PERGAMON

Journal of Retailing and Consumer Services 6 (1999) 107-115

JOURNAL OF

RETAILING
AND
CONSUMER
SERVICES

A method to infer coupon availability from coupon redemption
in the supermarket scanner panel data

Fisun F. Goniil*, Anthony A. Smith, Jr.

Graduate School of Industrial Administration, Carnegie Mellon University, Pittsburgh, PA 15213-3890, USA

Received for publication 2 April 1998

Abstract

Measuring the impact of coupon availability on consumers’ purchase decisions often poses a problem in forecasting market shares
of brands in a retail environment. Because, data on actual coupon availability do not exist or can only be obtained by costly field
experiments. The widely used supermarket scanner panel data sets offer information on coupons redeemed by the household for only
the specific brand that is bought. However, using the redemption variable introduces bias in brand choice or purchase incidence
models because redeeming a coupon implies buying the brand or making the purchase. This study presents a way to infer availability
from coupon redemption data and to predict market shares for each brand in a supermarket product category. © 1999 Elsevier

Science Ltd. All rights reserved.
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1. Introduction

With the advent of scanner panel data sets, marketing
researchers have made considerable advances in estima-
ting household level brand choice and purchase inci-
dence models. But, while scanner panels contain detailed
information on price promotions for all brands in the
store environment, they remain silent on the extent of
coupon availability at the household level.! In the scan-
ner panel data we only know the coupon redemption for
the bought brand. However, when coupon redemption is
used as a substitute for coupon availability in a brand
choice model, the coupon coefficient will be over esti-
mated. The bias occurs because redeeming a coupon for
a specific brand automatically implies buying the brand.
Similarly, in a purchase incidence model using a coupon
implies that a purchase has occurred. Hence, when
brand choice and purchase incidence are attempted to be

* Corresponding author. Tel.: 001 412 268 7590; fax: 001 412 268 6837,
e-mail: fg0k@andrew.cmu.edu.
! Availability refers to a specific household’s having at least one coupon
for a specific brand, that is ready to use (clipped, saved), and prior to
expiration.

explained by the coupon redemption variable, the impact
of coupon is overstated.

In 1995, 350 billion coupons were distributed. Procter
and Gamble, a major manufacturer of packaged goods,
spends about $25 million annually in coupon distribu-
tion. Especially, in categories such as the disposable
diaper, where couponed purchases comprise more than
50% of the sales, coupon distribution and competitive
couponing strategies are extremely important.

If net price (=price — coupon value) is used in a brand
choice model as an explanatory variable, the effect of
coupon per se on brand choice cannot be estimated
(see, for example, Kamakura and Russell, 1989). Further-
more, in this case the price variable includes the coupon
redemption decision and loses its exogeneity property.

Although it is beyond the scope of this paper a com-
prehensive survey of the coupon literature can be found
in Blattberg and Neslin (1990, Ch. 10). The advantages of
coupons over direct shelf-price cuts are several: (i) A cou-
pon is a visible reminder of a price reduction whereas
a minor change in shelf price may go unnoticed by many
consumers. Gonul and Srinivasan (1993) find that cou-
pons are more effective than price cuts in inducing brand
switches. (i) A coupon is an exclusive offer to those
consumers who collect coupons and hence enable price

0969-6989/99/$ — see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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discrimination (Narasimhan, 1984). (iiij) Coupons do
not interfere with the image of a product whereas a
lower price may signal a lower product quality. (iv)
Coupons enable the manufacturer to directly influence
the retail price without having to negotiate with the store
manager.

Although a growing body of literature exists on cou-
pons, an accurate measure of coupon availability does
not exist largely due to lack of data at the household
level. One exception is Klein (1981) who obtains availa-
bility data from supermarket experiments. Although
Klein’s data is at the household level and valuable, it
is costly to run a field experiment. Furthermore, a field
experiment does not help the scanner panel researcher
unless the panel members are made subjects of the experi-
ments at the time the scanner data are collected. Neslin
(1990) uses coupon data from advertisements in the local
newspapers, however, Neslin’s data is not at the house-
hold level. Shaffer and Zhang (1995) examine competitive
couponing strategies in a theoretical framework. Chiang
(1995) models coupon use at the category level in the
household’s utility maximization problem, however, does
not address the brand choice problem.

Our study differs from prior works because we (a)
conduct an empirical study, (b) use household-level data,
(c) infer brand-specific coupon availability probabilities,
and (d) model brand choice in addition to coupon re-
demption. We treat brand-specific coupon availability
as an unobserved variable and estimate the probability
distribution function of brand-specific coupon availabili-

2. Proposed method

Coupon redemption is the joint outcome of exposure
(availability) and willingness to redeem it on a given pur-
chase occasion. On a given purchase occasion a coupon
for a specific brand is either available to the household or
not. In spite of availability, some households may not
redeem any coupons, due to lack of time or lack of
interest.

Blattberg and Neslin (1990) state that brand choice
and coupon redemption decisions can be modeled as
simultaneous decisions (Ch. 10).2 We adopt the reasoning
and assume that a household makes two simultaneous
decisions on a given purchase occasion: which brand to
purchase and whether or not to redeem a coupon with
the purchase. If there exist three brands in a product
category then there are eight possible environments for
binary coupon availability situations. For example, in an
environment where no coupons are available, the choice
set consists of three alternatives only: {(Brand A without
a coupon), (Brand B without a coupon), (Brand C with-
out a coupon)}. Similarly, in the environment where only
Brand A’s coupons are available the choice set consists
of four alternatives: {(Brand A with or without a coupon),
(Brand B without a coupon), (Brand C without a cou-
pon)}. If coupons for all three brands are available to the
household on purchase occasion i, then the household
chooses among six alternatives.

The following table enumerates the choice environ-
ments more succinctly (E;, i =1, ..., 8):

Coupon environments

Coupon Availability Alternatives
Environment ay ag ac (4, 1) (4, 0) (B, 1) (B, 0) (C, 1) (C,0)
1 1 1 1 v v v v v v
2 0 1 1 v v v v v
3 1 0 1 v v v v v
4 1 1 0 v v v v v
5 0 0 1 v v v v
6 0 1 0 v v v v
7 1 0 0 v v v v
8 0 0 0 v v v

ties. In our empirical work, we control for households’
willingness to redeem coupons using historical data.
Our model provides answers to such questions as: What
happens to market shares if a manufacturer decides to
eliminate its coupons (as P and G announced in 1994)?
Does the brand stand to lose or gain against competing
brands that may not follow suit?

In the remainder of the paper Section 2 presents the
proposed methodology; Section 3 presents the data; Sec-
tion 4 presents the tests of the model, the results, and
discussion; and Section 5 concludes with a summary and
future research directions.

where a; = 1 if coupons are available for brand j and
a; = 0 otherwise.

2 Although a nested logit may be considered to model conditional

brand and coupon use decisions, the lack of data on availability makes
the nested logit model inestimable in our context. For example, suppose
no coupons were available to the household at a given time. Then the
household engages in an unconditional brand choice exercise. On the
other hand, suppose only one brand’s coupon is available at a given
time. Then the household considers a conditional decision for that
brand, and unconditional decision for the remaining two brands. Since
the scanner panel data does not include availability information the
nested logit model cannot be used in this case.
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The alternatives can be represented as pairs (y;, z;),
where y; = A4, B, C denotes the household’s brand choice
decision on purchase occasion i (e.g. y; = A if the house-
hold chooses Brand 4 on purchase occasion i) and z;
denotes the household’s coupon redemption decision on
purchase occasion i (z; = 1 if the household redeems a
coupon on purchase occasion i and 0 otherwise). We let
U,;x denote the utilities of each of the six alternatives for
j=A, B, C and k = 0,1. We assume that

ljk(yl _]52 - k) ljk + gljk’ (1)

where U, is the deterministic component and ;5 is the
random component that is independent and identically
distributed as Type I extreme value (McFadden, 1974).
The logit choice probability has a different denominator
depending on the environment. Different denominators
(according to environments) drive the estimates of the
availability probabilities. For example, in E; = 1, where
coupons for all three brands are available, the choice
probabilities are

. exp(Usj)
Pi=jzi=klE=1)=cc—wr > U’
1= 4 2um=0 exp(Uipm)

@

since the household can choose among six alternatives.
On the other hand, for E; = 7:

P(y;=j,zi=k|E; =1)

eXp(Uuk)
exP(Uuu) + exp(U;40) + exp(Uipo) + exp(Uico)

G

for (j,k) in {(4,1), (4,0), (B,0), (C,0)}.

Note that P(y; =j,z;=k|E;=7)=0 for (j,k) in
{(B,1), (C, 1)} since those two alternatives are not avail-
able in the seventh environment. More generally, we let
S(n) be the set of alternatives available in environment n.
Then

P(y;=j,zi=k|E;=n)

_ CXP(Uijk)/Z(l’m)ESW exp(Uuw) if (j,k) €S(n),
o if (j,k)¢S(n).

We need to work with the unconditional probability
that the household chooses alternative ( j, k) since we do
not observe the choice environment faced by a house-
hold. We express the unconditional probability as a
weighted average of the conditional choice probabilities
given by Eq. (4) with the nth weight corresponding to the
probability that the household faces choice environment
n. More explicitly,

4)

8
P(y _]’Z_k Z

P(y; =j,zi = k| E; = n) P(E; = n).
)

We define p, = P(E; = n) where the probabilities p,,

n=1, ...,8 are each nonnegative and sum to one.?
P(E;=1)=Pla, =1, ap=1 ac=1) =p,
P(E;=2)=P(ais =0, a3 =1, a,c=1) =py,
P(E;=3)=Plais =1, a;p =0, ajc = 1) = ps,
P(E;=4)=Plaia=1, a3 =1, aic = 1) = py,
P(E; =5)=P(ais =0, a;p =0, a;c = 1) = ps,
P(E; = 6) = Plais =0, ap = 1, aic = 0) = pe,
P(E;=7)=Plaia =1, a;p =0, a;c = 0) = p;,
P(E; =8)=P(ais =0, a;p=0, a;c =0) =ps. (6)

We estimate these environment probabilities jointly
with the rest of the model parameters. The brand-specific
availability probabilities can then be obtained by
summing the probabilities of environments where that
coupon is available. (For example, the probability of
availability of a coupon for Brand A is the sum of the
first, third, fourth, and seventh environment probabili-
ties.) We label this specification the General Coupon
Availability Model.*

In a nested version of the General Model, the coupons
are assumed to be distributed independently of each
other. Then the environment probabilities can be expres-
sed as the product of the probabilities of the indepen-
dent events, P(a;; = 1) = q;. Hence,

P(E;=1)=Plaga=1,a5=1, a;c =1) = q4 45 4c,
P(E;=2)=Plais=0,a=1,ac=1)=(1—q4) g8 9c,
P(E;=3)=Plais=1, a;p=0, aic = 1) = q4(1 — q3) qc,
P(E;=4)=Plaia =1, aip=1, aic = 0) = q4 qs(1 — qc),

P(E;=35)=P(ais =0, a; =0, a;c = 1)

=(1—4q4) (1 —49s) qc,
P(E;=6)=P(a;4 =0, a;5 =1, a;c = 0)
=1 —4q4) qs(1 — qc),
P(E;=7)=P(aja=1, a;5=0, a;c = 0)
=q4(1 —qp) (1 — qc);
P(E;=8)=P(a;4 =0, a; =0, a;c = 0)
=(1—q4 (1 —qp) (1 —qc) (7

3The purchase occasion subscript on the environment (E;) does not

imply that the probability of an environment changes on each purchase
occasion.

“The number of environments increases as the number of brands
increase. If the number of brands is high, e.g. 10, then the number of
environments is 1024 and the model may run out of degrees of freedom
when estimating the 1023 (=1024 — 1) environment probabilities.
However, if that is the case, the model can be simplified and the number
of parameters can be reduced by assuming coupon distributions are
independent across brands, or at least partially correlated as described
in the Independent model next.
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We term the nested specification the Independent
Coupon Availability Model. For example, if the number of
brands is 10 there are only 10 parameters to estimate. If
independence assumption is too restrictive (such would
be the case when two or more brands are jointly owned
by a company), then only those brands can be assumed
dependent, and the assumption can be tested by a Lag-
range multiplier test against the General Model.

Our models nest a third model where coupons for all
three brands are available with probability one. Then,

1 ifn=1,

0 ifn=2..,8, ®)

P(E;=n) = {
where there is only one choice environment. We term this
nested version where all three coupons are always avail-
able the Ordinary Choice Model. For all three models,
a general expression can be given for the log-likelihood
function:

1
Z Dijk log

j=A k=0

><<Z, P(yi =j,zi = k| E; = n) P(E; = n)>, ©)

Ma

L=y

i=

—

where M is the total number of observations, D; = 1 if
the household chooses alternative ( j, k) on purchase oc-
casion i and D, = 0 otherwise. We estimate our models
with different starting points and obtain convergence to
the reported optimum in all cases.

Note that the General and Independent Models do not
suffer from the independence from irrelevant alternatives
(ITA) limitation at the aggregate level. Because, the unob-
served coupon environments capture potential correla-
tion across alternatives. The choice alternatives that
share common environments are linked through the en-
vironment probabilities. We have attempted to estimate
the multivariate probit model to capture correlation
across alternatives more generally. However, we experi-
enced convergence problems in implementing the method
of simulated moments even for the simple Ordinary
Choice Model, potentially due to our modest sample size.
Our specification does not pose problems in estimation
due to the closed-form expressions of the logit probabili-
ties, and does not have the IIA problem at the aggregate
level.

3. Data and empirical specification
3.1. Data

Our sample is from the A.C. Nielsen scanner panel
data on households that purchased disposable diapers
during a 52-week period. The diaper wars are fought
mainly by manufacturers’ coupons: one-half of diaper
purchases are made with manufacturer coupons in the

data. Other promotional tools such as store coupons,
displays, and feature are practically nonexistent in this
category (less than 0.1% in the data). Three national
brands account for more than 90% of the total sales in
the market. We divide the sample into three parts. The
first 13 weeks comprise the initialization sample, for
a total of 805 purchases; the middle 26 weeks comprise
the estimation sample, for a total of 1414 purchases; the
last 13 weeks comprise the holdout sample, for a total
of 651 purchases. We use the initialization sample to
construct measures of past brand loyalty and coupon
proneness for each household. The sample consists of 162
households. The three national brands they buy comprise
more than 90% of the market. The observed frequencies
in the data are as follows: Brand A is purchased with
a coupon 12.4% of the time, Brand A without a coupon
11.2%, Brand B with a coupon 13.6%, Brand B without
a coupon 5.4%, Brand C with a coupon 32.2%, and
Brand C without a coupon 27.0% of the time.

The average shelf prices per diaper for the brands are,
14.5 cents, 14.3 cents, and 14.3 cents. PRICE is the
size-adjusted unit price per diaper. We define LOY; as
past brand loyalty that we compute from the initializa-
tion sample (Bucklin and Lattin, 1991). Omitting the
household subscript, LOY; = (1/J + N,)/(1 + N), where
J is the number of brands (J = 3), N; is the number of
purchases of brand j by the household in the initializa-
tion sample and N is the total of number of purchases
by the household in the initialization sample. Note that
0 <LOY; <1foralljand that )7  LOY;= 1. To cap-
ture the effect of recent brand choice we use BRE-
CENT;; =1 if the most recently purchased brand is
brand j, 0 otherwise. We construct similar measures to
capture coupon proneness. Omitting the household
subscript from the right-hand side, we obtain CINIT; =
(1/2 + NJ)/(1 + N), where N, is the number of purchases
in the initialization sample that the household makes
with a coupon. The variable CINIT; lies between 0 and
1, indicating degree of coupon proneness. In addition, we
use CRECENT; = 1, if the most recent purchase is made
with a coupon, and 0 otherwise. The demographic vari-
ables are annual household income, scaled to a fraction
of 50000 (INCOME), a dummy variable for ownership of
residence (O W N), dummies for whether male and female
heads of households work full-time or not (MEMP,
FEM P), dummies for college degree (MEDU, FEDU), and
the number of members in the household (NUMMEM).

3.2. Empirical specification

We model the deterministic part of the utility function
as follows:

Uijk = Ojg + '))lkPRICEiJ' + "/szOYij + '}/'3JBRECENT”
+ 9. CINIT; + 75,CRECENT; + DEMOG,
(10)
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where price is allowed to have a different impact for
couponed and noncouponed alternatives; past and recent
brand loyalty are captured by LOY;; and BRECENT;;
past and recent deal proneness are captured by CINIT;
and CRECENT;; and DEMOG; includes demographic
variables. We arbitrarily set og, to zero, since not
all six intercepts are identified in the discrete choice
framework.

Based on prior research with the data we do not expect
the demographic variables to significantly influence the
brand choice part of the decision. Thus, we enter the
demographic variables only in couponed alternatives
(that is, where k = 1). We achieve this by setting the
parameters of the corresponding variables to zero in
noncouponed alternatives (f, =0). The formulation
allows us to explore whether demographics play a role in
coupon redemption tendencies. For example, if we find
that male household head’s education has a negative
and significant coefficient, then we will be able to con-
clude that male household heads with relatively higher
education are less likely to redeem coupons.

Similar to demographics, we enter the coupon-prone-
ness variables only in couponed alternatives (y,o = 0,
750 = 0). Such a formulation allows us to estimate if past
and recent coupon-proneness significantly influence cur-
rent coupon redemption. Coupon redemption is costly
for some consumers but is favored as a smart-shopping
opportunity by other consumers (Shimp and Kavas,
1984). We let the consumer heterogeneity in past and
recent deal-proneness contribute to the explanation of
coupon redemption as a choice.

4. Results and discussion

We find that the General Coupon Availability Model
fits the best and achieves the highest log-likelihood value
in the estimation sample (Table 1). The likelihood ratio
tests reject the two nested models: We reject the Ordinary
Choice Model in favor of the Independent Coupon
Availability Model (x3, = 8.2, p < 0.05), and by implica-
tion, in favor of the General Model. The Independent
Model imposes the restriction of independence across
brands’ coupon distribution decisions. We reject the
Independent Coupon Availability Model in favor of the
General Availability Model (y&, = 23.4, p < 0.01).° The
Consistent Akaike Information Criterion (CAIC, Bozdo-
gan, 1987) also indicates that the General Model fits the
best. See the bottom of Table 1.

® The degrees of freedom for the chi-squared test is the difference in the
number of parameters. The restrictions that the null hypothesis imposes
on the test can be nonlinear as in our case. For further details, see Judge
et al. (1985, Ch. 6).
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Table 1
Parameter estimates and standard errors®
Coupon availability Ordinary Independent General
probabilities® model model model
Environment 1 1 0.34%** 0.31%**
(ag=1,ag=1,ac=1) 0.12) (0.13)
Environment 2 0 0.08** 0.28%**
(a4 =0,a5=1,ac=1) (0.04) (0.08)
Environment 3 0 0.18%** 0.15
(a4 =1,a5=0,ac=1) (0.07) (0.10)
Environment 4 0 0.19%** 0.02
(aq=1,a5=1,ac=0) (0.08) (0.05)
Environment 5 0 0.04 0.00
(a4 =0,a3=0,ac=1) (0.03) (0.00)
Environment 6 0 0.04 0.00
(ag=0,ag=1,ac=0) (0.03) (0.00)
Environment 7 0 0.10%** 0.00
(aq=1,a3=0,ac=0) (0.05) (0.00)
Environment 8 0 0.02 0.231%**
(ay=0,a5=0,ac=0) (0.02) (0.03)
Coeflicients Ordinary Independent General

model model model
041 — 1.96%* 1.60* —1.11
(intercept) (0.84) (0.95) (1.45)
%40 — 045 — 048 — 0.74%*
(intercept) 0.27) (0.31) (0.34)
opy —1.37* —1.04 —0.82
(intercept) (0.83) (0.95) (1.45)
ogo —0.40 —042 —0.58
(intercept) (0.26) (0.30) (0.35)
oy — 1.55% — 142 —1.01
(intercept) (0.80) (0.90) (1.42)
Y11 —0.20%**%  —0.21%*%*%  — (.27%**
(Price with coupon) (0.05) (0.06) (0.07)
Y10 — 0.19%*%  —(,19%HFx (), ]3%**
(Price without coupon) (0.06) (0.06) (0.07)
Yo 2.31%** 2.58%** 2.83%**
(LOY,) (0.35) (0.40) (0.45)
Y28 1.59%%* 1.97*** 2.01%**
(LOYp) (0.40) (0.49) (0.53)
Y2c 1.42%%* 1.52%%* 1.35%%*
(LOY¢) 0.31) (0.35) (0.36)
V34 0.81%** 0.89%*** 1.01%**
(BRECENT,) (0.18) (0.21) (0.23)
V3B 0.51%** 0.63*** 0.64%**
(BRECENTp) (0.18) 0.22) (0.23)
Yac 1.29%*** 1.42%** 1.28%**
(BRECENT,) (0.16) (0.19) (0.20)
Va1 2.85%** 3.19%** 5.75%%*
(CINIT) (0.26) (0.35) (0.85)
Vs1 0.64%** 0.76%** 1.29%:%%*
(CRECENT) (0.13) (0.16) (0.32)
N —0.03 0.00 0.19
(INCOME) (0.30) 0.22) (0.53)
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Table 1 (continued)

Coefficients Ordinary Independent General
model model model
B2 0.15 0.20 0.31
(OWN) (0.14) (0.16) (0.31)
B3 0.04 0.05 0.42
(MEMP) (0.13) (0.15) (0.28)
fa 0.03 0.04 0.41
(FEMP) (0.14) (0.16) (0.34)
Bs 0.22 0.30 0.32
(MEDU) (0.20) (0.25) (0.43)
Pe —0.02 —0.03 —0.35
(FEDU) 0.19) (0.22) (0.41)
f4 —0.20 —0.03 0.06
(NUMMEM) (0.05) (0.06) (0.14)
Log-likelihood — 1830.8 — 1826.7 — 1815.0
CAIC® 3705.6 3703.4 3688.0

*Standard errors are placed in parentheses. The last intercept is set to
zero for identification purposes.

* Denotes significance at the 10% level. ** Denotes significance at the
5% level. *** Denotes significance at the 1% level.

®Since we report only two digits after the decimal point, some probabi-
lities may appear as zero. The marginal availability probabilities for
brands (g;) are 0.81, 0.65, and 0.64 (for the Independent Model) and
0.48,0.61, and 0.74 (for the General Model). In the Independent Model
the estimated parameters are the three marginal probabilities. The eight
environment probabilities reported for the Independent model are
derived using Eq. (7); their standard errors are computed using the S.E.
formula for nonlinear functions of parameters (Judge et al., 1985).
°The CAIC (Consistent Akaike Information Criterion) is often em-
ployed as a goodness-of-fit measure (Bozdogan, 1987). CAIC = —2log
L + 2p where p is the number of parameters. A lower value indicates
a better fit.

We compute the log-likelihood values on the holdout
sample using parameter estimates from the estimation
sample. The General Model performs slightly better
than the Independent Availability Model (—967 versus
—968). The Ordinary Model fares worse than either
model (—971).

4.1. Coupon availability probabilities

We find that the coupon environment probabilities in
the General Availability Model are vastly different from
those in the nested models. For instance, the probability
of being exposed to a coupon by at least one brand is
estimated to be 0.77 in the General Model, but 0.98 in the
Independent Model. To put it differently, the probability
of no coupons is 0.23 in the General Model, but almost
0.0 in the Independent Model.

We compare our estimates of coupon availability
probabilities with coupon drop data obtained from the
Nielsen clearing house (NCH). Since the earliest year for
which we could obtain NCH data is 1989, whereas our
data span mid-1986 to mid-1987, the NCH data only

loosely correspond to the scanner panel data that we use.
Moreover, the NCH data are national whereas our data
are from only two cities. None the less, we use the coupon
drop data to serve as a rough check on our estimates of
availability probabilities, since this seems to be a natural
way to check the reasonableness of our estimates. Assum-
ing that all coupons are of equal duration and that an
equal number of coupons are distributed in each drop,
the national average coupon frequencies for Brands A, B,
and C are calculated as 0.67, 0.86, and 0.90 from the
NCH data. In our best-fitting model, the estimates of the
availabilities are 0.48, 0.61, and 0.74. Our estimates
match the actual coupon drop figures well in terms of
the relative order of availability; that is, we predict that
Brand A’s coupons are the least available and Brand C’s
coupons are the most widely available. The Independent
Model, for which the estimated probabilities are 0.81, 0.65
and 0.64, does a poor job of matching the relative order.

4.2. Couvariate coefficients

In the General Model, the price coefficient for the
alternatives that involve the redemption of a coupon is
significantly more negative than the price coefficient for
the alternatives that do not involve the redemption of
a coupon. That is, households tend to be more price
sensitive when they shop with coupons than when they
do not. The two nested models fail to show the difference
in price sensitivities.

The coefficients on purchase background variables
(past brand loyalty, past coupon proneness, recent brand
loyalty, and recent coupon proneness) are positive and
significant in all models (p < 0.01). Thus, brand choice
and coupon redemption behaviors follow past patterns
and display inertia. The coefficient on LOY, is larger
than the coefficient on LOY, which suggests asymmetry
across brands in the impact of initial loyalty. Similarly,
the coefficient on BRECENT¢ is twice as large as the
coefficient on BRECEN Ty, suggesting that the market
leader enjoys a stronger repeat purchase tendency than
the follower Brand B.

In preliminary models where we omitted purchase
background variables, some demographic variables (in
particular, female employment) appeared to be signifi-
cant due to the omitted variables bias. (We do not show
the results for space considerations.) However, when pur-
chase background variables are added to the models, the
demographic variables lost their significance. Hence, pur-
chase background variables seem to be more powerful
than demographics in explaining consumer behavior for
brand choice and coupon use.

In the General Model, consumers’ past and recent
tendency to use coupons appear to be significantly asso-
ciated with the present coupon choices. In contrast, if
the coupon distribution environment is assumed to be
restrictive (by assuming that either coupon distribution
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decisions are independent across brands as in the Inde-
pendent Model or that consumers are never deprived of
coupons as in the Ordinary Model), the association of
coupon-proneness on current coupon use is under-
estimated. Compare the larger coefficients on past and
recent coupon proneness in the General Model with the
coefficients in the nested models.

The relationship between brand loyalty and coupon
proneness has been investigated before and is an
important issue for brand managers. The evidence in the
literature concerning this relationship is mixed.® We vary
the values of the brand loyalty variables, hold everything
else constant, and compute the unconditional probability
of redeeming a coupon. We find that neither past nor
recent brand loyalty has any significant impact on the
probability of coupon redemption. That is, whether or
not brand loyal households redeem more coupons than
other households is not clear from this data.”

Our findings can be summarized as follows:

1. We reject the hypotheses that (a) coupons are avail-
able all the time; and (b) brands act independently of
each other regarding the availability policies of their
coupons.

2. We find that price-sensitive shoppers are more likely
to be coupon users.

3. We find that impact of past coupon use is under-
estimated when the coupon environment is con-
strained to yield independent coupon distribution
decisions across brands.

4. We find no significant relationship between brand
loyalty and coupon redemption.

5. We find that demographic variables lose their signifi-
cance when purchase background variables are in-
cluded in the model.

4.3. Simulated Scenarios

We simulate various coupon availability scenarios
using estimates from the General Model and explore the
impact of availability on market share and coupon re-
demption. Table 2 exhibits brand choice probabilities
(that is, estimates of market shares), P(y; = j), and condi-
tional coupon redemption probabilities P(z; = 1|y; =)
under each coupon distribution scenario.?

%For example, Webster (1965) finds evidence for a negative relation-
ship, while Bawa and Shoemaker (1987) find evidence for a positive
relationship. However, the two works may not be in conflict since the
“deals” measured in Webster are not necessarily the “coupons” in Bawa
and Shoemaker.

7The interaction effect can also be measured by multiplying the brand
loyalty and coupon proneness variables. However, we calculate the
interactive effect as described above, rather than estimate it with new
parameters in order not to complicate the model further.

8 Brand choice probabilities are computed from our joint choice model
as the marginal probabilities. Coupon redemption probabilities are
calculated as the conditional probabilities.

When coupons for all three brands are always avail-
able, the market shares of the three brands change only
slightly from the current allocation (compare simulations
#0 and # 1): the leading brand’s market share falls from
57% to 51% while the market share of Brand A increases
from 24% to 28% and the market share of Brand B
remains roughly constant. The brand that eliminates
coupons suffers a dramatic drop in market share (see
simulations #2, #3, and #4): Brand A’s market share is
cut in half, Brand B’s market share is cut by a factor of 6,
and Brand C’s market share is cut by a factor of 3). If two
brands ecliminate coupons (simulations #35, #6, and
#7), the third brand that issues coupons benefits con-
siderably (Brand A’s market share increases to 68%,
Brand B’s market share increases to 62%, and Brand C’s
market share increases to 83%).

When all brands eliminate coupons, the brands’ mar-
ket shares remain virtually unchanged from the market
shares that would obtain if coupons for all three brands
were always available (compare simulations # 1 and #8).
Thus, the results suggest that couponing is a Prisoners’
Dilemma. (Shaffer and Zhang, 1995, also find strong
support for Prisoners’ Dilemma in their work on compet-
ing target coupons). Among the three brands, Brand B
appears to rely on coupons for survival more than the
other two brands. For example, when Brand B eliminates
its coupons, it virtually eliminates itself from the market
by suffering a dramatic drop in market share. Hence, the
relationship between coupon availability and market
share is asymmetric across brands.

The probability that a coupon is redeemed, conditional
on the purchase of a specific brand, P(z; = 1]y; = ),
is another measure of a brand’s reliance on coupons to
build market share. In our sample these conditional
probabilities are 53%, 72%, and 56% for Brands A, B,
and C, as reported in the first row of Table 2. We find
that as a brand’s coupon availability increases relative to
its competitors the proportion of its purchases made with
a coupon also increases. We note the interesting case of
Brand B. If Brand B is the only brand issuing coupons,
our simulations predict that 94% of its purchases would
be made with a coupon (see simulation # 6), as compared
to 72% in the data. At the time our data was collected
Brand B was a relatively new brand in the vicious diaper
market. Hence, the evidence we present suggests the
vulnerability of a new warrior in a mature product
market engaged in coupon wars.

In summary:

1. We find that although any one brand’s market share
would fall substantially if it eliminated coupons uni-
laterally, the brands’ market shares would remain
essentially unchanged from the observed market
shares if all three brands were to eliminate coupons
simultaneously. This phenomenon resembles the Pri-
soners’ Dilemma in the game theoretic literature.
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Table 2
Impact of coupon availability on purchase behavior

Market shares

Proportion of purchases
made with a coupon

Simulation Brand A Brand B Brand C Brand A Brand B Brand C
number

Data 0.24 0.19 0.57 0.53 0.72 0.56
0 0.24 0.19 0.57 0.50 0.71 0.57
1 0.28 0.20 0.51 0.79 0.89 0.75
2 0.10 0.28 0.62 0 0.90 0.76
3 0.35 0.03 0.62 0.81 0 0.76
4 0.42 0.37 0.21 0.84 0.92 0

5 0.12 0.05 0.83 0 0 0.81
6 0.12 0.62 0.26 0 0.94 0

7 0.68 0.05 0.27 0.88 0 0

8 0.25 0.15 0.60 0 0 0

Notes: The first row, labeled “Data”, gives the observed frequencies in the estimation sample. In simulation #0, the environment probabilities are set
at the maximum likelihood estimates from our General Model. In simulation #n (n > 1), the probability of environment n is set to 1 and the

probabilities for the remaining environments are set to 0.

2. We report evidence for an asymmetric effect of cou-
poning on brands. That is, while one brand maintains
market lead in most of the scenarios, another is most
vulnerable in coupon wars.

5. Conclusion

Better forecasts for competing brands are desirable for
a retailer in order to manage category sales and plan for
inventory. Coupon availability, if measured accurately,
can help predict brand market shares more satisfactorily.
This study presents a way to infer unbiased estimates of
availability from redemption data and to predict market
shares for each brand in a supermarket product category.
The method helps circumvent the upward bias in mea-
suring the effect of coupons on brand choice, that typi-
cally occurs when coupon redemption is used instead of
availability. In addition, the method we propose to some
extent obviates the need to search for exogenous sources
of data on coupon availability. Our model uses informa-
tion on brand choice and coupon redemption, and
therefore, is applicable with any scanner panel data set.
Recently Gonul and Srinivasan (1996) used our model to
generate 0—1 coupon distribution variables for each
household in each week for their dynamic purchase inci-
dence model by simulating draws from the estimated
availability probabilities.

In sum, our work shows an analytically correct way of
inferring coupon availability from redemption and brand
choice data by the enumeration of all possible coupon
environments. However, there are some limitations in
our work as in all studies:

(I) We have adopted the multinomial logit model for
computational simplicity. A brand’s coupons may

draw disproportionately from its loyal users, hence,
using a multinomial logit model may be restrictive
(Neslin, 1990). Conceptually, our methodology is ap-
plicable to the multivariate probit model as well.
However, our efforts to obtain convergence in probit
with the method of simulated moments were not
successful even for the simplest (Ordinary) model.
This is possibly due to the modest sample size we
have and the difficulty in estimating probit with the
current state of the technology. However, our pro-
posed model does not suffer from the independence
from irrelevant alternatives limitation at the aggreg-
ate level, since the environments that are common to
various choice alternatives capture potential correla-
tion across alternatives.

(2) In order to build dependence across choice alterna-
tives, one may consider a model with a common
intercept for couponed alternatives. We have esti-
mated such a model as well which is in fact a nested
version of our model. (In our models intercepts are
free from restrictions). However, the model fit was not
satisfactory (log L = —1856; CAIC = 3745) and
hence we drop the model from further consideration.

(3) In this paper, we focus on the probability of availabi-
lity as a dimension of coupon attractiveness. We do
not consider other aspects of coupons such as the
depth of discount and a later expiration date.

We hope to address these issues in future research.

References

Bawa, K., Shoemaker, R.W., 1987. The coupon-prone consumer: some
findings based on purchase behavior across product classes. Jour-
nal of Marketing, 51 (October), 99-110.



F.F. Goniil, A.A. Smith Jr. | Journal of Retailing and Consumer Services 6 (1999) 107-115 115

Blattberg, R.C., Neslin, S.A., 1990. Sales Promotion: Concepts,
Methods, and Strategies. Prentice-Hall, Englewood Cliffs, NJ.
Bozdogan, H., 1987. Model selection and Akaike’s information cri-
terion (AIC): the general theory and its analytical extensions.

Psychometrika, 52 (3) (Special Section), 345-70.

Chiang, J., 1995. Competing coupon promotions and category sales,
Marketing Science 14 (1), 105-122.

Gonil, F.F., Srinivasan, K., 1993. Consumer purchase behavior in a
frequently bought product category: estimation issues and mana-
gerial insights from a hazard function model with heterogeneity,
Journal of the American Statistical Association 88 (424) (Decem-
ber), 1219-1227.

Goniil, F.F., Srinivasan, K., 1996. Estimation of the impact of consumer
expectations of coupons on purchase behavior: a dynamic struc-
tural model. Marketing Science 15 (3), 262-279.

Judge, G.G., Griffiths, W.E., Hill, R.C., Lutkepohl, H., Lee, T.,
1985. The theory and practice of econometrics. Wiley,
New York.

Kamakura, W.A., Russell, G.J., 1989. ‘A probabilistic choice model for
market segmentation and elasticity structure. Journal of Market-
ing Research, 26, 379-90.

Klein, R.L., 1981. Using supermarket scanner panels to measure the
effectiveness of coupon promotions. In: Keon, J.W. (Ed.), Market-
ing: Measurement and Analysis, Proceedings of the 3rd ORSA/
TIMS Special Interest Conference on Market Measurement and
Analysis, Providence, RI: TIMS, pp. 118-124.

McFadden, D., 1974. Conditional logit analysis of qualitative choice
behavior. In: Zarembka, P. (Ed.), Frontiers of Economics. Aca-
demic Press, New York, pp. 105-142.

Narasimhan, C., 1984. A price discrimination theory of coupons.
Marketing Science 3, 128-147.

Neslin, S.A., 1990. A market response model for coupon promotions.
Marketing Science 9 (Spring), 125-145.

Shaffer, G., Zhang, Z.J., 1995. Competitive coupon targeting. Market-
ing Science, 14 (4), 395-416.

Shimp, T.A., Kavas, A., 1984. The theory of reasoned action applied
to coupon usage. Journal of Consumer Research 11 (December),
795-809.

The Wall Street Journal, 1993. People patterns: odds and ends. Novem-
ber 26, p. B1.

Webster, F.E. Jr., 1965. The ‘deal-prone’ consumer. Journal of Market-
ing Research 2 (May), 186—189.



