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Essays on Pricing and Promotional Strategies

Hoe Sang Chung
(ABSTRACT)

This dissertation contains three essays on theoretical analysis of pricing and promotional
strategies. Chapter 1 serves as a brief introduction that provides a motivation and an

overview of the topics covered in the subsequent chapters.

In Chapter 2, we study optimal couponing strategies in a differentiated duopoly with repeat
purchase. Both firms can distribute defensive coupons alone, defensive and offensive coupons
together, or mass media coupons. They can also determine how many coupons to offer.
Allowing consumers to change their tastes for the firms’ products over time, we find that the
optimal couponing strategy for the firms is to only distribute coupons to all of the customers
who buy from them. The effects of intertemporally constant preferences and consumer

myopia on the profitability of the optimal couponing are investigated as well.

Chapter 3 examines the profitability of behavior-based price discrimination (BBPD) by
duopolists producing horizontally differentiated experience goods. We consider a three-
stage game in which the firms first make price discrimination decisions followed by two-stage
pricing decisions. The main findings are: (i) there are two subgame perfect Nash equi-
libria where both firms do not collect information about consumers’ purchase histories so
that neither firm price discriminates and where both firms collect consumer information to
practice BBPD; and (ii) BBPD is more profitable than uniform pricing if sufficiently many
consumers have a poor experience with the firms’ products. The asymmetric case where one

firm produces experience goods and the other search goods is also investigated.

Chapter 4 provides a possible explanation of the fact that one ticket price is charged for all
movies (regardless of their quality) in the motion-picture industry. Considering a model a la
Hotelling in which moviegoers form their beliefs about movie quality through pricing schemes
to which an exhibitor commits, we characterize the conditions under which committing to
uniform pricing is more profitable than committing to variable pricing. The welfare conse-
quences of a uniform pricing commitment and some extensions of the model are discussed

as well.
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Chapter 1
Introduction

In practice, firms are using various pricing and promotional strategies to increase profits. The
strategies generally take forms of price discrimination, including: charging different prices
based on buyers’ observable characteristics such as age, gender, and occupation (third-degree
price discrimination, group pricing); offering various combinations of price and quantity (or
price and quality) and having consumers self-select (second-degree price discrimination, menu
pricing); selling two or more products in a single package (bundling); giving a discount when

bringing a coupon (couponing).

Due to the development of more sophisticated methods for acquiring, storing, and analyzing
consumer information, firms can now charge different prices depending on whether customers
have previously purchased products from them and offer (future) discounts to selected cus-
tomers. In the software industry, for example, Microsoft, Symantec, and Adobe sometimes
offer lower upgrade prices to their existing users. McDonald’s and Starbucks often give buy
one get one free coupons. On the other hand, long-distance carriers such as ATé¢T and
MCT often charge lower prices to competitors’ customers. As recent advances in information
technology (IT) take price discrimination to a new level, we need to delve into more of such

pricing tactics.

The main purpose of this dissertation is to examine which pricing or promotional strategy
firms should adopt when consumer information is available. In order to do that, we first try

to answer the following two questions:

e Who should firms distribute coupons to in order to maximize profits?



e When is it profitable for firms to use consumers’ past purchase information for dis-

criminatory pricing?

The first question will be tackled in Chapter 2 of this dissertation. Depending on the method
of distribution, coupons can be divided into mass media coupons and targeted coupons.
Targeted coupons then take two forms: defensive coupons and offensive coupons (Shaffer
and Zhang, 1995). Mass media coupons are randomly distributed to consumers. Defensive
coupons are offered to retain firms’ own customers, while offensive coupons are offered to
poach rival firms’ customers. In the previous couponing literature, mass media coupons are

mainly studied (Narasimhan, 1984).

Recent advances in IT enable firms to send targeted coupons to selected customers. However,
as reviewed in Chapter 2, much of the existing literature on targeted coupons has focused on
offensive coupons. There are two reasons for this: (i) consumers have to pay costs to switch
between firms (Bester and Petrakis, 1996; Chen, 1997), and (ii) they prefer a specific firm’s
product (Fudenberg and Tirole, 2000). In either case, luring rival firms’ customers through
coupons (discounts) arises as the equilibrium outcome. In addition, offensive couponing with

exogenous switching costs and/or constant preferences leads to lower firm profits.

Despite the extensive economic literature on couponing, the use of both defensive and offen-
sive coupons has received little attention. In Shaffer and Zhang (1995) and Kosmopoulou,
Liu, and Shuai (2012), firms can send defensive and offensive coupons together. However,
these two studies are based on models with single purchase so that dynamic properties of
consumer preferences are ignored. In Chapter 2, we will try to fill the gap existing in the
couponing literature by enlarging firms’ couponing strategy space and allowing for changing

preferences aCross purchase occasions.

Employing a differentiated product duopoly model with repeat purchase, where all consumers
change their tastes over time, we find that the firms’ optimal couponing strategy is to only

distribute coupons to all of the customers who buy from them.

A well-established result in the price discrimination literature is that price discrimination in
oligopoly intensifies competition and leads to lower profits (Thisse and Vives, 1988; Shaffer
and Zhang, 1995; Bester and Petrakis, 1996; Liu and Serfes, 2004). One important ingredi-
ent for price discrimination to have profit-reducing effects is best-response asymmetry, i.e.,
one firm’s strong market is the other firm’s weak market (Corts, 1998; Armstrong, 2006).

Although there are extensive studies on oligopolistic price discrimination, only a few show



that price discrimination can boost profits (Esteves, 2009; Shin and Sudhir, 2010; Liu and
Shuai, 2013).

As IT advances, firms can segment customers on the basis of their purchase histories and
price discriminate accordingly. This form of price discrimination has been named in the
literature as behavior-based price discrimination (BBPD). In Chapter 3, we will answer the
second question by characterizing the conditions under which BBPD in markets exhibiting

best-response asymmetry is more profitable than uniform pricing.

Considering duopolists producing horizontally differentiated experience goods and a three-
stage game where they first make price discrimination decisions followed by two-period pric-
ing decisions, we show that BBPD enables the firms to make more profits than uniform
pricing when sufficiently many consumers experience a bad fit with their products. The
intuition behind this result is that as many consumers’ valuations are expected to fall over
time, the firms can each raise their first-period price via BBPD, which results in higher

profits in the first period.

Finally, in Chapter 4 of this dissertation, we turn our attention to a pricing tactic used in the
movie business. Two puzzling phenomena have been observed in the motion-picture industry:
(1) movie theaters in the United States practice several price discrimination schemes such as
discounts for seniors and students, whereas they charge the same ticket price for all movies
(the movie puzzle); (ii) most moviegoers prefer a Saturday night movie to a Monday night
movie, while they usually pay one price for the movie tickets, regardless of the day of the
week (the show-time puzzle). Here, we will try to solve the first puzzle only by answering

the next question:
e Why do all movie tickets cost the same?

Such price uniformity across movies is puzzling in light of the potential profitability of prices
that vary with demand characteristics. One would expect that exhibitors can be better off
by charging more for blockbusters. Surprisingly, only a few studies attempt to explain why

movie theaters employ uniform pricing (Orbach and Einav, 2007; Chen, 2009; Courty, 2011).

Motion pictures are uncertain products in the sense that it is difficult for movie theaters to
estimate which movie will be a hit or flop before screening it (De Vany and Walls, 1999).
Likewise, moviegoers are uninformed of the quality of movies before viewing it and thus

their decisions about which movie to see rely on factors other than movie quality. Here,



we consider the situation where moviegoers form their beliefs about movie quality based on

pricing schemes to which an exhibitor commits.

The main finding of Chapter 4 is that there exists a range of moviegoer’s beliefs in which
committing to uniform pricing is more profitable than committing to variable pricing. This
range can be characterized by a low belief that a movie for which the exhibitor commits to
charge a high price is of high quality (equivalently, a relatively high demand for a movie
believed to be of lower quality). Therefore, (committing to) uniform pricing observed in
the motion-picture industry reflects that audiences still remain uncertain about a movie’s

quality even though movie theaters (commit to) charge a high ticket price for the movie.



Chapter 2

On Optimal Couponing Strategies

2.1 Introduction

Couponing is a widely used promotional strategy in firms’ competition. The most recent
NCH (2011) report says that 332 billion coupons were distributed in 2010, the largest single-

year distribution quantity ever recorded in the U.S.

Depending on the method of distribution, coupons can be divided into mass media coupons
and targeted coupons. Targeted coupons then take two forms: defensive coupons and offen-
sive coupons (Shaffer and Zhang, 1995). Mass media coupons are randomly distributed to
consumers. Defensive coupons are distributed to retain firms’ own customers, while offensive

coupons are offered to poach rival firms’ customers.

Previous studies on couponing consider mass media coupons, which leads to market seg-
mentation through consumers’ self-selection. Narasimhan (1984), among others, shows that
coupons serve as a price discrimination vehicle, charging a lower price to coupon users (more

price-elastic consumers).

As information about customers becomes more available and more accurate due to better
technology, firms can now send targeted coupons to selected customers. Using a model
of product differentiation a la Hotelling, Shaffer and Zhang (1995) examine the effect of
targeted coupons on firm profits, prices, and coupon face values. Their main finding is that
targeted coupons deteriorate firm profits due to increased competition for potential brand

switchers. Bester and Petrakis (1996) study sales promotion via coupons in a duopoly. In



their model, the role of (offensive) coupons is to reduce consumer switching costs.! They
show that, in equilibrium, couponing intensifies competition between firms, and hence lowers
their profits. Regarding the firms’ ability to segment customers (information quality), Liu
and Serfes (2004) show that for high levels of information quality, acquiring information to
price discriminate is each firm’s dominant strategy. In this case, a prisoner’s dilemma emerges

since equilibrium profits are lower under targeted pricing than under uniform pricing.

In the context of price discrimination based on purchase history, Chen (1997) considers a two-
period homogeneous product duopoly model. Here consumers incur costs when switching
one firm to another, which enables firms to segment and price discriminate consumers. He
shows that in equilibrium, each firm charges a lower price to the competitor’s customers
than to its own customers in the second period (paying customers to switch) and that the
discriminatory pricing lowers profits. Fudenberg and Tirole (2000) analyze a two-period
duopoly model in which consumers have different preferences for firms’ products and each
firm can set different prices in period 2, depending on whether or not consumers have bought
its product in period 1. They find that each firm can poach the rival firm’s customers by
charging them a lower price (customer poaching) and that the difference in the prices charged

to loyal and switching customers reduces firm profits.?

As reviewed above, the existing literature on targeted coupons has mainly studied offensive
couponing. There are two reasons for this: (i) consumers have to pay costs to switch be-
tween firms (Bester and Petrakis, 1996; Chen, 1997), and (ii) they prefer a specific firm’s
product (Fudenberg and Tirole, 2000). In either case, enticing brand switching through
coupons (discounts) arises as the equilibrium outcome. The intuition for this is that con-
sumers who bought from a competitor are revealed to have a lower relative preference for the
firm’s product (or a relatively high cost to switch to the firm), and so profit maximization
requires the firm to charge a lower price to them. In addition, offensive couponing with

exogenous switching costs and/or constant preferences leads to lower firm profits.®> Caminal

!Based on a two-period differentiated product duopoly model, Klemperer (1987) examines the effects of
consumer switching costs on the competitiveness of markets. He shows that an increase in the proportion of
consumers whose tastes change between the periods makes a market more competitive, but that prices and
profits in both periods are higher than in a market without switching costs if all consumers’ tastes remain
constant.

2Taylor (2003) extends Chen (1997) to multiple periods and multiple firms, and Villas-Boas (1999) pro-
vides an analysis similar to Fudenberg and Tirole (2000) but in a duopoly with infinitely lived firms and
overlapping generations of consumers.

3A well-established result in the price discrimination literature is that oligopolistic price discrimination
intensifies competition and leads to lower profits (see, among others, Thisse and Vives, 1988; Shaffer and



and Matutes (1990), on the other hand, consider the situation in which couponing endoge-
nously creates switching costs for consumers by rewarding loyalty. Employing a two-period
differentiated product duopoly model with independent preferences over time, they show

that defensive couponing is more profitable than if coupons were not allowed.

Despite the extensive economic literature on couponing, the use of both defensive and offen-
sive coupons has received little attention. In Shaffer and Zhang (1995) and Kosmopoulou,
Liu, and Shuai (2012), firms can send defensive and offensive coupons together. However,
these two studies are based on models with single purchase so that dynamic properties of
consumer preferences are ignored, which may affect firms’ couponing strategies.® Here we
will try to fill the gap existing in the couponing literature by enlarging firms’ couponing

strategy space and allowing for changing preferences across purchase occasions.

The objective of the present study is to find the optimal couponing strategy for firms in a
differentiated product duopoly with repeat purchase. Specifically, firms can send defensive
coupons alone, defensive and offensive coupons together, or mass media coupons. They can
also determine how many coupons to offer. This modeling approach differs from Caminal
and Matutes (1990) in that they consider defensive coupons only where no decisions on
the number of coupon offers are made by firms. However, sending out offensive coupons
alone will not be considered as firms’ couponing strategy because, rather than assuming
exogenous switching costs and fixed preferences, we assume that consumers incur no costs
when switching between firms’ products and that their preferences are independent across
periods. With regard to independent preferences, Chen and Pearcy (2010) show that when
commitment to future prices is possible, firms reward consumer loyalty if intertemporal
preference dependence is low, but pay consumers to switch if preference dependence is high.®

We then incorporate fixed preferences and consumer myopia into the model to see how they

Zhang, 1995; Bester and Petrakis, 1996; Liu and Serfes, 2004). One important environment for price
discrimination to intensify competition and to reduce firm profits is best-response asymmetry, i.e., one firm’s
strong market is the other firm’s weak market (see Corts, 1998).

4Drawing on a data set with information on shelf prices and available coupons for 25 ready-to-eat breakfast
cereals, Nevo and Wolfram (2002) find that lagged coupons are positively correlated with current sales,
suggesting that coupons are used to induce repurchase.

®One issue in the literature on price discrimination is when firms should offer a lower price to loyal
consumers or to new consumers. Shaffer and Zhang (2000) show that when demand is asymmetric, it is
optimal that one firm charges a lower price to its rival’s customers and the other charges a lower price to its
own customers. In Shin and Sudhir (2010), paying customers to stay is optimal when both heterogeneity in
purchase quantities and preference stochasticity are sufficiently high. De Nijs and Rhodes (2013) find that if
over half of consumers believe their existing product is inferior (resp. superior) to the other one, firms offer
a lower (resp. higher) price to their loyal consumers.



affect the profitability of the optimal couponing.

Focusing on a symmetric equilibrium, we obtain the following results. (i) Each firm’s optimal
couponing strategy is to send (defensive) coupons to all of its own customers. (ii) Sending
out (offensive) coupons to a rival firm’s customers is detrimental to firm profits. (iii) Offering
mass media coupons is not profitable compared with the case where there are no coupons.
(iv) The existence of consumers with constant tastes makes firms using the optimal couponing
strategy better off. (v) In case the number of myopic consumers is large enough, the optimal

couponing leads to lower profits than in the absence of coupons.

The rest of the paper is structured as follows. Section 2.2 sets up the model. In Section
2.3, firms’ couponing strategies are analyzed to find the optimal one. Section 2.4 extends
the model by allowing some consumers to have fixed preferences over time and considering

consumer myopia. Section 2.5 concludes.

2.2 The model

Consider the following two-period differentiated duopoly model & la Hotelling. Two firms
(A and B) produce competing goods at a constant marginal cost, which we normalize to zero
for simplicity. Firm A is located at point 0 and firm B at point 1 of the unit interval. In each
period, there is a continuum of consumers uniformly distributed on the interval [0, 1] with a
unit mass. Each consumer is identified by her location on the interval, which corresponds to
her ideal product. Consumers buy at most one unit of the good in each period and are willing
to pay at most v. We assume that v is sufficiently high for non-purchase to be dismissed. A
consumer located at x € [0, 1] incurs a disutility of tx when purchasing from firm A, and of
t(1 — ) when purchasing from firm B, where ¢ > 0 measures the per-unit distaste’s cost of

buying away from her ideal product.

Each consumer’s location in period 2 is allowed to vary over time randomly and independently

of their first-period location (we will relax this assumption in Section 2.4).” In other words,

6The current two-period model captures the essential features of an infinite-horizon model since con-
sumers’ tastes change through time. Nevertheless, it would be interesting to extend our model to an infinite-
horizon overlapping generations model with couponing.

7A consumer’s first-period choice contains no information about her second-period preference. Hence in
equilibrium, there is no price discrimination by purchase history. Instead, firms can use coupons or long-term
contracts (commitment to future prices).



consumers all change preferences from period 1 to period 2 and do not know their second-
period preferences in period 1. For example, a consumer’s preferences for different airlines
may vary from one period to the next as travel plans change. A customer may change her
preferred shopping venue depending on whether shopping trip starts from home or work.
All consumers are also forward-looking in the sense that in period 1, they buy from the firm
that maximizes the sum of their first-period surpluses and their expected surpluses in period
2, anticipating the second-period prices, given the firms’ couponing strategies (consumer
myopia will be considered in Section 2.4). Throughout the paper, for ¢ € {A, B}, consumers
who buy from firm ¢ in period 1 will be called firm ¢’s consumers and those who repurchase

from firm ¢ in period 2 will be called firm ¢’s loyal consumers.

Prior to price competition, both firms can choose whether to send defensive coupons alone,
defensive and offensive coupons together (hereafter mized coupons), or mass media coupons.
Here coupons redeemed in period 2 are discounts in absolute value for consumers who receive
them in period 1. Defensive coupons are sent to a firm’s own customers, while mixed coupons
are distributed to both a firm’s and its rival’s customers. Mass media coupons are randomly
distributed to consumers. We then have the following definition for firm i € {A, B}:®

Definition 2.1. (1) Firm i is said to use a defensive couponing strategy (n',0) when it
distributes coupons to a fraction n* € (0,1] of its own consumers and gives no coupons to
its rival’s consumers. In such a case n* will be referred to as firm i’s defensive couponing
intensity. (2) Firm i is said to use a mized couponing strategy (1,60") when it distributes
coupons to all of its consumers and a fraction 6° € [0,1) of the rival firm’s consumers. '
will be called firm i’s offensive couponing intensity. (3) Firm i is said to use a mass media
couponing strategy (u') when it sends coupons randomly to a fraction p* € (0, 1) of consumers

distributed on the interval [0,1]. We will call p* firm 4’s mass media couponing intensity.

We assume that each consumer is equally likely to receive a coupon and that trading coupons
is not possible.” As can be seen from Definition 2.1, each couponing strategy is characterized
by its intensity. Note that we generalize the model of Caminal and Matutes (1990) where
only the case (n°,0) = (1,6") = (1,0) is studied. Let a4 denote firm A’s market share in

8A similar definition can be found in Kosmopoulou, Liu, and Shuai (2012).

9Kosmopoulou, Liu, and Shuai (2012) examine the impact of coupon trading on equilibrium prices,
promotion intensities (coupon face value and probability of receiving coupons), and profits. They find that
when the fraction of coupon traders increases, firms respond by sending fewer coupons to consumers and
reducing the face value of coupons, which leads to higher equilibrium prices and profits.



period 1 so that all consumers with x € [0, a4] have bought from firm A in the first period,

whereas those with = € (a4, 1] have bought from firm B.

Given the firms’ couponing strategies, the timing of the game is then as follows:

e Period 1: Firm ¢ € {A, B} sets a first-period price (p}), a coupon (face) value (r* > 0),
and its couponing intensity (n’, 6%, or ‘) to maximize the sum of profits in periods 1
and 2, resulting in a portion a4 of consumers purchasing from firm A and the remaining

portion 1 — a4 purchasing from firm B.

e Period 2: Firm 4 chooses a second-period price (p}). Each consumer decides whether

or not to be loyal depending on her new location (preference) and the effective prices

(py — 7).
The following example is useful to clarify the firms’ couponing strategies:

Example 2.1. Suppose that the two firms employ (1,04) = (1,6%) = (1, %) Consider a

consumer who is located at z; and bought from firm A in period 1, i.e. z; € [0,a4]. In

period 2, if she buys from firm A again, she will pay ps — r. On the other hand, if she

buys from firm B, she will pay p& — r? (resp. p¥) with probability % (resp. %) Thus, when

this consumer buys from firm A (resp. B) in period 2, she enjoys utilities v — tz; — p{' and
1

v —txy — (pf —r?) (resp. v —t(1 —x3) — (pf — 377)) in periods 1 and 2, respectively, where

x9 is her new location (preference) in period 2.

For simplicity, the discount factor for both firms and consumers is assumed to be 1.19 In
addition, we assume that there is no cost of distributing defensive and mass media coupons,
but that for firm i it costs F'(6") to send mixed coupons, where F'(6") takes the form of £(6")?,
¢ > 0. The cost of distributing mixed coupons, increasing and convex in 6, captures the
idea that it is more costly to send coupons to consumers far away than to those near firms.
Since the firms are ex ante symmetric, we focus on (pure-strategy) symmetric equilibria in

which both firms offer defensive coupons, mixed coupons, or mass media coupons.

10The assumption does not affect the main results we will present.

10



2.3 Analysis

There are three subgames to consider, corresponding to the following scenarios: (i) both firms
send defensive coupons; (ii) both firms send mixed coupons; and (iii) both firms distribute
mass media coupons. For each subgame, we will use the subgame perfect Nash equilibrium
as the solution concept and proceed by backward induction. We first investigate the firms’
price competition, taking as given their choices of couponing intensities. Then the firms’

decisions on how many coupons to offer are examined.

2.3.1 Defensive couponing

Consider first the case where both firms use defensive couponing strategies. It is assumed
for a while that the firms’ defensive couponing intensities are given as n* = n® = n. We
start by constructing the demand for firm A in the second period. In period 2, a4, %, and n
are given. Recall that all consumers redraw their taste parameter at the beginning of period
2.

Consumers in period 2 can be divided into the following four groups, depending on which

firm they bought from and whether they received coupons in period 1:

e (D1) Consumers in [0, a4] with firm A’s coupons; x19; 1

e (D2) Consumers in [0, a4] without coupons; zgp; 1 — 7

e (D3) Consumers in (a4, 1] with firm B’s coupons; xo1; 1)

e (D4) Consumers in (a4, 1] without coupons; zgg; 1 — 7.
Let us denote by x4, with a,b € {0,1}, a consumer who is indifferent between buying from
A and buying from B in period 2. Specifically, x19 (resp. x¢1) is the indifferent consumer
of the group in which consumers receive coupons from firm A (resp. B). w9 denotes the

indifferent consumer of the group without coupons. These indifferent consumers are then

defined as follows:'!

HSwitching occurs in period 2 if 0 < zo; < g9 < 210 < 1 or 7% —t < pB — pg <t —r4, which is satisfied
in the symmetric equilibrium.

11



v—tag— (py — ") =v—t(1—10) — p§
v—txoo—pfzv—t(l—xoo)—pf

v—tx01—p2A:v—t(1—x01)—(pf—rB).

Example 2.2. Consider consumers belonging to group D3. They bought from firm B and
received coupons in period 1. In period 2, a consumer in this group prefers purchasing from

firm A to purchasing from firm B (i.e., she switches to firm A) if her new taste parameter is
B_.A_.B
smaller than zg1: < x¢; = w.

Since a fraction n of each firm’s consumers receive coupons, the second-period demand of

firm A is given by

g5 (3 15) = Qanzig + aa(l ;U)xog+£1 - OE)UIOL-F (1= OéA)g — 1))Zoo.

inD1 inD2 inD3 in D4

Then, in period 2, a fraction as4nriy of consumers buy from firm A at the discounted price
p3 —r#, while another fraction as (1 —n)zoo+ (1—aa)nzor + (1 —a4)(1—n)xe buy from firm
A at the full price p2'. Thus, firm A’s second-period maximization problem can be written

as

max 7y = (@anz10) (P — ) + [aa(l = n)zeo + (1 — aa)nzor + (1 = aa)(1 = 1)we0] p3-

Py

(2.1)

The first-order condition for the problem (2.1) gives firm A’s best-response function. We
can proceed in a similar way for firm B and then solve the system of the two best-response
functions to find the second-period equilibrium prices. Substituting the second-period equi-
librium prices into 73" in (2.1) yields the equilibrium profit for firm A in period 2, denoted
by 74 (ca, 7,785 n). Assuming that all consumers are forward-looking, we can now express

firm A’s profit maximization problem in period 1 as

max 74 = 7 + 73, (2.2)

pitra

A_ A A, B ,A ..B.
where 7] —plaA(pl>p17T T ﬂ?)-
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Taking the first-order conditions for the problem (2.2) and imposing symmetry, we can

characterize the equilibrium values of the game, as presented in the following lemma:

Lemma 2.1. Suppose that firms A and B employ a defensive couponing strategy (n,0). In

the equilibrium,

(i) The first-period prices are

2t
2+
(iii) The second-period prices are
ph=pf = pi=t+ (2.5)
2 2 2 2+ 7 -
(iv) The firms’ profits are
n o\
A_ _B_ d
=" =n =t+t|{—] . 2.6
(2 + n) 20
Proof. See Appendix. n

From Lemma 2.1, we can see that in the equilibrium, as the firms distribute more coupons to
their own customers, both the first- and second-period prices rise: C;Lf > (0 and % > 0. The
intuition for the increase in the first-period price goes as follows. As more coupons are sent
out, more consumers with the coupons accept to pay a higher price in period 1 since they
anticipate their loyalty will be rewarded in period 2. The equilibrium profit also increases
with the defensive couponing intensity: % > (. On the other hand, the equilibrium value of
a coupon decreases as the defensive couponing intensity increases: % < 0. It is noteworthy
that if coupons are not used, the game is similar, in each period, to the standard Hotelling
B B

model so that for j € {1,2}, pft =pP =p" =t, 7} =aP =a? =L and 7 = 7P = 7" = 1.

13



Here we use the superscript n to denote the equilibrium values in the case of no coupons.
Hence, the prices in both periods are higher than in the absence of coupons, although loyal
consumers with coupons pay a lower price in period 2: p¢ —r¢ =t + % < p" =t, for all
n € (0,1]. This result contrasts with the one of Villas-Boas (1999) who shows that dynamic
price discrimination lowers all prices. In addition, defensive couponing allows the firms to
increase their profits compared with the case where no coupons are used: 7@ = t+t (ﬁ) i >
7" =t, for all n € (0,1]. Unlike the general results in the oligopolistic price discrimination

literature, dynamic price discrimination by coupons considered here boosts firm profits.!?

It can also be checked that as the firms offer more coupons to their customers, more customers
are less tempted to switch to a rival firm. Formally, nz10+ (1 —n)zoo (resp. nxer + (1 —1)xe)

is the fraction of firm A’s (resp. B’s) consumers who decide to buy from firm A in period 2.

d[nx10+65717—17)moo] >0 ( d[nw01+(§:]—77)roo] <0

benefit from coupons in period 2. In this sense, the second period becomes more competitive

Then we have resp. ), which leads more consumers to
as more coupons are sent out. Figure 2.1, drawn for t = 1, shows that the equilibrium profit
in period 2 (7$) is decreasing with 1 and lower than without couponing. Note that lower

second-period profits are more than compensated by higher first-period profits.

Considering the firms’ choices of defensive couponing intensities, we can now formulate the

following result:

Proposition 2.1. In the unique symmetric subgame perfect Nash equilibrium of defensive

couponing, both firms distribute coupons to all of their own consumers.
Proof. See Appendix. O

Proposition 2.1 says that it is optimal for each firm to choose the defensive couponing
intensity of 1 in the first period.’® This result with (2.3), (2.4), and (2.5) constitutes the

subgame perfect outcome of defensive couponing.

In terms of competitiveness of coupons, defensive couponing softens competition regardless
of the number of coupons offered. However, Caminal and Claici (2007) argue that loyalty-
rewarding programs intensify competition unless the number of firms is sufficiently small and

firms are restricted to use lump-sum coupons. Our result complements that of Caminal and

12See footnote 3.
13Recall that the firms incur no cost when distributing defensive coupons.

14



0.50
|

h=1/2
<o)
<
o
©
<
o
oS
S 5 (n)
N
<
o
o
<
o
I I I I I I
0.0 0.2 0.4 0.6 0.8 1.0

Figure 2.1: Profit when 7 varies (t = 1)

Claici (2007) in the sense that, in a duopoly, couponing for rewarding loyalty becomes more

anti-competitive as firms send out more coupons.'4

2.3.2 Mixed couponing

We next turn to the case in which both firms employ a mixed couponing strategy with
94 = 08 = 0. As before, we analyze the game by first deriving the demand for firm A in the

second period.

Consumers in period 2 can be segmented into the following four groups, depending on their

first-period choices and the firms’ offensive couponing intensity:

e (M1) Consumers in [0, 4] with both firms’ coupons; z1;; 6

e (M2) Consumers in [0, 4] with only firm A’s coupons; z19; 1 — 6

4Tn her empirical study on the airline industry, Lederman (2007) finds that frequent flyer programs (FFPs)
increase demand for airlines, and interprets this finding as evidence that FFP reinforces firms’ market power.
Fong and Liu (2011) show that rewarding loyalty makes tacit collusion easier to sustain.

15



e (M3) Consumers in (aq, 1] with both firms’ coupons; z11; 0

e (M4) Consumers in (a4, 1] with only firm B’s coupons; x¢; 1 — 6.

The indifferent consumers x19 and zy; are the same as in defensive couponing, while xq; is
the indifferent consumer of the group in which consumers receive coupons from both firms

and defined as'®

v—try — (p‘24 —TA) =v—t(1—z1) — (péB —TB>.

Thus, the second-period demand of firm A is

@ (p3,py) = aabzyy + aa(l ;9)$1g+\(1 - %4)99511/+\(1 — &A)g — 0)wor.

in M1 in M2 in M3 in M4

In period 2, a fraction asfz11 + aa(l — 0)z10 + (1 — a4)0zq; of consumers buy from firm A
at the discounted price p5 — 74, while another fraction (1 — a4)(1 — 0)zo; buy from firm A
at the full price p{. Hence, we can write the second-period maximization problem of firm A

as

max 7y = @bz +aa(l = 0)zig + (1 — aa)brn] (py — ) + [(1 = aa)(1 = 0)zo] p3.

V)

(2.7)

Proceeding similarly for firm B and solving for the Nash equilibrium, we obtain the equi-
librium profit for firm A in period 2, denoted by 73 (ca, 74, 75;6). With forward-looking

consumers, firm A’s profit maximization problem in period 1 is

max 74 = 7 + 73, (2.8)

A
Py 77"A

A_ A A B A B.
where mi' = piaa(py, pr, 4,175 0).

158witching occurs in period 2 if 0 < zg; < 211 < 219 < 1 or r% —t < pB — pg <t —r4, which is satisfied
in the symmetric equilibrium.
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Taking the first-order conditions for the problem (2.8) and imposing symmetry yields the

next lemma, which characterizes the equilibrium values of the game:

Lemma 2.2. Suppose that firms A and B use a mized couponing strateqy (1,0). In the

equilibrium,

(i) The first-period prices are

A, 21— 0)(2—30)

by =P =D o1 + 0)2 (2.9)
(ii) The values of the coupons are
2t
A B m
A TS ) (2.10)
(iii) The second-period prices are
4t
Py =p3 =Py =5 (2.11)
(iv) The firms’ profits are
t(1—0)(1—36)
A B m
T s s 91+ 0) (0) (2.12)
Proof. See Appendix. m

Lemma 2.2 gives results that are different from those of Lemma 2.1. In the equilibrium, the
first-period price initially decreases and then increases in the offensive couponing intensity,
approaching p" (see Figure 2.2). The reason is that coupons sent out offensively in mixed
couponing intensify price competition in period 1 since each firm should lower a first-period
price to prevent its own customers from being poached by the rival firm’s (offensive) coupons.
The second-period price remains the same regardless of 6. The equilibrium value of a coupon,
however, decreases with the offensive couponing intensity as in defensive couponing. Finally,
as can be seen in Figure 2.3, the equilibrium profit decreases as the firms distribute more

coupons to their rival firm’s customers. Moreover, if both firms send coupons to more than
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Figure 2.2: Price when 6 varies (t = 1)

a fraction 0* of the rival firm’s customers, then mixed couponing is less profitable than in

(1-0)(1=30) _ < 16

the case of no coupons, where #* is the solution to the equation BT = i

Considering the firms’ choices of offensive couponing intensities, we can draw the next result:

Proposition 2.2. In the unique symmetric subgame perfect Nash equilibrium of mized

couponing, the firms do not distribute any coupons to their rival’s consumers.
Proof. See Appendix. m

Proposition 2.2 states that it is optimal for each firm to choose the offensive couponing
intensity of 0 in period 1. This result with (2.9), (2.10), and (2.11) also constitutes the
subgame perfect outcome of mixed couponing. Under mixed couponing, the coupons sent to
each firm’s customers defensively increase the cost of attracting the rival firm’s customers,

because the discount required to entice an additional customer should cover this defensive

16Recall that when firm 4 sends mixed coupons so that a fraction % € [0, 1) of the competitor’s customers
receive firm i’s offensive coupons, it has to pay the cost F(6*) = 5(91)2, c> 0.
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N =

coupon. Hence, the defensive coupons in mixed couponing reduce the firms’ incentive to

offer coupons offensively.

2.3.3 Mass media couponing

Finally, the case where both firms use a mass media couponing strategy with the same
intensity is analyzed. Relegating all the expressions appearing in mass media couponing to

the appendix, the equilibrium values of the game can be found as follows:

Lemma 2.3. Suppose that firms A and B employ a mass media couponing strategy (p). In

the equilibrium,

(i) The first-period prices are
B =pi=t (2.13)

(ii) The values of the coupons are
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rt=rB =" =0, (2.14)

(iii) The second-period prices are

Py =py =p5=t. (2.15)
(iv) The firms’ profits are

si=nB=r"=1t (2.16)
Proof. See Appendix. H

Under mass media couponing, as can be seen from Definition 2.1, the probability that con-
sumers receive coupons from each firm is the same, regardless of which firm they buy from.
That is, all consumers have the same expected second-period surplus from buying from either
firm in period 1. Hence, consumers rely only on current prices when making their first-period
purchasing decisions. Recall that each firm’s market share in period 1 (a4 and 1 — a4 for
firms A and B, respectively) is a function of the first-period prices and coupon values in the
case of both defensive and mixed couponing. As a result, mass media couponing does not
mitigate price competition in period 1 so that the firms have no incentive to issue coupons:

r® = (0. Here the outcome of the game is the same as in the absence of coupons.

From Lemma 2.3, and considering the firms’ choices of mass media couponing intensities,

the following proposition is obtained:

Proposition 2.3. Mass media couponing is not profitable compared with the case of no
coupons, regardless of its intensity. Furthermore, there are infinitely many symmetric sub-

game perfect Nash equilibria in the case of mass media couponing.
Proof. See Appendix. n

Combining Propositions 2.1, 2.2, and 2.3, we can derive the result on the optimality of

couponing strategies as follows:
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Proposition 2.4. Consider a differentiated product duopoly with repeat purchase, where all
consumers change their preferences over time. Then the optimal couponing strategy is such

that firms only offer coupons to all of the consumers who buy from them.

This result is contrary to that of Kosmopoulou, Liu, and Shuai (2012) who find that in
equilibrium firms have no incentive to distribute defensive coupons. The difference of the
results between their study and the current one comes from the fact that, in our model, we
have repeat purchase and consumer preferences are assumed to be independent over time,

while Kosmopoulou, Liu, and Shuai (2012) use a model with single purchase.!”

As discussed in Chen and Pearcy (2010), depending on intertemporal preference dependence,
firms would implement the different forms of dynamic pricing. In the airline industry, for ex-
ample, consumer loyalty will be rewarded as consumers are likely to change their preferences
for different airlines. On the other hand, long-distance telephone companies will involve
paying customers to switch as their preferences are unlikely to vary over time. In this vein,
Proposition 2.4 has implications for marketing devices such as frequent-flyer programs (by

airline companies) and frequent-stay programs (by hotels).

2.4 Extensions

In this section we extend the model by relaxing the assumptions: (i) consumer preferences
are independent across periods and (ii) all consumers are forward-looking. In other words,
we now explore how the existence of consumers with fixed preferences and that of myopic
consumers affects the profitability of the optimal couponing. All relevant expressions will be

provided in the appendix.

2.4.1 Constant preferences

Consider the case in which a fraction 6 € (0, 1) of consumers have intertemporally constant
preferences for the firms’ products, whereas the remaining fraction 1 — ¢ change their tastes
over time. Then, the symmetric subgame perfect outcome of the game is given in the

following lemma:

1"Tn Shaffer and Zhang (1995), each firm uses offensive couponing when the cost of coupon targeting is
relatively high, and adjusts its strategy by sending more defensive coupons as the cost declines.
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Lemma 2.4. Suppose that firm i € {A, B} uses the optimal couponing strategy, (n',0) =
(1,6") = (1,0), and that a fraction § € (0,1) of consumers have fized preferences across

periods. In the symmetric subgame perfect equilibrium,

(i) The first-period prices are

— 1—
SRR EUN BUE I B CEL PR

(11) The value of each firm’s coupon is the solution to the equation'®

31=6) 5 [(2=0)Bd—1) ] 5 [d62-0)(B6—1) (1—-9)(3+9)
ST of 2 31 —0) 2 ro (248)
262
—t(1 -6 - "—=0.
(-0 -2 o
(iii) The second-period prices are
B t r
Py =P =p2=—1_5+§ (2.19)
(iv) The firms’ profits are then determined by
A_gp_pob b0 (1200
=7 —7r—2+2(1_5) 1" (4t re. (2.20)
Proof. See Appendix. n

From Lemma 2.4, we can check that, in the equilibrium, the value of a coupon decreases in ¢,
approaching 0 as ¢ goes to 1 (see Figure 2.4). The reason is that the presence of consumers
with constant tastes makes a market less competitive so that each firm has less incentive
to offer coupons to retain its customers. Note also that, in the equilibrium, the first-period
price initially increases and then decreases, while the second-period price monotonically rises
as 0 increases. Finally, as can be seen in Figure 2.5, the equilibrium profit increases as more

consumers have constant preferences, which immediately gives the following result:

18The cubic equation (2.18) has one real root for all t > 0 and all § € (0, 1), whose proof is available upon
request.
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Figure 2.4: Coupon when 0 varies (t = 1)

Proposition 2.5. Under the assumptions of Lemma 2.4, an increase in the proportion of

consumers whose intertemporal preferences are constant raises the firms’ profits.

2.4.2 Consumer myopia

We now examine the situation where some consumers are myopic in the sense that they only
care about first-period prices when making their purchasing decisions in period 1. Specifi-
cally, a fraction A € (0, 1) of consumers are myopic, while the complementary fraction 1 — A
are forward-looking. The following lemma presents the symmetric subgame perfect outcome

of the game:

Lemma 2.5. Suppose that firm i € {A, B} uses the optimal couponing strategy, (n',0) =
(1,0°) = (1,0), and that a fraction X € (0,1) of consumers are myopic. In the symmetric

subgame perfect equilibrium,

(i) The first-period prices are
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t

(i) The value of each firm’s coupon is the solution to the equation'

t? 2t3(1 — \)
3 _— —_——_—m— e —e—e—e—=— —
o+ <A> r 3 0. (2.22)

(7ii) The second-period prices are

r

5 (2.23)

Py =pY=p=1t+

(iv) The firms’ profits are then determined by

t2

3 — . . . . .
W is monotone increasing in r since 5 > 0. Hence, (2.22) has one real root for all

2
197"3—1—(%)7"—
t>0andall Ae(0,1).
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t
- — —. 2.24
2+2 4t ( )

Proof. See Appendix. m

Note first that in the equilibrium, the value of a coupon decreases in A, approaching 0
as A goes to 1 (see Figure 2.6). Both the first- and second-period prices also decrease to
p" =t as A goes to 1. The intuition behind the results is that each firm is able to charge
a higher first-period price to its consumers because forward-looking consumers can agree to
pay the price as they expect their loyalty to be rewarded (by defensive coupons) in period
2. However, when it comes to myopic consumers, coupons cannot entice them to accept
a higher price since they only care about current prices in making purchasing decisions in
period 1. Therefore, as more consumers are myopic, price competition in period 1 becomes

more aggressive and offering coupons is less attractive for the firms.

In addition, as can be seen in Figure 2.7, the equilibrium profit first falls and then rises in
A, approaching 7". Using this fact and solving for A from 7 = 7", the following result is

obtained:

Proposition 2.6. Under the assumptions of Lemma 2.5, there exists a critical fraction of

9
19’

profits than in the absence of coupons.

myopic consumers, \* = such that if A > \* then the optimal couponing leads to lower

This shows that if there are enough myopic consumers in a market, the optimal couponing
is rather detrimental to firm profits. In this case it is better for the firms not to distribute

any coupomns.

According to NCH (2011), the number of digital coupon offers increased by 37% in 2010,
the largest increase across all types of coupon media. The above result provides a possible
explanation as to why more and more firms use Internet websites to distribute coupons.
Consumers searching for coupons on Internet websites are more likely to be forward-looking
as they are seeking future discounts via coupons, and thus firms might be able to screen out

myopic consumers by distributing coupons through Internet websites.
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2.5 Conclusion

Based on a differentiated product duopoly model with repeat purchase, targeted (defensive
and offensive) coupons and mass media coupons are explored to find the optimal coupon-
ing strategy. By allowing for independent preferences between purchases, we arrive at the

following results.

First, defensive couponing allows the firms to increase their profits compared with the case
of no coupons, regardless of how many coupons are distributed. Each firm’s profit is then
maximized when it offers coupons to all of its own customers. The intuition behind this
result is that consumers with coupons accept to pay a higher price in period 1 as they
anticipate their loyalty will be rewarded in period 2. In addition, as more coupons are
offered defensively, the second period becomes more competitive although the prices in both
periods rise. This is because in period 2, more consumers decide to remain loyal as the
number of coupons distributed increases, and the effective price paid by them is lower than

without coupons.

Second, under mixed couponing, sending out coupons to poach a rival firm’s customers
reduces firm profits. Moreover, it leads to lower profits than without couponing when too
many coupons are distributed to a competitor’s customers. The reason is that each firm
should lower their first-period price to prevent the rival’s offensive coupons from luring away

its customers, which results in intensified competition in period 1.

Third, randomly distributed coupons are not conducive to the firms’ profits. Under this
mass media couponing, the probability of receiving coupons from each firm is the same,
independent of consumers’ choices in period 1. Thus, consumers only care about first-
period prices when making their purchasing decisions in period 1, which leads to fierce price
competition in the first period. From the above results, therefore, it turns out that, if no
consumers are myopic, the optimal couponing strategy for the firms is to only distribute

coupons to all of the customers who buy from them.

It is also shown that, when the firms use the optimal couponing strategy, an increase in the
proportion of consumers whose preferences are time-invariant boosts their profits. The reason
is that the presence of consumers with time-invariant tastes softens competition between the

firms.

Finally, the optimal couponing can be less profitable than in the absence of coupons if there
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are sufficiently many myopic consumers in a market. This is due to the fact that rewarding
loyalty through defensive coupons cannot induce myopic consumers to agree to a higher
first-period price since only current prices matter for their purchasing decisions in period
1. Hence, the existence of myopic consumers makes price competition more intense. This
suggests that when price discriminating by defensive coupons, firms can achieve higher profits

by screening out myopic consumers.

2.6 Appendix

Proof of Lemma 2.1

From the first-order condition for the problem (2.1), we find firm A’s best-response function:

1
Py (py) = 5 [t+p5 + 20 4mr — (1 — aq)nr’] . (2.25)

Similarly, firm B’s best-response function can be found as

1
pf(p‘;) =3 [t —i-p§4 +2(1— OéA)UT'B — aAm"A] ) (2.26)

Solving (2.25) and (2.26) simultaneously gives the second-period equilibrium prices:
py =t4aumr? and pf =1+ (1 —ay)nprP. (2.27)

We can see that the second-period prices increase both in the firm’s first-period market share
and in the coupon value. Obviously, they are also increasing in the defensive couponing

intensity. The equilibrium profit for firm A in period 2 is then calculated as

R t 1
fty = 57 9 [aa(l - a)rir? +aa(l - OCAU)U(TA)ﬂ : (2.28)

Now we need to compute firm A’s first-period market share a4, which depends on p? and

r®. The indifferent consumer, #, is such that the sum of the difference in her first-period

surpluses from buying from firms A and B (denoted by AS; = Si* — SP) and the difference
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in her expected second-period surpluses (denoted by AS, = S3' — SP) is equal to zero. The

first-period surplus difference is simply given by
ASy =St =SSP =(w—ti—pl) = (v—t(1—2) —p}) =t —2t& +p{ — p".

Consumers do not know which will be their taste parameter in period 2. Note also that
a fraction 7 of each firm’s consumers receive coupons. Thus, the expected second-period

surplus from buying from firm A in period 1 can be written as

szn{/oxm (v—tx—(p‘;—rA))d:C—l—/l (v—t(l—x)—pf)d:v]

Z10

+ (1 —mn) {/Oxoo(v—tx—pf)dx—i—/l (v—t(l—x)—pf)dx}.

00

For consumers who receive (resp. do not receive) coupons from firm A, if the new preference
is below x19 (resp. gp), the consumer buys again from firm A; otherwise, she buys from
firm B. In the same vein, the expected second-period surplus from buying from firm B in

period 1 is

5'23:77[/0:001 (v—tx—p?)dx—l—/l (v—t(l—x)—(pf—rB))dw}

01

+(1=p) Moo(z}—m—pg‘)dﬁ/l (v—t(l—x)—pf)dx].

0o

After some algebra, we have

t2 t2
szn(t:c%()%—v—pf—t—i-?) +(1—n) <tx§0+v—p§—t+§>
B 2 B, B t? 5 B t?
52:77 tx(n‘i_/v_pQ +r _t‘i‘a +(1_7]> tx00+U—p2—t+§ ,

which gives
ASy = 554 - S2B = t77($%0 - I(Q)l) /e
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Since 7 is defined by AS; + AS; = 0 and T = a4, the first-period market share of firm A,

a4, is given implicitly by

t —2tag + pf — pf =nrP + tn(xgl — xfo), (2.29)

dpatritt . dpy—rPit

where @19 = P g = P F and dpy = pf — ps = (1 — aa)nr? — aanrt.

The first-order conditions for the problem (2.2) are

7TA {07 v
3714 = a4 +pfl37§ — 5 [(1 = 20)n?r 7B + (1 — 204m)(r*)?] ng‘l —0
‘323 = p’f‘g‘jﬁ — 3 [aa(l = aa)n®r? 4+ 20a(1 — aan)nr?] (2.30)

—2% [(1 — QaA)nQTArB +(1-— 201,477)77(7“‘4)2} gf—g‘ =

Here the values of g;%ﬁ and gf—g‘ are obtained by using the implicit function theorem for
1

.29). e focus on a symmetric equilibrium so that pi* = py = p1, r* = r° = r, an
2.29). We f y tri ilibri that p7 B 4 B d

oy = 3. Then we have

Oay B —t and Oay . 77[25 + (1 - 77)7“]
op  2(t2 4+ n2r?) ord — 4(t2 +n2?)

(2.31)

Replacing g‘;%ﬁ and % in (2.30) by (2.31) and solving the system gives (2.3) and (2.4). (2.5)
1
is obtained by plugging (2.4) into (2.27). With (2.3), (2.4), and (2.28) we get (2.6). [J

Proof of Proposition 2.1

om
"o
equilibrium, ¢ € {A, B}. Here, we will see whether firm A has incentive to deviate from

To prove the proposition, it suffices to show that Vn' € (0,1) > 0 at a symmetric

nt =nP =n € (0,1). Considering n* and n”, the problem (2.1) becomes

max 7y = (aanz10) (py — 1) + [aa(l = M)z + (1 — aa)n®azor + (1 = aa)(1 —n")ao] p3.

p3

The first-order condition for the above problem gives firm A’s best-response function. Pro-

ceeding similarly for firm B and solving the two best-response functions, we obtain
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py =t +amr? and pf =t+ (1 —as)nPrb.

The equilibrium profit for firm A in period 2 is then calculated as

. t 1

73 =5 = o7 loall —aa)nn®rr? + aa(l — aan®)n' ()]
Using the same procedure as in Lemma 2.1 yields the first-period market share of firm A
given implicitly by

t—2tay +pf — pf =nPr8 + tangl — tnAx%O + t(nA — nB)x?)O.

Applying the implicit function theorem and evaluating at a symmetric equilibrium, we have

day  2tr+ (1 —2n)r?

ot 8(t2+ n?r?)

Note that 74 = pfas + 75, A few lines of computations can show that
1 2

onA ) orA t
R I >0,
onA ont - ont 2(2+n)?

at pit = pf =pf, r* =P =rd and n* =P = € (0,1). O

Proof of Lemma 2.2

From the first-order condition for the problem (2.7), we find firm A’s best-response function:

—_

Py (py) =5 (t+p) + 2070 —rP0) (2.32)

where ® = a4+ (1 — aq)f and U = a0 + (1 — an).

Similarly, firm B’s best-response function can be found as
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Py (p3) = 5 (t +p3 +2r°0 — @) (2.33)

N | —

Solving (2.32) and (2.33), we obtain the second-period equilibrium prices:

p =t +7r1® and pf =t B0, (2.34)
The equilibrium profit for firm A in period 2 is then
_ % A1 — @)+ rB(1— )] (2.35)

As in Lemma 2.1, we need to compute firm A’s first-period market share a4. Let Z be the
indifferent consumer. Assuming forward-looking consumers, Z is such that AS; + AS; = 0.

The first-period surplus difference is given by
ASy =St =S = (v =tz —p') = (v = t(1 = &) — p7) =t = 20T + pi — p.

The expected second-period surpluses from buying from firms A and B in period 1 can be,

respectively, expressed as

S =0 /0 (v—tx—(pQA—rA))dx—f—/l (v—t(l—x)—(pf—rB))dx}

11

1—0) [/0 (v—tx—(p;‘—rA))dm/l (v—t(l—x)—pf)dm]

Z10

|
(

sp=o[[" -t 0d - ok [ -t 0 - 0F o) di]
(

+(1-0) [/Oxm (v—tm—pf)dx—l—?ll (v—t(l—x)—(pf—rB))dx}.

Z0o1

A few lines of computations establish that
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t t
Sé“:@(tmfl+v—p2B—|—rB—§)—I—(l—@) (txfo-l—v—sz—i)

t t
s =0 (it ro—pf+r7 = D)+ 1-0) (shro—pf 407 - 1)),

which gives
ASy = S5 — SB =t(1 —0) (23, — 22) — (1 — O)r".

Since 7 is defined by AS; + ASs; = 0 and & = a4, the first-period market share of firm A is
given implicitly by

t—2tay+py —pi = (1= 0)r" +1(1 - 0)(x5, — x3), (2.36)

dpa+rA+t d t
where ZL’IQZPQE—ZJF To1r = p2 Pt

, and dpy = pP — pgt = rBU — 140,

The first-order conditions for the problem (2.8) are then

o = aa+ o154 = 5[0 - )ri(rie + P (1 - v))
+(1 = 0)r(r4 —I—TB)(l—@)]aaA 0

op AT
ot = ppeg — L [2040(1 — @) + rB(1 — @) (1 — U)]
\ —L [0 = 1A A + B (1 = W) + (1 — O)rA (- +rB) (1 — @)] 224 = 0,

(2.37)

Using the implicit function theorem for (2.36) and imposing symmetry (i.e., pi = pP = py,

4 =78 =7 and so ay = 1) we obtain

Jay —t ud day  (1—0)(t—0r)
apr 2+ (1—0)27 N oA T Ar L (1-0)

(2.38)

Replacing gaj and 8aA in (2.37) by (2.38) and solving the system, we get (2.9) and (2.10).
Plugging (2. 10) into (2.34) gives (2.11). Using (2.9), (2.10), (2.35), and F(#), we obtain

(2.12). O

33



Proof of Proposition 2.2
To prove the proposition, it is enough to show that V8' € (0,1), g—gi < 0 at a symmetric
equilibrium, i € {A, B}. In what follows, we will check whether firm A has incentive to

deviate from 64 = 08 = 0 € (0,1). Considering 6 and 67, the problem (2.7) becomes

max 7y = [@afPz11 + aa(l = 0%z + (1= an)fen] (03 —r?) + [(1 = aa)(1 = 64)ao] p3.
p3

The first-order condition for the above problem gives firm A’s best-response function. Pro-

ceeding similarly for firm B and solving the two best-response functions, we obtain
py =t+r2® and pf =t + BV,

where ® = a4 + (1 — a@4)0? and V' = @408 + (1 — aa).
The equilibrium profit for firm A in period 2 is then calculated as

t
~A
7T2—_

— % [TA(l — (' 4+ rB(1 — \If'))} .

Using the same procedure as in Lemma 2.2 yields the first-period market share of firm A

given implicitly by
t—2tas+pP —pt =1 =028 (1 —0Mad, —t(1 —0%)23, + (64 — 05)a?,.

Applying the implicit function theorem and evaluating at a symmetric equilibrium, we have

day  —2tr — (1 —20)r?

004 8[t24 (1 —0)2r?]

Note that 74 = pilas + 74'. After some computations, we can check that

orA O o7y t
A Pt :: 124 - 5 <0,
00 00 00 6(1+0)
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at pt=pP=pr, rA=rB=rm and 04 =02 =0 € (0,1). O

Proof of Lemma 2.3

Let us begin by deriving the demand for firm A in the second period. In period 1, all
consumers have the same probability of receiving coupons from each firm, regardless of
which firm they buy from. Thus consumers in period 2 can be segmented into the following

four groups:

e Consumers with both firms’ coupons; z11; u?
e Consumers with only firm A’s coupons; z10; u(1 — p)
e Consumers with only firm B’s coupons; zo1; (1 — p)p

e Consumers without coupons; xgo; (1 — u)%.

The second-period demand of firm A is then given by

g5 (03, py) = (o + p(l — @)z + (1 — p)pzor + (1= p1)*woo.

Here, a fraction p2x1; + p(1 — p)19 of consumers buy from firm A at p; — 74, while another
fraction (1 — p)pzor + (1 — p)%woe buy from firm A at p2'. Hence, firm A’s second-period

maximization problem is

maxmy = [P0+ p(l = plaw] (03 — 1) + [(1 = wpzor + (1= p)’ae) 3. (2:39)

Py

From the first-order condition for the problem (2.39), we find firm A’s best-response function:

Py (p3) = 5 (t+p5 + 2ur — pr®) . (2.40)

N | —

Similarly, firm B’s best-response function can be found as

(t + p§ + 2ur? — ,urA) : (2.41)

N | —

pY(py) =
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Solving (2.40) and (2.41) simultaneously gives the second-period equilibrium prices:
py =t+ur? and pf=t+4 ur?. (2.42)

Note that the second-period prices are independent of each firm’s first-period market share.

The equilibrium profit for firm A in period 2 is then

7= % - ‘L(l_z—w (2.43)

Finally, we can set up firm A’s profit maximization problem in period 1:

max 7 = pita, + 75 (2.44)

pitrA

The first-order conditions for the problem (2.44) are

ort Adas

o7 = @4 T PGt =0 (2.45)
ord _  Aday _ p(l—prt _ 0

ord — P1 5,4 t - v

Since the probability that consumers receive coupons from each firm is the same, independent
of their first-period choices, all consumers have the same expected second-period surplus from
buying from each firm in period 1, i.e. ASy = 0. Thus the first-period market share of firm
A, ay, is defined by

ASlzt—ZtOéA—i—p?—pf:O,

which leads to

day 1 Oay
L = d —= =0. 2.4
opi 2t an or4 0 (2.46)

Plugging (2.46) into (2.45) gives (2.13) and (2.14). Recall here that 0 < p < 1. (2.15) is
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obtained from (2.42) and (2.16) is derived from (2.13), (2.14), and (2.43). O

Proof of Proposition 2.3

To prove the second part of the proposition, it suffices to show that Vu' € (0,1), gZi =0 at
a symmetric equilibrium, i € {A, B}. We will see whether firm A has incentive to deviate
from p4 = pP = p € (0,1). Considering p# and p?, the equilibrium profit for firm A in

period 2 becomes

T 0,
2 2t '

7T2:

From Lemma 2.3, the first-period market share of firm A is

PP —pf+t

aa= 2t

The reason is that even if u? # u?, the expected second-period surplus from buying from

each firm in period 1 is the same because coupons are distributed randomly.

Then we can check that

- —=pi = =0
ouA P ot  our 7

at pir =pf =pi =t, vt =7 =r*=0,and p* = pP = p € (0,1). O

Proof of Lemma 2.4

Since we are considering the optimal couponing and a fraction ¢ of consumers have constant

tastes, the second-period demand of firm A is
¢ (3, p3) = doa + (1 = 6) [aazio + (1 — aa)zo] -

Thus, firm A’s second-period maximization problem is
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max 75 = [daq + (1 — 8)aazio] (pg — r?) 4+ (1 — 8)(1 — aa)zo1py -

3

The first-order condition for the above problem gives firm A’s best-response function. Pro-

ceeding similarly for firm B and solving the two best-response functions, we obtain

p=t+asr? +T and pf =t+ (1 —ax)rP+17,

where ' = 3(??5)(1 +ay)and [V = 3(§t:55) (2 — ).

The second-period equilibrium profit for firm A is then

tI’ +TT —T?
_|_

5 +6aa [t — (1 —aa)r* +17].

Finally, firm A’s profit maximization problem in period 1 is

max 74 = p‘f‘aA + 7r§4.
pitra

The first-period surplus difference is given as before, while the expected second-period sur-

pluses from buying from firms A and B in period 1 are now, respectively, given by

Syt =0 [v—tx—(py —r)] + (1 -9) {/Ozm(v—tm— (pg‘—rA))d:ch/l (v —t(1 —2) —pQB)dx]

x10

SB=5v—t(1—2)— (@F —rP)] +(1-0) {/Om(v—tz—pf)cu—{—/l (U—t(1—$)—(p§—r3))dx]

Zo1

Following the same reasoning as in Lemma 2.1, we can compute the first-period market share

of firm A which is implicitly given by
t—2tas+pP —pft =1 =8P +tad —ta?) — (2 — p5 + 1t —rP 1t — 2tay).

Using the implicit function theorem and evaluating at a symmetric equilibrium yields
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8aA —t

8])‘14 - 9 [t2(1 + 5) + (r + 3(1255)) (7‘ + (5(75 — 7“))]
aC(A ¢

orA 4 |:t2<1 +6) + <T+ 3(121;)) (7‘—1—575)] .

Plugging these into the first-order conditions for firm A’s profit maximization problem in
period 1 and solving the system, we get (2.17) and (2.18). (2.19) and (2.20) are obtained as

in Lemma 2.1. [

Proof of Lemma 2.5

Let a4 and &4 be firm A’s first-period market shares with myopic and forward-looking
consumers, respectively. Since myopic consumers only care about current prices when making

their purchasing decisions in period 1, a4 is simply given by

o pP =i+t
OéA—2—t.

Here we are considering the optimal couponing strategy so that & comes from (2.29) with
n = 1. That is,

oo At p? —pl) + (! P 4 20 — )
. D[ + (7 + rB)7] :

With a fraction A of consumers being myopic, the first-period market share of firm A, a4,

is determined by

ap = )\&A + (1 - )\)dA
Imposing symmetry, we have
8aA -1 —t (904,4 t
— == 1= |=———+ d —=01-N)|——+|.
ot = (7)1 ] 5 =0 |
Substituting these and n = 1 into (2.30) yields (2.21) and (2.22). (2.23) and (2.24) are
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obtained as in Lemma 2.1. OJ
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Chapter 3

Behavior-Based Price Discrimination

with Experience Goods

3.1 Introduction

In the price discrimination literature, it is well established that oligopolistic price discrimina-
tion intensifies competition and leads to lower profits (see, among others, Thisse and Vives,
1988; Shaffer and Zhang, 1995; Bester and Petrakis, 1996; Liu and Serfes, 2004). One impor-
tant environment for price discrimination to intensify competition and to reduce firm profits
is best-response asymmetry, i.e., one firm’s strong market is the other firm’s weak market
(Corts, 1998; Armstrong, 2006). This best-response asymmetry is often introduced by em-
ploying a Hotelling model of product differentiation, where consumers are heterogeneous on

a single dimension.!

Despite the extensive economic literature on oligopolistic price discrimination, there exist
a few works that produce results opposite to the above studies. Using a two-dimensional
Hotelling model, Esteves (2009) shows that price discrimination can increase profits if firms
have information about consumer preferences only in the less differentiated dimension. In
Shin and Sudhir (2010) where a two-period Hotelling model is employed, pricing based on
customers’ past purchase behavior can be profitable when either heterogeneity in purchase

quantities or preference stochasticity is sufficiently high. Liu and Shuai (2013) develop a

!Firms are better off when they price discriminate according to “choosiness” (transportation cost). This
case is an example of price discrimination under best-response symmetry (see Armstrong, 2006).
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multi-dimensional Hotelling model to examine the profitability of discriminatory pricing.
The authors find that when firms price discriminate on one and the same dimension, they

make more profits than under uniform pricing.

Due to the development of more sophisticated methods for acquiring, storing, and analyzing
consumer information, firms can now segment customers on the basis of their purchase
histories and price discriminate accordingly.? In the present study, we investigate the profit
effects of behavior-based price discrimination (BBPD) when firms produce experience goods.
This paper is thus related to two strands of the literature. One is the literature on BBPD

under best-response asymmetry. The other is the literature on experience good pricing.

Regarding the literature on experience good pricing, Villas-Boas (2004) uses a two-period
model where consumers learn in the first period about the product they purchase and then
choose between the competing products in the second period. He shows that a firm is better
(worse) off in the future from having a greater market share today if there is a greater mass of
valuations above (below) the mean. Considering duopoly competition with an infinite horizon
model in an experience goods market, Villas-Boas (2006) also finds that steady-state prices
and profits are higher the greater the probability of perfect product fit. However, the issue
of price discrimination is not considered in his studies. Bang, Kim, and Yoon (2011) study
price discrimination with a good neither perfectly a search good nor perfectly an experience
good. They consider the situation in which buyers’ prior valuations are initially observable to
seller(s) but buyers further draw a private signal which may give them additional information
about a product. In this setting, they explain the possibility of reverse price discrimination

where a higher price is charged to low valuation buyers.

In the literature on BBPD, Chen (1997) considers a two-period homogeneous product duopoly
model. Here consumers incur costs when switching from one firm to another, which enables
firms to segment and price discriminate consumers. He shows that in equilibrium, each firm
charges a lower price to the competitor’s customers than to its own customers in the second
period (paying customers to switch) and that price discrimination lowers the firms’ profits.
Fudenberg and Tirole (2000) analyze a two-period duopoly model in which consumers have
different preferences for the firms’ products and each firm can set different prices in period 2,
depending on whether or not consumers have bought its product in period 1. They find that

each firm can poach the rival firm’s customers by charging them a lower price and that the

2For surveys on behavior-based price discrimination, see Chen (2005) and Fudenberg and Villas-Boas
(2007).
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difference in the prices charged to loyal and switching customers reduces the firms’ profits.®
The key difference between Fudenberg and Tirole (2000) and the present study is that while

they propose a model with search goods, our model comes with experience goods.*

The paper that is closest to ours is De Nijs and Rhodes (2013). They study BBPD with expe-
rience goods, but focus on the issue of when firms should offer a lower price to loyal customers

or to new customers.® In their model, firms are still worse off when price discriminating.

The purpose of this study is to characterize the conditions under which BBPD in markets
exhibiting best-response asymmetry is more profitable than uniform pricing. Considering
duopolists producing horizontally differentiated experience goods and a three-stage game
where they first make price discrimination decisions followed by two-period pricing decisions,
we show that BBPD under best-response asymmetry can boost the firms’ profits when suf-
ficiently many consumers have a poor experience with the firms’ products. The asymmetric
case in which one firm produces experience goods and the other search goods is investigated

as well.

The rest of the paper unfolds as follows. Section 3.2 sets up the model. In Section 3.3,
the case in which two firms produce experience goods is analyzed. Section 3.4 examines the

asymmetric case. Section 3.5 concludes.

3.2 The model

Two firms (A and B) produce at zero marginal cost horizontally differentiated experience

goods (the case where one firm produces experience goods and the other search goods will

3Taylor (2003) extends Chen (1997) to multiple periods and multiple firms, and Villas-Boas (1999) pro-
vides an analysis similar to Fudenberg and Tirole (2000) but in a duopoly with infinitely lived firms and
overlapping generations of consumers.

4A search good is one whose quality can be easily evaluated by consumers prior to purchase (see Nelson,
1970).

50One issue in the literature on price discrimination is when firms should offer a lower price to loyal
consumers or to new consumers. Shaffer and Zhang (2000) show that when demand is asymmetric, it is
optimal that one firm charges a lower price to its rival’s customers and the other charges a lower price to its
own customers. Chen and Pearcy (2010) find that when commitment to future prices is possible, firms reward
consumer loyalty if intertemporal preference dependence is low, but pay consumers to switch if preference
dependence is high. In Shin and Sudhir (2010), paying customers to stay is optimal when both heterogeneity
in purchase quantities and preference stochasticity are sufficiently high. Finally, De Nijs and Rhodes (2013)
find that if over half of consumers believe their existing product is inferior (resp. superior) to the other one,
firms offer a lower (resp. higher) price to their loyal consumers.

43



be considered in Section 3.4). Firm A is located at point 0 and firm B at point 1 of the unit
interval. There are three periods, 0, 1 and 2: each consumer lives for two periods (1 and
2) and demands at most one unit of the product each period. In periods 1 and 2, there is
a continuum of consumers uniformly distributed on the interval [0, 1] with a unit mass. A
consumer’s location or preference, x € [0, 1], is known by each consumer before purchasing
a product and constant over the two periods. The consumer incurs a disutility of ¢tx when
purchasing from firm A, and of ¢(1 — ) when purchasing from firm B, where ¢ > 0 measures

the disutility (per unit of distance) of buying away from her ideal product.

Consumers are initially uncertain about their valuations for a product, and only learn about
them after experiencing (buying) the product. Let 6, (resp. 6y) be the value each consumer
attaches to a previously purchased product when she is dissatisfied (resp. satisfied) with it,
where 0, < 0. Without loss of generality, 6 is normalized to zero. Suppose that for a
product that has never been experienced, consumers all expect it to be unsatisfactory with
probability w € (0,1). We denote by 0 := wl + (1 —w)fy fe=f (1 — w)fy the (expected)
value placed on an untried product. Then a type (s, x) consumer, s € {0, 6,0y}, has a value
for firm A’s product of v+ s — tx and she has a value for firm B’s product of v+ s —#(1 —x),
where v is sufficiently large so that in equilibrium all consumers purchase one of the products
in each period. Here v represents the product value without uncertainty, while s captures

the experience-related value. The following example is helpful to better understand:

Example 3.1. Consider a consumer of type (s,z) who buys from firm A in period 1 at,
say, price p. Since this consumer has never experienced the product before, the expected net
benefit of purchasing firm A’s product is v + 6 — tx — p. If the consumer is satisfied (resp.
dissatisfied) with firm A’s product in period 1 and continues to purchase it in period 2 at,
say, price ¢, then she enjoys the net benefit v 4+ 0y — tx — ¢ (resp. v — tz — ¢). In period
2, however, if the consumer switches to firm B’s product priced at, say, r, she expects to

obtain the net benefit v 4+ 6 — t(1 — ) — r since the product has never been tried before.

To see the effects of consumer expectation and experience on firms’ behavior, we assume
that in period 2 (when each consumer has experienced one of the products), a proportion
A € (0,1) of consumers are dissatisfied with a previously purchased product and that the
remaining proportion 1 — X\ are satisfied with it. Note that w is associated with s before

experiencing a product, while X is associated with s after.6

6Shapiro (1983) considers a similar setup in which consumers can initially either over- or underestimate
the quality of experience goods.
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The timing of the game is then as follows:

e Period 0: Firms, simultaneously and independently, make decisions on whether to
collect consumer information to price discriminate. We assume that there is no infor-

mation acquisition cost.

e Period 1: After observing each other’s information acquisition decisions, firms A and
B simultaneously choose first-period prices p4; and pp;, respectively. Consumers then

decide which firm to buy from.

e Period 2: Firms simultaneously set second-period prices. If firm i € {A, B} collected
consumer information in period 0 so that it can identify previous customers, firm ¢
offers prices p;o to its own past customers and r;; to customers who purchased from
the rival in period 1. Otherwise, pjs = 72 = @2 (when distinction is needed, p;p will
be referred to as a second-period price, while r;5 will be referred to as the poaching

price). Consumers decide which firm to buy from given the prices.

The firms cannot observe consumers’ preferences, but they can use consumers’ first-period
purchase histories (consumer information) to price accordingly. Here it is assumed that once
firms collect consumer information, they always practice price discrimination. The discount
factor for both firms and consumers is assumed to be 1 for simplicity. Finally, the following

assumption on the parameters of the model will be maintained throughout the paper:

316

Assumption 3.1. §y < £ + 22,

The assumption implies that the benefit of experiencing a satisfactory product is not too
large and guarantees that in equilibrium, there exist consumers who switch to an untried

product in period 2 even if they are satisfied with a previously purchased product.

3.3 Analysis

In this section the case where both firms produce experience goods is analyzed. We first
investigate the firms’ price competition, taking as given their choices of collecting consumer
information in period 0. Then the firms’ decisions on whether to collect consumer information

to price discriminate are examined. There are four subgames to consider, corresponding to
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the following scenarios: no firm collects information about consumers (NN); only firm A
collects information and price discriminates (C'N); only firm B collects information and price
discriminates (NC); and both firms collect information and price discriminate (CC'). Here
C and N stand for “collect” and “do not collect consumer information,” respectively. We
will use subgame perfect Nash equilibrium (SPNE) as the solution concept and proceed by

backward induction; this means that we have to solve each of the above subgames.

3.3.1 Subgame NN

When neither firm acquires consumer information, the firms cannot identify previous cus-
tomers and price discriminate based on their purchase histories. Thus, the first-period pricing
game is independent of the second-period one. The equilibrium for subgame NN is then
simply two repetitions of the static equilibrium of the standard Hotelling model, which yields

the following equilibrium prices and profits:

NN _ NN _ NN _ NN _ NN _ _NN __
Pai =Pp1 =1, Qaz =qpy =1, andmy " =mp" =1

3.3.2 Subgame CN

In subgame C'N, only firm A collects consumer information to price discriminate. Thus, in
period 2, firm A charges p4o and 45 to its own customers and to firm B’s previous customers,
respectively, while firm B charges ¢gs to all customers. Suppose that in period 1, the market
splits at 7 so that all consumers to the left (resp. right) of Z; buy from firm A (resp. firm
B). We start our analysis by investigating the firms’ competition in period 2 taking Z; as

given.

As consumer learning occurs in period 2, there are two groups of consumers in each firm’s
former customers. One is a group of consumers who are dissatisfied with a product they
bought in period 1, and the other is a group of consumers who are satisfied with it. Let
us denote by :i:f , with j € {d, s}, a consumer who bought from firm ¢ in period 1 and is
indifferent between buying from firm A and buying from firm B in period 2. Specifically,
24 (resp. %) is the second-period indifferent consumer of the group in which consumers
bought firm A’s product and are dissatisfied (resp. satisfied) with it. Similarly, 2% (resp.

%) is the second-period indifferent consumer of the group in which consumers bought firm
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B’s product and are dissatisfied (resp. satisfied) with it. These indifferent consumers are

then defined as follows:

v —t2% —paa=v+0—t(1—3%) — gpo
v+ 0y — 125 —pas=v+60—t(1 —2%) — qp
v+ 0 —tih —ra=v—t(1—2%) — gpo

v+9—t:%‘73—7“,42:v—i—QH—t(l—:%SB)—qBQ.

The second-period demand functions of firms A and B respectively are

Do) = Atk + (1= N5, + it — 1) + (1 \) (@ — i) (3.1)
in A7s,turf in B7Srturf
Dipa(-) = M1 — &%) + (1= (1 — &5) + A1 — %) + (1= (@ —33). (32
in B7g turf in A7s, turf

Hence, A’s and B’s second-period profit maximization problems can be respectively written

as

JINaX Ty = pay [A24 + (1= N)25] 4 ras [M@F — 21) + (1 = A) (@5 — 21)] (3.3)
Max T2 = ¢B2 A1 = a%) + (1= N1 = 3p) + M@ —2%) + (1= N(@ —2%)] . (3.4)

The first-order conditions for the problems (3.3) and (3.4) give both firms’ best-response
functions. We then solve the system of the two best-response functions to find the second-
period equilibrium prices. Substituting the second-period equilibrium prices into the profit
functions yields the equilibrium profits for firms A and B in period 2, denoted by 752 and
7$Y respectively. Finally, we can express both firms’ profit maximization problems in period

1 as follows:

maxmg = paily + Wgév (3.5)

pa1

max g = ppi(l — &1) + 75y, (3.6)
B1
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Taking the first-order conditions for the problems (3.5) and (3.6), we can characterize the

equilibrium values of the game, as presented in the following lemma:

Lemma 3.1. Suppose only firm A collects information about consumers and price discrim-

wnates. The equilibrium in the two-stage pricing game is characterized by the following:

(i) The firms’ first-period prices are

2t Q 11t
Par = 3 5 an pE = TR (3.7)
(ii) The firms’ second-period prices are
CN _ 3t , Q
Paz =3 t3% CN _ f
ov_1_9 and qpy = 5 (3.8)
A2 T4 2
(iii) The firms’ profits are
31t Q2 17t
WgN = E 4_t and WgN = ﬁ’ (39)
where Q== N0, — 0) + (1 — \) (0 — 0) "=" (1 — X0y — 6.
Proof. See Appendix. O

Note first that the equilibrium values for firm A depend on the value of €2, whereas firm B’s
equilibrium values do not. For any Q € (=6, 0y — ), we have that pGY > ¢5Y > r§Y. Thus
each firm is poaching its competitor’s previous customers. In period 1, we substitute for the
equilibrium values and obtain z; = % The market allocation in period 2 is then described
bygd=3-8_08 55 =3_96n_0 5d 51940 andiy=2+2+2 % That
is, among consumers who are dissatisfied with firm A’s product, those with = € [0,2%) (resp.
r € [2%,2;) continue to buy from firm A (resp. switch to firm B). For consumers who are
satisfied with firm A’s product, it can be expressed by replacing ¢4 with £%. Similarly for
firm B.”

TAssumption 3.1 guarantees that in the equilibrium, switching occurs in period 2 (i.e., 0 < 294 < &% <
B <2y < 2% <1).
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It can be easily verified that the firms set lower prices in both periods compared with the
situation where they do not collect consumer information for BBPD (pV > pG& > pqY and
a3 > pSY > ¢5Y > rGV). This result is in line with that of Villas-Boas (1999) who shows
that dynamic price discrimination lowers all prices. Thus, both firms achieve lower profits

than under uniform pricing.

3.3.3 Subgame NC

The analysis of subgame NC'is symmetric to that of subgame C'N, and thus we omit it.

3.3.4 Subgame CC

When both firms collect consumer information for price discrimination, firm i € {A, B}
charges p;» and 7;5 to its own customers and to the competitor’s previous customers in
period 2, respectively. In this case, the indifferent consumers in period 2 are defined as

follows:

v—t3% —par=v+0—t(1 —3%) —rpy
U—i—@H—ti‘Z—pAQZU—F@—t(l—JAIZ)—TBQ
VA0 —12% —ra=v—t(1 —3%) — ppo

V40—t —ras=v+0g —t(1 — &%) — ppo.

The firms’ demand functions are given by (3.1) and (3.2). A’s and B’s second-period profit

maximization problems respectively are then

max Taz = pas [A2G + (1 — N)&%] +raz [MEG — 21) + (1 — N)(25 — £1)] (3.10)

PA2,TA2
max 7y = poa M1 = #5) + (1= A)(1 = 25)] + 72 [M@1 = 74) + (1 = N)os - 3]
(3.11)

Proceeding similarly as in subgame C'N and denoting the second-period equilibrium profit

for firm i by 75¢, we can set up both firms’ profit maximization problems in period 1 as
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follows:

max 4 = paidy + 15y (3.12)

paA1

I?&X?TB =pp1(1 — 1) + ng. (3.13)
B1

The first-order conditions for the problems (3.12) and (3.13) easily lead to the following

results:

Lemma 3.2. Suppose both firms collect information about consumers and price discriminate.

The equilibrium in the two-stage pricing game is characterized as follows:

(i) The firms’ first-period prices are

— = — — — 3.14
Pai Pp1 3 3 ( )

(ii) The firms’ second-period prices are

cc _,CcC_ 2 | Q

et = = + —
péi pgz t3 93 (3.15)

Faz =Th2 =37 3-

(iii) The firms’ profits are
1t 20 Q2
cc cc

= = — - — 4+ —. 3.16
TATTE T8 T 9 Ty (3.16)
Proof. See Appendix. n

From Lemma 3.2, we can see that in the equilibrium, each firm is poaching its competitor’s
former customers since for any Q € (=0, 05 — 0), p&,¢ > r$C. In period 1, we substitute for
the equilibrium values and obtain z; = % The market allocation in period 2 is described by
gh=31-2_0 g5 =194 b 3d 24840 andiy=2+L+2 % Thus,
among consumers who are dissatisfied with firm B’s product, those with z € (2%, 1] (resp.

r € (#1,2%]) continue to buy from firm B (resp. switch to firm A). For consumers who are
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Firm B
C N

ccC cc CN CN
C g > TR Tpa TR

Firm A

NC __NC NN _NN
N | m4%, mp Ty TR

Table 3.1: Price discrimination decisions

satisfied with firm B’s product, it can be expressed by replacing 2% with £%. Similarly for

firm A.%

We also find that the firms set a higher price in the first period (p5¢ > pY¥) and lower

prices in the second period (r15¢ < pS¢ < ¢3N) than the case where they do not collect

consumer information for BBPD. This result is the same as that of Fudenberg and Tirole
(2000) who show that BBPD raises the first-period price but reduces the second-period

prices. It is noteworthy that if the firms produce search goods (i.e., 8, = 0py), then the
2
3
goods, the first-period equilibrium price and the equilibrium poaching price rise (p5¢ > pj

equilibrium prices are pj; = %, Dl = and 7, = % Hence, compared to the case of search

and r$¢ > %) while the second-period equilibrium price falls (pG¢ < p%) when there exist

sufficiently many dissatisfied consumers (formally A > 9’;;9). The reasons for these results

are as follows. Each firm has room to raise its poaching price as more consumers have a poor
experience with the competitor’s product. However, the presence of dissatisfied consumers
with its own product intensifies price competition in period 2 since each firm should lower
a second-period price to prevent the consumers from switching to the rival firm. The effects

of BBPD on the profits will be discussed in the next subsection.

3.3.5 Price discrimination decisions

Having derived the equilibrium profits for all subgames, we can now examine the firms’ price
discrimination decisions. In period 0, the firms simultaneously decide whether to acquire
consumer information and price discriminate. In practice, firms are likely to make pricing
decisions more often than discrimination decisions, supporting a sequential discrimination-

then-pricing game. The game is represented by the following payoff matrix:

8 Assumption 3.1 guarantees that in the equilibrium, switching occurs in period 2 (i.e., 0 < 2% < &5 <
B < 8% < 2% <1).
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The results are summarized below:

Proposition 3.1. Consider two firms A and B producing experience goods. In the three-
stage game in which the firms first make price discrimination decisions followed by two-period
pricing decisions, there are two (pure strategy) SPNE. In the first SPNE, both firms do not
collect consumer information so that neither firm price discriminates (N, N ). In the other

SPNE, both firms collect consumer information and price discriminate (C,C').
Proof. See Appendix. n

Regarding the relation between the firms’ ability to segment consumers (information qual-
ity) and price discrimination decisions, Liu and Serfes (2004) show that for low levels of
information quality, the unique equilibrium is for neither firm to acquire consumer infor-
mation, whereas when the information becomes more refined, acquiring information to price
discriminate is each firm’s dominant strategy. As in our case, there is no asymmetric equilib-
rium, where one firm acquires information and the other does not. Interestingly, equilibrium
profits are lower under discriminatory pricing than under uniform pricing so that a pris-
oner’s dilemma emerges when the information quality is high. In our setting, however, the

prisoner’s dilemma aspect of price discrimination falls away.

Then the natural question is: which pricing scheme is more profitable? The following propo-

sition answers this question:

Proposition 3.2. Consider the game described in Proposition 3.1. (1) Suppose 0 > kit,
where k; = \/g — 1. Then there exists a critical fraction of dissatisfied consumers, \* =
%}jlm, such that for i € {A, B}, if X > \*, 7¢¢ > 7NN (2) Suppose 0 < kit. Then
7CC < 7NN e (A B},

Proof. See Appendix. O

The first part of the results in Proposition 3.2 shows the possibility that BBPD enables the
firms to make more profits than uniform pricing when sufficiently many consumers experience
a bad fit with their products. The intuition behind this goes as follows. The firms try to
extract higher profits in the first period if it is expected that consumers’ valuations for their
products will decrease over time. BBPD then allows the firms to increase a first-period price
for this. This result contrasts with De Nijs and Rhodes (2013) where BBPD by experience
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good-producing firms reduces the profits. The second result of the proposition tells us that
when the (expected) value of an untried product is small enough, the firms are better off by

pricing uniformly.

3.4 The asymmetric case

In this section we consider the situation in which consumers are initially uncertain about
their valuations for firm A’s product, while they are fully informed of the value of firm B’s
product. In other words, firms A and B produce experience and search goods, respectively.
This can occur in a market where firm A is an entrant and firm B is an incumbent as the

quality of an entrant’s product is unlikely to be revealed at the outset.”

In order for the model to capture such a situation, suppose that the gross benefit consumers
obtain from buying firm B’s product is v+ 6 in periods 1 and 2, and that consumers initially
expect firm A’s product to have the same value as firm B’s product.’® Note here that 0 is
the value of firm B’s product that has been learned through experience prior to A’s entry
on the market, and that it is the value consumers place on the untried product of firm A in
period 1.1 Recall that A € (0,1) is the fraction of consumers who are dissatisfied with firm

A’s product in period 2. We denote the corresponding subgames analyzed in this section by

NN', CN', NC', and CC".

3.4.1 Subgame NN’

In subgame N N’, no information about consumers’ first-period purchases is acquired by the
firms. Thus, the firms cannot identify previous customers so that each charges the same

price to all customers in period 2. Since the respective pricing games of periods 1 and 2 are

In the context of the effects of BBPD on entry and welfare, Gehrig, Shy, and Stenbacka (2011) explore
BBPD by an incumbent in an asymmetric market where the incumbent has a strategic advantage based on
switching costs, while an entrant cannot price discriminate because of having no access to information about
consumers’ purchase histories. They show that: (i) consumer surplus is higher with uniform pricing than
with BBPD; (ii) the entry decision is invariant to whether the incumbent implements BBPD or uniform
pricing; and (iii) BBPD by the incumbent improves social welfare, which comes from the increase in the
incumbent’s profit at the expense of consumer surplus.

10Fven if we assume that consumers initially expect firm A’s product to be unsatisfactory with probability
w € (0,1) as in the symmetric case, the main results of this section do not change.
319

n this section, we assume that 0y < % + 55 » which corresponds to Assumption 3.1.
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independent, 7, = % and the indifferent consumer in period 2, Z,, is defined as

1 1- _
U—|—§<1—)\>0H+§9—t§32—q,42:U‘i‘e—t(l_fZ)_QBQ-

It is then easy to show that the equilibrium prices and profits are

pAY =pp =t

, QO , )
G =t+g and gl =1- ¢

, QO 02 , QO 02
NN NN

—t4+ =4+ and g
A T Ty T 6 "o

where Q 1= (0, — 0) + (1 — \) (0 — 0) "=" (1 — X0y — 4.

We can see that when both firms price uniformly, the experience good-producing firm (firm

A) makes more profits than the search good-producing firm (firm B) insofar as A < 9’;—’@.
H

3.4.2 Subgame CN’

In subgame C'N’, only firm A collects consumer information for BBPD. Hence, in period 2,
firm A offers pas and 749 to its own customers and to firm B’s previous customers, respec-
tively, while firm B offers ¢gs to all customers. Since all consumers are certain about the

quality of firm B’s product, the second-period indifferent consumers are defined as follows:
v—tiffl—pAzZv—l—@_—t(l—i“i)—qm
v+ 0 — 135 —paz =v+0—t(1 —3%) — qpe

U+§—ti’B—T‘A2:?J—f-é—t(l—i'B)—qu.

The second-period demand functions of firms A and B respectively are
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Dao(-) = M + (1 = N)@y + (25 — 1) (3.17)

in A7srturf in Bz turf
Dps(-) = (1 = &p) + M@ — %) + (1 = M) (@1 — &), (3.18)
in B’s turf in A’s turf

Thus, the second-period profit maximization problems of firms A and B can be respectively

written as

p£2%§2 TTA2 = PA2 [)\f?j + (1 — A)HATSA} + T’AQ(HAZ’B - JAZ'I) (319)
MAX Ty = Gy [(1—&p) + A& — 29) + (1= N)(&1 — 29%)] - (3.20)

Proceeding similarly as in Section 3.3 and denoting the second-period equilibrium profit for

firm i by 75", we can set up both firms’ profit maximization problems in period 1 as follows:

max w4 = payiy + 153 (3.21)
pA1
max g = ppi(l — &1) + 7155 . (3.22)
PB1

The next lemma presents the equilibrium prices and profits for subgame C'N':

Lemma 3.3. Suppose only firm A (the experience good-producing firm) collects information
about consumers and price discriminates. The equilibrium in the two-stage pricing game is

characterized by the following:

(i) The firms’ first-period prices are

DAy =3 "9 and pp, = -— — —. (3.23)

p%\ﬂ:%—i_%}_g and CN/—E—@ (3.24)
JON' _ & 119 U2 =5 = g '
A2 T4 92

95



(iii) The firms’ profits are

;o 31t 710 77702 , 17t 370 6302
CN CN
=2 — o . 2
A B8 276 " saear M o 24 138 ' 2116t (3.25)
Proof. See Appendix. H

Since pGy" > ¢§Y > G for any Q € (0,0 — 0), each firm is poaching its competitor’s

previous customers in period 2 (see footnotes 7 and 11). It can be also checked that the

firms set lower prices in both periods compared with the situation where they use uniform

o NN’ o ,CN' < ,CN' NN’ o CN' _ , CN' NN’  CN’
pricing (p™ > P > Par  qaz > Paz > Taz > and qpy’ > gy )

3.4.3 Subgame N(C'

When only firm B collects consumer information, firm B charges pgs and rps to its own
customers and to firm A’s former customers, respectively, while firm A charges g4 to all

customers in period 2. Hence the second-period indifferent consumers are defined as follows:

v—t3% —qaa=v+0—t(1—3%) — 1
VA O — 135 —qar=v+0 —t(1 —35) —rpo

v—i—é—tch—qu:’U—l—ﬁ_—t(l—ig)—pBQ.

The firms’ demand functions are given by (3.17) and (3.18). Then we can respectively

construct the second- and first-period profit maximization problems of the firms as follows:

max ma = qas (A4 + (1 — N)25 + (&5 — 41)] (3.26)

qa2

pmax TRy = pBQ(l - QAZ'B) + TrBo P\(i‘l - i’fg) + (1 - /\)(i’l — i‘i)] s (327)

B2:T"B2
and

maxmyq = pa1di + W]AYQC, (3.28)
PA1
maxp = ppi (1 — &) + 78, (3.29)
PB1
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where 73" is the second-period equilibrium profit for firm 4.

Lemma 3.4 presents the equilibrium prices and profits for subgame NC”:

Lemma 3.4. Suppose only firm B (the search good-producing firm) collects information
about consumers and price discriminates. The equilibrium in the two-stage pricing game is

characterized by the following:

(i) The firms’ first-period prices are

, 11t 70 , 2t 350
NC' __ NC' _
par =45t 6 and ppy 3 93" (3.30)

(ii) The firms’ second-period prices are

Ncr U (8 4 T 92
das = 9 + 16 and TNC’ ot 350 (331)

B2 4 92

(iii) The firms’ profits are
.17t 37 6302 . 31t 71 77702
NC NC

= — 4+ — d = — - — ) .32
Tan T or s Tane M B T U8 T 276 T sdew (3.32)
Proof. See Appendix. n

For any Q € (—0,0g — 0), pR§" > ¢V > r¥¢". Thus each firm is poaching its competitor’s
past customers (see footnotes 7 and 11). As in subgame C'N’, the firms charge lower prices in

both periods than the case where uniform pricing is used (pN™ > pN¢" > pNC" GVN" > V¢,

NN’ NC! NC
and qg," > PRy > Tpy ).

3.4.4 Subgame CC’

Since both firms collect consumer information for BBPD in subgame C'C’, firm i € {A, B}
respectively charges p;o and 7;5 to its own customers and to the competitor’s previous cus-

tomers in period 2. Hence the second-period indifferent consumers are defined as follows:
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v—t2%4 —paa=v+0—t(1—3%) —rps
v+ 0 —ti% —paz=v+0—t(1—235%) —ra

U+é—t.’f3'B—TA2:U—i—g—t(l—ﬁ?B)—pBg.

The firms’ demand functions are given by (3.17) and (3.18). Then we can respectively

construct the second- and first-period profit maximization problems of the firms as follows:

fmxEQZPMLWi+ﬂ—Aﬁﬂ+WM@B—@) (3.33)
A2,T A2
pmax TRy — pBg(l - .QA?B) + 7rp2 [)\(.fl - ii’fg) + (1 — )\)(3?1 — .QA?SA)] N (334)
B2,T"B2

and

maxmy = paidy + WSQC/ (3.35)
pA1

_ X ccr
max7np = pp1(l —21) + 75y , (3.36)
PB1

where Wgcl is the second-period equilibrium profit for firm 7.

The first-order conditions for the problems (3.35) and (3.36) lead immediately to the following

results:

Lemma 3.5. Suppose both firms collect information about consumers and price discriminate.

The equilibrium in the two-stage pricing game is characterized as follows:

(i) The firms’ first-period prices are

, 4t 50 ;o 4t 119
cc cc
=22 el 3.37
Par 3 24 and ppq 3 o4 ( )
(i) The firms’ second-period prices are
cc’ 2t | 170 cc’ 2t Q
— 2t 4 179 —2t_ Q
P =50 g (P2 T s (3.38)
co' _t _ 9 co' _t 10
a2 =37 u B2 =37 2a-
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(iii) The firms’ profits are

, 17t 230 26302 .17t 550 26302
ccr 1Y ccr _ -1 TvRn
T = T 1ar T ae0se M s 18 144 T 4608t (3.39)
Proof. See Appendix. n

From Lemma 3.5, we can see that in the equilibrium, each firm is poaching its competitor’s
former customers since pG¢ > 7§ for any Q € (—0,0y — 0) (see footnotes 7 and 11).
As in subgame CC, the firms set a higher price in the first period (pgcl > phN /) and
lower prices in the second period (r§¢" < pS¢" < ¢5™') than under uniform pricing. Also,
compared to the case of both firms producing search goods, the first-period and poaching

prices rise (pG¢" > pf; and 75" > r%,) and firm A’s second-period price falls (pG§ < p¥s)

when \ > 9’;—;9. Unlike subgame C'C', however, firm B (the search good-producing firm)
charges a higher second-period price to its past customers (p$S” > pi,). This is because
under the condition, the first-period market share of firm B is greater than that of firm A so
that firm B can raise a second-period price due to the increased demand.'? In the following

subsection, we will discuss the profitability of BBPD in the case of asymmetric firms.

3.4.5 Price discrimination decisions

Based on the derived equilibrium profits for all subgames, we can analyze the firms’ price
discrimination decisions. In period 0, the firms simultaneously decide whether to acquire
consumer information and price discriminate. The results are summarized in the following

proposition:

Proposition 3.3. Consider two firms A and B where firm A produces experience goods
and firm B produces search goods. In the three-stage game in which the firms first make
price discrimination decisions followed by two-period pricing decisions, there are two (pure
strateqy) SPNE. In the first SPNE, both firms do not collect consumer information so that
neither firm price discriminates (N, N ). In the other SPNE, both firms collect consumer

information and price discriminate (C,C').

Proof. See Appendix. n

I2Note that in this case, & = % + % Thus if A > 9’;—;5 20<0,i < %
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Even in this setting where the firms are not symmetric, only the symmetric equilibria can
be supported as SPNE. The effects of BBPD on the firms’ profits are then discussed below:

Proposition 3.4. Consider the game described in Proposition 3.3. (1) Suppose 0 > kyt,

where ky = %. Then there exists a critical fraction of dissatisfied consumers, \** =

%}jkﬁ, such that if A > \**, 799" < ¥V and 7§ > 7NN If X < X, then 76" < oV’

i € {A,B}. (2) Suppose 0 < kyt. Then n¢¢" < 7NN’ i € {A, B}.
Proof. See Appendix. n

The first result of Proposition 3.4 says that in the equilibrium, the search good-producing
firm can make more profits by employing BBPD than by employing uniform pricing when
there are sufficiently many dissatisfied consumers with its competitor’s experience goods. In
this case, however, BBPD makes the experience good-producing firm worse off. The second
result of the proposition states that if the experience-related value of firms’ products is small
enough, the firms are better off by pricing uniformly. In addition, from Proposition 3.4,
we can draw the fact that for an experience good-producing firm competing with a search

good-producing firm, BBPD always leads to lower profits than uniform pricing.

3.5 Conclusion

The present study tries to characterize the conditions under which behavior-based price dis-
crimination in markets exhibiting best-response asymmetry is more profitable than uniform
pricing. For this, two cases are considered. In the first case duopolists produce experience
goods and in the second case one firm produces experience goods and the other produces
search goods. Employing a three-period model in which firms first make price discrimination

decisions followed by two-period pricing decisions, we arrive at the following results.

In the case of both firms producing experience goods, there are two subgame perfect Nash
equilibria. In the first SPNE, both firms do not collect information about consumers’ pur-
chase histories so that neither firm price discriminates. In the other SPNE, both firms collect

consumer information and price discriminate.

When both firms use BBPD, they set a higher price in the first period and lower prices in the

second period than in the case of uniform pricing. In addition, compared to the case of both
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firms producing search goods, the first-period price and poaching price increase while the
second-period price decreases when there are enough dissatisfied consumers in the market.
The intuitions behind these results are as follows. Each firm can charge a higher poaching
price as consumers experience a bad fit with the competitor’s product. The existence of
dissatisfied consumers with its own product makes price competition more intense because
each firm should lower their second-period price to prevent the consumers from switching to

the rival firm.

Finally, BBPD leads to higher profits than uniform pricing when sufficiently many consumers
have a poor experience with the firms’ products. The reason is that as many consumers’
valuations are expected to fall over time, the firms can each raise their first-period price via
BBPD, which results in higher profits in the first period.

When one firm produces experience goods and the other produces search goods, there also
exist two subgame perfect Nash equilibria where neither firm acquires consumer information
and where both firms collect consumer information for BBPD. As in the first case, under
BBPD, the price set in the first period is higher and the prices set in the second period are
lower than under uniform pricing. It also turns out that while detrimental to an experience
good-producing firm, BBPD is conducive to profits for a search good-producing firm when
there are enough dissatisfied consumers with its competitor’s experience goods. This is
because as more consumers have a bad fit with the experience goods, a firm producing
search goods can have room to increase its prices in both periods. In practice, the value of
an entrant’s product is likely to be initially uncertain to customers. Thus, this model of the
asymmetric firms can be applied to the situation where an incumbent and an entrant that

are competing in price are considering what pricing scheme to adopt.

3.6 Appendix

Proof of Lemma 3.1

From the first-order conditions for the problems (3.3) and (3.4), we find both firms’ best-

response functions as follows:
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1
Paz(qp2) = 5((132 +t+Q)

1 .
ra2(qp2) = 5((1132 +t—Q—2ti)

1 .
qB2(paz2, Ta2) = Z<pA2 + 7 a9 + 2t).

Solving the best-response functions simultaneously yields the second-period equilibrium

prices:

2 0t
Pa2=91T57%
2% QO Bti
o2 3.40
e N (3.40)
1t
QB2—3 3

Substituting the second-period equilibrium prices into the profit functions in (3.3) and (3.4),

we can get the second-period equilibrium profits for firms A and B as follows:

2t Q td 1 Q z 2t Q Stz 1 Q 52
CN 1 1 1 1
T = =4 =4 = T T - _ - _ = - = _ 3.41
2 (3 2 6)(3 4t 12) (3 2 6 )(3 4t 12) ( )

CN 1 1
T — — . 3.42

Now we need to compute firm A’s first-period market share z;. The consumer who is
indifferent between the firms’ products in period 1 foresees that if she buys from firm A in
period 1, she will switch to firm B in period 2, whereas if she buys from firm B in period 1

she will switch to firm A in period 2. Thus, the indifferent consumer is defined by

V+0 =12 —par F v+ 0—t(1—21) —qpe) =v+0—t(1 —21) —pp1 + [v+ 0 — t&1 — 142].
(3.43)

Plugging the second-period equilibrium prices into (3.43) gives

. 12(pp1 — pa1) + 4t — 692

B = Y (3.44)
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From (3.41), (3.42), and (3.44) we have

Oray _ 5 Oy (_@ N Q N 13t9?:1)

Opa Opa 9 4 36

oSy Oy ([t ti

Opp1 23}731 (9 A ) (3.45)
oty 6

Op a1 B _%

oty 6

Opp1 B %

The first-order conditions for the problems (3.5) and (3.6) are then

ora oy onSy

Ip a1 ' lapm Ip a1

or 0z oneN
le—fl—pBl . B2 — .

dpB1 Opp1 Opmi

Solving the system with (3.45) gives (3.7). It immediately leads to Z; = 5. Replacing &; in

(3.40) with 1,

profit functions in (3.5) and (3.6), we obtain (3.9). O

we get (3.8). Substituting the equilibrium values of p;1, Z1, and 7;2 into the

Proof of Lemma 3.2

From the first-order conditions for the problems (3.10) and (3.11), we find both firms’ best-

response functions as follows:

1
pA2<TB2) = 5(7“32 +t+ Q)
1 A
ra2(pB2) = 5(]932 +t—Q—2tz)
1
pB2(Ta2) = §(TA2 +t+ Q)
1 A
rp2(paz) = §(pA2 —t— Q4+ 2t3y).
Solving the best-response functions simultaneously yields the second-period equilibrium
prices:
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paz =g 3T g
Q 4t
—p— -1 3.46
T A2 3 3 ( )
o Q 2t
PB2 = 3 3
t QO 4Ati
rpp=—7% — — +——
B2 3 3 3

Substituting the second-period equilibrium prices into the profit functions in (3.10) and

(3.11), we can get the second-period equilibrium profits for firms A and B as follows:

t Q 2z 1 Q z Q 4z 1 Q 2%
cc 1 1 1 1
T — _ — - - _ . —— t— — — —— - - 3.47
A2 (3 3 3)(6 6t 3) ( 3 3)(2 6t 3) (3:47)

Q 2tz 1 Q =z t Q 4tz 1 Q 2z
cc 1 1 1 1
700 — [y = ) (24 2 2 o ) (o2 (348
2 ( 3 3)(2 6t 3) (3 3 3)( 6 6t 3) (3.48)

We then need to compute firm A’s first-period market share ;. As in Lemma 3.1, the

indifferent consumer is defined by

V40—t —pa+v+0—t(1—21) —rp) =v+0 —t(1 —31) —pp1 + [0+ 0 — tT1 — T a2).
(3.49)

Plugging the second-period equilibrium prices into (3.49) gives

3(pp1 — pa1) +4t
8t '

.@1:

(3.50)

From (3.47), (3.48), and (3.50) we have
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Opai Opa1 9 3 9

awg§:2af1 (_§_9+10til> (3.51)
Opp1 Opp1 9 3 9

0Ty _i

opa 8t

0ty i

Opp1 8t

The first-order conditions for the problems (3.12) and (3.13) are

37@4 “ 8[%1 871'320
=Z1+pa1 + =0
Opai Opai Opai
o ) 0z orn¢s
B—l—l‘l—pBl : B2 — .
opp1 Opg1  Opm

Solving the system with (3.51) gives (3.14). It immediately leads to Z; = 5. Replacing @,

in (3.46) with %, we get (3.15). Substituting the equilibrium values of p;;, Z1, and 75 into

the profit functions in (3.12) and (3.13), we obtain (3.16). O

Proof of Proposition 3.1

From Assumption 3.1, we know that ¢ > Q. Then, it is easy to verify that 75¢ > 7¥¢ and

oV > 7§V (simultaneously 75¢ > 7GY and 75 > 758¢), which shows the claim. [J

Proof of Proposition 3.2

Recall first that ¢ > Q. From nf¢ = 17t — 22 4 %—: > 7NN =¢ we have Q = (1 - \)fyg — 0 <
t <1 — \/§> = —tky, which reduces to \* = %}jklt < A. Here 0 < A* <1 when 0 > kit. If
0 < kqt, then \* > 1 so that X is always less than A*, which yields 7T,L»CC < 7TZNN. L]

Proof of Lemma 3.3

The first-order conditions of the problems (3.19) and (3.20) lead to the following best-

response functions:
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1 _
Paz(qp2) = §(QB2 +t+Q)

1 R
Ta2(qB2) = §(QB2 +t— 2tiy)
1 o
QBz(pA277’A2) = Z(pAz +ra— Q4+ thl).
Solving the best-response functions simultaneously yields the second-period equilibrium

prices:

2t 5O tdy
Pa2 = 3 1_2 6
2t Q  5tiy
_ b se doth 52
A BT RG (3.52)
ot Q+m1
dB2 = 3 6 3

Substituting the second-period equilibrium prices into the profit functions in (3.19) and

(3.20), we can get the second-period equilibrium profits for firms A and B as follows:

e _ (20 50t (1 5Q & (2t Q0 StE (1 Q5
Taz T\ T T J\3 T T 12 3712 6 3 24t 12

/ t Q ti 1 Q 2
CN 1 1
gON (2 ) (22 3.54
B2 <3 6 3><3 6t 3) (3:54)

The first-period indifferent consumer is then defined by (3.43) with # instead of §. Plugging

the second-period equilibrium prices gives

12(pp1 — pa1) + 4t + Q

3.55
14t ( )

T =

From (3.53), (3.54), and (3.55) we have
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onSN' Oi 2t 50 13tz

7TA2 _ 2 T1 _ a4t + o8s + T

Opa Op a1 9 72 36

N’ o[t Q  tid

Ompy 00 (t_ 8 (3.56)
Opp1 Oppr \9 18 9

0 6

opar Tt

0, 6

opp1 Tt

The first-order conditions for the problems (3.21) and (3.22) are

oma . o, or§Y
=T + PA + =0
Opar ! Opa Opai
orp o, oGy
=1—-12,—pm + =0.
Opp1 Opp1 Opp1

Solving the system with (3.56) gives (3.23). It immediately leads to #; = % + 2%& Replacing

Z71 in (3.52) with % + %, we get (3.24). Substituting the equilibrium values of p;;, &7, and

mi2 into the profit functions in (3.21) and (3.22), we obtain (3.25). O

Proof of Lemma 3.4
The first-order conditions of the problems (3.26) and (3.27) lead to the following best-

response functions:

1 _
= —(ppa + g2+ 2t + Q — 2t3)

~—

qA2 (PB27 B2

4
1
pB2(qa2) = §(CIA2 + 1)
1 a A
rB2(qaz) = §(QA2 —t— Q4+ 2t3y).

Solving the best-response functions simultaneously yields the second-period equilibrium

prices:
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5t Q tdy
P2 = & + E,_ o (3.57)
t 50 5tiy
T T 12 T e

Substituting the second-period equilibrium prices into the profit functions in (3.26) and

(3.27), we can get the second-period equilibrium profits for firms A and B as follows:

, 2 Q  tr 2 O 7
NC 1 1
S e I R 3.58
a2 (3+6 3)(3+6t 3) (3:58)
, 56 Q td 5 QO 7 t 50 5tx 1 50 5&
Net _ (20 e W) Mo R0 _boodk ot ) L 9 ol
52 _(6+12 6)<1Q+24t 12>+< 6 12 & )( 12 24t+12>'
(3.59)

The first-period indifferent consumer is defined by

A

v+ 0 —t3 —pa+[v+0—t(1—31) —rpa] =v+0 —t(1 —31) —pp1+ [v+0 — t21 — qas).

Plugging the second-period equilibrium prices gives

12(pp1 — pa1) + 10t + 7Q

T = 147 (3.60)
From (3.58), (3.59), and (3.60) we have
87’('%26’/ —9 83%1 2t Q i ti&l
Opa T Opm \ 9 18 9
orgy , 0% (5t 130 13td (3.61)
Opp Opp1 36 72 36
din 6
opar Tt
0t 6
oppr Tt
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The first-order conditions for the problems (3.28) and (3.29) are then

O7a
Op a1
Oorg
Opp1

A~ NC'

' 18PA1 Opai
é)jfl 697Té¥§j/
=1—-12, —pm + =0.
Opp1 Opp1

Solving the system with (3.61) gives (3.30). It immediately leads to z; = % + 2%& Replacing

Zy in (3.57) with £ + 2 we get (3.31). Substituting the equilibrium values of p;, i1, and

23t

mi2 into the profit functions in (3.28) and (3.29), we obtain (3.32). O

Proof of Lemma 3.5

From the first-order conditions for the problems (3.33) and (3.34), we find the firms’ best-

response functions as follows:

1 _
paz(rp2) = 5(7‘32 +t+Q)

1 )
ra2(pp2) = 5(?32 +t—2t2y)

1
pB2(raz) = §(TA2 +1)

1 ~ .
rB2(paz) = 5(19,42 —t—Q+2t3y).

Solving the best-response functions simultaneously yields the second-period equilibrium

prices:

_t+§_2+2ti1
pA2—3 3 3
At
m:t—% (3.62)
_, 2
PB2 = 3_
t Q+4t551
rpp=—7——+—
B2 3 3 3

Substituting the second-period equilibrium prices into the profit functions in (3.33) and
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(3.34), we can get the second-period equilibrium profits for firms A and B as follows:

/ t Q 2z 1 Q 7z 4tz 1 2z
cC 1 1 1 1
CC _ it S N (T L 1 Pt B et 3.63
A2 (3 3 3)(6 6t 3) ( 3)(2 3) (3.63)

: 2t 1 t Q 4tz 1 Q 23
cc 1 1 ! !
(s 1 & LR N L 3.64
B2 ( 3)(2 3>+<3 3+3><6 6t+3) (3:64)

The first-period indifferent consumer is then defined by (3.49) with # instead of §. Plugging

the second-period equilibrium prices gives

3(pp1 — pa1) + 4t + Q

. 3.65
o st (3.65)
From (3.63), (3.64), and (3.65) we have
cc A 0 )
(97TA2 —9 8x1 <_§ i Q i 10t$1)
Ipar Opar 9 9 9
onss’ Oy ( 5t 20 10t:z=1)
_ ot 2% 3.66
OpB1 Ips1 9 9 9 (3.66)
01 3
opa 8t
%1 3
Opp1 St

The first-order conditions for the problems (3.35) and (3.36) are

aTFA N 8@1 87’(’220/
Opa1 ! ' Opai Opai
0 ozx oS’
a =1—-21 —pm ! B2 = 0.
opp1 Opp1 Opp1

Solving the system with (3.66) gives (3.37). It immediately leads to ; = % + % Replacing

Zy in (3.62) with § + % gives (3.38). Substituting the equilibrium values of p;1, 1, and m;

into the profit functions in (3.35) and (3.36), we obtain (3.39). O

Proof of Proposition 3.3
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= ., . ’ / / ’ ’ / .
From ¢t > Q, it is easy to see that 75 > ¢ 7N > 7GN' and 7§¢ > 7N Since

Op < £+ 39%5 (see footnote 11) and Q € (—0,0y — 0), we can show that 73" > 78" <
_2B(/BBIE 150t 1 a0y o () < 23(/B25I8E+150)¢

~N

07 07 ~ 2.79t, which proves the claim. [

Proof of Proposition 3.4

From 7$¢ > 7V < O < —W = —kot or Q > —16(2\/129Tg+31)t ~ 5.24t, we have
A > A = %;k?t (-t > Q). Here 0 < A** < 1 when 6 > kyt. On the other hand, since
O < L+ 3 (see footnote 11) and Q € (—0,0y — 0), 79" < 7N VA € (0,1). If 6 < kot,

then \** > 1 so that \ is always less than A\**, which yields Wicc’ < NN O
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Chapter 4

A Note on Uniform Pricing in the

Motion-Picture Industry

4.1 Introduction

Movie theaters in the United States implement several price discrimination schemes such as
discounts for seniors and students, while they charge the same ticket price for all movies.!
Such price uniformity across movies is a puzzle because price variation over differentiated
movies can be a profit-maximizing solution corresponding to different demand characteristics.
One would expect that exhibitors can increase their profits by charging more for blockbusters.
In the case of the digital music industry, using survey data on individuals’ valuations of
popular songs at iTunes where until recently most songs sold for $0.99, Shiller and Waldfogel
(2011) find that alternatives to uniform pricing such as song-specific pricing, bundling, two-

part tariffs and nonlinear pricing can raise both producer and consumer surplus.

Despite the extensive economic literature on pricing for differentiated products, there are
surprisingly few studies on why movie theaters employ uniform pricing. Orbach and Einav
(2007) conclude that exhibitors could increase profits by engaging in variable pricing and

that the legal constraints on vertical arrangements between distributors and exhibitors make

!This phenomenon is referred to as the movie puzzle. Another puzzle in the motion-picture industry is
the show-time puzzle, which refers to the lack of price variation between weekdays and weekends or across
seasons (Orbach and Einav, 2007).
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it difficult to engage in profitable price differentiation.? Chen (2009) considers the agency
problem associated with concession sales between the exhibitors’ profit maximization and
the distributors’ revenue maximization. He finds that the high profit mark-up from movie
theaters’ concession sales makes uniform pricing the profit-maximizing solution for exhibitors
and that unless many successful event movies are expected, tiered pricing over regular and
event movies will not benefit either exhibitors or distributors. Finally, Courty (2011) shows
that a monopolist charges the same price for differentiated products when high quality

products are likely to be assigned to low valuation consumers.

The movie business is risky as the market success of movies is not easily predicted. By
showing that the probability distributions of movie box-office revenues and profits are char-
acterized by heavy tails and infinite variance, De Vany and Walls (1999) conclude that there
are no formulas for success in the motion-picture industry and that no amount of star power
or marketing hype can make a movie a hit. Also, movies are experience goods in the sense
that people do not know whether they will like a movie until they have seen it (Nelson, 1970).
Thus, moviegoers decide which movie to see based on factors other than a movie’s quality,
which may be in the form of signals. The recent work of Moretti (2011) considers social
learning in consumption of movies where movies’ quality is ex ante uncertain and consumers
hold a prior on quality, which they may update based on information from their peers. Using
box-office data, he finds that social learning appears to have an important effect on profits

in the movie industry.

In the context of price signaling, Wolinsky (1983) shows that considering a market in which
the exact quality chosen by a firm is known only to the firm itself, prices serve as signals and
each price-signal exceeds the marginal cost of producing the quality it signals. Milgrom and
Roberts (1986) show that when consumers make repeat purchases, a high price combined
with advertising enables a monopoly to signal its quality. High quality could also be signaled
by a high price alone but this would reduce current demand, which is the basis of future
demand. Bagwell and Riordan (1991) consider a situation where a monopoly signals quality
to consumers when some consumers are informed about product quality. They find that in
a one-period market, firms first signal high quality with prices higher than full information
profit-maximization prices. As information about product quality is diffused, this price

distortion decreases. Hence, high and declining prices signal a high quality product due to

2By the Paramount decrees, distributors are not allowed to vertically integrate theaters and any involve-
ment of distributors in box-office pricing is prohibited.
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an increasing number of informed consumers.

The present study considers the situation where moviegoers form their beliefs about movie
quality through pricing schemes to which an exhibitor commits. Using Hotelling’s model of
product differentiation, we show that committing to uniform pricing is more profitable for
an exhibitor than committing to variable pricing under certain conditions on moviegoer’s

beliefs. The welfare consequences of a uniform pricing commitment are investigated as well.

The remainder of the paper is organized as follows. Section 4.2 sets up the model. Section
4.3 presents the results of our work, and Section 4.4 extends the model by allowing an
exhibitor to choose the location (genre) of movies and considering an arbitrary distribution

of moviegoers. Section 4.5 concludes.

4.2 The model

Consider a multiplex in which an exhibitor is playing two differentiated movies located at the
ends of the Hotelling unit interval, with movie 1 at point 0 and movie 2 at point 1 (we will
relax this assumption in Section 4.4). We assume that the marginal cost of screening a movie
for an additional audience is zero. There is a continuum of moviegoers uniformly distributed
on the interval [0, 1] with a unit mass (an arbitrary distribution will be considered in Section
4.4). Each moviegoer sees at most one movie. A moviegoer located at x € [0, 1] wants to
see x kind (genre) of movie more than any other kind of movie. Thus, the moviegoer incurs
a disutility of tx when seeing movie 1, and of #(1 — x) when seeing movie 2, where t > 0
measures the per-unit transportation cost (or distaste’s cost of seeing away from her ideal

movie).

Motion pictures are uncertain products in the sense that it is difficult for movie theaters to
estimate which movie will be a hit or flop before screening it (De Vany and Walls, 1999).?
Suppose thus that each movie is of either high (H) or low (L) quality and that the exhibitor
does not observe the exact quality of the movies prior to their release. However, since movie
theaters can predict, to some extent, whether a movie will be a hit based on movie stars or
marketing hype, we also suppose that the exhibitor expects movie 2 to be of high quality
with higher probability than movie 1. This gives the exhibitor incentive to set a higher ticket

3Screenwriter William Goldman’s famous saying about the movie industry is that “nobody knows any-
thing” about the success of a movie.
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price for movie 2. Nevertheless, the exhibitor can consider charging the same price for both
movies as it is uncertain about how moviegoers will evaluate them. Indeed, one common
explanation for price uniformity is that different ticket prices are likely to be perceived as
quality signals and can deter moviegoers from seeing low-priced movies (Orbach and Einav,
2007). Letting p; denote the ticket price of movie i € {1,2}, we then make the following

definition:

Definition 4.1. An exhibitor is said to use uniform pricing (resp. variable pricing) when

p1 = p2 = p (resp. p1 < Pa).

Due to the symmetry of the model, we will only consider that p; < ps in case of variable
pricing. Of course, this comes from the assumption that the exhibitor expects movie 2 is
more likely to be of high quality than movie 1. To incorporate the exhibitor’s choice of
the pricing schemes into the model, it is assumed that the exhibitor commits to whether it
would employ uniform or variable pricing before setting movie ticket prices and that this
commitment is binding.* In what follows, we denote by u (resp. d) uniform (resp. variable)

pricing.

Likewise, moviegoers are uninformed of the quality of movies before viewing it and thus
their decisions about which movie to see rely on factors other than movie quality. Here, we
consider the situation where moviegoers form their expectations about movie quality based

on the pricing schemes to which the exhibitor commits.

Let 4/ € (0,1) denote the belief (probability) moviegoers assign to the event that movie i is
of high quality when the exhibitor commits to the pricing scheme j € {u,d}. Also, let s,
(resp. sp) be the basic value each moviegoer attaches to a low-quality (resp. high-quality)
movie, where sy > s;. Then a moviegoer indexed by = € [0,1] enjoys (expected) utility
sy + (1 —pl)sp —t(| & —i+ 1) — p; from seeing movie i under the pricing scheme j. If

moviegoers do not see any movie, their utility is zero.

Our key assumption is that, conditional on the pricing schemes to which the exhibitor com-

mits, moviegoers form their beliefs about the quality of movies in the following manner:

(4.1)

4An example of such a commitment is to maintain or change customary pricing patterns.
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where, without loss of generality, b, < b < bs.

The belief formation (4.1) implies that if the exhibitor commits to uniform pricing, moviego-
ers believe the quality of the two movies is high with equal probability, whereas they believe
movie 2 is more likely to be of high quality than movie 1 under a variable pricing commit-
ment. Despite its simplicity, this belief formation captures the important stylized fact that
a high price signals high quality (Wolinsky, 1983; Bagwell and Riordan, 1991).

For simplicity, sy, is normalized to zero. The utility of a moviegoer indexed by z € [0, 1] is
then defined by

bsy —tx —p if he sees movie 1; uniform

bsg —t(1 —z) —p  if he sees movie 2; uniform

&
I

bisg —tr — pr if he sees movie 1; variable (4.2)

bosy — t(1 — z) — po  if he sees movie 2; variable

0 if he does not see any movie.
\

In sum, the interaction of the exhibitor and moviegoers is as follows:

e Stage 1: The exhibitor commits to whether it would use uniform or variable pricing.

e Stage 2: Conditional on the pricing scheme to which the exhibitor commits in stage 1,
moviegoers form their beliefs about movie quality. The exhibitor chooses movie ticket
prices according to the pricing commitment and then moviegoers decide which movie

to see with their beliefs.

The following assumption on the parameters of the model will be maintained throughout

the paper:

Assumption 4.1. b, — b; < 82—2

The assumption guarantees that in equilibrium, there always exist moviegoers who prefer
seeing movie 1 to 2, even if movie 1 is believed to be of lower quality because of a variable

pricing commitment. In addition, the following definition will be useful in discussing our

results:
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Definition 4.2. A commitment to variable pricing is said to have a negative effect (resp.
positive effect) on moviegoer’s beliefs about the quality of movies if it leads to by + by < 2b
(resp. by + by > 2b).

By Definition 4.2, the negative effect of committing to variable pricing means that the sum
of the movies’ expected values under a variable pricing commitment is lower than under a

uniform pricing commitment.

4.3 Analysis and results

To explore how the two pricing commitments affect the exhibitor’s profit, moviegoer surplus,

and social welfare, we begin this section with the analysis of the pricing schemes.

4.3.1 Uniform pricing

Consider first the case where the exhibitor commits to uniform pricing. Let £ denote a
moviegoer who is indifferent between seeing movie 1 and movie 2. Given a price p and a
belief b, z* is determined by bsy — tz* — p = bsy — t(1 — %) — p in (4.2). Solving this
condition gives 7% = %, which means that all moviegoers indexed on [0, %] will see movie 1,
whereas all moviegoers indexed on (%7 1] will see movie 2. The exhibitor can then maximize
its profit by extracting all the surplus of this marginal moviegoer. The equilibrium values

for price, profit, and £“ when committing to uniform pricing are thus

t
p* = bsy — 3
t
T =bsy — - (4.3)
2
w1
=3

4.3.2 Variable pricing

Suppose now that the exhibitor commits to variable pricing. Recall that in the case of a

variable pricing commitment, we have b; < by. Let 2¢ denote a moviegoer who is indifferent
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between seeing movie 1 and movie 2. Given prices (p1,p2) and beliefs (by,by), we have

T4 = % + (bl_gf)s’{ + B2 from bysy — t24 — p; = bysy — t(1 — 2%) — py in (4.2). When the

exhibitor chooses prices p; and ps to maximize ™ = p12? + po(1 — 29), it extracts all the

surplus of the marginal moviegoer indexed by 2. The equilibrium values for prices, profit,

and £¢ under a variable pricing commitment are then®

(3by + by)sy  t by +3b2)sy
p‘li:—142 ~ 5 andpg:—(1 42) 5
d_ (by +2b2)8H n (b2 —8111)23%1 _ % (4.4)
fd _ 1_ M

2 4t

4.3.3 Exhibitor’s profit

To characterize the conditions under which the exhibitor has incentive to commit to uniform

pricing, we calculate 7 — 7. From (4.3) and (4.4) this calculation yields the following:

Proposition 4.1. Suppose a commitment to variable pricing has a negative effect. Then
committing to uniform pricing is more profitable than committing to variable pricing if movie-

goer’s beliefs about movie quality satisfy

2b(bz (flef : i (4:5)
Figure 4.1, drawn for sy = 2t and b = %, shows the ranges of moviegoer’s beliefs for the
model predictions.® Given that under a uniform pricing commitment, moviegoers expect
the two movies to be of high quality with probability %, the exhibitor can be better off by
committing to uniform pricing if moviegoers form their beliefs (b; and by) under a variable
pricing commitment in region A+B (excluding the boundaries). For example, we can see
that when movie 1 for which the exhibitor commits to charge a low price is believed to be of
low quality with high enough probability, committing to uniform pricing is more likely to be
profitable. However, if moviegoer’s belief that the quality of the high-priced movie (movie

2) is high is large enough, then a variable pricing commitment would emerge as an optimal

5For details of the derivations, see Lemma 4.2 and its proof in Section 4.4.
1

SFor the cases of b = s and b= %, see Figures 4.2 and 4.3 in Appendix.
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Figure 4.1: Belief ranges for the model predictions (sy = 2t, b = 3)

strategy (see, e.g., the point ¢ in Figure 4.1). Therefore, (committing to) uniform pricing
observed in the motion-picture industry reflects that audiences still remain uncertain about
a movie’s quality even though movie theaters (commit to) charge a high ticket price for the

movie.

The following result can be directly obtained from Proposition 4.1:

Corollary 4.1. Committing to variable pricing is more profitable than committing to uni-
form pricing whenever it has a positive effect.
4.3.4 Moviegoer surplus

Consider now the effects of the two pricing commitments on moviegoer surplus. From (4.2)

and (4.3), aggregate moviegoer surplus under a uniform pricing commitment is given by

- 1

oS" = / [bsy — tx — p"] dx +/ bsg — (1 — ) — p*de = ;1 (4.6)
0 z
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Using (4.2) and (4.4) gives aggregate moviegoer surplus under a variable pricing commitment

as

4d 1
e = [ s —to—pi]do+ [ [oasu — t(1—x) - pf] do

Id
9 2
:ﬁ—%%—m%1+ﬁ+a@‘WW} (4.7)
S 8t
. t (bz - 61)23125(
1T 1w

Subtracting (4.6) from (4.7) yields

(by — by)?s%

d u
cs*—-CS T6t

> 0.

Hence, we can formulate the following result:

Proposition 4.2. Aggregate moviegoer surplus is higher under variable pricing than under

uniform pricing, regardless of the effect of committing to variable pricing.

The proposition says that a variable pricing commitment is desirable from the viewpoint of
moviegoers. This is because committing to variable pricing partially allows moviegoers to

acquire information about which movie will be better.

4.3.5 Social welfare

Except that a commitment to variable pricing has a positive effect, a uniform pricing com-
mitment can generate a distributional conflict between the exhibitor and moviegoers. We
therefore identify the conditions under which the exhibitor’s profit associated with uniform
pricing exceeds the loss in moviegoer surplus. To that end, define social welfare as the sum

of aggregate moviegoer surplus and the exhibitor’s profit.

Using (4.3) and (4.6), social welfare under a uniform pricing commitment is given by

W = bsy — (4.8)

t
1
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(4.4) and (4.7) give social welfare under a variable pricing commitment as

Wd _ (bl + bg)SH i 3(b2 — 51)28%{ _

t
—. 4.
2 16t 4 (49)

Subtracting (4.9) from (4.8), we can draw the following result:

Proposition 4.3. Suppose a commitment to variable pricing has a negative effect. Then
committing to uniform pricing achieves higher social welfare if moviegoer’s beliefs about

movie quality satisfy

2b — (bl + bg) > 3SH
(by — ;)2 8t

Region B (excluding the boundaries) in Figure 4.1 presents the range of moviegoer’s beliefs
in which a uniform pricing commitment improves social welfare. Notice that the increase
in social welfare by uniform pricing comes from the increase in the exhibitor’s profit at the

expense of moviegoer surplus.

From Proposition 4.3, the following result is also obtained:

Corollary 4.2. Social welfare is higher under variable pricing compared with uniform pricing

whenever a commitment to variable pricing has a positive effect.

4.4 Extensions

In this section we extend the model by relaxing the assumptions: (i) movie 1 and movie 2
are located at the endpoints (0 and 1) of the unit interval, and (ii) moviegoers are uniformly
distributed on the interval [0,1]. In other words, we examine the effects of the choice of
movie location (genre) and an arbitrary distribution of moviegoers over the interval on the

profitability of a uniform pricing commitment.
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4.4.1 Location choice

We first allow the exhibitor to choose the location of movies before setting movie ticket prices

at stage 2.7 The next lemma gives the exhibitor’s optimal choice of movie location:

Lemma 4.1. Let (/ = (x]l,x;) be the optimal location of movies 1 and 2 when committing
to the pricing scheme j € {u,d}, where xf denotes a point at which mowvie 1 is located and
0 <z} <} <1. Then, we have

Proof. See Appendix. n

Lemma 4.1 implies that, when committing to the pricing scheme 7, the original location of
2
the exhibitor’s profit under a commitment to the pricing scheme j with the optimal movie

movies (0,1) is dominated by ¢ in the sense that 7, > 77, where 7J, (resp. 7/) denotes

location (resp. original movie location).

We can then examine the profitability and welfare consequences of each pricing commitment
with its optimal movie location. The following proposition, in line with the previous re-
sults, summarizes the results on the exhibitor’s pricing strategy when the movie location is

endogenously determined:

Proposition 4.4. Suppose that an exhibitor chooses the location (genre) of movies prior
to setting movie ticket prices. Suppose also that a commitment to variable pricing has a

negative effect. (i) Committing to uniform pricing then emerges as an optimal strategy if
W > 3;5. (ii) It also achieves higher social welfare if W > 71‘2’;’ (i1i) Aggregate

mouviegoer surplus is higher under variable pricing than under uniform pricing, regardless of

the effect of committing to variable pricing.

Proof. See Appendix. m

"This would apply, for example, to a movie industry that is vertically integrated and where producers
(who choose the genres of movies to be produced) are also exhibitors.
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4.4.2 Arbitrary distribution

Next, suppose that moviegoers are distributed on the interval [0, 1] according to an arbi-
trary distribution function F' with full support and density f. Here we restrict ourselves to
distributions whose median is % for simplicity. Assuming that the density function f(z) is

continuous and log-concave, we obtain the following results:

Lemma 4.2. Suppose that an exhibitor commits to variable pricing. The indifferent movie-

goer is characterized by the solution to the equation

(bl — bg)SH 1 - 2F([i’d)

2¢9—1= 4.10
' ro TG 10

The unique equilibrium prices are then given by
pl=bisg —ti? and pd = bysy —t(1 — 29). (4.11)

The corresponding outcomes when committing to uniform pricing (z* and p*) can be also
obtained by replacing by and by in (4.10) and (4.11) with b.

Proof. See Appendix. n
Since by < by, %Z)m is monotonically decreasing, and 1—1[2(1;)(@ =0atz= %, we know that

2 < %, and thus F(2%) < F(3) = 5. Lemma 4.2 yields (4.3) and (4.4) when F is a uniform
distribution on [0, 1].

We can then state the following proposition:

Proposition 4.5. Suppose a commitment to variable pricing has a negative effect. Then

committing to uniform pricing is more profitable if

1— VM

F(z%) >
(x) 2 )

(4.12)

where M = (zb_bl_bj)s’{f(id) > 0 and 2% is the indifferent moviegoer under variable pricing.
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Proof. See Appendix. m

Proposition 4.5 tells us that if, despite movie 1 being believed to be of lower quality than
movie 2 due to a variable pricing commitment, the number of moviegoers seeing movie
1 (F(2%)) is greater than %ﬂ (and less than 1), committing to uniform pricing makes
the exhibitor better off. However, committing to variable pricing is more desirable for the
exhibitor whenever it has a positive effect. Note that this result yields (4.5) when F' is a

uniform distribution on [0, 1].

4.5 Conclusion

This work provides a possible explanation of the fact that one price is charged for all movies
(regardless of their quality) in the motion-picture industry. Considering moviegoer’s beliefs
depending on the pricing schemes to which the exhibitor commits, it shows that there exists a
range of moviegoer’s beliefs in which committing to uniform pricing is profitable and improves
social welfare. This range can be characterized by a low belief that a movie for which the
exhibitor commits to charge a high price is of high quality (equivalently, a relatively high
demand for a movie believed to be of lower quality), which reflects that moviegoers remain
uncertain as to the quality of movies despite price differentials. A commitment to variable
pricing is, however, more desirable in terms of the exhibitor’s profit and social welfare insofar
as it has a positive effect on moviegoer’s beliefs. It is also more conducive to moviegoers.
Finally, the profitability of a uniform pricing commitment holds even when introducing the

exhibitor’s choice of movie location (genre) and an arbitrary distribution of moviegoers.

4.6 Appendix

Proof of Lemma 4.1

Consider first the case of a variable pricing commitment. The optimal locations of the movies

are determined such that

24 g L1+a?
2

xf:? and x§ = : (4.13)



which results in (z¢, 2%) = (}1 - (bQ_Sbtl)sH, 8 _ (bQ_gtl)sH). Then the optimal prices are
g (bisg + bas t g bi1sg + Thys t
pfz%_z and ¢ = %_Z (4.14)

By setting movie 1’s ticket price at p¢, the exhibitor can extract all the surplus of moviegoers
located at 0 and 2¢. Similarly, the exhibitor can extract all the surplus of moviegoers located

at ¢ and 1 by charging p¢ for movie 2.

To show 2¢ = i—zd, suppose first that 24 < “;—d Then it will not gain any new moviegoers on
[0, 2°] but will lose some of those on [£, 29]. In other words, if the exhibitor chooses movie

2 2
1 away from z¢, the only way it can continue to serve the entire market is by cutting movie
1’s ticket price below p¢, which leads to lower profit. The same logic can be applied when
2¢ > & Thus 2¢ = £ The proof of 24 = %2 is omitted since it is similar to that of
d
x{ =

vl

In the case of a uniform pricing commitment, we can obtain

u 13
(27, 25) = (171)
t

P =55 =" =bsu — .

by replacing b, and by in (4.13) and (4.14) with b. O

Proof of Proposition /./

By using the results of Lemma 4.1, we can easily calculate the exhibitor’s profit and movie-
goer surplus when the movie location is endogenously determined (see Tables 4.1 and 4.2

below). Formally,

T = D'z 4+ p*(1 — 2")

mh = piat + pa(1 — @9,

and
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Location  Uniform (u) Variable (d)

u _ ot d _ (bitb2)sy (b2=b1)?sf; ¢

(0,1) T = bsy 2 T = 2 + 81 2
(z,23)  mpu = bsy — 5 - .,

d .d d _ (bi+b2)sy 3(b2—b1)?s% ot

(zf, 19) - Tpa = 2 + 16t 4

Table 4.1: Profit with the optimal movie location

Location Uniform (u) Variable (d)

(0,1) CS' =7  CS'=i+ RN
(':EQILVIQQL) CS;U = 3 — R
(¢, 29) - C5d, = Ly Lol

Table 4.2: Moviegoer surplus with the optimal movie location

AU

T 1
CSp =2 x / (bsH—t|x—x1f|—ﬁ“)d:U+/ (bsH—t|x‘2L—x\—]5")d:c]

u u
|7 1 T2

&4 1
CSd =2 x / (blsH—t]:c—fo]—ﬁf)d:c—l—/ (bgsH—t|x§l—x\—ﬁg)da:].
T $d

d
LY T1 2

Then 7§, > 7§, formulates (i). From Wi = 7, + CSp > Wik = 7w, + CS4, we obtain (ii).
Finally, (iii) can be derived from C'S%, > CSp. O

Proof of Lemma 4.2

At the optimal choice (p{, p), the exhibitor extracts the entire surplus from the indifferent

moviegoer ¢

bisg —ti? — pd = bysy — t(1 — %) — pd = 0. (4.15)

The problem faced by the exhibitor is given by

maxm = p1 F’
p1,p2

2" ot ot

L, (b1 —0ba)sg  p2—m
1—F (= .
+p2( (2 T T

Using (4.15), this problem can be rewritten as

(1 (by — bo)su e —p1>
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max m = (bysy —tx)F(z) + (basyg —t(1 — 2))(1 — F(x)). (4.16)

0<z<L1

Differentiating the profit with respect to x yields

or 1—2F(x)
e f(z)(by — by)sy +tf(x) <1 — 2z + —) :

f(x)

1-2F(x)
f(=)
both F' and 1 — F are log-concave (Bagnoli and Bergstrom, 2005). Thus, there exists a

Notice that g—g!zzo > (0 and %‘x:l < 0. Moreover, is monotonically decreasing since

unique point ¢ for which g—; = 0, which is characterized by (4.10). O

Proof of Proposition 4.5

Under the distribution F, Lemma 4.2 gives * = 1 and F(2") = 1.

profit when committing to uniform pricing is given by

Hence the exhibitor’s

Wu:bSH——. (417)
(4.16) yields the exhibitor’s profit under a variable pricing commitment:

78 = (bysy — t2)F(2%) + (basy — t(1 — 2%))(1 — F(3%)
= bysy + (by — by)sgF(2%) + t(F (2% (1 —22%) + 2% — 1). (4.18)

Subtracting (4.18) from (4.17), we have

pu gt = bz b)sn (ﬂ) (1 - F(i"d))

2 F(@9) 2
- 2 2| 7@y |

Here 1 —2F(2%) > 0 since F(2?) < 3. Finally, from 7% — 7% > 0, we can arrive at (4.12). O
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Figure 4.2: Belief ranges for the model predictions (sy = 2t, b = %)
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Figure 4.3: Belief ranges for the model predictions (sy = 2¢, b = %)
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