—%q 4 ifga<1-—71
4(qa,q5(qa)) = —%qi ifl—-7<qga<r

ga — %qi if ga > 7.
As Ol1(qa, q5(qa))/0qa < 0 for ga < 7 and Ol1(qa, q5(qa))/0qa > 0 for ga > 7, firm A
either chooses g4 = 0 with profit II(ga = 0,¢5(ga)) = 0 or g4 = 1 with profit II(g4 =
1,q5(qa)) =1/2. As 1/2 > 0, firm A chooses ¢} = 1.

Consequently, for all 7 € (0, 1), there exists a subgame-perfect equilibrium in which

firm A chooses ¢ = 1 and firm B chooses ¢j; = 0 and the qualities are distinguishable.
Firm A makes a profit of II4 = 1/2 and firm B makes zero profit Iz = 0. Thus with fixed

costs but without horizontal product differentiation, firm A has a first-mover advantage.
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D Marginal costs with horizontal product differenti-

ation

The profit of firm B is
I15(qa, qB) :118(3 +c(qa —qB) + 4B — QA)Q
%(3+(1—0)(QB_QA>)2 ifqp <qa—T1
- %(3+C(QA—QB))2 ifga—T<qp<qatrT (14)
%(3+(1—0)(QB_QA>>2 if ga +7 < qp.

The profit is decreasing in the interval [g4 — 7, ga +7) and increasing otherwise. However,
if g4 < 7, the first case of (14) does not exist and, if g4 > 1 — 7, the third case of (14)
does not exist. In addition, I15(qa, 95 < g4 — 7) < lp(qa,q8 = qa — 7). Thus the best
reply of firm B is either ¢z = max{0,q4 — 7} or ¢ = 1.

D.1 7<1/2

Assume 7 < 1/2.
(1) If ¢ < 1/2, the best reply of firm B is

. 1 fo<ga<1l-—r7
QB(QA):
ga—71 ifl—7<qyu<1.

In the first stage, taking the best reply into account, firm A chooses its quality ¢4 to
maximize its profit

LB4q—l+c—cqa)? H0<qu<l—7
8

a(qa,q5(q4)) =
=(3—cr)? ifl—7<qga<l.

As 1/18(3+qa — 1+ ¢ —cqa)*> < 1/18(3 — c7)? for all g4 € [0,1 — 7], any quality pair

(q,*A;q*B) S {(QA7QB)|qA € (1 - T, 1]7(13 € (]- - 27—7 1- T]aQB =dqaA — T}

with prices p% = 1/3(3+3cq — ¢7) and pj = 1/3(3+ 3cq’y, — 2¢7) constitutes a subgame-

2

perfect equilibrium. The corresponding equilibrium profits are IT% = 1/18(3 — ¢7)* and

T = 1/18(3 + ¢7)?. In all subgame-perfect equilibria, the qualities are indistinguishable.
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(2) If ¢ > 1/2 and 7 < 1 — ¢, the best reply of firm B is

i 1 if0<qga<1-:%
QB(QA):
qa—71 ifl—-7=<qu<1L

—c —

In the first stage, taking the best reply into account, firm A then chooses its quality g

to maximize its profit

1—c
(3 —cr)? if1— - <gy<l.

—c —

i(3+q14—1+c—cq,4)2 fo<ga<1-—-“<
MA(qa, q5(qa)) = 118
18

As 1/18(3 +qa — 1 + ¢ — cqa)® < 1/18(3 — c7)? for all g4 € [0,1 — ¢7/(1 — ¢)) and
1/18(3 +qa — 1+ ¢ —cqa)* = 1/18(3 — c7)? for g4 = 1 — e7/(1 — ¢), any quality pair

-
j71_7]aQBZQA_T}

« « CT
(qAan) € {<QA7QB)|QA € [1 - icv 1]7613 € [1 - 1

with prices p*% = 1/3(3+3cq — ¢7) and pj = 1/3(3+ 3cq’y, — 2¢7) constitutes a subgame-
perfect equilibrium. The corresponding equilibrium profits are IT% = 1/18(3 — ¢7)? and
T, = 1/18(3 + ¢7)?. In these subgame-perfect equilibria, the qualities are indistinguish-

able. In addition, there exists a subgame-perfect equilibrium, where

CT

*

qp=1-

and g =1

with prices p% = 1/3(3 + 3¢ — e7(1 + 2¢)/(1 — ¢)) and pj = 1/3(3 + 3¢ + ¢1). The
corresponding equilibrium profits are IT% = 1/18(3 — ¢7)? and 1T = 1/18(3 + ¢7)?. In
this equilibrium, the qualities are distinguishable.

(3) If c>1/2 and 7 > 1 — ¢, the best reply of firm B is

1 fo<gi<l—c
qp(qa) = {0 fl—c<qs<Tt

ga—7 ifT<qgyu <1

In the first stage, taking the best reply into account, firm A chooses its quality ¢4 to

maximize its profit

B+qa—1+c—cqq)? f0<qa<l—c
(S_CQA)Q 1f1_CSQA§T

a(qa, qp(qa)) =

&"‘ ;"“ oo"—‘

(3 —cr)? if 7 <ga<1.

The profit is increasing in [0, 1 — ¢) and decreasing in (1 —¢, 7]. The profit with g4 = 1—¢
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is My = 1/18(3 — ¢+ *)%. As 1/18(3 — ¢ + ¢*)* > 1/18(3 — c¢7)?, there exists one

subgame-perfect equilibrium with distinguishable qualities where
¢y=1—cand ¢y =1

with prices p% = 1/3(3 + 2¢ — 2¢?) and pj = 1/3(3 + 4¢ — ¢?) and one subgame-perfect

equilibrium with indistinguishable qualities where
gpy=1—cand ¢z =0

with prices p% = 1/3(3+2c—2¢?) and ply = 1/3(3+c—c?). The corresponding equilibrium
profits for both subgame-perfect equilibria are IT% = 1/18(3 —c+¢?)? and [T = 1/18(3 +
c— )%

In addition, for 7 = 1 — ¢, any quality pair

(1. q5) € {(ga,98)|qa € (1,1],q5 € (0,1 — 7], qp = qa — T}

with prices p% = 1/3(3+ 3cq, — ¢7) and pj = 1/3(3+ 3cq’y — 2¢7) constitutes a subgame-
perfect equilibrium. The corresponding equilibrium profits are IT% = 1/18(3 — ¢7)? and
I = 1/18(3 + cr)2.

D2 7>1/2

Assume 7 > 1/2.
(1) If 7 < ¢, the best reply of firm B is

1 ifoqugl—C
qp(qa) = {0 floc<qu<r

ga—7 ifT<qgyu <1

In the first stage, taking the best reply into account, firm A chooses its quality g4 to

maximize its profit

[~

B+qa—1+4+c—cqa)?* f0<qga<l-—c
(3_CQA)2 lfl—ngAS’T

1

oo

a(qa, qp(qa)) =

wl= &l

(3 —cr)? if 7 <qga<1.

The profit is increasing in [0, 1 — ¢) and decreasing in (1 — ¢, 7|. The profit with g4 = 1—¢
is Iy = 1/18(3 — ¢+ ¢*)?, and 1/18(3 — ¢+ ¢*)* > 1/18(3 — ¢7)> & 7 > 1 — ¢. There
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exists one subgame-perfect equilibrium with distinguishable qualities where
gpy=1—cand g =1

with prices p% = 1/3(3 + 2¢ — 2¢?) and pj = 1/3(3 + 4¢ — ¢?) and one subgame-perfect

equilibrium with indistinguishable qualities where
¢gy=1—cand g5 =0

with prices p% = 1/3(3+2c—2¢?) and p}; = 1/3(3+c—c?). The corresponding equilibrium
profits for both subgame-perfect equilibria are IT% = 1/18(3 —c+¢?)? and T = 1/18(3 +
c—c*)>.

(2) If 7 > ¢, the best reply of firm B is

1 fo<ga<l—r
qp(qa) =40 ifl—7<qa<r7

ga— 71 ifT<qgyu <1

In the first stage, taking the best reply into account, firm A chooses its quality ¢4 to

maximize its profit

=B4+qr—1+c—cqu)? H0<qua<1-7
Ta(qa, q5(qa)) = %(3 —cqa)? ifl—7<qa<r
=B —cr)? if 7 <qa<1l.

The profit is increasing in [0, 1—7] and decreasing in (1—7,7]. As1/18(3—cqa)? > 1/18(3—
T4+cr)? S qa < 7(l—c)/cwithT(1—c)/c>1—7 and as 1/18(3 —cqa)? > 1/18(3 — c7)?
for all g4 € (1 — 7, 7], firm A chooses the lowest quality in the interval (1 — 7, 7]. Assume
that there exists a smallest quality unit such that ¢, is the lowest quality ¢4 in (1—7,7].

Then, there exists one subgame-perfect equilibrium with indistinguishable qualities where
qj‘:gAandq*B:O

with prices pj = 1/3(3 + 2cq,) and pp = 1/3(3 + ¢g,). The corresponding equilibrium
profits are IT = 1/18(3 — ¢g,)* and 1T = 1/18(3 +¢q ,)*.
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E Marginal cost without horizontal product differen-
tiation

Assume costs: C;(q;) = cq;x; where ¢ € (0,1). Without horizontal product differentiation,
consumers’ utility and perceived utility from buying the good of firm ¢ € {A, B} are

U(i):’l}—Fqi—pi

Consumers buy from firm i € {A, B} with i # j and j € {A, B} if
a(i) > a(j) < pi < @ — 4 + pj-

To sustain the equilibrium, I make the following assumptions about consumers’ be-
havior when they are indifferent between the two firms, i.e., when (i) = 4(j). First,
consumers buy from the firm with the higher quality if the qualities are distinguishable.
Second, consumers buy from the firm with the lower quality if the qualities are indistin-
guishable.!!

I solve the game by backward induction, starting with the price-setting stage. In the
subgames with indistinguishable qualities, firm ¢ € {A, B} with ¢ # j and j € {A, B}

chooses price p; to maximize the following profit

Pi —Cq; if p; < p;
0 if p; > p;,

where a = 0 if ¢; > ¢;, « = 1/2 if ¢; = ¢;, and o = 1 if ¢; < ¢;. That means, without
horizontal product differentiation, the intense price competition leads to prices equal to
the marginal cost of the firm with the higher quality: In equilibrium, firm i’s price is
p; = max{cg;, cq;} and its profit is II;(¢;, ¢;) = pf — cq;.

In the subgames with distinguishable qualities, firm i chooses price p; to maximize the

following profit

Di — Cg; if p; <pj+aq—q
Wi (pi, pj, 4i, 45) = B(pi —cq;) ifpi=pj+a—q
0 if pi > p; + a4 — qj,

HThese assumptions simply sustain the equilibria. Very similar equilibria occur without this assump-
tion, because the firm that receives the complete demand is always able to set a marginally lower price
to capture the complete demand.
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where f = 01if ¢; < ¢q;, B = 1/2if ¢ = ¢;, and B = 1 if ¢; > ¢;. The intense price
competition ensures that the firm with the lower quality chooses prices equal to marginal
cost and makes zero profit. However, the firm with the higher quality now benefits from
the quality difference between the goods. In equilibrium, the prices depend on the qualities

of the firms. Assume ¢; > g;, then the equilibrium prices are

P = ¢ — qj + cqj
p; = cg;-

The corresponding profits are!?

Hi(gi,q5) = (¢ — q;)(1 —¢)

In the second stage, taking the results from the price-setting stage into account, firm

B chooses its quality ¢g to maximize the following updated profit

0 ifgp <qa—7
5(qa,q8) = max{cqa, cqp} —cqp  ifga—7<qp <qa+7 (15)
(g6 —qa)(1 —0) if ga +7 < gp.

If g4 < 7, the first case of (15) does not exist. And if g4 > 1 — 7, the third case of
(15) does not exist. If firm B chooses a quality gz € [0,g4 — 7) the profit of firm B is
II5(qa,q5) = 0. Thus all g € [0, ¢4 —7) yield the same profit. If firm B chooses a quality
4B € [qga — 7,qa + 7), the profit of firm B is I1g(qa, ¢g) = max{cqa, cqg} — cqp. Thus the
quality gp € [qa — 7,qa + 7) that yields the highest profit is ¢qg = max{0,qa — 7} with
profit I15(qa,qs = 0) = cqa if g4 < 7 and 115(qa,qp = qa — 7) = c7 if g4 > 7. If firm B
chooses a quality gp € [qa + 7, 1], the profit of firm B is llg(qa,¢s) = (¢5 — qa)(1 — ¢).
Thus the quality gg € [ga + 7, 1] that yields the highest profit is ¢gg = 1 with profit
p(ga, g5 =1)=(1—¢qa)(1—¢) > 0.

Consequently, the best reply of firm B is either ¢p(ga) = 1 (distinguishable), gg(ga) =
0 (indistinguishable), or gg(ga) = g4 — 7 (indistinguishable). As

cga>(1—qga)l—c) e qga>1-c
CTZ(l—qA)(l—c)<:>qA21—1CT ,
—c

the best reply of firm B depends on c and 7: If 7 < 1/2, 7 < 1 —¢, and ¢ > 1/2, the best

12 All consumers buy from the firm with the higher quality, otherwise this firm could decrease the price
marginally to capture all consumers.
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reply of firm B is

1 if ga <1- 7=

qp(ga) = _
qga—7 ifga>1-=.

1—c

Ifr<1/2,7>1—c,and ¢ > 1/2, orif 7 > 1/2 and 7 < ¢, the best reply of firm B is

1 ifga<1l-—c
qp(qa) = 10 fl—c<qu<r

qga — 7 ifqa>T.
If 7 <1/2 and ¢ < 1/2, the best reply of firm B is

§ 1 ifga<1l-—71
qp(qa) =
ga—71 ifga>1—1.

If 7 >1/2 and 7 > ¢, the best reply of firm B is

1 ifga<1-—71
q5(qa) = 0 itl—7<qa<rT

ga— 7 ifga>T.

In the first stage, firm A chooses its quality ga to maximize its profit taking the
best reply of firm B into account. However, with all g4 € [0,1], firm A makes profit
1T4(qa,q5(ga)) = 0. Thus firm A is indifferent between all qualities ¢4 € [0,1]. That
means, this game has infinitely many subgame-perfect Nash equilibria. For any 7 € (0, 1)
and ¢ € (0,1), there exist equilibria in which firm A chooses a quality that is sufficiently
low such that firm B responds with ¢j; = 1 and the quality difference is noticeable.
In addition, for any 7 € (0,1) and ¢ € (0,1), there exist equilibria in which firm A
chooses a high quality and firm B responds by undercutting this quality unnoticeably:
¢y = max{0,qa — 7}. The profit of firm A is always II4 = 0. The profit of firm B
depends on the subgame-perfect equilibirum: In equilibria with ¢j; = 1, firm B makes
profit Il = (1 — ¢%)(1 — ¢). In equilibria with ¢}; = 0, firm B makes profit [Iz = c¢j.
In equilibria with ¢ = ¢} — 7, firm B makes profit [Iz = c7. In all equilibria, firm B
makes a strictly positive profit. Consequently, with marginal costs but without horizontal

product differentiation, firm B has a second-mover advantage.
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