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Abstract

In a model of behavior-based price discrimination (BBPD), we argue that sellers may have
discretionary power to let buyers decide whether to be identified (e.g., creating an account) or
remain anonymous (no account creation). The price equilibria generate a more fragmented
market segmentation than under the standard BBPD. Firms might prefer a policy where they
leave buyers the decision to remain or not be anonymous, breaking the standard BBPD result.
Furthermore, firms can realize higher profits than under uniform pricing, contrary to the
standard BBPD. Also, firms may adopt asymmetric policies concerning the account creation
requirement.
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1. INTRODUCTION

The interaction between sellers and buyers over the Internet has recast many
pre-Internet era characteristics. The search for products and sellers before
purchase and the assistance after a sale—covering product usage guidance,
repairs, maintenance, and the purchase of additional complementary goods or
services—all go through within a web-based or web-augmented environment.
Sellers play a significant role in shaping this digital space, although there are

limitations on how users” communities can organize themselves.

In this respect, as buyers display much of the pre-Internet era heterogeneity,
now they exhibit heterogeneity of preferences over websites in terms of the
sites' organization, product information display, web tools, order placement
methods, and payment systems. In fact, heterogeneity in the readiness to accept
web-based self-service technologies, as related to different tastes and attitudes,
is widely recognized in the retail management literature (Liljander et al. 2006,
Ding et al. 2007). Therefore, buyers choose websites in a way that resembles the

choice between differentiated products in the physical world.

In general, however, when buyers buy from a website, they leave a track
record that purchasers in physical stores do not normally leave, inspiring the
research on behavior-based price discrimination (BBPD), starting with Caminal
and Matutes (1990) and Fudenberg and Tirole (2000). The literature has
developed detailed analyses of the possibility to price discriminate between
returning buyers and new customers (Chen 1997, Choe et al. 2018, Laussel and
Resende 2022). The underlying assumption in BBPD is that firms can invariably
identify purchasers when purchasing products or services, as with mobile

phone service subscriptions.



Data protection laws and regulations, however, tend to limit data collection
without the consent of the data owner when these are not necessary to the
transaction. While exogenous (random) imperfect recognition is the object of
some work in the BBPD area (Colombo 2016, Esteves 2014), the level of
information accuracy is largely determined endogenously by consumers and/or
firms’ strategies. For instance, Amazon clients can purchase items only after
creating a personal account (thus renouncing anonymity). On the opposite,
eBay allows consumers to purchase after creating an account or even
anonymously, and among eBay’s clients, some choose the first option (account
creation), whereas others choose the second one (anonymous purchase).
Endogenous imperfect recognition has been so far neglected by the literature.
Hence, the aim of the present paper is to explore endogenous imperfect

recognition (generated by strategic anonymity by both buyers and sellers).

We posit that sellers possess discretionary power in deciding whether
buyers can control the decision of being identified or remaining anonymous —
we shall be a little more specific in the sequel. This discretionary power granted
to the firms then translates into an added discretionary power to buyers when
they behave strategically, and the resulting identification or anonymity of a

buyer becomes entirely endogenous.

Our model, based on these considerations, simplifies the story by assuming
that sellers can identify a buyer only if the purchase occurs after creating an
account at the selling website. Sellers can, however, also allow purchases
without creating an account. The decision by the seller in our model generates
two distinct strategies: a compulsory account creation (implying identification
of the buyer) or a menu choice for the consumers that might decide whether to
purchase without an account (“anonymous” transactions) or with an account.

These choices then shape the ensuing competition environment. Next, we also



compare them with the case where firms allow only purchases without an
account (“anonymous” transactions only), which amounts to a uniform pricing

regime.

From the viewpoint of buyers, creating an account in a BBPD-like story
implies the self-hurting consequence of being banned from future discounts
that are practiced for new customers. Clearly, for a strategic consumer (as
opposed to a “naive” one), there must be a tradeoff in order to create an account.
Account creation is the way for sellers to provide a set of opportunities in web
search, post-sale services, ancillary services, advice about complementary
products, user guides, and similar services. Those opportunities ameliorate the
platform-related experience, reducing the transaction costs incurred by the
buyer. ! ? In brief, if an account is created, the buyer enters a group of identified
customers, in sequel interactions, as “returning customers”; if an account is not

created, the customer remains “anonymous.” *

We model the following game. In the first stage, firms noncooperatively

choose whether to (i) leave no choice to buyers and require every buyer to

1 In the end, creating an account implies entering a relationship with the seller that provides
some advantages while relinquishing anonymity. Strategic consumers will choose whether to
create an account or remain anonymous based on balancing the value of the advantages against
giving up access to future price discounts reserved for new customers.

2 Casadesus-Masanell and Hervas-Drane (2015) assume there is a concave relationship between
the amount of information that a consumer provides to a firm and the quality of the purchased
item — and a negative relationship with the degree of disclosure to third parties. Similarly, Conti
and Reverberi (2021) assume that opting-in for access to private information leads to higher
quality of consumption. In a similar spirit, Conitzer et al. (2012) assume that hiding information
from a monopolist is costly to consumers but prevents price discrimination.

3 Fake accounts are possible in the real world, and a customer may create a false identity, even
when account creation is mandatory for completing a transaction — with the aim to return as a
new customer in the future, under a new and maybe again false identity. Consider, however,
that a shipping address is needed for a large class of purchases, severely limiting the possibility
of remaining unidentified. Furthermore, our analysis also reveals that some consumers
strategically decide to be identified if they are given the choice (so that they will not create fake
accounts even if they could). On the other side, sellers may circumvent the buyer’s decision to
remain anonymous by collecting data without the buyer’s consent: we exclude this behavior by
the sellers — possibly because of fear of intervention by regulatory agencies or of class actions.



create an account or (ii) allow buyers to buy with or without an account. Then,
firms compete in prices over two periods. Incidentally, at the beginning of the
second period, buyers can create an account at the seller they will buy from,

had they not done so in the first period.

We then obtain the following results. If both consumers and firms are
perfectly foresighted, we might observe either a symmetric equilibrium where
both firms offer a menu choice regarding account creation or a symmetric
equilibrium where both firms adopt a no-choice policy that forces buyers to
create an account. Multiple symmetric equilibria are also possible. Notably,
when offering a menu choice is the unique equilibrium, it is not a prisoner
dilemma for the firms. When comparing this last equilibrium with a
compulsory anonymity regime (or standard uniform pricing regime), we show
that allowing consumers to choose whether or not to be anonymous might
dominate the compulsory anonymity regime in terms of profits. In other words,
behavior-based price discrimination when consumers are free to hide or not
their identity might outperform uniform pricing, in contrast with the typical
result when standard BBPD and uniform pricing are compared (see Fudenberg
and Tirole 2000, Villas-Boas, 1999 and 2004). Lastly, when allowing for not
perfectly foresighted consumers and firms, we obtain that asymmetric account
policy equilibria are possible, where one firm offers the menu choice regarding
account creation to buyers, whereas the other does not. In particular, the
outcome happens when the discount factor is not large. This helps explain the

existence of competing firms adopting different privacy policies.

While BBPD has been investigated from several perspectives (see Esteves
2009 and Acquisti et al. 2016 for extended reviews of this literature), there are
very few papers trying to incorporate some sort of information endogeneity in

the model. Conitzer et al. (2012) focus on a monopolistic environment where



consumers decide whether to leave track of their previous purchases to the firm
or not, and the monopolistic firm adopts BBPD. Hence, this paper does not
consider competition between firms. Ali et al. (2023) and Anderson et al. (2023)
extend to oligopoly, but they consider personalized pricing rather than third-
degree price discrimination.* Closer to our work, Heiny et al. (2022) consider
two competing firms. Each consumer can reveal her identity (like our “account
creation” decision) so that a firm can kept track of their past purchases.
However, there is no heterogeneity among consumers regarding the
cost/benefit of anonymity; hence, unlike our paper, the co-existence of buyers
that choose to reveal their identity and buyers that prefer remaining
anonymous is never observed in equilibrium. Moreover, we depart from Heiny
et al. (2022) by investigating strategic anonymity from the firms’ perspective.
Namely, as stressed above, sellers might strategically decide whether or not to
allow consumers to purchase without revealing their identity. This aspect is out

of scope in Heiny et al. (2022).

The rest of the paper runs as follows. In Section 2, we introduce the model.
In Section 3, we characterize the equilibrium outcomes for the different account
policies of the firms, and the main results are derived. In Section 4 welfare
implications are discussed. Section 5 extends the main model to the case of
different discount factors between sellers and buyers. Section 6 concludes. The

proofs of the propositions are in the Appendix.
2. THE MODEL

There are two selling websites (or firms), say A and B, located at the

endpoints of a Hotelling (1929) segment of length 1 ranging from 0 to 1, that

4 Cong and Matsushima (2023) also consider consumer data management in a two-market
model where firms collect data in a market and apply them in another market. In their paper,
data management policy is exogenous.



differ in the way described in the Introduction. Firm A is located at 0, whereas

Firm B is located at 1.

Buyers display different satisfaction/abilities when surfing a website. °
Because the characteristics of the websites are different, consumers view those
websites as horizontally differentiated. For example, buyers with high curiosity
or education appreciate websites that provide detailed information about their
products, while less knowledgeable buyers will rather rely on reviews by other
customers (as in Tripadvisor). When a web seller has built its product/website
configuration, any buyer is defined by a “degree of mismatch” with the seller.
Consumers are uniformly distributed along the Hotelling segment, with x €
[0,1] indicating the “location” of the consumer on the segment. Along the
segment, proximity to a website is related to low mismatch (transportation)
costs. The usual unit transportation cost in the Hotelling model is normalized to
1. Hence, the mismatch costs of a consumer at x with firms A and B are
respectively 1 X x = x and 1 X (1 —x) = 1 — x. As explained below, consumers

can reduce the unit transportation costs.

Creating an account reduces the transaction cost by reducing the per-length
costs from 1 to <1 because it allows the consumer to obtain desirable ancillary
services that are not accessible otherwise. When creating the account, a
consumer sustains (once and forever) a cost equal to ¢ > 0. For instance, a
consumer at x buying from firm A has transaction costs x or tx + ¢, according to
whether she buys anonymously or creates an account first. Therefore, if a buyer
is very close to a web seller (if she has a very low mismatch level, to begin with),
the advantage of further reducing the mismatch is likely overridden by the cost
of account creation. Not so for more distant buyers, for which the additional

benefit of account creation is larger.

5 See, for instance, Gadalla et al. (2013).



There are two periods, 1 and 2. Buyers purchase in both periods. In period 1,
before purchasing, each consumer visits the websites and decides whether or
not to create an account. Even if the consumer does not create the account in
period 1, she can create it in period 2. If a buyer creates an account in the first
period and purchases from the same firm in both periods, she is recognized by
that firm and cannot buy at a discount as a newcomer in period 2. In all the
other cases, she will be treated as a newcomer in period 2 — in particular, a
buyer who is a newcomer to a firm in period 2 and creates an account only in
the second period buys at a price reserved for newcomers, so that we can group
those buyers with the “anonymous” ones for that firm. The discount factor for
both consumers and firms is § € (0,1]. In a separate extension, we consider the

case of distinct discount factors for firms and consumers.

Since in period 1, no firm is able to identify any buyer, each firm sets a
uniform price, q; (j=A,B). In period 2, Firm j recognizes those consumers
(“identified consumers”) that have purchased from j in period 1 if and only if
they have an account for website j (in both periods); it, therefore, charges them
with a price that is different from a price offered to all the other consumers
(“unidentified consumers”), thus engaging in BBPD. We denote by p; the price
to its own identified consumers and by p; the price to the unidentified

consumers.
3. ACCOUNT POLICIES

3.1 Both firms provide two options: creating an account and no creation

Suppose that each firm offers the option to buy in the first and second
periods with or without an account (strategy F, as “free choice”). We refer to
this situation as case FF. We tentatively assume that the market configuration is

with buyers near the firms’ location choosing not to set up an account. Then, we



check if it is sustainable as an equilibrium outcome. Indeed, consistent with
second-period utilities, the consumers located close to the firms, namely close to
the endpoints, are less interested in revealing their identity since they have low
mismatch costs to start with and low benefits from the account. The conjectured

market structure is represented in Figure 1.

In Figure 1, the consumers at w,, who buy from Firm A, are indifferent
between creating an account and buying anonymously; the buyers to the left of
w, never create an account, thus never sustaining the cost ¢ and always paying
a unit transportation cost equal to 1. The consumers between w, and k, do not
create any account in period 1, but they create the account for Firm A in period
2, sustaining the cost ¢, so that they can purchase at price p, even if buying
from Firm A in both periods (as hinted above, they are not recognized because
they have not created an account in the first period; hence, they are treated as
new customers). The consumers between k, and x, in period 1 create the
account with Firm A, sustaining the cost ¢ and purchasing from Firm A; in
period 2, they purchase again from Firm A at price p,, because Firm A
identifies them as returning buyers. The consumers between x, and k in period
1 create the account with Firm A sustaining the cost ¢ and purchase from Firm
A; in period 2, however, they create the account for Firm B sustaining the cost c
again and can purchase as new buyers from B at price pp (Firm B treats them as

“unidentified”). A similar market structure holds for consumers from k to 1.°¢

¢ It is worth mentioning that ex-ante asymmetric locations of the indifferent consumers are
allowed; Figure 1 is symmetric for convenience since the equilibrium is expected to be
symmetric. The same holds for Figure 2 (see later).
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Figure 1: market structure in case FF
The set of consumers who created accounts in period 1 is the interval
[k4,kg]; hence, in period 2, the extreme points of this interval are taken as given.
The dividing points w, and wp depend upon the choices to create or not
accounts in the second period but are independent of the prices, as to be seen

below since they only depend upon c and 7.

The indifferent second-period consumers x, and xp are respectively given
by v—py—txy=v—c—pp—t(1l—xy) and v—pg—1(1 —x5) =v—Cc—Py —

Txg). Hence:

_ Pp—patctrt, _ pp—Pa—c+tT
= Xp = : (1)

X
A 2T / 2T

The indifferent second-period consumers w, and wg are respectively given
by 7 v_ﬁA_WA=v_C_ﬁA_TWA and v_ﬁB_(l_WB)=v_C_ﬁB_
7(1 — wp). Hence:

Cc

WAZE;WB=1—1L_T. (2)
The second-period profits functions are:

Taz = PalXa = ka) + Palxp — k + ko), ©)
M2 = Pp(kp — xp) + Palk — x4 + 1 —kp). (4)

By maximizing, we get the second-period equilibrium prices, that is:

" Note that w, and wp do not enter the profit functions because they do not depend on prices.
However, they contribute to characterizing the admissible parameter set.

10
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:bl

Pa

14

_ (—1—2k+2kA+4-kB)‘L'+C' _ (3+4k—2kyg—4kp)T—C
= y =

P 3 B 3 . ®)

When moving to period 1, the first-period indifferent consumer k is given by
the condition: v—c—qu—Tk+d8v—c—pPpg—1t(1—-k)]=v—c—qp—

(1 — k) + 6[v — c — py — tk], that is:

_ 3(qp—qa)+[3-(5—-6k4—6kp)d]T
ko= 2(3+8)T ' (6)

This is similar to the market boundary defined in standard BBPD models, as

it does not depend on c. The overall profits functions are:
Ty = qak + 81y, @)
mp = qp(l — k) + 8mp,. (8)

By maximizing, we get the first-period equilibrium prices:

_ (3+8+46ky)T-26C _ 2(1-k4—kp)(27-6)6 (9)
- 3 3(27-118) ’

qa

_ (3+56—-48kp)T—28¢C 2(1-ka—kp)(27-6)6

a8 = 3 + 3(27-116) & (10)

Now, we find the indifferent consumers k, and kg. They are obtained by
solving simultaneously the following equations: v —c—q, —tky + (v —p, —
thy) =v—qu—ks+6(v—c—py—7tky) and v—-—c—qg—71(1—kg)+6v—pg—

T(1-kp)l=v—qp — (1 —kp) +6[v—c—pg — (1 —kp)], yielding;:

FF+ _ 01+c(3-9) |
A 7 3(1-1)+46T’

6t+c(3-6)

FF* __ _
kg™ =1 3(1-1)+467

(11)

The equilibrium profits, indicated by n*F, are reported in the Appendix. The

conjectured market structure — that is1 > wp > kg > xp >k > x4 > ky > wy >

0 — is verified in equilibrium when ¢ < % Concretely, those three variables

11



2
and xfFr =2 2O \oe  that

1 1 . 467t%43(1+37)c
are: kFF*z—,ng*=—+—( ) .
2 3 67(3—37+467)

3 67(3—37+467)

i > § (and, symmetrically, xfF* < g), so that the “poaching” areas are lower

than 1/6, which is the case in the traditional BBPD model because the existence
of unidentified consumers closer to each firm reduces the incentives of firms to

offer low poaching prices.
3.2 Both firms require consumers to create accounts

Suppose that each firm allows only to purchase with an account (strategy N,
as “no choice”): this situation is indicated as case NN. Then, only buyers who
switch providers will pay the price to new buyers. This assumption is the usual
BBPD market configuration. Figure 2 shows how the firms segment the market

in case NN.

by Pg

] . P .
X k Xp 1

Figure 2: market structure in case NN

The indifferent second-period consumer x4, and xp are given by (1). The

second-period profits functions are:

Taz = DaXa + Palxg — k), (12)
g, = pp(1l — xp) + Palk — x4). (13)

By maximizing, we get the second-period equilibrium prices, that is:

_ @+2K)t+c, . _ (B-4k)t—C
A — 3 r VA — 3 7
(3-2K)T+Cc . (=1+4K)T—C
pp = T 5, - (AT (14)

12



When moving to period 1, the first-period indifferent consumer k is given by
the condition: v—c—qu—Tk+d8v—c—pPpg—1t(1—-k)]=v—c—qp—
(1 — k) + &[v—c — py — tk], that is:

_ 3(qp—qa)+(3+d)T
ke = 2(3+68)T (15)

The overall profits functions are as (7) and (8). By maximizing, we get the

first-period equilibrium prices:

NN * * T(3+68)—-26¢

gy = g = DR (16)

The equilibrium profits, indicated by ™", are reported in the Appendix.

The conjectured market structure — that is, 1 > xp > k > x, > 0 — is verified in

equilibrium when ¢ < 7. Concretely, those three variables are kNV* = %,x},‘”" f =
§+ é, and xJV* = % - é. Note that when ¢ = 0, we are back to the equilibrium

market configuration in Fudenberg and Tirole (2000) because consumers do not

need to incur cost c to switch from one firm to the other.
3.3 Asymmetric account creation policies

Suppose that only Firm A allows its buyers to create an account or not
(strategy F). Consumers of Firm B instead must create an account if they
purchase from Firm B (strategy N). This is denoted as case FN. Clearly, case NF,
where only Firm B’s consumers are free whether to create the account or not,
can be treated symmetrically. Figure 3 shows how the firms segment the market

in case FN.

13
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Figure 3: market structure in case FN

Here, poaching by Firm B is akin to that under standard BBPD (the segment
[x4,k]), while Firm A retains a richer market segmentation, with consumers near
its location choosing not to open accounts in the first period. The indifferent
second-period consumer x, and xp are given by (1), whereas the indifferent
second-period consumer w, is given by (2). The second-period profits function

of Firm A is:

Ta2 = Pa(Xa — ka) + Pa(xp — k + k), (17)
whereas that of Firm B is as (13). By maximizing, we get the second-period
equilibrium prices, that is:

_ (1+2k—4kg)T+cC __ (3—4k+4kg)Tt—C

Pa 3 7 Pa = 3 y
P = (3—2k+§kA)1:+c; ﬁB _ (—1+4k—32kA)T—C. (18)

Let us consider the difference between the poaching prices when k is close
to 1/2. It can be observed that (p4 — Pp)lk=1/2 > 0. Indeed, Firm A is less
aggressive with its poaching price since it also applies this price to its own

unidentified consumers.

When moving to period 1, the first-period indifferent consumer k is given by
the condition: v—c—qu—Tk+d8v—c—pPpg—1t(1—-k)]=v—c—qp—
(1 — k) + 8[v — c — py — tk], that is:

14



_ 3(gp—qa)+[3+(1+6ka)d]T
ke = 2(3+68)T (19)

If g5 = q4, k is higher than 1/2 unless k, = 0. Thus, Firm A has an
advantage over Firm B in period 1 because p4 is more likely to be higher than
P, inducing the first-period indifferent consumers, who will switch in period 2,

to prefer Firm A more.?

The overall profits functions are as (7) and (8). By maximizing, we get the

first-period equilibrium prices:

_ (3+8)T-26¢ 2(81-238)8kyt

A~ 3 3(27-118) ’ (20)
_ (B+&1-2c . 2(27-6)8kyt
a5 = 3 3(27-118) (21)

Now, we find the indifferent consumer k,. It is obtained by solving v — ¢ —

da _TkA +5('U_pA _TkA) =V —(qu _kA +5(U_C_ﬁA _TkA), thatylelds

FN* [(3=6)c+8T](27-118)
kA =

T 3(27-1168)—-(81-2495+3462)1 (22)

The equilibrium profits, indicated by nj" and nfN, are reported in the

Appendix. The conjectured market structure — that is1 > xz >k > x4 > ky >

T(1-1)(27-1168)
27-1186+189t-2316

wy >0 — is verified in equilibrium when ¢ < é(7,6) =

. « CLFNx _ 1 95((3-8)c+67)
Concretely, those variables except for k, are: k™™ =~ — - 27-110) (812495132577

FNs _ 1, ¢ . (27-208)KEN* FNe 2 ¢ (27-28)khN
XfV' = - S S and xfNr =S = A
3 6t 3(27-116) 3 6t  3(27-116)

* « 861(9-28)[(3-6)c+6T]
Furthermore, note that ¢iV* — gfVN = O3 2a9r) 81 (—r) 367k

> 0. Indeed,

Firm B has a stronger incentive to expand the first-period demand in order to

enlarge its own no-poaching area in the second period. This logic does not

8 However, as shown later, the first-period price of Firm A is greater than that of Firm B in
equilibrium.

15



apply to Firm A because Firm A needs to use the “poaching” price also to its

own unidentified consumers.
3.4 Equilibrium policies

In the first stage, each firm chooses F or N. Their binary decisions can be
represented as a 2x2 normal form game based on the ensuing equilibrium

intertemporal profits. The resulting matrix is represented for convenience.

F N
F FF FF mFN NF
N NF FN NN NN

Table 1: the payoff matrix

. . N (1
First, since ¢ < 1(

+—;? and ¢ < 7, the relevant parameter constraint is ¢ < ¢.
Given the payoff structure, therefore, in order to characterize the equilibrium
policy, we have to compare ¥ with 7fF, and "N with ¥, under ¢ < ¢é. First,

we consider the case of perfectly foresighted consumers and firms (6§ = 1). It is

possible to characterize two critical thresholds for variable ¢, say c;(7) =

7(48+33751+1403471%+739973)
3072+155341+1358072—-3274713

T(48+27497)
3072433467

and ¢,(1) = with ¢; (1) > ¢,(7), such that the

following holds:
o Ifc € [cy(7),6(7)], NN is the unique equilibrium;

o Ifc € [cy(7), c1(7)], both NN and FF are equilibria;
o Ifc €[0,c,(7)], FF is the unique equilibrium.

It is then possible to state the following result:
PROPOSITION 1. For a symmetric discount factor § = 1 common to firms and
buyers, (a) If the reduction in transaction costs due to an account creation is below a

threshold, FF is the unique Nash equilibrium; (b) if the cost of account creation is large,

NN is more likely to emerge in equilibrium; (c) in an intermediate region the two
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equilibria FF and NN coexist; (d) when FF is the unique equilibrium, it is not a

prisoner dilemma.

Figure 4 illustrates Proposition 1:

1
Ty

Figure 4: equilibrium policies when § = 1
Proposition 1 shows that for a preponderant configuration of parameters,
firms give the option to buy with or without an account (equilibrium FF).
Therefore, it is by no means clear that firms will always try to identify their
customers by obliging them to leave their credentials at the firm. It is also
interesting to note that even if ¢ = 0, not all consumers choose to reveal their
identity at the first period- as it is apparent that neither k, nor 1 — kg vanishes

in equations (11) above if ¢ = 0.

Considering the impact of T and ¢, we can obtain the following observations.
When 7 increases, the horizontal differentiation between the firms increases as
well. Suppose that Firm A chooses F. When 7 is small (large), Firm A is more
(less) likely to apply its poaching price p, to the rival’s consumers because
poaching is easier (more difficult). The pricing implies that Firm A is more (less)
likely to abandon high profits from the highly profitable consumers located

close by Firm A. The low (high) profits from those consumers are less (more)
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likely to induce Firm A to choose F. Therefore, all else being equal, FF is more

likely when 7 is large (Figure 1).

The impact of greater c is to enlarge the area of anonymous consumers, from
which the firm cannot extract so much surplus. Therefore, the incentive to
choose F is weaker when c is large. Also, when c goes up, the incentive to
choose N increases because protecting the turf becomes easier (indeed, under
strategy N, c is a proxy of vertical differentiation between the firms).? 10

Therefore, all else being equal, NN is more likely when c is larger (Figure 1).

Finally, the identification of own customers allows poaching from the rival,
which is a “best reply” — when 7 is large and/or c is small — against the rival
who does not poach; however, as is also well known in the BBPD literature, this
ends up being a reciprocal dumping strategy, that goes to the advantage of
buyers, and it is detrimental to firms. Hence, leaving the consumers the
possibility of remaining anonymous does not generate a prisoner dilemma

(Proposition 1, point (d)).

PROPOSITION 2. For a symmetric discount factor § < 1, asymmetric account policy
equilibria can emerge in addition to the cases in Proposition 1, provided & is not large
enough. As the value for & is lowered, the parameter area of such equilibria widens; the
parameter area of multiple symmetric equilibria shrinks, and then it disappears when &

reaches a threshold value.

° Indeed, consider the indifferent consumers x, and xz. A consumer willing to repeat the
purchase from the same firm does not sustain the cost ¢ in the second period; instead, if she
wants to shift to the other firm, she opens the account and sustains the cost c. Therefore, the
poaching firm is a sort of “low-quality” firm from the consumer’s perspective, and ¢ measures
the degree of vertical differentiation.

10 A reinforcing argument is that when c increases, the number of buyers willing to create an
account dwindles, and choosing the N strategy is a way to force them to do so, enlarging the
“recognized turf” to be protected.
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The message of Proposition 2 is that, when consumers and firms partially
discount second-period gains, we can observe more diverse identification
policies, with firms also choosing asymmetric strategies in equilibrium. So that

our model does not necessarily predict a uniform type of selling policy.

We explain the benefit/cost of choosing F (N) to understand the mechanism
behind Proposition 2. The benefit (cost) of choosing F (N) is that the firm can
(cannot) commit not to poach the rival's customers aggressively inducing a
strategic effect on the rival’s first-period price because its price for new
customers is available not only to those rival's customers but also to its previous
customers who remained “anonymous”. On the other hand, the cost (benefit) of
choosing F (N) is that the firm cannot (can) extract surpluses from unidentified
consumers who strongly prefer it to the rival because it cannot offer a price for
old customers to those unidentified consumers. The net gain from choosing F
emerges in period 1 and that from choosing N does in period 2. Therefore, the
net gain from choosing F outperforms that from choosing N if § is not large.
Given that the net gain from choosing F is relatively important if § is not large,
the parameter area of NN is substituted by the area of asymmetric equilibria NF

and FN or that of FF if § is not large.

In what follows, we consider the implications of strategic anonymity
compared with a standard uniform pricing framework. It is well known that
BBPD reduces firms’ profits with respect to the standard Hotelling Nash
equilibrium, increasing competition on contended consumers (i.e., those that
are poached in equilibrium). Therefore, we have also made a comparison to the
standard Hotelling game where no buyer is ever identified: this corresponds to
a situation in which both firms voluntarily at the first stage disallow all account
creation (or firms allow anonymous transactions only). For simplicity, we

consider perfectly foresighted consumers and firms (§ = 1). In this case, the
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equilibrium profits are simply 7Y = 1. First, we observe that 7Y > 7"V this is
in line with the standard result in the BBPD literature, where it is shown that
behavior-based pricing (with no anonymity), tends to decrease profits with
respect to uniform pricing. However, and quite surprisingly, we observe that
allowing buyers to choose whether to be identified or not strategically may
result in higher profits than under no BBPD, that is ¥ > (<) nYV if 7 is high

(low) and c is low (high). This result is summarized in the next proposition:

PROPOSITION 3. The standard no-poaching equilibrium profits (uniform pricing)
can be dominated by the FF equilibrium, where firms allow consumers the choice to

remain anonymous or create an account.

As mentioned previously, when 7 is high, letting consumers choose whether
or not to create the account implies that the firm can extract more surplus from
the closer consumer by means of the “poaching” price (which, however, in this
case, is used not to poach rival’s consumers, but rather to extract surplus from
closer and anonymous consumers). On the other hand, when c is high, the
profits under FF are lower. Indeed, in order to exploit the second-period lock-in
effect, the firms compete fiercely in the first period, which is detrimental to
profits. ! ! Therefore, the FF equilibrium profits are more likely to outweigh the
standard no poaching uniform pricing equilibrium profits when 7 is high and c
is low. In other words, behavior-based pricing might generate larger profits
than uniform pricing when buyers are free to choose whether to remain

anonymous or not. ! 2

. antF onfF
! ! It can be easily observed that —— > 0 and —— < 0.

12 We have not considered the possibility for buyers to delete their account in period 2 after
creating it in period 1. Indeed, it is easy to show that this strategy is always dominated by the
strategy we considered in the analysis: not creating the account in period 1 and then creating
the account in period 2. Consider a consumer buying from Firm A. Under both strategies, she
pays P, in the second period. Under the deleting strategy, the cost of the buyer (net of the price)
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4. WELFARE

In this section, we consider welfare implications. Since the market is
covered and each consumer purchases one unit of good, prices are irrelevant for
welfare (they only redistribute surplus from consumers to firms). Therefore,

welfare is given by ! 3

FF W.»I‘;F* ng*
WFF=2w(1+8) - [;* (x+8x)dx — fwi‘p* (x + 6(c + tx))dx

Y, )
— fk’jF* (c+ 1> + dtx)dx — fng* (c +x + 6(c + (1 — x))) dx}
in the case of free choice (FF) and by
xNN*
WNN = 2{v(1+6) — fo 4 (c+1tx + 5tx)dx
(24)

- xlfqé%,*(c +1x + 6(c + (1 — x)))dx}

in the case of no choice (NN). By comparing (23) with (24), we can state the

following proposition:

PROPOSITION 4. Welfare is greater when consumers can decide whether to create an

account or not (FF) than when consumers are forced to create an account (NN).

The explanation of proposition 4 is the following. Welfare depends on three

factors:

i) total account creation costs;
ii) unit transportation costs;

iii)number of consumers that switch in the second period.

is ¢+ tx in period 1, and s + x in period 2, where s > 0 is the cost of account deletion. In the
alternative strategy, the cost of the buyer is x in period 1 and ¢ + tx in period 2. Therefore, the
latter strategy always outperforms the deletion strategy.

13 The equilibrium welfare equations are reported in the Appendix.
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Regarding total account creation costs (i), it is obvious that when some
consumers decide not to create the account (case FF), the total account creation
costs are lower. On the other hand, forcing all consumers to create the account
(case NN) reduces the unit transportation costs — which is 7 rather than 1 - for
all consumers (ii): this benefits welfare. Finally, in case FF, poaching is less
effective than in case NN (see the discussion in Section 3). Therefore, in case FF,
fewer consumers switch in the second period to patronize the most distant firm

(indeed, x5F* > x¥N*

): this benefits welfare. In sum, as i) and iii) outweigh ii),
welfare is greater when consumers are free to choose whether to create an

account or not.
5. EXTENSION

In this section, we assume that consumers and firms have different discount
factors, 6, and &¢, respectively. We replace the discount factor § in (19) with &,
and use the profits’ functions m, = quk + &¢my, and mp = qp(1 — k) + &1 5 .
Due to the analytical complexity, we adopt numerical simulations,'* which

yield the following result: ! ®

PROPOSITION 5. Suppose 6, = 1 and &¢ < 1. There is a unique equilibrium where
both firms offer a menu choice in terms of account creation (FF) if T is larger than a
threshold value. Suppose 6 = 1 and 5. < 1. There is an equilibrium where both firms
adopt a no-choice policy that forces buyers to create an account (NN) if 0.1 < 6§, < 0.8,
if ¢ is lower than a threshold value cy for 6, < 0.1, or if ¢ is higher than the threshold
value cy for 8, > 0.8; in addition to NN, FF is also sustainable as an equilibrium if T is

larger than a threshold value for each 8, and c.

14 The details of the numerical simulations are available on request.

15 The threshold value of ¢, cr, in Proposition 5 is

T{3(7+98)(—44+188,+2782)+(924-47188,+179182+402353 +7298¢ )t}
12(7+98.)2—(5652-27168,—612052+8183 —2435¢)T ’

CTE
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Proposition 5 shows that when consumers are perfectly patient (6. = 1) and
firms are not perfectly patient (6 < 1), equilibrium FF becomes more likely (it
is the unique equilibrium when & is low). Indeed, as argued in Section 3, the
gain from choosing F is prevalent in period 1 and that from choosing N in
period 2; hence, when &y is low, F is the dominant strategy. At the same time,
Proposition 5 shows that when consumers are not perfectly patient (6, < 1) and
firms are perfectly patient (§; = 1), FF ceases to be a unique equilibrium (it
might emerge only together with the NN equilibrium). In other words, when
the rival chooses N, the best reply always consists in choosing N too. Indeed,
when consumers are myopic, the first-period demand elasticity is greater, thus
lowering the first-period price.!® Hence, the second-period profits become

more important, boosting the incentive of firms to choose N.
6. CONCLUSIONS

The question addressed in this paper is whether two competing firms will
always want to identify their buyers in order to go into behavior-based price
discrimination in the second period. As we are in an increasingly sophisticated
marketing environment where buyers and sellers behave strategically and are
aware of the consequences of the information they release during the
transactions, exploring strategic anonymity by buyers and sellers is worthwhile.
While previous works have considered the possibility of imperfect consumer
recognition due to technology imperfections (exogenous imperfect consumer
recognition), in this paper, we allow firms to give buyers the option to remain
anonymous if they so decide or to be recognized, thus endogenizing the degree

of consumer recognition imperfectness.

16 It is well-known (Fudenberg and Tirole, 2000) that the higher the discount factor of
consumers, the lower the demand elasticity in the first period because consumers anticipate the
poaching strategy of the firms.
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Our results indicate that sellers, for a wide range of parameters, will provide
buyers with the option to remain anonymous or to buy with an account. When
the discount factor is not so large, we also observe multiple asymmetric
equilibria, where one firm gives free choice to consumers, whereas the other
imposes account creation on its own buyers. The interpretation of this result is
twofold. First, it shows that firms can improve upon a rigid account policy that
only allows buying with being recognized. Second, it rationalizes the
observation that different sellers may use different policies for account creation
(as in the Amazon/eBay example discussed in the Introduction). Indirectly, it
also shows that (some) buyers, if allowed to conceal their identity, will instead
reveal it - provided this allows them to access ancillary services connected with
the account opening. We also show that, when allowing consumers to maintain
their anonymity, behavior-based pricing might outperform uniform pricing:
this contrasts with several findings in the BBPD literature (see Fudenberg and

Tirole 2000, and Villas-Boas 1999 and 2004, among the others).

APPENDIX

Equilibrium profits

n.FF

_ 6¢%8[1 = (3 —28)7]* — 12¢18[1 — 47(1 = §) + (3 — 88 + 46)7%] + 72[27(1 — 1)® + 2481(3 — 1) + 565°1% + 2485(1 + 7 — 27%)]
h 67[3 — (3 — 46)1]?

_2c6(c—21)+ (9 +8d)t

NN
T 187

T[FN

T°[19683(1 — 7)% + 24786%(297 — 23717) + 53367°8° + 14588(1 + 707 — 717°) — 276°(407 — 2182t — 34097%) + 2458°(121 +
—23247 + 61991%)] — 12c18[276° (253 — 30277) + 5721°8" + 7298(1 — 37 + 27°) — 546(11 — 1357 + 2327°) +
+6%(121 — 38497 + 183087%)] + 6¢8[729(1 — 51)° + 26°7(286 — 40497) + 6407°6* — 545(11 — 2187 + 7887°) +
+6%(121 — 49907 — 322937%)]

67[81(1 — 7) — 8(33 — 2497) — 3476%]
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7.".NF

7°[19683(1 — 7)° + 4875%(121 — 8797) + 30087°8° + 14585(1 + 707 — 717°) — 278°(407 — 21827 — 34097%) + 245°(121 +
—21897 + 58217%)] — 12ct6[218° (77 — 5857) + 487°6" + 7295(1 — 37 + 2t°) — 548(11 — 937 + 1367°) +
+6%(121 — 20617 + 712479)] + 6¢°5[729(1 — 1) — 26°744 + 177 — 207°8* — 546(11 — 327 — 707%) +
+6%(121 — 11627 + 3377)]

67[81(1 — 7) — 8(33 — 2497) — 3418%)

Proof of Proposition 1 and 2
The conditions for (FF) to be an equilibrium are:
nfF < () 7 if c = (L)ey (1, 6)

N < () r"WVif c = (L), (1, 6)

where

_ t[2187(1-1)3-81(1-1)2(37-2537)5+(858—196657+834127%-6460573 ) 52|
Cq1 (T, 5) = °
7[187(173-17987+39657%)53+4872(76-3977)5*+13847365]

, with

H

H =8748(1 — 1)3 — 81(88 — 9397 + 175872 — 90773)6
+3(484 — 13197t + 6310272 — 5816573)5?2
+ 27(2655 — 3295471 + 68963712)63 + 81%(792 — 423771)6*
+ 247213657,

7[2187(1-1)-81(37-1817)5+3(286-38057)62+1690756°]
8748(1-31)—81(88-5977)5+3(484—70237)62+2302763 °

c,(7,6) =

Therefore,

o If c € [max[c;(7,6),c,(7,6)],¢(r,6)], NN is the unique equilibrium

e If c € [0,min[c, (7, d), c; (7, 6)]], FF is the unique equilibrium

o If c € [max[0,c;(t,8)], min[c,(7,6),¢(T,6)] , both FN and NF are
equilibria

e If ¢ €[max[0,c,(t,8)], min[c,(7,6),é(t,8)] , both NN and FF are

equilibria

Then we observe the following:

17 Note that when § = 1, we have %>Oand %>0'
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- When 0 is high (say greater than 0.95), we have these possibilities: only
NN; both NN and FF; only FF. In other words, multiple asymmetric
equilibria never arise.

- When 0 is intermediate (say about 0.9), we have these possibilities: only
NN; both NN and FF; both FN and NF; only FF. In other words, all cases
are possible, depending on ¢ and 7.

- When 0 is low (say lower than 0.85), we have these possibilities: only
NN; both FN and NF; only FF. In other words, multiple symmetric

equilibria never arise.

Proof of Proposition 3

By comparing 7VY with "V, 7Y with ¥, we observe the following: 7VY >
"V oand wVY < () wfF if ¢ < (>)c3(r) where c3(7) = % -(1-1)(3+
7) T(6;5T) , or if 7> (<) 13(c), where 13(c) = c3(r)7!, and wVY = #fF if
¢ = c3(7).

Welfare

WFF

=v(1+6)

act(1 = D[9(1 — 1)? + 8762(1 + 162) + 26(1 + 87 — 972)] — 2¢ [18(1—1)2+16‘[263(1+‘L’)+2‘L’52(9—10T+‘[2)+ _

§(5— 17t + 5112 — 3973)
t[9(1 — 1)% + 1672583 + 4162%(7 — 37) + §(11 + 21 — 1372)]
11 -3 - (3 - 40)1]

4ct(9 4+ 26) — 10c¢?68 + t2(9 + 116)
721

WNN =p(1+6) —
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