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Abstract: A two-period model is developed to investigate the
competitive effects of targeted advertising with imperfect
targeting in a duopolistic market. In the first period, two firms
compete in price in order to recognize customers. In the
second period, targeted advertising plays an informative role
and acts as a price discrimination device. The firms’ optimal
advertising and pricing strategies under imperfect targeting are
compared with those under perfect targeting. Equilibrium
decisions show that, under imperfect targeting, when the
advertising cost is low enough, both firms will choose to target
ads at the rivals’ old segments. This equilibrium, which could
not exist under perfect targeting, results in two opposite
results. When cost is high, the effect of mis-targeting will
soften price competition and increase profits; on the contrary,
when cost is low enough, it will lead to aggressive price
competition and profit loss with the increase of imperfect
targeting, so firms may have incentives to reduce the mis-
targeting degree.
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argeted advertising, as a new marketing approach,
Tcan target advertising to specific segments of con-
sumers within a market. To date, much research has as-
sumed that acquired data about consumer preferences and
purchasing behavior are accurate and credible. However,
in practice, because of personal and objective reasons,
the data may not be accurate and cannot reflect the real
attributes of individual consumers. This means that a
firm’s targeting based on previous purchase history is im-
perfect. In this paper, we investigate the competitive im-
plications of this kind of imperfect targeting.

A two-period game is established to examine the targe-
ted advertising with imperfect targeting. For example,
when a new or upgraded product is introduced to the mar-
ket, two firms compete in price during the first period
which is the firm’s data collecting and consumer recogni-
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tion process. Through consumers’ price choices, the mar-
ket is segmented, so firms acquire the ability to send tar-
geted advertising and price discrimination over the next
period. The key feature of this paper is that the acquired
data after period 1 is assumed to be imperfect, which will
result in different conclusions compared with perfect tar-
geting.

Many previous works stress the positive effects of tar-
geted advertising, such as profit increases and price com-
petition mitigation!"”' . However, some research suggests
that in certain circumstances, targeted advertising will play
a negative role and result in aggressive competition, even
profit loss™™ . Another stream of work related to our pa-
per is behavior-based price discrimination and consumer
recognition'"""* . Our present work combines targeted ad-
vertising with price discrimination in which advertising is
used as a price discrimination device''”. In addition, in
all of these papers above, consumers are perfectly seg-
mented. This means that there is no mis-targeting be-
tween different groups.

This paper was inspired by the research on imperfect
targetability which received limited attention in previous
research. Chen et al. "'
sis of individual marketing with imperfect targetability,
but they only focused on targeted price. In this paper, we
highlight the importance of advertising which acts as a
price discrimination device. Iyer et al. ™ also paid atten-
tion to the leakage of targeted advertising and found that
increasing leakage reduces the equilibrium profits. But
Chen and Iyer et al. ignored the data collecting and con-
sumer recognition process, which is the first step of be-
havior-based targeted advertising and price discrimina-
tion.

provided the first rigorous analy-

1 Assumptions

Consider a market consisting of two risk-neutral firms,
denoted by A, B. Each firm i produces a homogeneous
product but different brands to end consumers at a con-
stant marginal production cost, which is, without loss of
generality, normalized to zero. Firms do not incur any
other cost for marketing except the advertising cost (in
this paper, i, j=A, B, i#)).

On the demand side, every customer buys at most one
unit of goods in each period and has a common reserva-
tion price r. To depict the heterogeneity of customers,
following Varian et al. 15719 e assume that there are
three segments in the market. First, each firm has its loy-
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al customers with identical size @ who are price-insensi-
tive shoppers and purchase only from the firm as long as
the charged price is below r. The rest consumers are
price-sensitive comparison buyers with size 8, and they
switch between two brands according to the lowest price.
The total number of customers is normalized to 1, so we
have 2a +B8=1,8e(0,1) and a € (0, 1/2).

Suppose that advertising plays an informative role and
acts as a price discrimination device. According to Ref.
[5], advertising cost is linearly related to the advertised
segment size. So the expenditure for the entire market is
¢, to the loyal segment and comparison segment are ac,
Bc, respectively.

Firms are expected to maximize profit and behave non-
cooperatively, taking the rival’s strategy into account.
The size of each segment is common knowledge to both
firms, but an individual’s specific type is a “mystery”. In
period 1, firms simultaneously set uniform prices. The
firm with the lower price will attract all the switchers and
thus lose the ability to distinguish between its own loyal
consumers and switchers, at the same time, has no choice
but to charge a uniform price in period 2. On the contra-
ry, the firm with the higher price only sells to its loyal
segment, so it can recognize these loyal customers and
charge two prices in period 2: one for the identified seg-
ment, the other for the rest of the market which has not
been identified. =~ Through price competition and
consumers’ own choice, customer recognition will be
achieved at the end of period 1. In period 2, they decide
their advertising and pricing strategies.

2 Benchmark Case

We start by establishing the benchmark case where con-
sumer recognition based on price competition of period 1
is dependable and accurate. This benchmark case will
help us isolate the competitive effect of imperfect targe-
ting. Backward induction is used to derive the equilibri-
um.

2.1 Equilibrium in the second period

Starting with the second-period game, a firm’s adver-
tising and pricing strategies in this period depend on the
results of price competition in the first stage. In period 1,
according to the same logic as in Varian and Narasim-
han'”", the deviant firm can always undercut price
slightly enough to capture all the switchers and earn more
profits. So there is no pure strategy equilibrium in prices
and a unique mixed-strategy equilibrium exists where both
firms’ equilibrium price supports are identical. Define p,
as firm i’s price in period t(i = A, B, t =1, 2). Without
loss of generality, we assume p,, < pg . In this case, all
switchers buy from Firm A in period 1. It means that, in
period 2, Firm A’s old consumers consist of its loyal con-
sumers and switchers. So when choosing its advertising
and pricing strategies, Firm A definitely does not target

ads to the new segment (Firm B’s loyal consumers) who
can never be induced. To its old segment, it may choose
to or not to advertise, if not, the profit is zero; if it does
advertise, it has to charge a uniform price, denoted by
DPa- On the other hand, Firm B’s previous consumers are
precisely loyal segment « and thus it can charge two
prices: one for the old identified loyal consumers py,, the
other for the new non-identified segment py,. Clearly, it
is profitable for B to target the old segment and charge the
maximum price r. It also has a choice whether to target
the new customers, and compete for the non-identified
switchers. Therefore, there are four subgames ( we use
capital S for short).

S1: Both firms target ads only to their old segment.

S2: Firm A targets the old segment; Firm B chooses
the entire market.

S3: Firm A does not advertise; Firm B only targets the
old segment.

S4: Firm A does not advertise; Firm B chooses the en-
tire market.

The payoffs of the four subgames are shown in Tab. 1.
The results of S1, S3 and S4 are obvious, and the de-
tailed computation of S2 follows Narasimhan''®'.

Tab.1 The payoff matrix under perfect targeting
Firm B

Payoff -
Old segment Entire market
old (a+B)(r-c), ar—-(a+B)c, ar—ac+
Firm A  segment r—ac ﬂ—(a+ﬁ)c
rm seg [ o a+p
Noads 0, or-ac 0, ar-ac+pBr-(a+p)c

Proposition 1 When the advertising cost (—O‘%$c
o+

<r, both firms advertise to their old segment; when 0 <
c< —aﬂr—zSO. 25r, Firm A targets its old segment and
(a+p)
Firm B chooses the whole market.
Proposition 2 When the cost is high —a’gr—zs c<
(a+B)
r, an aggressive price competition will arise in the first

period; on the contrary, when 0 < ¢ < %SO. 25r,
(a+p)

the price competition of period 1 will be mitigated.

2.2 Equilibrium in the first period

When making pricing decisions in period 1, firms ra-
tionally anticipate that their strategies will affect the prof-
its in the second period. Similar to the previous analysis,
a mixed symmetric equilibrium exists. A rational firm
will make the choice to maximize the total profits of two
periods. Denote the equilibrium distribution function F
(p) as the possibility that firm i’s price is lower than p in
period 1. In the symmetric equilibrium where F,(p) =
F,(p) = F,(p), each firm’s two-period expected profit
which is denoted by 7, is
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7 =la+(1-F,(p,))Blp, +[(L -F,(p,)) 7y + _, —ar+7Tm_WA2<r7T—ar+7T
F,(py) ] Pit € [P1mins Pimar] (1) Pimas =5 Pimin a+p Y ”
Fi(p)=1- a(r-p) pelPr Pl 2) Prop(?smon 3 Wlth perfect targeting, in period 1, firms
Bp + Ty — Ty set prices according to
a(r-p) [ar—,Br+[3c r]- afr
AN " 2 L r|; <c<r (Sl
prepr-pe "L aep (a+p)’ (o0
= olr—p) P [a”f%_“c 0<c<—%¥ (92 )
L o c : ~
‘Bp_{_ac_ﬂ& a+fB » r (a+ﬁ)
oa+f
Each firm’s two-period profits are given by
2ar — ac apr S<c<r
(a+p)
= ’ ] (4)
2ar—ac+aa€,8—(a+ﬁ)c 0<c<(a°‘ﬂ -<0.25/

3 Targeted Advertising with Imperfect Targeting

Consumer recognition of period 1 is a process to make
consumers endogenously segmented into different groups.
This classification is assumed to be accurate in the bench-
mark case, but in practice, it is always a less-than-perfect
probability. This means that firms’ perceived consumer
segmentation differs from the actual situation. For exam-
ple, the customer happens to purchase only when the firm
offers promotions or when he/she receives coupons.

3.1 Equilibrium in the second period

Consistent with the assumption P,, < Py, consumers
are classified into two parts: Firm A’s old segment ( per-
ceived A’s loyal consumers and switchers: « +3), B’s old
segment ( perceived B’s loyal consumers «). We depict
the imperfect targeting as that, at the end of period 1,
some switchers may not buy from A, but switch to firm
B; similarly, some B’s actual loyal consumers may be
mistakenly classified into A’s segment. There is no need
to consider the mis-targeting between loyal consumers and
switchers in segment A, because these consumers are
mixed, and the mis-targeting does not affect Firm A’s re-
sults. We require that firms’ perception about the market
segmentation should be unbiased, so the consumers ex-
changing between two firms’ old segment will be the
same, denoted by ag, where ¢ is the fraction of B’s loyal
consumers which are switchers. We assume that ap <8<

1 1 1
aas| 3o ee[0 5]

Due to imperfect targeting, the advertising and pricing
strategies will be affected. Advertising plays an informa-
tive role and can target particular segments. So for Firm
B, it is profitable to advertise to the old segment (inclu-
ding parts of B’s loyal consumers and some switchers),
and it also has a choice of the new part consisting of A’s
loyal consumers, parts of switchers and some of B’s loyal
consumers. Firm A, compared to the basic case that it

definitely does not target a new segment, in the case of
being imperfect, there is some probability for it to adver-
tise to new segment for pursuing the mistaken switchers in
B’s old segment. Thus, there are also 2 x 2 subgames.
The results are shown in Tab. 2

S1: Both firms target their old segment.

S2: Firm A targets the old segment; Firm B chooses
the entire market.

S3: Firm A advertises to the entire market; Firm B on-
ly targets the old segment.

S4: Both firms choose the entire market.

Tab.2 The payoff matrix under imperfect targeting
Firm B

Entire market

Payoff

Old segment

Old  (a+B-ap)r-(a+p)c ar—(a+p)c ar—ac+

segment ar — ac JL—(OL +B)c
o+ -oap
Firm
A ar-(a+pB)c+(a-
Entire (a+B-ap)r—-(a+PB)c+ ap) rp — ac,
market (a-ap)rp - ac, (a-ap)r-ac+
a—ap)r-ac aBr
—(a+
a+fB-op (a+pe

Proposition 4 When the advertising cost is high,
aofr
(a+B)(a+B-ap)
old segments; when the cost is mediate, (¢ —¢’)r<c<
afr
(a+B)(a+B-ap)

Firm B chooses the entire market; when the cost is low,

<c<r, both firms only target their

, Firm A targets its old segment,

O<c<(gp-¢)r,pe (0, %) both firms advertise to

the entire market.

Proposition 5 When the advertising cost is high,
ofBr
(a+B)(a+B-ap)
1 will be mitigated with the increase of the extent of mis-
targeting ¢. This mitigation continues to occur when the

apr .
(a+B)(a+B-ap)’

<c <r, price competition in period

cost is mediate, (@ — ¢’ )r < c<
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however, when the cost is low, ¢ < (¢ - goz) r, price
competition will be promoted with increasing ¢.

3.2 Equilibrium in the first period

A symmetric mixed equilibrium exists. Denote the
equilibrium distribution function F'"'(p) as the possibility
that firm i’s price is lower than p in period 1 under imper-
fect targeting. At a symmetric equilibrium where F}"(p)
= Fﬂw (p) = F"(p), each firm’s two-period expected
profit is given by

a =la+ (1 =F'(p,)Blpy + (1 =Fy(p))my +

F;;w(pn)ﬂ'}sz] Pit € [Pimins Pronan] (5)
ol —
F'(p) =1 _ﬂp+(7771i)77 P € [Pimins Promas] (6)
A2 B2
™M ™M Qr+ Ty ~Ta v
Pimax =0 Pimin = _ 5 T =Qr+my

a+f

Proposition 6 With imperfect targeting, in period 1,
firms set prices according to

B al(r-p) ar=Br+pBc+arg 7. ofBr
Bp +Br —Bc — apr E[ a+pB ,r], (a+,8)(a+ﬁ—ago)<c<r (SD)
alr-p) ar+a+‘;ﬁfa¢—ac } 2 ofr
1- ; - < S2
Py =) ppaac b TEL g O S g apmae Y
a+B-ap
2 (![2)7'
ar —2apr + arg” +
1- al(r—p) pe[ a+,8—agoyr;cs(¢_¢z)r (S4)
Bp +2agor—argo2 o atp
a+fB-ap
(7)
Each firm’s two-period profits are given by
_ apr
2ar — ac (a+B)(a+,8—ago)<C<r
™ _ 4B _ o ofr
L =12ar ac+a+,8_a¢ (a+PB)c (¢ ¢)r<C$(a+B)(a+B—ago) (8)

(2a—ago)r—ac+a+'3_a¢

4 Competitive Effects of Imperfect Targeting

From the analysis above, firms’ strategies in the second
period will be changed because of imperfect targeting. In
that case, firms may have an incentive to distort their
first-period behavior for the adjustment in period 2. At
the same time, there is some impact on total profit.

4.1 First-period prices

Proposition 7 When the advertising cost is high, the
mis-targeting effect can soften price competition. Howev-
er, when the cost is low, an aggressive price competition
will arise with the increase of ¢, and qualitatively change
the incentive environment.

Compared (3) with (7), when the cost is high,

afr
(a+B)(a+B—-ap)

old segments (S1); when the cost is mediate,
of3r

<
(a+B)(a+B-ap)
geting and S2 under imperfect targeting. If the cost is

<c <r, both firms only target their

_opr
(a +B)2

, they choose S1 under perfect tar-

(cvﬁ%’ they both choose S2. It is
o+

easy to prove that the support of equilibrium prices in
benchmark case is lower than that of imperfect targeting.

low, (¢ —¢)r<c<

JL_(O[_'_B)C

c$(¢—<p2)r

Similarly, compared the equilibrium distribution functions
under perfect targeting with that under imperfect targe-
ting, denoted by F,(p), F¥ (p), respectively, we find
that in the three kinds of situations above, F,(p) first-or-
der stochastically dominates F;"(p). It means that the av-
erage first-period price under imperfect targeting is higher
than that under perfect targeting, so the price competition
is softened. When the advertising cost is low enough, 0
<c<(p-¢’)r, they choose S2 under perfect targeting
and choose S4 under imperfect targeting. This kind of e-
quilibrium cannot exist under perfect targeting. In con-
trast to the previous conclusion, in this case, the support
of equilibrium prices in the benchmark case is higher than
that of imperfect targeting, meanwhile the equilibrium
distribution functions F;(p) first-order stochastically
dominates F,(p), the average price under imperfect targe-
ting will be lower than that of perfect targeting, so price
competition in period 1 is intensified. The first part of
conclusion is consistent with Ref. [ 14], in which the mis-
targeting effect can soften price competition,
prove that when advertising is low enough,
competition will be intensified.

When the advertising cost is high and two firms can
only target their old segments, the increase of the mis-tar-
geting extent ¢ under imperfect targeting results in a great
profit loss to the low price firm in period 1, in that case,

but we
the price
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forward looking firms have an incentive to raise prices in
order to avoid the profit loss in the next period. When the
advertising cost is lower and only the high price firm of
period 1 is beneficial to target the rival’s segment, the
firm can obtain more profits resulting from extra switchers
as loyal consumers under imperfect targeting, so the sup-
port of prices and the average price will be higher. If the
advertising cost is low enough, the mis-targeting will
cause two firms to compete in each other’s old segment
which does not exist under perfect targeting. We know
that, in S2 under perfect targeting, the profit of the high-
price firm is always larger than that of the low-price firm,
so the price competition is mitigated. In comparison with
that, under imperfect targeting, the higher ¢, the more
benefit for low-price firms in period 1, which encourages
two firms to reduce prices. So an aggressive price compe-
tition will arise; meanwhile this situation will make the
high-price firm of period 1 reduce the error rate or in-
crease targetability. This conclusion can also be explained
by Proposition 3 and Proposition 5.

Fig. 1 plots for r:l,a=%,[3=%,§0=0-2~ F.(p),

FM(p) are shown with different advertising costs, respec-
tively. Obviously, firms under imperfect targeting charge
higher expected first-period price when the advertising
cost is relatively high; however, when the cost is low e-
nough, the expected price under imperfect targeting is
lower than that under perfect targeting.

1.4r
— F;(p)(c=0.5S81)
L.2F —— FM(p) (c¢=0.5,81)
~ 1 0_ _'_Fi(p)(c=0.25,sl)
S ™M
s —— F"(p)(¢=0.25,82)
'_l'.‘: 0.8 —o—FiIM(p)(c =0.1, $=0.2,54)
,;: 0.6_+Fi(p)(c=0.1,82)
< 0.4f
0.2
%3 04 05 06 07 08 09 10
Price
Fig.1 Cumulative distribution functions for prices under per-

fect and imperfect targeting

4.2 Profits

Proposition 8
ofr
(a+B)(a+B-ap)
mains unchanged; when the cost is reduced to (¢ —¢’)r

ofBr
<c<(a +B)(a+B-ap)
cause of the existence of mis-targeting; however, when

when the advertising cost is high,

< c <r, overall expected profit re-

, expected profit increases be-

the cost is low enough, the overall profit will decrease
under imperfect targeting compared with perfect targe-
ting.

From Egs. (4) and (8), it is shown that with different
advertising costs and equilibrium strategies, the competi-
tive effect of imperfect targeting on profits is different. If
advertising cost is high, the profit loss in period 2 is com-
pensated by the additional profit in period 1, so the ex-
pected profit stays unchanged 7, = 7r|". If the cost is me-
diate, only the high price firm in period 1 is able to target
the rival’s segment which means that the existence of mis-
targeting gives the firm an opportunity to obtain more
profits 77, < 7r;". If the advertising cost is low enough,
under imperfect targeting, it is beneficial for two firms to
compete for the rival’s segment in period 2. However, the
fierce price competition in the whole market may lead to a
great profit loss compared with perfect targeting, so 7, >

™ 2 1

7. . Fig.2 also plots for r=1,a=?,,8=?,¢>=0.2.

i

The equilibrium profits change with cost ¢ under imper-
fect and perfect targeting. The picture below proves Prop-
osition 8. Fig. 3 describes the equilibrium profits as a
function of ¢ under imperfect targeting. When the cost is
ofr
(a+B)(a+B-ap)’
are improved with the increase of ¢; however, when the
cost is low enough, 0 <c< (¢ - ¢’)r, profits become
worse along with higher ¢.

mediate, (¢ —¢’)r<c < profits

040 0.10.2 0304 05060703809 L0

Cost

Fig.2 Profits as a function of cost ¢ under imperfect and per-
fect targeting

0.20 _0.30  0.40

Imperfect targeting @

0 0.10
Fig.3 Profits as a function of imperfect targeting ¢

5 Conclusion

This paper compares the firms’ optimal advertising and
pricing strategies under imperfect targeting with those un-
der perfect targeting. A two-period model is developed to
investigate the competitive effects of imperfect targeting
in a duopolistic market. Results show that: 1) The exist-
ence of imperfect targeting results in an additional conclu-
sion compared to perfect targeting; that is when the ad-
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vertising cost is low enough, two firms competing with
each other in the rivals’ segment. 2) The mis-targeting
effect can soften price competition and increase profit
when the advertising cost is high enough, which is con-
sistent with Chen’s results; however, when the cost is
low enough, an aggressive price competition and profit
loss will arise with the increase of mis-targeting. So firms
may have incentives to reduce the mis-targeting degree.
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