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Abstract

This paper investigates the competitive and welfare effects of information accuracy im-
provements in markets where firms can price discriminate after observing a private and noisy
signal about a consumer’s brand preference. I show that firms charge more to customers they
believe have a brand preference for them, and that this price has an inverted-U shaped rela-
tionship with the signal’s accuracy. In contrast, the price charged after a disloyal signal has
been observed falls as the signal’s accuracy rises. While industry profit and overall welfare
fall monotonically as price discrimination is based on increasingly more accurate information,
the reverse happens to consumer surplus. The model is also extended to a public information
setting. For any level of the signal’s accuracy, moving from public to private information
boosts industry profit and welfare at the expense of consumer surplus.

JEL Code: D43, D80, L13, L40

Keywords: Competitive Price Discrimination, Customer Recognition, Imperfect Inform-
ation.

1 Introduction

“Dynamic pricing is a new version of an old practice: price discrimination. It uses a
potential buyer’s electronic fingerprint—nhis record of previous purchases, his address,
maybe the other sites he has visited—to size up how likely he is to balk if the price is
high. If the consumer looks price-sensitive, he gets a bargain; if he doesn’t he pays a
premium.”

Paul Krugman (2000)

The increasing use of the Internet and the development of more sophisticated methods for ac-
quiring, storing and analysing consumer information have dramatically improved the capability
of sellers to predict the consumers types or preferences and to set prices accordingly. However,
it is frequently the case that due to insufficient information or inaccurate statistical inferences
firms may not be able to perfectly predict (recognise) the tastes of individual consumers. When

*This paper is based on chapter 2 of my PhD thesis at Oxford University. I am extremely grateful to Mark
Armstrong (my supervisor) for helpful discussions and criticisms. Thanks for comments are also due to Paul
Klemperer, Robin Mason and seminar participants at the 2008 EARIE Conference (Toulouse) for their valuable
comments on early versions of this paper. Of course, any errors are my own. Financial support from Fundagao
para a Ciéncia e a Tecnologia is gratefully acknowledged.

TUniversidade do Minho (EEG) and NIPE. Email: rbranca@eeg.uminho.pt



a firm has access to inaccurate information some consumers can be wrongly recognised and
be offered the wrong intended price.!"?On the other hand, perhaps because each firm purchases
customer data from a different marketing company, firms may possess private information about
consumers, implying that they don’t know for sure how a given consumer is classified by rival
firms for price discrimination purposes.

With few exceptions,? the vast majority of previous literature on competitive price discrimin-
ation with customer recognition has mainly considered situations in which information is perfect
and freely available to all firms or it is not available to any firm. A good understanding of the
profit, consumer surplus and welfare implications of price discrimination with customer recog-
nition needs to be founded on a good understanding of the informational context in which it is
implemented. This paper is a step in this direction. It explores the following questions. How
does profit, consumer surplus and overall welfare change as firms have access to more accurate
information about consumers? Are consumers better off when firms possess private information
about them or rather when firms have public information?

The paper adds to the literature on pricing with customer recognition a theoretical model
that encompasses situations where firms are uncertain about (i) the consumer preferences and
(ii) the information the rivals possess. One way of dealing with this possibility is by introducing
some randomness in the accuracy of a firm’s private information. The paper addresses, in
section 2, a Hotelling model where two firms A and B sell their products directly to consumers
whose loyalty degree towards the right-hand firm (firm A) is indexed by their location along an
interval. Each firm’s private imperfect information comes from the observation of a noisy signal
that is not seen by the rival firm, which informs with only some level of accuracy whether a
customer favours brand A or rather brand B. Each firm has imperfect private information about
whether each consumer has a preference for it or for its rival, but no information about the
extent of this preference. One important implication of this assumption is that markets are no
longer completely separate as some consumers will be misrecognised and will receive the wrong
intended price.*

Section 3 looks at the equilibrium price behaviour of firms when price discrimination is
based on private and imperfect information. As in the extant literature (e.g. Thisse and Vives
(1988), Chen (1997) and Fudenberg and Tirole (2000)) it is shown that firms will always set a
higher price to a consumer recognised as loyal than to a consumer they believe have a brand

'In the telecommunications industry, for instance, AT&T once mailed three rebate checks to a marketing
executive of MCI to switch phone services (Chen, et al. (2001), p.24). Credit card issuers occasionally send
targeting offers to the deceased, to children, and even family pets (Chen et al.(2001), footnote 2).

’Tn the Internet, user cookies are misleading. A cookie is unique to a computer, not a person. The information
stored in a cookie typically aggregates behavioral clues from multiple users of different gender, age, and interests.
So if firms use cookies to predict a consumer taste they may not be able to perfectly predict each consumer type.

*Basically Chen et al. (2001) and Liu and Serfes (2004). See the discussion of these papers in the subsequent
related literature.

4The model addressed in this paper fits well pricing policies that will be possible through the mobile wireless
technologies. Particularly relevant will be the possibility of firms setting their prices according to the geographic
location of consumers—i.e., to set different prices to consumers with different location-based information. In
general, a typical cell phone that is turned on sends out signals every ten minutes and identifies the location of
the nearest cell tower. These signals can then be used to determine a cell phone user’s location so that even without
the precise auto-location technologies (e.g. GPS), a user’s location can be predicted fairly precisely. Thus, after
receiving a signal more or less accurate about each individual’s location, a firm might be able to price discriminate
between consumers located near its store and consumers located closer to a rival’s store. To read more on mobile
wireless technologies and consumer uses see for instance www.ftc.gov/bep/reports/wirelesssummary.pdf



preference for the rival’s product (Proposition 2). In section 4, I explore the competitive effects
of information improvements on the equilibrium outcomes. Regarding the effects on prices, we
will see that the price for customers recognised as loyal has an inverted-U relationship with the
signal’s accuracy and may be above (below) the non-discrimination level for low (high) levels
of the signal’s accuracy. In contrast, the price charged to a customer recognised as disloyal is
always below the non-discrimination level, and lower the more accurate is the signal (Corollary
1).

The welfare analysis is presented in section 5. Here, it is shown that, when firms have in-
formation to price discriminate, consumer welfare is always above the non-discrimination level
and increases monotonically as the accuracy of the private signal rises (Corollary 4). In con-
trast, industry profit and overall welfare are always below the non-discrimination levels and fall
monotonically as firms possess increasingly more accurate information (Proposition 3).

The remainder of the paper deals with public and imperfect information. Section 6 extends
the model of section 2 to the case where both firms observe a public noisy signal about each
consumer’s brand preference. The signal is “public” in the sense that its actual realization is
common knowledge of both firms. Section 7 compares the equilibrium outcomes with private
and public information. Here it is shown that firms price more aggressively when both have the
same piece of information. So moving from private to public information is good for consumers,
but bad for industry profit and overall welfare (Proposition 6).

The advances in information technologies have provided unprecedented opportunities for
the collection and sharing of information about consumers. The way this information is used
has increasingly attracted the attention of regulators, policy makers and privacy advocates.
This paper offers some criterion to assess how overall and consumer welfare evolve as price
discrimination is based on more precise information as well as on private rather than on public
information. It suggests that any advice to a regulatory authority should take into account
whether the target is welfare or solely consumer surplus. It highlights that when personal
information about consumers is used for price discrimination purposes, any policy restricting
the use and/or the access to more accurate information about consumers would act in favour of
industry profits and overall welfare but against consumer welfare.”

Related literature This paper is related to the literature on price discrimination in imper-
fectly competitive markets,® mainly to the literature on price discrimination based on customer
recognition.” Most of this literature has assumed that firms can perfectly (i) recognise each indi-
vidual consumer’s tastes and offer them personalized prices (e.g. Thisse and Vives (1988)) or (ii)
can group consumers into two different segments, their own (loyal) and the rival’s customers and
price accordingly (e.g. Chen (1997), Villas-Boas (1999), Fudenberg and Tirole (2000), Shaffer
and Zhang (2000)). In either case all firms offer personalized prices/price discriminate on the
basis of the same piece of information and with no uncertainty about consumer types.

Thisse and Vives (1988) show that when firms have the same piece of information about each
individual consumer (i.e. each firm observes a public fully accurate signal of each consumer’s
brand preference), and firms base their prices on this observed signal (i.e. firms set personalized

°Tt is important to stress that this paper looks only on the use of information about consumers for price
discrimination purposes. Obviously, the discussion on consumer privacy issues is far more complex than the
present analysis.

®See Armstrong (2006) and Stole (2007).

"See Fudenberg and Villas-Boas (2007) for a comprehensive review and Esteves (2009b).



prices), then each consumer is a completely separate market to be contested. As a result, they
show that price discrimination may intensify competition leading all prices and profits to fall
compared to the non-information (no discrimination) case.® Thus, it can be said that the model
proposed in this paper is a natural way of thinking of situations where firms set personalized
prices. It extends the Thisse and Vives’s model in the sense that even though a firm cannot
observe the true brand preference of each individual consumer, it is able to observe a noisy
private signal of a consumer’s brand preference, and thereby to set its prices accordingly.

Other papers have extended the Thisse and Vives’s analysis to frameworks where, although
firms are unable to observe the brand preference of individual consumers, they are able to
recognise them only as their own customers or as the rival’s customers. These models have
assumed that by observing the consumers’ past purchasing decisions, firms obtain a public and
perfectly accurate signal of whether a consumer prefers its brand or the rival’s one and price
differently to loyal and the rival’s customers. However, because information is fully precise and
public there is neither misrecognition of consumers nor uncertainty about the rival’s information.
In these papers information may disclose exogenous switching costs (e.g. Chen (1997) and Taylor
(2003)), or exogenous brand preferences (e.g. Villas-Boas (1999), Fudenberg and Tirole (2000)
and Shaffer and Zhang (2000)). These models assume that firms observe the same piece of
information and thereby each consumer is classified into the right segment. For instance, in
Fudenberg and Tirole (2000) after a firm has observed whether or not a consumer bought its
product previously, it is able, in period 2, to segment the market into old (loyal) customers
and rival’s (disloyal) customers. Once one firm recognises a customer as a loyal one it must
be the case that the competitor recognises that customer as a disloyal one. Hence, customer
recognition (and market segmentation) is based on public information, implying that firms are
not uncertain about the information the rival is using for setting its discriminatory prices. As
each firm tries to poach each other’s customers, a common finding is that price discrimination
acts to intensify competition leading all segment prices to fall as well as profits (Chen (1997),
Villas-Boas (1999), Fudenberg and Tirole (2000), Taylor (2003)).”

This paper is most closely related to Chen et al. (2001) who investigate the profit and
welfare effects of price discrimination when firms cannot perfectly recognise (target) a captive
customer from a switcher.!’ Firms compete only for switchers. When targetability is not
perfect it may happen that a captive consumer receives the price tailored to a switcher and vice-
versa. In this way, a low level of targetability tends to soften price competition for switchers as
firms try to avoid that some captive consumers receive a very low price. For this reason they
show that profits may increase with improvements in targetability when it departs from a low
enough level. As firms’ targetability is sufficiently high further improvements in targetability

8In Thisse and Vives all prices fall when consumer brand preferences are uniformly distributed.

9Villas-Boas (1999) analyses an in infinite-horizon model with overlapping generations of consumers, where
although firms are able to recognise old customers, they are not able to distinguish a first-time customer in
the market from one that bought the rival’s product previously. In this case, each firm has private information
concerning its old customers. That is, firms know with certainty whether a customer is an old one or not, but
when they face a new customer they are uncertain about whether that customer is a first-time customer to the
market or a rival’s previous customer. Even in this context, Villas-Boas shows that each firm’s temptation to
try to attract the rival’s previous customers makes both firms cut prices in relation to the situation where price
discrimination cannot occur. Hence he also finds that price discrimination leads to lower equilibrium prices and
profits for all competing firms.

0They define targetability as a firm’s ability to predict the preferences and purchase behaviours of individual
consumers.



will intensify competition and lead to a prisoner’s dilemma. The present paper complements
Chen et al. (2001) analysis by proposing a different framework for the consumers brand tastes.
While in Chen et al. (2001) there are three distinct group of consumers, captive to each firm and
switchers and firms compete only for switchers, here there is a continuum of consumer loyalties.
In doing so we will see that improvements in information accuracy will produce different profit
and welfare outcomes. I elaborate more on these differences in section 5.

Finally, another relevant paper is Liu and Serfes (2004) on price discrimination and informa-
tion quality improvements.!’ Using the Hotelling model they propose a unifying framework that
has the two-groups case (i.e., the Fudenberg and Tirole model) and the personalized case (i.e.,
Thisse and Vives model) as special cases. Their modeling approach allows for the investigation
of the profit and welfare effects of price discrimination as information quality improves. The
quality of information in their paper is measured by the ability of firms to increasingly identify
more groups of consumers in the Hotelling line, being the more informative case the one where
each firm knows the location of each individual consumer. Nevertheless, in their analysis given
the number of identified groups (quality of information) there is no uncertainty about who each
consumer is and about the rival’s information. As in the present paper they find that moving
from no discrimination (no information) to discrimination is bad for industry profit and good for
consumer surplus. However, conditional on the availability of information they find that equi-
librium profits have a U-relationship with respect to information improvements and consumer
surplus have an inverse U-shape as a function of the information quality. The lack of uncertainty
in their model explains the different outcomes obtained in their model and in the present paper.

This paper complements Chen et. (2001) and Liu and Serfes (2004) and so puts forward that
a good economic understanding of the profit and welfare effects of information improvements do
depend on the way the information improvement is modelled, on what is learned about consumer
demand and on the nature of preferences.

2 The model

There are two firms A and B who sell competing brands of a good produced, without loss of
generality, at zero marginal cost.'> The total number of consumers in the market is normalized
to one. Each consumer wishes to buy a single unit either from firm A or B and he is willing to
pay at most v. The reservation value v is sufficiently high so that nobody stays out of the market.
Consumers are heterogeneous with respect to the brand loyalty degree. Following Raju, et al.
(1990) the degree of brand loyalty can be defined as the minimum difference between the prices
of two competing brands necessary to induce a consumer to buy his less preferred brand. A
consumer’s brand loyalty towards brand A is represented by a parameter [ uniformly distributed
on the interval [—%, %] , with density 1 and it is assumed that [ < v. All else equal, a consumer
with 0 < | < % prefers brand A, while a consumer with —% <1 < 0 prefers brand B.'3 A type
[ consumer who buys his favorite brand, say brand i, enjoys a net surplus equal to v — p;; if he
buys his less preferred brand, say j, his net surplus is v — p; — |I|, where 4,j = A, B.

""For a paper on information quality improvements and personalized products (rather than personalized prices)
see Bernhardt, Liu and Serfes (2007).

12The assumption of zero marginal costs can be relaxed without altering the basic nature of the results derived
throughout the model.

Y3Shaffer and Zhang (2002) and Liu and Serfes (2006) model the distribution of consumer brand preferences in
a similar way. However, they allow for asymmetric loyalties towards firms as [a > Ig > 0.



Each consumer has private information about his loyalty degree. Firms are not able to
observe the degree of loyalty of individual customers. However, it is assumed that each firm has
consumer-specific private information—acquired either from specialized information vendors or
from the firm’s databases that record the customers’ individual purchase histories—that enables
it to predict (with some probability) whether a customer prefers its brand or rather the rival’s
one. Suppose that for each consumer firm 7 observes a private noisy signal, s;, that informs
whether that customer is loyal to brand A (s; = «) or loyal to brand B (s; = (). The signal
gives no information about the extent of this preference. After a noisy signal has been observed
for a particular consumer each firm only knows that he is a loyal or a disloyal consumer with some
probability. This means that consumer recognition is imperfect, and so market segmentation for
the purpose of price discrimination will be also imperfect. A more accurate signal is associated
with better information which is then reflected in a higher ability of firms to classify correctly
potential customers.

When price discrimination is permitted, a firm pricing strategy consists of choosing a price
to a customer it believes is likely to prefer its good and choosing a different price to a customer
perceived as one that favours the rival’s product.

In short, conditional on a given consumer true type, suppose that firm A and B observe an
independent private noisy signal s; € {«, 5}, ¢ = A, B, about that consumer’s brand preference.
While « informs that the consumer prefers brand A, 3 informs that the consumer favours brand
B. It is common knowledge that the probability of each signal conditional on each consumer’s
loyalty degree [ is given by:

q(l) =Pr(si=all), (1)

1—q(l)=Pr(si=p1[1). (2)

Assume further that ¢ () is increasing in [, meaning that the greater is the degree of loyalty
of a particular consumer, the higher is the probability of a firm observing a loyal signal. For
instance, when say firm A’s signal is based on data on consumers’ past purchasing behaviour, it
is more likely that firm A observes a loyal signal for a consumer that bought its product many
times in the past than for a customer that bought few times or did not buy at all from A in the
past. For the sake of simplicity consider that

q(Z):%H)z, 0<h<, (3)
where b measures the signal’s accuracy. When b = 0 the signal has no informational content and
firms have no way to distinguish customers. In contrast, the signal discloses increasingly more
accurate information as b approaches 1, thereby allowing firms to better recognise customers. For
intermediate values of b some consumers are incorrectly classified by firms, i.e. some consumers
loyal to brand A are misrecognised as loyal to brand B and vice-versa.

Updating beliefs After receiving a signal for a given customer firms update their own
beliefs over this customer’s true loyalty degree and form beliefs about the rival’s signal for the
same customer. The density function of I, denoted f (I) (which in this case is equal to 1) and
q (1) are common knowledge of both firms and form the basis of their prior and posterior beliefs.
Hence, after receiving signal s; € {«, 5}, using Bayes rule, each firm’s posterior belief about a



customer’s loyalty degree is given by the conditional density function hs,(I) where!*

ol = Pr(t] 5= 9) = o PLI0 _ Loa O, o)

and N
Pr(s; — a) /_ ¢ (1) F()dl = % (6)
Pr(si=8) = [ [L-a ) f0d1 = 5. (7

2
Given signal s; = k, firm 4 believes that firm j’s signal is s; = « with probability p, =
Pr(s; = a| s; = k). Therefore,

Pr(s; =, s = )

pa=Pr(sj=alsi=a)= Pr (5 — ) = 2Xaa (8)
P P = i =
psg="Pr(sj=alsi=p)= r(spjr (;’:5) 9 20 )

where
Mer = Pr(s; =k,s;=r); k,r={a,p}.

Conditional on a consumer loyalty degree [, the signals observed by firms are independently
distributed. That is

Pr(si=k,sj=r|l)=Pr(si=k|)Pr(s;=7r]1).

Thus, )

Neor = / Pr(s; = kys; = | 1) f(1)dl. (10)
and so,
1 2
N = Pr (s = a5, = ) = /_l (D) F(1)di = i + % (11)
1 2
Ay =Pr(si = Bos; = )= [ (1= g FOd = § 4 15 (12)
% 2

ha = Pr(si = a8 =) = [ a1 @] SO = 1 - . (13)

2

Since both firms observe signal o with equal probability it follows that Ago, = Aag-

1
" Notice that hs, (1) satisfies the property [2, hs,(1)dl = 1.
2



Lemma 1. For any level of the signal’s accuracy it follows that p, > pg.

Proof. See the Appendix.

In words, when firm A observes signal « for a particular consumer it believes that it is more
likely that the rival observes the same type of signal for that consumer. The more accurate is
the signal the higher is the likelihood that firm B has observed signal « given that firm A has
observed signal «. (Note that p, = % + %.) Hence, more accurate signals reduce each firm’s
uncertainty about the rival’s private information.

Firms also form beliefs about the loyalty degree of a given consumer after signals s; and s;
have been observed. This is given by the conditional density function g, (I) where,'

Pr(si:k]l)Pr(si:rH)f(l).

ger(l) = Pr(l | si = b8 = r)= Pr(s;=k,sj=r) (14)
Thus, )
Gaa(l) =Pr(l|s; = Q, s = a) = [qA(jjj ,
9ap(D) = gsa(l) = Pr(l | s; = a,s; = ) = q(l) [i\_ Q(l)]7
a
_ 2
ges (1) =Pr(l|s;=08,s;=0) = B=qg®F AZ:)] .
Finally, )
Gir(z)=Pr(l<z|s;=ksj=r)= /_1 grr()dl. (15)

3 Equilibrium Analysis

Consider first the benchmark case where price discrimination cannot occur either because it is
illegal or because the signal has no informational content (i.e. b= 0).

Non-discrimination benchmark case: Here the setup is analogous to a standard sym-
metric Hotelling model, playing the loyalty parameter [ the same role as the transportation
cost. If firms cannot price discriminate in the symmetric equilibrium they will set the non-
discrimination price py = % With non discrimination, equilibrium profit per firm is 7y = 711,
consumer surplus is C'Sy = v — %, and total welfare is Wy = 27y + CSy = v.

Consider now the case where price discrimination is permitted and firms price differently to
consumers they believe are likely to prefer their product and to consumers they believe have a
preference for the rival’s product. Formally, upon observing signal s; € {«, 5}, firm A chooses

pfA € {pé, pg} and firm B chooses pSBB € {paB, pg } . For the sake of simplicity, assume s4 = k

1
" Notice that gi,(l) satisfies the property [2, grr(l)dl = 1.
2



and sp = r, where k,r = {«, 5} . I will use the Bayesian Nash Equilibrium (BNE) as the solution
concept. Equilibrium prices are obtained solving the ensuing maximization problems:

MazE [7rA |sa=k| and MazE (78 | sp=r],

pSA sp

where

E(7TA|SA:(X):pé Z Pr(pé<p§+l|SA:a,sB:r)Pr(SB:T|SA:a)
refa,s}

= pé {pa [1 - Gaa (pé _pg)] + (1 - pa) [1 - Gaﬁ (pé - pBB)]} ’ (16)

and,

E(WA]sAzﬁ):pg Z Pr(pg<p§+l|5A:B,SB:r)Pr(sB:r|sA:B)

=3 {ps [1 = Goalpi —p2)] + (1= pp) [1 = Gas(pf —pF)]}- (17)
Symmetric expressions hold for firm B. Considering, for instance, the perspective of firm A, from
the first-order conditions it follows that:

o 1L Gon (9 — )] + (L ) [1 — Gus (5~ )]

Pagaa (Pa —PE) + (1 — pa) Gap (pé —p}?)

P = (18)

and
P |1 = G (pd —E) | + (1= pp) [1 = Giss (v — )| |

P390 (pf —98) + (1= 05) 955 (v — 1 )|

Similar expressions hold for firm B.!6
Since the game is symmetric one must look at an equilibrium solution where p = pBB

P = (19)

and pg = pf. In doing so, the above system is reduced to two equations with two unknowns.
Denoting as py, the price charged to customers recognised as loyal and as pp the price offered
to customers recognised as disloyal it follows that p;, = p2 = pBB and pp = pg = pB. Since G
is a cubic function the model does not allow for closed-form solutions. However, imposing the
condition y = p;, — pp gives the answer implicitly.

Proposition 1. When firms price discriminate on the basis of private and imperfect in-
formation about consumer brand preferences, the symmetric BNE in prices is given by
1,1 1 1,2 1123
1t+gb—3y—gby” —5b%
5+ by + b2y?

pL = ’ (20)

and 1 1 1 17,2 12,3
%+by+62y2

pp = (21)

16Second-order conditions are also satisfied as can be seen in the proof of Proposition 1 in the Appendix
provided.



Proof. See the Appendix.

The symmetric interior solution presented in Proposition 1 is the only possible equilibrium
solution. Despite the cubic equation in y, there is only one real root for all values of b € [0, 1],
thus the symmetric equilibrium derived is unique.

Proposition 2. (i) When the signal has no informational content (i.e. b = 0), price
discrimination is unfeasible and equilibrium prices are pr, = pp = %

(ii) For any informative signal (i.e. b > 0), pr, > pp.

(11i) The more informative is the signal the greater is the difference between the two discrim-
matory prices, i.e. pr, — pp increases with b.

Using (20) and (21) part (i) is easily obtained. To prove (ii) and (iii) Figure 1 plots y =
pr, — pp as an implicit function of b, showing that for any level of the signal’s accuracy y > 0.17

Proposition 2 claims that firms will charge more to customers they believe have a brand
preference for their product than to customers that, from their perspective, are more price-
sensitive, which are those customers recognised as disloyal. Furthermore, it predicts that the
gap between loyal and disloyal prices will be greater as the accuracy of information improves.

020 T
y
0.15 1

0.10 T

0.05 T

0.00 —t
0.0 0.2 0.4 0.6 0.8 ﬂ).O

Figure 1: y as a function of b

When the signal’s precision is low firms are more uncertain about each consumer’s loyalty
degree and about the rival’s private information. This acts to soften price competition in the
market leading to a smaller gap between loyal and disloyal prices. In contrast, when information’s
accuracy improves it is less likely that firms receive the wrong signal for a given consumer and
it is more likely that both firms observe the same signal (for instance, signal «/). Note that the
probability of a customer be in fact loyal say to firm A, after signal o has been observed, is given
by ha(l) (see equation (4)) which is increasing in b. Note also that the probability of both firms
observing the same signal, i.e. Agg, given by equation (11), is increasing in b, meaning that as
information’s accuracy increases it is also more likely that both firms classify customers in the

""More precisely, y is defined implicitly as follows: y + 2by* + %b2y3 —2b=0.

1
4

10



same way. As information quality improves, consumers can be recognised more accurately by
both firms which now compete more aggressively. The gap between prices increases.

4 Competitive effects of information improvements

This section investigates the competitive effects of price discrimination as the firms’ ability to
recognise customers more accurately gradually improves.

4.1 Prices

Using the equilibrium solutions presented in (20) and (21) we obtain the following result.

Corollary 1. When b > 0 then:

(i) the price charged to a customer recognised as disloyal is always below the non-discrimination
price, 1.e. pp < PN-

(ii) The price charged to a customer recognised as loyal is above the non-discrimination
price when the signal’s accuracy is not too high, and below the non-discrimination price when
the signal’s precision is high.

0.5 = Py
~
~

~ - p

0.4 T > L
~
~
~
03+ RS
~
Pp

02T
0.1+
0.0 } } } t t

0.0 0.2 0.4 0.6 0.8 lb()

Figure 2: Relation between prices and b

In models of competitive price discrimination with perfect information, there are mainly
two effects at work. There is the “surplus extraction effect” through which price discrimination
allows a firm to extract greater surplus from those consumers willing to pay more for its product.
There is also the “business stealing effect” as the ability to set discriminatory prices gives firms
an incentive to reduce the price to disloyal consumers as away to entice them to switch. Apart
from these two effects, when price discrimination is based on imperfect information (imperfect
recognition), there is another effect at work, namely the “misrecognition effect”.'® When firms
rely on imperfect information for price discrimination purposes they may classify consumers
incorrectly and consequently offer them the wrong intended price.

"®In Chen et al. (2001) there is a similar effect which they designate as the “mistargeting effect”.
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Consider the following example. Suppose that a given consumer prefers brand A. Under
imperfect and private information four events are relevant: (i) both firms observe signal o and
the consumer is correctly recognised by both firms; (ii) while firm A observes signal «, firm
B observes signal § and the consumer is misrecognised by firm B; (iii) firm A observes signal
£ and firm B observes signal «, in which case the consumer is misrecognised by firm A, and
(iv) both firms observe the wrong signal, that is signal [, and the consumer is misrecognised
by both firms.'? Figure 2 shows that the price to a consumer recognised as disloyal is always
below its non-discrimination counterpart and decreases as information’s quality improves. When
information precision is low, misrecognition of consumers is more likely and a firm has less
incentives to decrease its price to a consumer that generates a disloyal signal, because there is
a good chance that the consumer turns out to be a loyal consumer. However, as information’s
accuracy increases firms are more certain about who each consumer is. Thus, as the private
signal’s precision rises the “misrecognition effect” becomes smaller leading the “business stealing
effect” to become larger. In this way, the price to a consumer recognised as disloyal falls as
information’s precision increases.

An interesting finding of the paper is that the price charged to customers recognised as loyal
has an inverted U-shaped relationship with the signal’s accuracy. Figure 2 shows that pp is
above its non-discrimination counterpart when the signal’s accuracy is (approximately) below
0.5, the reverse happens for b > 0.5.2 In order to explain this non-monotonic relationship we
must have in mind that there have to be opposing forces at work, with a balance between the
forces that changes as the parameter b increases. Apart from strategic reasoning, when a firm
receives a loyal signal for a given consumer it has an incentive to raise its price as a way of
appropriating greater surplus from that consumer. When information is imperfect the expected
surplus that a firm can extract after a loyal signal has been observed depends on the probability
that a correct signal of a consumer type has been observed. Because misrecognition decreases
with increases in b the “surplus extraction effect” becomes larger as the quality of information
improves. Consider now the strategic interaction between firms. Suppose that firm A receives
a loyal signal (i.e., signal a) for a particular consumer. As the signal’s precision raises firm A
is more certain about the true type of that consumer and so it has more incentives to raise the
price to a customer recognised as loyal. When the signal’s precision departs from a low level of
precision, firm A acknowledges that if firm B receives as well signal «, it prices less aggressively
because the consumer may turn out to be its own. However, as the quality of information
becomes increasingly more precise, although firm A is more certain about the consumer type,
it knows that the same happens to the rival firm. The “misrecognition effect” becomes smaller,
firms compete more aggressively for each consumer leading the “business stealing effect” to
become increasingly larger.

Summing up, for sufficiently low levels of the private signal’s accuracy (i.e. b 5 0.25)
the misrecognition effect acts to soften price competition and reinforces the surplus extraction
effect. Since increases in b increase the informational content of the signal and competition is

19Tt is important to stress that with private information, misrecognition of consumers can occur either when
both firms misrecognise (i.e. when both receive the wrong signal) or when only one of them misrecognises (i.e.
when both receive different signals). We will see that, with public information, misrecognition of consumers will
only occur when both firms observe the wrong signal.

20Numerical analysis shows that pr reaches its maximum value approximately at 0.5154 for b 22 0.25 and is
equal to the non-discrimination level for b 22 0.5. When b = 1 the price charged to a perceived loyal customer falls
to 0.44 (lower than the non-discrimination level).
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not so intense, the price to a consumer recognised as loyal first increases with improvements
in information’s accuracy. However, as information becomes increasingly more precise, the
“misrecognition effect” becomes weaker and weaker, firms compete more aggressively and the
“business stealing effect” becomes larger. This explains why the price to a customer recognised
as loyal is a decreasing function of the quality of information for b £ 0.25. Nevertheless, when
0.25 < b < 0.5, the “misrecognition effect” allows the “surplus extraction effect” to dominate
the “business stealing effect”. In contrast, when information becomes increasingly more and
more accurate (i.e. b Z 0.5) the role of the “misrecognition effect” becomes so small that the
“business stealing effect” dominates the “surplus extraction effect”, thus the price to a loyal
signal falls below its non-discrimination counterpart.

Note that in Chen et al. (2001) because firms only compete for switchers the price to custom-
ers recognised as captive (loyal) is always above the non-discrimination level and is increasingly
higher as firms become increasingly able to distinguish a captive from a switcher.

Since in the present paper each consumer is a market to be contested, a very accurate signal
intensifies price competition explaining why both prices are below the non-discrimination level.
This confirms a common finding in the previous literature. When each firm’s strong market is the
rival’s weak market (i.e., in the terminology of Corts (1998) there is best response asymmetry),
price discrimination acts to intensify competition leading all segment prices to fall (e.g. Thisse
and Vives (1988), Chen (1997) and Fudenberg and Tirole (2000)).

4.2 Probability of winning a customer

When say Amazon infers that a particular customer is a loyal one it may be interested in
determining what is the probability of winning that customer with a price tailored to a loyal
consumer, taking into account that say BarnesésNoble also offers that customer a price based on
its beliefs about that customer’s loyalty degree. This section investigates how this probability
evolves as information becomes more accurate.

Price discrimination is allowed Due to symmetry let 7; and vp denote the probab-
ility of a firm winning a customer with a loyal and a disloyal signal. Using, for instance, the
perspective of firm A,

v, = Pr(firm A wins customer | s4 = «)
= Z Pr(p§<p§+l]sA:a,sB:r)Pr(sB:r sS4 =)
re{a,8}
= [ =Gaa®)]pa +[1 = Gap(0)] (1 = pa)
and,
vp = Pr(firm A wins customer | s4 = (3)
= Z Pr(p§<p§+l]sA:oz,sB:r)Pr(sB:r sS4 =aq)
re{a,8}

= [1-Gpal0)] pg+[1 = Ga(—y)] (1 = pp) -
After some algebra we obtain:

1 1. 1 s 253 1 54 o 1
L Lyl 2 Zp23 L - 922
=5t by by 3by 5 HOY by 4 oy (22)
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and

1 2 1 1
Yp = b+§y+by2+§b23:——b2y3—by2——y (23)

2 2

Do =
A~

Corollary 2. The greater is the accuracy of each firm’s private signal the greater is the
probability of a firm winning a customer with a loyal price and the lower is the probability of a
firm winning a customer with a disloyal price.

It is straightforward to verify that for any b > 0 it immediately follows that y > 0 and
so vy > vp. Further, while 7, is strictly increasing in b, 7, is strictly decreasing in b.2! As
expected when the signal has non informational content it follows that v; = vp = 0.5. As
the quality of information improves, the greater is the likelihood of firms facing in fact a loyal
customer after observing a loyal signal and, the higher is the probability of firms winning a
customer with a loyal signal. The reverse happens for the probability of winning a customer
with a disloyal price.

Price discrimination is illegal Again symmetry allows us to ease notation and to denote
as '7]LV and ’yg the probability of each firm winning a customer after observing a loyal and a
disloyal signal, respectively, when discrimination is not allowed. Using (22) and (23) and the
fact that y = 0 one gets that:

1 1
N
=4+ p 24
VL 2+4 (24)
and 1 1
N
= — — —D. 25
YD 5 1 ()

With non discrimination, firms set the price % regardless of observing signal « or 8. Therefore,
the probability of winning a customer with a loyal signal only depends on b and due to the
model assumptions the greater is b the greater is that probability. The reverse happens for the
probability of winning a consumer with a disloyal signal. Obviously the probability of a firm
winning a customer with the non-discriminatory price is always equal to % From the comparison
between equations (22) and (24) and using the fact y > 0, it is easy to see that v > v, while
7% < 7vp- Under non-discrimination consumers have no incentive to swap brands, thus ’yg > .
Conversely, because each firm tries to attract those customers who prefer the rival’s product by
offering them a lower price it is obvious that the probability of winning a customer after observing
a disloyal signal should be higher than its no-discrimination counterpart.

4.3 Expected number of Inefficient Shoppers

When firms are allowed to price discriminate, some consumers might have an incentive to swap
to their less preferred brand. It is straightforward to see that the expected number of inefficient
shoppers (E1S) is equal to:?2

1 2
EIS =Zy+ by? + §b2y3. (26)

21Tt is easy to check that as % > 0 then d;—; > 0 and d;l’—é’ < 0 for any b €]0,1].
?2Because the model abstracts from any previous competition, it is more convenient to adopt the term inefficient
shoppers rather than the usual “switchers” which is more indicate to situations in which consumers choose one

brand in one period and a different one in the other period.
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The number of customers who buy inefficiently in equilibrium under price discrimination depends
on the informativeness of the signal and on the difference between prices, that is y. As expected,
when discrimination is not allowed every consumer buys his most preferred brand, thereby
implying that no consumer buys inefficiently. In contrast, when price discrimination is permitted,
more accurate information gives rise to more inefficient shopping in equilibrium. (When b > 0
it follows that dEdlfS > 0.) We have seen that as information’s precision improves the difference
between pr, and pp is higher. As a result of that, those customers with a smaller loyalty degree—
i.e. those located in the middle—will have more incentives to buy the wrong brand. When the
signal reaches its maximum level of accuracy, i.e. when b = 1, approximately 12.5% of customers
buy inefficiently, meaning that firms can attract some consumers that prefer the rival’s brand.

4.4 Profits

This section investigates how profits respond to information’s accuracy improvements. Let Erp,
and Emp represent, respectively, each firm expected profit from a loyal and a disloyal signal.

B 1 1 1 s 2., 4
Err, =pL <2+4b 59— by — 3%y ) (27)
1 1 1 2
Enp = - b4 = 24 Zp2,3) . 2
™D pD<2 4b+2y+by +3by> (8)

Given that Pr(s; = a) = Pr(s; =) = % each firm expected aggregate profit, denoted by ETI
is equal to

1
EH:§<E7TL+E7TD). (29)

Corollary 3. (i) The profit from a loyal signal exhibits an inverted U-shaped relationship
with the private signal’s accuracy. Conversely, the profit from a disloyal signal falls monotonic-
ally as the signal’s accuracy improves.

(ii) Expected profit with private information is always below the non-discrimination profit
and falls monotonically as the accuracy of the private signal rises.
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Figure 3: Expected equilibrium profits
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Figure 4: Expected aggregated profit

Figure 3 illustrates the firm’s profit conditional on a loyal and a disloyal signal and the
precision of the private signal. Obviously, the relationship between the profit from customers
recognised as loyal (disloyal) and the accuracy of the private information is strongly related to
the relationship between the price conditional on a loyal (disloyal) signal and the accuracy of the
signal. We have seen before that when a firm’s signal is not very accurate—i.e. b approximately
below 0.5—a firm is able to extract more surplus from customers recognised as loyal which
clearly is good for profits. However, when the signal becomes increasingly more accurate firms
compete more aggressively which leads to lower prices and profits. Similarly, because the price
charged to customers perceived as disloyal always falls as the accuracy of information improves,
the same happens to profits from perceived disloyal customers.

Look next at expected aggregate profit as firms rely on more accurate information. Figure
4 shows that equilibrium expected aggregate profit (and so industry profit) falls monotonically
as the accuracy of the private signal rises and it is always below the non-discrimination level.
This is true even when b is low and firms can increase the price to consumers recognised as
loyal. Although firms can charge higher prices to consumers recognised as loyal when the signal
is not too precise, the probability of winning a customer with a loyal price is smaller. Thus, the
expected surplus extraction benefit is not enough to overcome the reduction in profits from a
lower price being charged to a consumer recognised as disloyal. Because more accurate informa-
tion gives rise to more aggressive pricing, the model shows that firm and industry profit increase
when price discrimination is based on highly inaccurate information.

It is further worth stressing that this paper’s findings are also different from the predictions
in Chen, et al. (2001). In their model there are only three types of consumers, each firm has
a captive segment and they only compete for switchers. They find that equilibrium profits
have an inverse U-shaped relation with information accuracy. They show that both firms might
benefit from price discrimination based on more accurate information (which they designate as
targetability) when the level of information precision is low. Specifically, they show that when
firms depart from low levels of targetability, profits will increase as targetability improves. The
intuition for their result is as follows. When targetability is not too high, improvements in it
allow firms to extract more surplus from their captive customers as they are increasingly able to
identify them. At the same time, because targetability remains at a relatively low level, firms
can not fully separate switchers from captive customers which clearly softens price competition
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for the switchers. Thus, while in their model competing firms may all benefit from more accurate
information, here this is never the case.

Liu and Serfes (2004) also find that equilibrium profits are always below the nondiscrimina-
tion counterparts. However, in contrast to our results, in their model equilibrium profits exhibit
a U-shape as a function of information accuracy. They find that when information is of low
quality firms segment the Hotelling line into a small number of intervals and so the competition
effect dominates the surplus extraction effect. In contrast, as the partition becomes more refined
firms are more certain about the location of each consumer and the surplus extraction effect
becomes the dominant one. Profits increase.

Corollary 3 proves that as in the previous literature firms face a prisoner’s dilemma. How-
ever, in this paper the information technology available for each firm acts as a restriction to
more aggressive price discrimination, which of course is good for profits. Notice that when the
information technology is fully uninformative there is a credible kind of commitment to uniform
pricing, which benefits all competing firms. Thus, the current analysis and earlier work put for-
ward that competing firms could all benefit from regulatory policies protecting consumer privacy,
which would limit the firms’ ability to recognise customers and thereby to set discriminatory
prices in a more aggressive competitive context.

5 Welfare analysis

This section investigates the welfare effects of price discrimination based on more accurate
information. As usual expected overall welfare is defined as the sum of expected industry profit
and expected consumer surplus (ECS). Hence, EW = 2FEIl + ECS.

Lemma 2. FEzpected consumer surplus is given by:

1., 2 1
ECS =v—pry, — ppyp — Zy2 - gbys - 562?;4- (30)

Proof. See the Appendix.

As expected, when b = 0, EC'S is equal to consumer surplus with non-discrimination, that
isv—pn.

Corollary 4. (Consumer welfare)
(i) As a whole consumer surplus with discrimination is above the non-discrimination level,
and it increases monotonically as the accuracy of the private signal increases.
(ii) Each individual consumer is increasingly better off as price discrimination is based on
more accurate information.

In order to evaluate the welfare effects of improvements in the private signal’s accuracy, I
assume, without any loss of generality, that v = 2. Figure 5 shows expected consumer surplus
as the accuracy of the private signal rises. Thus, it confirms part (i) of corollary 4. Likewise
Figure 6 confirms part (ii). It shows expected consumer surplus for each loyalty degree and for
a fixed level of the signal’s accuracy.
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When discrimination is not allowed (or when b = 0) expected consumer surplus per consumer
is constant, regardless the loyalty degree [. When v = 2 expected consumer surplus per individual
consumer equals 1.5. Although EC'S remains approximately at the same level for tiny increases
in b, when the signal becomes increasingly informative we observe that EC'S increases with b.
We have seen that as the signal becomes more informative price competition on a segment basis
is more intense and thereupon prices fall. As a result, consumers can buy at better deals.

Despite consumers as a whole are unequivocally better off with price discrimination, we
have seen that for not too accurate signals (b < 0.5) some consumers are expected to face
a higher price than under non-discrimination. At a first glance this could suggest that not
all consumers would benefit when price discrimination is based on low quality information.
Nevertheless, Figure 5 shows that even in the range where loyal customers are expected to pay
a higher price with discrimination, expected consumer surplus is above its non-discrimination
counterpart. Notice that py, reaches its maximum value when b is approximately equal to 0.25
and even in this case ECS for the most loyal customers i.e., with [ = {—%,% is higher than
ECS under non-discrimination. The intuition is as follows. Although for small levels of the
signal’s accuracy loyal customers are expected to pay higher prices, it is also true that with
some positive probability they will be misrecognised (i.e. they will be classified as a disloyal
consumer) and so they will have a chance to buy the product at the lowest price pp. Though a
firm tends to charge higher prices to perceived loyal customers when b is low, it is also true that
it is more likely that the firm mistakenly recognises a true loyal customer as a disloyal when b
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is low. As a result, expected consumer surplus is always above the non-discrimination level and
increases monotonically with information improvements.
Look now at the expected overall welfare. Using (29) and (30) it ensues that:

1 2 1
EW = PLYL +pD7D + ('U — PLY1, —PDVpD — 1y2 — gby:s — §b2y4> (31)
1 2 2 3 1 2,4
= v =g+ Zhyt 4+ 2b2yt)
v (4y +3 Y +2 Y

Thus, we may establish the following proposition.

Proposition 3. Price discrimination is always good for consumers although bad for profits
and overall welfare. Further, consumers are increasingly better off, while firms and welfare are
creasingly worse off as price discrimination is based on more accurate private signals.

Equation (31) shows that welfare is equal to v minus the disutility incurred by those con-
sumers who buy inefficiently. As y increases monotonically as the private signal rises, the higher
is b the higher is (igf + %by?’ + %bgy‘l) , so the lower is welfare. Because with non-discrimination
aggregate welfare equals v, it is clear-cut that with discrimination expected welfare is always
below the non-discrimination level. As firms become increasingly able to recognise customers,
and to segment them more accurately, the stronger is the damage of price discrimination on wel-
fare. In fact, welfare reaches its minimum value when the signal’s accuracy reaches its maximum
level. The reason is that the expected number of consumers who buy inefficiently in equilibrium
reaches its maximum value when b = 1. Because in the present model there is no role for price
discrimination to increase aggregate output, variations in welfare are uniquely explained by the
“disutility” supported by those consumers who do not buy the most preferred brand. In this
paper, information improvements give rise to an increasing number of inefficient shoppers which
clearly is not good for welfare.?

At this stage it is useful to discuss the main differences between our predictions and the
predictions in Liu and Serfes (2004) and Chen, et al. (2001).

As in the first part of corollary 4, Liu and Serfes (2004) also predict that consumer surplus is
always above its no discrimination counterpart. However, while here consumer surplus increases
monotonically as the quality of information increases, they predict that consumer surplus exhib-
its an inverse U-relationship with the information quality, meaning that moderate information
quality is the most beneficial informational context for consumers. After a certain level of in-
formation quality (the peak) further increases in quality lead some consumers to start paying
higher prices and consumer welfare decreases.

In Chen et al. (2001) better information is the worst scenario for a captive customer who
is expected to pay the monopoly price and the best scenario for switchers. As in the present
framework, in Chen et al., firms observe a noisy signal about each consumer type (captive or
switcher) and lacks the kind of certainty present in Liu and Serfes. For low levels of accuracy

*This result is in contrast with that achieved in Thisse and Vives (1988). The reason is that in their model
price discrimination based on perfect information gives rise to no welfare loss since no consumer actually switches
in equilibrium. Here because firms can only segment consumers into loyal or disloyal (as in Fudenberg and Tirole
(2000)) there are always some consumers who buy inefficiently. Therefore, here price discrimination based on
better information increases the welfare loss.
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firms are not certain about who each consumer is, they have less incentives to charge a cus-
tomer recognised as a switcher a low price because the consumer may turn out to be a captive.
As the signal becomes more accurate firms can better distinguish a captive from a switcher.
Consequently, as firms become increasingly able to protect their base of captive customers from
price reductions, they compete more aggressively for switchers.

Here we have a continuum of consumers, firms have no captive customers which means that
each consumer is a market to be contested. As information accuracy improves each firm is more
certain about who each consumer is, that is, each firm can better distinguish its weak and its
strong market. Firms price more aggressively at the benefit of all consumers.

The present analysis highlights that as information accuracy improves industry profit and
welfare fall monotonically, while consumer surplus increases monotonically. This suggests that
any advice to a regulatory authority should take into account whether the target is welfare or
solely consumer surplus. In those markets that could be reasonably well represented by the
features of the current model, restrictions protecting consumer privacy and limiting the efficacy
of price discrimination would benefit industry profits and overall welfare but at the expense of
consumer welfare.

In sum, taking into account our findings and the findings in Chen et al. (2001) and Serfes
and Liu (2004) it follows that a good economic understanding of the profit and welfare effects
of information improvements do depend on the way the information improvement is modelled,
on what is learned about consumer demand and on the nature of preferences.

6 Price discrimination with public information

This section extends the previous model of imperfect information to the case where both firms
observe a noisy public signal about each consumer’s brand preference. The signal is “public”
in the sense that its actual realization is common knowledge of both firms. This means that
although firm A observes s4 and firm B observes sp each firm knows the signal of each other.
Alternatively, this public information case could also fit a situation where both firms observe
two public signals about a particular consumer’s brand loyalty rather than one.?*

To ease notation I denote by s the public signal observed by firms where s = (s4 = k,sp =)
and (k,r) = {(a,a),(B,5),(,B),(5,)}. Again, suppose that « informs that the consumer is
loyal to firm A while 5 informs that the consumer is loyal to firm B. In this scenario firms may
observe a biased signal in favour of one firm, that is two signals informing that the consumer
is either loyal to firm A or loyal to firm B (i.e. (a,a) or (5,0)); or, alternatively, firms may
observe a non-biased signal meaning that one of the signals reveals that the consumer prefers
A, while the other reveals that the consumer prefers B (i.e. (o, ) or (5, «)). Since now signals
are public firms only need to update their beliefs about each consumer’s brand loyalty degree
after observing signal s. Thus, using our previous computations g, = Pr(l | s = (1, k)) is now
the density function of [ conditional on the public signal observed by firms.

6.1 Equilibrium analysis

In the public information framework, after the public signal has been observed, each firm may
classify a particular consumer into three different segments. The consumer can be recognised as

2Tt can fit as well the case where a firm exogenously shares its customer information with its competitor.
Perhaps because both firms purchase customer data from the same marketing company.
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(i) a strong loyal customer, (ii) a strong disloyal customer and (iii) a non-biased consumer. Under
price discrimination each firm tailors a different price for each different type of signal. Thus,

if price discrimination is permitted, firm i chooses simultaneously p’ € {pfm,p%ﬁ,pfw,pga ,
1 = A, B. These prices are the solution to the following problem

MazE [7"|s], 32
i o
where, for instance for firm A, one gets
E[r?|s=(0,@)] = paaPr(pha <pha+l|s=(aa)

= péa [1 - GOéOé (péa - pga)] )

E[r*|s=(8,8)] = pisPr(pgs<phs+1]s=(50)
= pis [L— Gas (phs — Phs)] »

E [WA | s= (0175)] = PéBPT (Pé/a <P§5+l |s= (aa/B))
= Pag [ — Gag (s —pEs)] »

E[rt|s=(8,0)] = pgaPr(ph, <phe+1|s=(80)
= Pha [1— Gap (D5 — Pha)] -

Symmetric expressions hold for firm B. Due to symmetry, in a Bayesian Nash equilibrium it
follows that péa = pgﬂ, pgﬁ = pB, and pﬁﬁ = pfﬁ = pga = pga. Following the same reasoning

as before let p};f‘b and p% b

be, respectively, the equilibrium prices firms charge after observing
a double loyal and a double disloyal signal, in the public information context. Likewise let p4/ g
be the price firms charge after observing a non-biased signal. Again, pﬁ”b =pd, = pgﬁ and

Du b— pgﬁ = pB . After some algebra it is possible to establish the following propositions.

Proposition 4. When information is public, the BNE in prices is given by

1, 1p 0 132 1, _1p.2 1323
8+8b+24b 12 2bz 3bz

ppub _ , (33)
b (% + bz)2
b 3= wb+ b+ 324 3022 + 10223
= - , (31)
(5 + bz)
__pub ub
where z = p; —pp 5 and
ub 1 1
NB = 9 gbz‘ (35)

Proof. See the Appendix.
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Proposition 5. (i) When the public signal has no informational content (i.e. b = 0),

b b b 1
Lu - Du - ]\QTLB*E'

(ii) For any informative public signal, the price charged to customers perceived as loyal is

. . . . . b b

always higher than the price charged to customers perceived as disloyal. That is, pi"” > pi"”.

(i1i) As the public signal becomes increasingly more precise, the higher is the difference
between p]i“b and Py b

(iv) The more accurate is the public signal, the lower is the price charged to non-biased
consumers.

(v) For any level of the public signal’s informativeness, pﬁuz’ > p%g > D”b.

Part (i) can be easily proved using (33), (34) and (35) and making b = 0. The same happens
to part (iv) if we look at (35). Part (iii) is proved by plotting z = p?*® — p"* as an implicit
function of b, where b € [0, 1]. This is done in Figure 7. The reader can observe that z is positive
and monotonically increases with b. Intuition suggests that when firms are more certain about
the loyalty of a particular consumer they have more incentives to charge that consumer a higher
price. The same reasoning applies when firms observe a double disloyal signal. Obviously when
firms observe a non-biased signal it is equally likely that the consumer can turn out to be a truly
loyal or disloyal. So, the price charged to a consumer with that type of signal should be below
p};f‘b but above phy b,

Under public information, expected equilibrium profits conditional on each signal are equal
to:

ub 1 ub 1 1 1 1 1 1
Eﬂ'ﬁ = )\— ( T ) (g + §b+ ﬂb2 - ZZ - 5()22 - §b223> 5 (36)

1 1 1 1 1 1 1

E pub _ ub - = 2, = 12 4 2323
i —/\66<D><8 R CRE R B (37)
2 1 1 1 1

pub ub L 2\ _  pub (L 2

EmNe = 3 < NB) <8 21" ) NB <4 12 > ‘ (38)

Due to symmetry each firm’s expected aggregated profit under public information denoted ETIP#?
equals:

EIP" = Br? Pr (double loyal) + Exb* Pr (double disloyal) + Ex2"% Pr (non-biased) .

7 Private versus public information: a comparative analysis

This section aims to examine whether firms, consumers (as a whole) and welfare benefit from
price discrimination based on public rather than on private information. In this regard, in what
follows I compare equilibrium prices, profits, consumer surplus and welfare attained with private
and public information.

7.1 Equilibrium prices

Figure 7 plots the difference between the highest and the lowest price under private information—
namely, y = pr, —pp—and under public information—namely, z = p7 " — p% . If price dispersion
is measured by the range of prices, it can be said that the level of price dispersion is greater
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Figure 8: Price to loyal customers

with public than with private information, greater as firms rely on more accurate information
about consumer brand preferences.

Figure 8 illustrates the relationship between the price charged to customers recognised as
loyal under private information (pz) and under public information ( LUb).

Like in the private information setting, under public information there is a non-monotonic
relationship between the quality of information and the price charged to a consumer generating a
loyal signal. Note however that with public information misrecognition of consumers only occurs
when both firms observe a wrong signal. For sufficiently low levels of information’s precision,
as the probability of misrecognition decreases the “surplus extraction effect” increases, allowing
firms to charge more to consumers recognised as loyal. (This explains why the price to a
loyal consumer increases as the quality of information improves when b < 0.2.) However, as
information becomes more and more accurate, firms are more likely to receive a correct signal,
the role of the “misrecognition effect” is increasingly smaller leading firms to compete more
aggressively in prices. The “business stealing effect” becomes larger explaining why the price
to a customer recognised as loyal is a decreasing function of the quality of information when
b £ 0.2. In this way, as the signal is increasingly more precise (i.e. when b Z 0.4) the “business
stealing effect” dominates the “surplus extraction effect” and the price to a loyal consumer is
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Figure 9: Price to disloyal customers

below its non-discrimination counterpart.
Figure 9 illustrates the relationship between the price to customers recognised as disloyal
. . . .. . ub
under private information (pp) and under public information (p,").

Numerical analysis allows us to establish the following corollary.

Corollary 5. (i) Moving from private to public information reduces the price to customers
perceived as disloyal.

(ii) When the signal’s accuracy is not too low (i.e. b 2 0.2) the price to a customer perceived
as loyal is higher under private than under public information.

This result claims that for sufficiently accurate signals (i.e. b 2 0.2) the prices to loyal and
disloyal consumers are lower under public than under private information. Although the current
analysis offers no clear cut results with respect to the comparison between the price to a loyal
consumer in both information regimes when the signal’s accuracy is too low, it shows that as
information’s accuracy becomes increasingly higher consumers perceived as loyal are expected to
pay higher prices under private than under public information. Numerical analysis shows that
while under private information the price to a loyal consumer reaches the no-discrimination level
for b 2 0.5 under public information this happens for b 22 0.4. Similarly, we find that whilst under
private information the price to a loyal consumer reaches its maximum value approximately at
0.5154 for b = 0.25 under public information the price to a loyal consumer reaches its maximum
value approximately at 0.5138 for b = 0.2.

In the private information setting firms are uncertain about each consumer’s type and also
about the rival’s private information. The latter type of uncertainty disappears in the public
information framework. Whilst under private information a given consumer may be recognised
differently by both firms, under public information this is no longer the case because firms
always classify consumers in the same way. As a consequence, at least for sufficiently accurate
signals, firms will compete more aggressively when they have access to same piece of information,
resulting in lower prices under public information.
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Figure 10: Equilibrium Profits

7.2 Expected profits

Since firms will play more aggressively when they have access to the same piece of information
about consumers the next result ensues.

Corollary 6. Firms are better off when price discrimination is based on private information
rather than on public information.

Figure 10 shows that expected profit with public information is always below its private
information counterpart. In both cases firms are worse off with information than with no in-
formation (no discrimination).

The model suggests that firms are better off when they possess private information about
brand preferences for price discrimination purposes. This may be the result of firms purchasing
customer data from different marketing companies or buying different information packages from
the same marketing company. In some way this suggests that under symmetry firms would have
no incentives to share their information with their competitors. Liu and Serfes (2006) develop a
two-period model with two firms who produce horizontally and vertically differentiated products
to investigate in which circumstances will firms have an incentive to share their information
about customers. In their model the information is about the consumers brand preferences and
allows the firm who possesses it to price discriminate. They show when firms are symmetric, in
a purely horizontally differentiation model neither firm has incentives to share its information
with its rival. Only when firms are sufficiently asymmetric will firms share their information in
equilibrium. Thus the present analysis suggests that any regulatory policy restricting firms to
disclose private information about their customers to rival firms would benefit firms’ profitability
at the expense of consumer welfare.

7.3 Expected number of inefficient shoppers

Lemma 3 The expected number of inefficient shoppers under public information denoted
EISPY is: . )
EISP = (yg’pub - ﬁub) = 52+ b+ S0 (39)

25



Proof. See the Appendix.

Corollary 7. The number of customers buying the wrong brand is higher under public than
under private information and increases monotonically with information accuracy improvements.

Using (26) and (39) and the fact that when b > 0, z,y > 0 and z > y it follows that

Because price discrimination leads to more intense competition and to lower prices to con-
sumers recognised as disloyal in the public information case, it is obvious that those consumers
that are not extremely loyal to one of the brands (i.e. those located in the middle) will have more
incentives to buy the wrong brand under public information. On the other hand, the groups
of consumers that generate inefficiency in both information frameworks are those who generate
two identical signals as in this case they will receive a different price from the two firms. (Notice
that consumers who generate different signals will always buy efficiently under public and under
private information because they will receive the same price from the two firms.) So it is clear
that more consumers buy inefficiency when firms observe the same piece of information.

7.4 Welfare

Lemma 4. Expected consumer surplus with public information denoted EC'SP? equals:

1b2z4.

ECSpub _ pub _pub ub_pub  pub_pub 122 _ ;bzi’) o 5

U—=PNBTNB —PL 7L D VD 1
Proof. See the Appendix.

Lemma 5. Expected overall welfare with public information denoted EWP" is equal to:

1 2 1
EWpub =y — EISP“I’ = — ZZQ — gbz3 — §b224- (40)

Proposition 6. For any level of the signal’s accuracy, moving from public to private in-
formation boosts industry profit and overall welfare and lowers consumer surplus.

Proof. See the Appendix.

Figure 11 plots expected consumer surplus with private (EC'S) and with public information
(ECSPU), for the case where v = 2.

To summarize, the present analysis offers some criterion to assess how welfare evolves as
price discrimination is based on more precise information as well as on private rather than on
public information. It predicts that consumer welfare increases monotonically with information
improvements and is higher under public than under private information. The reverse happens
to industry profit. Paradoxically, it predicts that overall welfare is unambiguously greater when
price discrimination is based on private and imperfect information. Obviously, we need to be
extremely careful in drawing any public policy in models with unit demand assumptions. If
aggregate output increased with either more accurate information or when moving from private
to public information, then the effects of such changes would need to be taken into account.
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Figure 11: Expected Consumer Surplus

8 Conclusions

This paper has tried to provide a more complete picture of the prices, profits and welfare effects of
price discrimination as information technologies gradually improve the firms’ ability to recognise
the consumers’ types. The main contribution was to extend the previous literature by allowing
firms to price discriminate on the basis of imperfect and private information. We have seen that
while imperfect information tends to lead firms to misrecognise customers, private information
gives rise to some uncertainty about the rival’s information for price discrimination. Besides a
customer may be wrongly recognised by some firm, he can also be recognised in a different way
by the competing firms.

In the private information setting, it was shown that customers recognised as loyal pay always
a higher price than those recognised as disloyal. This result is in consonance with the practice of
charging more to old than to first-time customers. It was also shown that customers recognised
as loyal are expected to pay prices above the non-discrimination level when information is not
too accurate while the reverse happens when information becomes more precise. By contrast,
it was found that customers recognised as disloyal are expected to pay lower prices under price
discrimination, and increasingly lower prices as the accuracy of the private signal rises.

By proposing a different way of modeling information improvements, it was shown that
the equilibrium outcomes may differ from those in Chen et al. (2001) and Liu and Serfes
(2004). It was shown that the availability of the private signal (and so price discrimination)
benefits consumers, but is bad for industry profit and welfare. More importantly, we found
that consumer welfare increases monotonically as the accuracy of the private signal rises, while
the reverse happens to industry profit and overall welfare. The model suggests that any public
policy protecting consumer privacy, by restricting firms to recognise customers more accurately,
would benefit all competing firms at the expense of consumer welfare.

This paper has also analysed price discrimination with public and imperfect information.
Extending the model in this direction has proved to be helpful to understand whether or not
firms would have an incentive to share their private information with their rivals. It was shown
that as a whole consumers are better off with public than with private information. In contrast,
industry profit and welfare fall when moving from private to public information.

Taking into account the findings in Chen et al. (2001) and Serfes and Liu (2004) this paper
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highlighted that a good economic understanding of the profit and welfare effects of price dis-
crimination with information improvements do depend on the way the information improvement
is modelled, on what is learned about consumer demand, and on the nature of preferences.

In light of the above, this paper has tried to contribute to the ongoing debate on the economic
implications of price discrimination with customer recognition. Notwithstanding the model
addressed in this paper is far from covering all complex aspects of real markets, it has tried to
offer a closer approximation of reality where the quality of consumer-specific information that
firms have been using to implement their pricing strategies is increasingly improving thanks to
advances in information technologies.

Appendix

This appendix collects the proofs and computations that were omitted from the text.

Proof of Lemma 1. If p, > ps one must observe that:

1 ¥ _ 1 b
2N > 2\ LA
aa 2 2Afa O 7 ¥ 95 2 7~ 79

which is true Vb € [0,1]. Q.E.D.

Proof of Proposition 1. From the first-order conditions for both firms we obtain:

4 Pa[l=Gaa (0 = pE)] + (1= pa) [1—Ga5 (pg_pg”
Po ™ , (41)
padac (Do — P&) + (1 = pa) ap (pé — p§>

. P [1 — Gga (pg —pfﬂ + (1 pp) [1 — G (pé —p}?)} )
’ (05950 (0 = B) + (1= p3) 935 (v — 5]
5 PaGoa (Pa —pd) + (1= po) Gpa (pé —p§> )
e Padaa (P8 — PE) + (1= py) gpa (pg‘ — paB)
and
i = p3Gas (pé —pBB) + (1 - pg) Gap (pg‘ —pBB) m

psgas (v —p8) + (L= ps) 965 (pd — 1%

Considering for instance the perspective of firm A, second-order partial derivatives with
respect to both prices are

O’E (11 | s4 = «
: 8p|A2A ) _ ~2pafan (P = 1) = 2(1 = Pa) G (P — 1F)
e

D PaTna (P —P8) — i (1= po) gos (P — 5
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O’E (t4 | sa =8
(ap’gf ) ~2p59pa (PF —pa) — 2 (1= ps) 988 (05 — 1F)

~Ph0a9sa (P5 —pa) —1h (1= pg) g (05 — PF)
and,
OPE (1| s4 = @)
Opopy

=0.

Symmetric conditions hold for firm B. Due to symmetry we are looking for an equilibrium
where pi! = pg = pr, and pg = p? = pp. Thus, making y = p;, — pp, and using without loss of
generality the perspective of firm A, one gets:

Po [l = Goa (1) + (1 = py) [1 = Gop (0)]
Padoa (Y) + (1 = pa) gap (0)

ps [l — Gpa (0)] + (1= pg) [1 — Gps (—y)]

[p395a (0) + (1 = pg) 985 (—y)]

Then second-order partial derivatives for firm A are then equal to:

O?E (4 | sa = a)

pr =pi =

pp =pj =

op2 = —2pa90a (¥) = 2(1 = pa) 9ap (0) = PLPaGaa (U) = PL (1 = pga) Gas (0)
and
2E (ng;f‘ =6) _ ~2p598a (0) — 2 (1 — pg) 9a5 (—y) — PDPGha (0) — b (1 — pg) ghs (—y) -
Since,
1-Gaa(y) = Tia/j <%+bl>2dl
= Tia (é + éb+ %zﬁ — %y — %b@ﬁ — %beS) :
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1 [z /1 2
1-@G _ - — —bl) dl
88 (—v) Am/y<2 >

1 /1 1, 1 1
- o (G- a

Xop \8 8 24 4

1 1
_b2 _b23
Y+t 3y ),

1
1 [2/1
1_ _ 122
Ga (0) ), <4 bl)dl

_ L l_ibQ
Mg \8 24 )7
1 1
g <o>=—(—),
pe Ao \4

1 /1 2
)= — (= +by]) .
988 (—y) by <2+ y)

It is now easy to check that second-order conditions for a maximum are satisfied. Using the
expressions derived above and the fact that

2% /1
!
- Z (b
Joa (Y) o <2+ y)

and

9o (0) = gho (0) =0

, 2 (1 >
9ps (—y) = —v— |5 +by
BB Asp \ 2

it is straightforward to observe that:

OE (4 | sa = )

—2p090a (¥) = 2(1 = pa) 9ap (0) = PLAGIan (¥)

Ipa?
1 /1 2 1 /1 20 (1
= —Daa—(=+by )] —4ap) — =) = pr22aa~— (= +b
o (3 om) 10w 55 (5) mmves s (540)
1 2
= —4<§+by) —1—4pr<—+by)<O
and
O’E (14 | sy =3
(apA2 ) _ ~20595a (0) =2 (1= p5) 955 (—y) = pp (1= ) g5 (~v)
B

1 /1 1 /1 2 2 /1
= Mge— ) —gs— =+ by) —pp(2) S (e A
7 Nsa <4> % Nss <2+ y) Po Bﬂ)( Agg <2+ y))
1 2 1
= —1—-4 §+by +4pr §+by
= a(taw) (2vvw o)
= 50y ) {3 y—pp) |-
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Despite the fact that b(y —pp) < 0 we find that for 0 < b <1, 0.41 < % +b(y—pp) <05
82E(7rA\sA:B) 82E(7rA\sA:a)

2
2 7TA SA=C 2 ﬂ'A SA— 2 7TA SA=X
<6 B(r s )> <8 B(r s B)> — (M> > 0 it follows that second-order condi-

< 0 and

thus < 0. In  sum, since

Op4? s> Op{ops
tions for a maximum are as well satisfied.
After some algebra, we find that the prices firms set after observing a loyal and a disloyal
signal are, respectively, as follows:

1,1, 1 2 1323
1t+tgb—qy—by" —5b% 45
pL = 1 2 o ( )
g—i-by—i-by
3Bl iy 4
§+by+by

Q.E.D.

Proof of Lemma 2. For each individual consumer with brand loyalty parameter [ €
[—%, %] each firm observes a binary signal. Representing by (s4 = i, sp = j) the signal observed
by the two firms for a particular consumer, where i,j € {«, 3}, we may analyse four possible
scenarios with respective equilibrium prices:

(sa=1,sB =) (pf‘,PJB> Pr(sa=1,s=71)
(sa=a,sp=a) | (pL.pp) | Pr(sa=a,sp=a|l)=(q(1)
(sa=oa,sp=0)| (pr,pr) | Pr(sa=a,sp=p311)=q(l) (1 —q(l))
(sa=B,sp=a) | (pp,pp) | Pr(sa=pB,sp=all)=(1—q(l))q(l)
(sa=B,55=0) | (pp,pr) | Pr(sa=B,s5=511)=(1-q(1)"

Therefore,

Nl

1
2

ECS = (v—py) / ® (1= g) gDl + (v — pp) / (1— (1) g f D)l

Nl
SR

+ /E max {v — pr,v —pp — 1} (¢(1))* F(1)dl
0

0
(v pp) / () fD)dl

0 2
max {v — pr,v —pp + 1} (1 — Q(l))2 f(h)dl

[SIES

(NI

+ (v - pp) /0 (1= o) F()dL.
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After some algebra and using the fact that y = pr, — pp, one finds that

ECS = (v—pr) (/j G—bz) <%+bl>dl+/j <%+bl>2dl+/_y<%—bl>2dl>

1
2

+ ) /% L) (2 4m dl+/y L w 2dl+/% Ly de
RV ER 2 2 \2 ,\2
v /1 2 0 1 2
—/ l<—+bl> dl+/ l(——bl) dl,
o \2 o \2

from which we get

4 2 3 2 4 2 3
Lo 243 1454
4y 3by 2by.

1 1 1 2 1 1 1 2
ECS = v—pp <§+—b——y—by2——b2y3>—pp <———b+—y+by2+—b2y3>

Q.E.D.

Proof of Proposition 4. Given that firms may observe four different types of signals,
upon observing signal s = (7, j) , each firm chooses simultaneously a different price for the signal
observed. Hence, firm 4 chooses p’, € {pga, p% 3 pg 8 p% a}, 1 = A, B. These prices are the solution
to the following problem

]Z\){gg:E [7* | s], (47)

Considering for example, the perspective of firm A, first-order conditions for firm A are:

OE (74 | 5 = (a,
(W g;A g a)) - [1 — Gaa (péa - pga)] B (péoz) Yaa (péa _pg‘)‘) =0,

OE (n | s = (8.8))

= [1 = G (pfs — p5s)] — (phs) 985 (ps — Bs) = O,

s
O (t4 | s = (o,
(7T (~|9;AB (Oé 6)) = [1 - Ga,B (péﬁ - pi@)] - (péﬁ) Jas (péﬁ — pfﬁ) =0,
O (4 | s = (B,
(m g;‘? (B,0)) _ (1= Gga (Pha — Pha)] — (Pa) 950 (Pha — Phs) = 0.

Second-order conditions are as well satisfied. Due to symmetry we are looking for an equi-
librium where péa = pgﬂ, pgﬁ = pB, and pﬁﬁ = pfﬁ = péa = pga. Making z = péa —pB, we
have

1 —Gaa(2)] = (péa) Joa (2) =0

from which it follows:

4 1-Gan(2)
Poa = Jaa (Z) . (48)

We also have
[1—Gap(—2)] — (phs) 988 (—2) =0
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from which we obtain
4 _1-Gps(—2)

s = a5 (—2) (49)

Finally, from
[1 = Gap (0)] = (Phg) gas (0) = 0
we get

DPap = PBa = T () (50)

As before,

and

gpp (—2) = /\_;B ((% + bz>2> :

Rearranging and using the fact pﬁub =pl = pgﬁ and p) b= péﬂ = pB we find that:

ub % + %b—i— b? — 12— %bz2 - %b2z3
P = 7 , (51)
1
(5 + bz)

b 1 1o Lb? 4+ 12+ 1622 4 16223 »
(5 + bz)
NB =5~ Eb : (53)

Q.E.D.
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Proof of Lemma 3. Due to the normalization of consumers to unit, the expected number
of consumers that buy the product at the highest price under public information (pi“b) is given
by,

'V%Lb = Pr(A wins | s = (a,a))Pr(s = (o, ) + Pr(B wins | s = (5,8)) Pr((s = (8, 5))

11, 1 1 2
= 4 b4 —=b%— 2z — b2 — Zb2S
TR T L L G S

Similarly, the expected number of consumers that buy the product at the lowest price (p%u b) is
given by

P = Pr(Awins | 5 = (8, 8)) Pr (s = (8,)) + Pr(B wins | s = (a,a)) Pr(s = (a, )

111y 1 2, 2,93
= 1 4b+12b +2z+bz +3bz,
and the number of consumers that pay the non-biased price equals
Vg = Pr(dwins|s=(@p))Pr(s = (a.f))
+Pr(Awins | s=(f,a))Pr(s=(5,a))+ Pr(B wins | s = (o, 8)) Pr (s = (o, )
+Pr(Bwins | s—=(a)Pr(s = (8,0a)) = é

Under non-discrimination the expected number of consumers that pay p7, ph b and pf\?g is

7pub 1 lb ib2

L RV T
11 1

" 11T

Thus, the expected number of inefficient shoppers under public information denoted by
EI1SP% is given by:

1
EISPub — (7]LV’pub ’Yﬁub) 37 +b2% + 35223 Q.E.D. (54)

Proof of Lemma 4. When the signal observed by firms to each customer is public we
may analyse the following scenarios:

s = (i.4) (pl,p]) Pr(s = (i.j) | )
s=(aa) | (' p%“b) Pr(s = () | 1) = (q(1))?
s=(@.8) | (PR 2R%) | Pr(s = (@.8) ) = a() (1 - (1))
s=8.8) | (" ,p*z“) Pr(s = (8.0) | 1) = (1= q(1))?
s=(8,0) | (PW%:PR%) | Pr(s=(8.8) 1D = (1 —a() a()




Therefore, expected consumer surplus under public information, denoted by ECSPU is

ECS = <1)— ]yg) / (1—q(l))q(l)f(l)dl+/0% max <v— pub gy — gb—l) (a()? f(1)dl

_1

+(v- D“b)/o

»

0
(q()? f(1)dl + / _max (v — b — D“”+z) (1 —q(D)? f(D)dl

2

=

NI=

+(o=8") [T -0 )

ub ub

Using previous computations and using the fact that z = p;~ — pp,", after some algebra:
1 2 1
Ecspub — - pﬁgvzﬁg - LubViUb - Dub'ﬁ)w N Zzz N gbzs o §b2z4. (55)

Q.E.D.

Proof of Proposition 6. We prove analytically that EWP* < ETW. Using (31) and (40)
and the fact that z > y it follows that

EWPW _ EW = —i (22 - y2) - %b (23 — y3) — %bQ (24 — y4) < 0.
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