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Abstract In this article, we endogenize product assortment decisions under a
category management (CM) framework in a channel setup. We find that (1) product
assortment is polarized more under CM than under a non-CM regime; (2) the price
of a high-end (low-end) product in an assortment increases (decreases) under CM
than under a non-CM regime; and (3) a high-quality manufacturer makes more profit
than a low-quality manufacturer. In our model, the manufacturer’s choice of quality
and its polarization is driven by the existence and the decisions of the retailer (CM or
non-CM). Finally, we have an interesting result on consumer welfare. We find that
the total consumer welfare, as measured by consumer surplus, worsens under CM
only when there is sufficient heterogeneity in consumers’ tastes.

Keywords Category management . Product assortment . Variety .

Consumer surplus . Channel

Category management (CM) refers to a distributor/supplier process of managing
individual product categories as strategic business units. During the 1990s, retailers
emphasized the adoption of CM in their attempt to improve performance in an
increasingly complex, competitive environment (ACNielsen, 2004; Desrochers et al.
2003). Today, nearly every major US retailer has adopted CM in some form. For
example, an ACNielsen (2004) study revealed that, in general, 89% of the
manufacturers and 98% of the retailers agree that CM is the most critical issue
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they face. In practicing CM, managers execute a variety of activities, such as shelf
management, assortment planning, category business planning, and promotional
planning. Among these activities, product assortment is one of the most important.
When asked which activities they included as part of their CM process in 2003, 91%
of manufacturers and 96% of retailers reported product assortment activity
(ACNielsen, 2004).

Today, manufacturers directly help retailers with product quality choices and CM,
taking consumers’ preferences into account. Consider the following report by the
MIT Data Center about Wal-Mart’s experience regarding product assortment practice
under CM: “Wal-Mart is experimenting with CM—asking the market leaders in
certain consumer goods to actually plan the category for them by making
recommendations as to the assortment strategy Wal-Mart should adopt for their
products.... What Wal-Mart is hoping is that through CM, the suppliers will make
those decisions for them by managing product assortment for them” (Schuster,
2005). A case study of a Swedish Match company notes the following: “According
to Joe Teller, who manages the CM department at Swedish Match North America
[producer of other tobacco products]), ‘By partnering with Swedish Match to deliver
efficient assortments, retailers can see increased business results.... Additionally, on
the demand side, we’re providing our retail customers with the optimal variety of
items that best meet the needs of consumers....’” (see http://www.jda.com/file_bin/
CaseStudies/SwedishMatch_casestudy.pdf [accessed on July 16, 2006]).

More importantly, a recent conference organized by the American Antitrust
Institute discussed, among other issues, the effects of CM practice on product
assortment and consumer welfare. Here, the basic understanding was that the CM
process may alter the available assortment for the consumers and may ultimately
lead to lower welfare (see http://www.antitrustinstitute.org).

The examples from the trade press and debates by public organizations
underscore three pertinent issues. First, there is a close relationship between retailers
and manufacturers regarding decisions about product assortment. Second, consumer
preferences, tastes for variety, and demand are the key drivers of product assortment
decisions for both retailers and manufacturers. Third, changes in a retailer’s
management practice (CM decisions) influence manufacturers’ decisions about
product assortments.

Academic research on CM has also systematically evolved to examine the myriad
activities associated with it. Several studies have empirically investigated the effects
of CM on brand prices, relative profits, and market shares. For example, Basuroy
et al. (2001) compare category performance under brand-centered management
(hereinafter, we refer to this as BCM, which can also be read as “before” CM) and
CM. Gruen and Shah (2000) test a model in which category plan objectivity and
category plan implementation mediate relationships between opportunistic behavior,
retailer trust, and precategory plan activities and category performance. Dhar et al.
(2001) find that factors such as assortment, feature advertising, and strong private-
label programs are associated with strong category performance. Sudhir (2001)
examines vertical and horizontal strategic interactions between manufacturers and a
retailer.

However, the extant literature has not explored the effects of CM on product
assortment and consumer welfare because these models do not include product
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assortment as a variable in the decision-making process of the agents involved.
Traditionally, the starting point in these models is to specify quantities demanded of a
particular brand in a category as functions of own and competing prices, features,
displays, and so forth (Raju et al. 1995; Sudhir, 2001). Consequently, issues such as
product quality are treated as exogenous in these models.

A possible method of analyzing these issues would be to incorporate product
quality decisions directly within the traditional setup established in CM models (see
Basuroy et al., 2001). In this article, our goal is to exploit that structure and extend
its application to product quality decisions. A key advantage of our framework is
that the decisions about product quality choice become endogenous within the
model. We also account for consumer heterogeneity in tastes using a standard game-
theoretic approach.

This article makes two key contributions. First, it considers product assortment
under CM, an issue that has not been addressed previously in the CM literature.
Second, it contributes to the literature on vertical differentiation (Gal-Or, 1985,
1987; Moorthy, 1988; Motta, 1993) by explicitly incorporating quality choice
(assortment) decisions within a channel setting.

Our model provides the following three key results: First, equilibrium product
assortment is more polarized under CM than under a non-CM regime; that is, a high-
end (low-end) product in an assortment improves (worsens) in quality under a CM
regime compared to a BCM regime. Second, the wholesale price of the low-end
(high-end) product declines (increases) under CM compared to that under BCM.
Third, consumer welfare, as measured by the consumer surplus, worsens under CM
only when there is sufficient heterogeneity in consumers’ tastes.

This article is organized as follows: In Section 1, we develop the formal model,
and in Section 2, we present the results. The article ends with a discussion of the
results in Section 3.

1 Modeling framework

1.1 Consumers and demands

In the context of a single product category (e.g., toothpaste) with competing
manufacturers that supply to a single retailer, the retailer’s product assortment refers
to a product mix from these manufactures based on some characteristics of the
product. Consider the toothpaste category in a supermarket. Competing manufac-
turers, such as Oral-B and Colgate–Palmolive, supply different brands of toothpastes:
Rembrandt and Colgate. In the subcategory of “whitening toothpastes,” Rembrandt
could be considered a “high-quality” brand that commands a high price, and Colgate
might be considered as a “lower-quality” brand that commands a significantly lower
price than Rembrandt. In this example, therefore, an assortment of toothpastes can
be viewed as competing brands that are differentiated along a unidimensional scale
of the whitening attribute. Moorthy (1988, pp. 145–146) writes, “Because all
consumers prefer more of the attribute to less, we will call this attribute quality.” This
one-dimensional representation of the products in the assortment means that the
firms are competing on one product attribute but it does not restrict the number of
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attributes these products can have. We exploit this aspect of assortment (in terms of
variety or quality) and endogenize it within consumer’s decision process.

In general, an assortment consists of the number and variety of products in a
category. However, to keep the model tractable, we focus our attention on the
quality/variety aspect of the assortment and keep the number of products in the
assortment fixed. Because our fundamental interest lies in how an assortment
changes with a retailer’s CM adoption, the manipulation of one variable is sufficient
to represent a change in the assortment. Therefore, in our model, an assortment is
altered or changed when the quality levels (s) of the products in the category change,
even if the number of products in the category remains unchanged.

We assume that consumers are heterogeneous in tastes and consume, at most, one
unit of the product. The heterogeneity assumption implies that there are many types
of consumers, where the types are given by a taste parameter, θ (e.g., θ could
indicate a taste for a specific degree of whitening quality of toothpastes). A
consumer of type θ is willing to pay up to θs for a unit of the brand, where s denotes
a particular attribute or quality level in the assortment (e.g., “high” or “low”
whitening quality of Rembrandt or Colgate).

All consumers prefer more quality to less (e.g., higher whitening for the same
price), and a higher type of consumer (one who has a higher value for θ) is willing to
pay more for the same quality than a lower type of consumer (Gal-Or, 1985, 1987).
The consumer’s type (θ) is his or her marginal willingness to pay for increments in
quality. We assume that consumers of taste parameter θ are distributed uniformly on
the interval [a, b]. While this assumption removes nonuniformity of the consumer
preference distribution as a possible explanation of ultimate product quality levels in
the assortment (see p. 146 in Moorthy, 1988) and makes the ensuing problem
mathematically tractable, we acknowledge that a different distribution might very
well produce different equilibrium results than those obtained here. Consumers
observe the qualities and prices available before they decide to buy. If they decide to
buy, they buy one unit of the brand that gives them the largest consumer surplus, that
is, the difference between what they are willing to pay and the prices the firms
charge. If the maximum surplus is less than zero, they refrain from buying. Using a
utility measure developed in the work of Gal-Or (1985, 1987) and Moorthy (1988),
we depict a consumer with taste parameter θ to derive the following utility:

U θ; sð Þ ¼ θs�p
0 otherwise

n
ð1Þ

Let s1 and s2 denote two distinct brand qualities of the assortment where s2>s1,
that are available at prices p2 > p1. Thus, we have constructed an assortment
composed of a high-end (s2) and a low-end (s1) item. We derive the demands for
these two brands as follows.

If q2s2 � p2 ¼ q2s1 � p1, a consumer with taste parameter θ2 is indifferent
between consuming the brand of quality s1 and a brand of quality s2. Thus, all
consumers of taste parameter θ, such that b > θ > θ2 buy the brand of quality s2.
Conversely, if q1s1 � p1 ¼ 0, a consumer with taste parameter θ1 is indifferent
between buying a brand of quality s1 and buying nothing. Therefore, all consumers
with taste parameters between (θ1, θ2) purchase the brand with the quality s1. All
consumers with taste parameters between (a, θ1) refrain from buying anything. Thus,
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the demand for the two brands in the assortment with qualities s1 and s2, assuming
both are positive, are as follows:

q1 s1; s2; p1; p2ð Þ ¼ p2 � p1
s2 � s1

� p1
s1

; and q2 s1; s2; p1; p2ð Þ ¼ b� p2 � p1
s2 � s1

� ð2Þ

1.2 Market structure

We consider a product category that consists of two competing brands (e.g.,
Rembrandt and Colgate) with distinct qualities s1 and s2 sold by retailer R (Choi,
1991; Steiner, 1993; Sudhir, 2001). Further, we assume there are two manufacturers
Mi (i=1, 2), each producing only brand i of quality si. The assumption of two
manufacturers has been recently supported by the theoretical and empirical work of
Sudhir (2001), who demonstrates that in some common grocery product categories,
such as yogurt and peanut butter, for which CM practices are usually followed, two
of the largest brands have large market shares (82% for yogurt and 65% for peanut
butter). The assumption of a single retailer implies that we do not model any effect
of retail competition. Slade (1995) and Walters and MacKenzie (1988) show
evidence of limited retail competition in several categories. Thus, this assumption
seems reasonable for our modeling purposes.

Following Tirole (1988, p. 293) and Moorthy (1988, p. 146), we assume that the
manufacturers’ marginal costs of producing a brand of quality si are as2i ;a > 0. We
also assume that there are no fixed costs. The assumption of identical cost functions
rules out a trivial explanation of brand differentiation, namely, technological
differences between the firms (Moorthy, 1988). The quadratic functional form of
the marginal costs is the most tractable way to capture a property that is crucial to
these models in general; that is, marginal cost increases with quality and at a faster
rate than the consumer’s marginal willingness to pay (Gal-Or, 1987; Moorthy, 1988).

1.3 Analysis approach

We employ a game-theoretic approach and model a three-stage game. As with
previous models of decentralized channels in the literature, the manufacturers first
move simultaneously. In stage 1, the manufacturers commit to quality levels. In
stage 2, the manufacturers set their wholesale prices. Retailers move in stage 3 to
determine the retail prices, taking into account the quality levels and the wholesale
prices obtained from the first two stages. In Section 1.4, we solve the game using
backward induction under the BCM and the CM regimes.

1.4 Model solution approach

1.4.1 The BCM game

According to Basuroy et al. (2001), traditional BCM of a category is defined as a
setting in which each brand’s retail price is set independently to maximize its profit
contribution, taking the prices of competing brands in the category as given. Such
definitions are consistent with the notion that CM involves more coordinated
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management of brands in a category, including price setting, than in the past. Note
that in practice, some level of coordinated price setting takes place under BCM as
well. A CM approach to pricing calls for an even higher level of price coordination,
a phenomenon we examine in Section Section 1.4.2.

We begin with stage 3 and solve the retailer’s problem under the BCM regime.
Under this situation, each of the managers, 1 and 2, for the two brands solve the
following problem while taking into account the other’s actions:

max
p1

p1 � w1ð Þ p2 � p1
s2 � s1

� p1
s1

� �

max
p2

p2 � w2ð Þ b� p2 � p1
s2 � s1

� �
�

8>>><
>>>:

ð3Þ

Simultaneously solving the two first-order conditions obtained from Eq. 3, we obtain
the retail prices

p1 w1;w2; s1; s2ð Þ¼ 2s2w1 þ s1w2 þ bs1 s2 � s1ð Þ
4s2 � s1

; and

p2 w1;w2; s1; s2ð Þ¼ 2s2w2 þ s2w1 þ 2bs2 s2 � s1ð Þ
4s2 � s1

;

which are subsequently used in the manufacturer’s optimization problem in stage 2.
In stage 2, each manufacturer solves the following problem:

max
w1

w1 � αs21
� �

q1 s1; s2;w1;w2ð Þ ¼ s2 αs21 � w1

� �
bs1 s1 � s2ð Þ � s1 w1 þ w2ð Þ þ 2s2w1ð Þ
2s1 s21 � 5s1s2 þ 4s22

� �

max
w2

w2 � αs22
� �

q2 s1; s2;w1;w2ð Þ ¼ αs22 � w2

� �
2bs2 s1 � s2ð Þ � s2w1 � s1w2 þ 2s2w2ð Þ

s21 � 5s1s2 þ 4s22
�

8>>><
>>>:

ð4Þ
Obtaining the first-order conditions from Eq. 4 with respect to the wholesale prices,
setting them to zero, and then solving them simultaneously produces the following
expressions:

w1 s1; s2ð Þ ¼ s1 2b s21 � 4s1s2 þ 3s22
� �þ a 2s31 � 8s21s2 þ 7s1s22 þ 2s32

� �� �
4s11 � 17s1s2 þ 162s22

; and

w2 s1; s2ð Þ ¼ s2 2b 3s21 � 11s1s2 þ 8s22
� �þ a s31 � 4s21s2 þ 8s1s22 � 8s32

� �� �
4s11 � 17s1s2 þ 16s22

We can now solve the stage 1 problem in which the manufacturers arrive at optimal
product or quality choice under BCM:

max
s1

w1 s1; s2ð Þ � as21
� �

q1 s1; s2ð Þ ¼ s2s1 s21 � 3s1s2 þ 2s22
� �

2b 3s2 � s1ð Þ þ a 2s21 � 7s1s2 þ 2s22
� �� �2

4s2 � s1ð Þ 4s21 � 17s1s2 þ 162s22
� �2

max
s2

w2 s1; s2ð Þ � as22
� �

q2 s1; s2ð Þ ¼ s22 s21 � 3s1s2 þ 2s22
� �

b 8s2 � 3s1ð Þ þ a s21 þ s1s2 � 8s22
� �� �2

4 4s2 � s1ð Þ 4s21 � 17s1s2 þ 162s22
� �2 �

8>>>>>><
>>>>>>:

ð5Þ
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Obtaining the two first-order conditions from Eq. 5 with respect to s1 and s2 and
then solving them simultaneously (equating each to zero) yields equilibrium quality
levels under the BCM regime: s*BCM1 ¼ 0:251995 b

a , s*BCM2 ¼ 0:391791 b
a .

The equilibrium market shares (ms) are: ms*BCM1 ¼ 0:244025 b
b�a , ms*BCM2 ¼ 0:201491 b

b�a .
These values enable us to solve for all optimal values of prices, demands, and profits
given in Table 1. We are now ready to examine the CM scenario.

1.4.2 The CM game

For the purpose of this study, CM is defined as a setting in which a category
manager jointly sets the prices of all brands in the category to maximize total
category profits. Such coordination of pricing and promotions is a key component of
CM (Basuroy et al., 2001; Steiner, 2001; Wedel et al. 2003). Under CM, the

Table 1 Equilibrium solutions of the BCM and CM games and their comparison with Moorthy’s
(1988, 1991) solutions

Variables Competing manufacturers
with retailer practicing BCM

Competing manufacturers
with retailer practicing CM

Competing manufacturers
without retailer
(Moorthy, 1988, 1991)

S1 0.251995 b/a 0.199361 b/a 0.199361 b/a
S2 0.391791 b/a 0.409760 b/a 0.409760 b/a
S2–s1: the
quality
gap

0.139796 b/a 0.210399 b/a 0.210399 b/a

P1 0.139727 b2/a 0.137186 b2/a 0.0808 b2/a
P2 0.251355 b2/a 0.318208 b2/a 0.2267 b2/a
p2–p1: the
price gap

0.111628 b2/a 0.181022 b2/a 0.1459 b2/a

Q1 0.244025 b 0.172251 b 0.3445 b
Q2 0.201491 b 0. 139622b 0.2792 b
q2–q1: the
quantity
gap

−0.042534 b −0.032629 b −0.0653b

Ms1 0.244025 b/(b−a) 0.172251 b/(b−a) 0.3445 b/(b−a)
Ms2 0.201491 b/(b−a) 0.139622 b/(b−a) 0.2792 b/(b−a)
W1 0.117786 b2/a 0.075010 b2/a N/A
W2 0.223188 b2/a 0.226656 b2/a N/A
w2–w1: the
wholesale
price gap

0.105402 b2/a 0.151646 b2/a N/A

pr1 0.005354 b3/a 0.010709 b3/a N/A
pr2 0.005676 b3/a 0.012783 b3/a N/A
pr1+pr2 0.011030 b3/a 0.023492 b3/a N/A
pm1 0.013247 b3/a 0.006074 b3/a 0.0142 b3/a
pm2 0.014041 b3/a 0.008203 b3/a 0.0164 b3/a
pm1+pm2 0.027288 b3/a 0.023492 b3/a 0.0282 b3/a
Total
system
profits

0.038318 b3/a 0.037770 b3/a

Total
consumer
surplus

CSBCM ¼ 0:195895b
a � 0:251355b2

a þ
0:038738b3

a þ 0:071176b4

a � 0:028417b5

a

CSCM ¼ 0:20488b
a � 0:318028b2

a þ
0:0472005b3

a þ 0:134002b4

a � 0:057646b5

a

0.0449 b3/a
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retailer’s efforts include integrating marketing activities for both brands together.
Consequently, the retailer’s objective function differs from Eq. 3 and becomes

max
P1;P2

p1 � w1ð Þ p2 � p1
s2 � s1

� p1
s1

� �
þ p2 � w2ð Þ b� p2 � p1

s2 � s1

� �� 	
� ð6Þ

Note that the sequence of moves in the three-stage game remains the same as before.
Furthermore, the manufacturers’ objective functions in stages 1 and 2 also remain
unchanged. Using backward induction as described in the BCM game we now solve
for CM game.

Simultaneously solving the two first-order conditions obtained from Eq. 6, we get
the following:

p1 w1;w2; s1; s2ð Þ ¼ bs1 þ w1

2
; p2 w1;w2; s1; s2ð Þ ¼ bs2 þ w2

2
�

In Stage 2, using the previously obtained values, each manufacturer solves the
following problem:

max
w1

w1 � as21
� �

q1 s1; s2;w1;w2ð Þ ¼ s2w1 � s1w2ð Þ as21 � w1

� �
2s1 s2 � s1ð Þ

max
w2

w2 � as22
� �

q2 s1; s2;w1;w2ð Þ ¼ w2 � w1 � b s2 � s1ð Þð Þ as22 � w2

� �
2 s2 � s1ð Þ �

8>>><
>>>:

ð7Þ

The first-order conditions from Eq. 7 yields

2s2w1 � s1w2 � as2s21
2s21 � 2s2s1

¼ 0 ;
w1 þ b s2 � s1ð Þ þ αs22 � 2w2

2 s2 � s1ð Þ ¼ 0 � ð8Þ

Solving these two equations, we obtain the following wholesale prices:

w1 s1; s2ð Þ ¼ s1
4s2 � s1

b s2 � s1ð Þ þ as2 2s1 þ s2ð Þð Þ; and

w2 s1; s2ð Þ ¼ s2
4s2 � s1

2b s2 � s1ð Þ þ a s21 þ 2s22
� �� �

:

We can now solve the stage 1 problem in which the manufacturers arrive at optimal
product or quality choice under CM:

max
s1

w1 s1; s2ð Þ � as21
� �

q1 s1; s2ð Þ ¼ s1s2 s2 � s1ð Þ a s2 � s1ð Þ þ bð Þ2
2 s1 � 4s2ð Þ2

max
s2

w2 s1; s2ð Þ � as22
� �

q2 s1; s2ð Þ ¼ s22 s2 � s1ð Þ a s1 þ 2s2ð Þ � 2bð Þ2
2 s1 � 4s2ð Þ2

8>>><
>>>:

ð9Þ

Obtaining the two first-order conditions from Eq. 9 with respect to s1 and s2 and then
solving them simultaneously yields equilibrium quality levels under the CM regime:

S*CM1 ¼ 0:199361 b

a
; s*CM2 ¼ 0:409760 b

a
�
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The equilibrium market shares (ms) in CM are as follows:

ms*CM1 ¼ 0:172251 b

b� a
; ms*CM2 ¼ 0:139622 b

b� a
�

This enables us to solve for all optimal values of prices, demands, and profits.
Table 1 shows the equilibrium results.

2 Results

To obtain insights into the results from the analyses described in the previous
sections, we evaluate the retailer and manufacturers’ equilibrium qualities, prices,
sales, and profits across the two scenarios of BCM and CM.

2.1 Results for assortments

A summary of our results and a comparison with those in the existing literature on
CM appear in Table 2. On the basis of the results in Table 1, we can compare the
nature of the product assortment (quality levels) under the BCM and the CM
regimes. In Table 1, we also compare our results with those obtained by Moorthy
(1988, 1991). Proposition 1 summarizes one of our key findings.

Proposition 1 a. The quality level of the low-end item in the assortment decreases
after adoption of CM; that is, sCM1 < sBCM1 .

Table 2 Comparisons of our results under endogenous assortment with existing results in CM

Results The effect of CM

Our results Existing results based on Basuroy et al.
(2001) and Wedel et al. (2003)

Quality level
High-end item Increases N/A
Low-end item Decreases
Quality gap Increases

Product prices
High-end item Increases Increase
Low-end item Decreases

Wholesale prices
High-end item Increases Decrease
Low-end item Decreases

Order quantity
High-end item Decreases Decrease
Low-end item Decreases

Retailer profits
High-end item Increases Increase
Low-end item Increases

Manufacturer profits
High-end item Decreases Decrease
Low-end item Decreases

System profits Increase N/A
Consumer surplus Decrease Decrease
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b. The quality level of the high-end item in the assortment increases
after adoption of CM; that is, sCM2 > sBCM2 .

The implication of this result is that the product assortment becomes more
polarized in terms of quality under the CM regime than under the BCM regime.
In other words, richer customers who are willing to pay more for quality will
find more upscale products under CM, and poorer customers who may not be
able to afford high-end products will find lower-end products under CM than
under BCM.

Our results have notable similarities and dissimilarities to the product line literature.
For example, in the absence of a channel member, Moorthy (1988, 1991) finds that
under duopoly, manufacturers choose product quality levels that are more polarized
than the product quality choices of the monopolist. Polarization occurs in this model
because of competition. However, in our model, competition exists between the
manufacturers in both the CM and the BCM games; thus, competition is not the key
reason for the polarization. Instead, in our model, it is the retailer’s choice of CM or
BCM that drives the result. The retailer acts as a monopolist in the CM game (in a
manner similar to Moorthy’s monopolist manufacturer) and coordinates the price and
quality levels of the products to be offered. Such monopoly power and ability to
coordinate the quality levels for maximum discrimination leads to the polarization of
the quality levels at both ends of the quality spectrum, contrary to the monopolist
manufacturer in Moorthy’s study. Thus, in vertical differentiation models (Gal-Or,
1987; Moorthy, 1988; Motta, 1993) competition (duopoly vs monopoly) drives
manufacturers’ quality choices; the retailer has no role. In our model, the retailer’s
decision to practice CM or BCM drives manufactures’ decisions for ultimate product
quality choice.

2.2 Results for retail prices

We now examine and compare the effects of retailer adoption of different states of
CM on the equilibrium prices of two items. We summarize the findings in
Proposition 2.

Proposition 2 a. The retail price of the low-end item in the assortment decreases
after adoption of CM; that is, pCM1 < pBCM1 .

b. The retail price of the high-end item in the assortment increases
after adoption of CM; that is, pCM2 > pBCM2 .

The extant literature on CM (without quality consideration) shows that when a
retailer transitions a product category from BCM to CM, the retail prices of all items
rise (Basuroy et al., 2001). Notably, in the current context, the introduction of quality
does not increase all retail prices. Rather, only the price of the high-end item
increases; the price of the low-end item decreases. Lowering the quality of the low-
end product leads to lower wholesale price demanded by the manufacturer of that
product under CM than under BCM. The retailer increases its margin with such
lower wholesale prices, even while charging a lower retail price for the product.
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Note that compared with Moorthy’s (1991) results, both the prices are higher
because of the “double marginalization” issue in a channel.

2.3 Results for wholesale prices

The manufacturers’ wholesale prices are affected by the retailer’s choice of CM. We
summarize our findings in Proposition 3.

Proposition 3 a. The wholesale price of the low-end item in the assortment
decreases after adoption of CM; that is, wCM

1 < wBCM
1 .

b. The wholesale price of the high-end item in the assortment
increases after adoption of CM; that is, wCM

2 > wBCM
2 .

This result does not have a parallel in the product line literature (e.g., Moorthy,
1988) because such literature does not model a retailer. This result is a departure
from the existing results on CM, which show that when a retailer transitions a
product category from BCM to CM, all wholesale prices fall (Basuroy et al., 2001).
We find asymmetric changes in the wholesale prices, that is, all wholesale prices do
not decline. A retailer’s choice of CM drives the high-end manufacturer to choose a
higher quality than under BCM. Because the costs are convex, the manufacturer
finds it optimal to increase the wholesale price for this product.

2.4 Results for profits

Proposition 4 a. The retailer’s profit increases after the adoption of CM; that is,
pCMR > pBCMR .

b. Each manufacturer’s profits decline after the adoption of CM;
that is, pCMM < pBCMM .

c. The high-end manufacturer makes higher profits than the low-
end manufacturer under both CM and BCM.

Proposition 4a and 4b are consistent with the existing predictions of the CM
literature (Basuroy et al., 2001), whereas Proposition 4c is consistent with Moorthy’s
(1991) findings. The low-end manufacturer is squeezed more by the demands of the
retailer (the wholesale price of the low-quality product is significantly lower than
that of the high-quality product) than is the high-end manufacturer. Thus, under both
CM and BCM, the high-end manufacturer makes higher profits because the retailer
is unable to extract as much from it. Note that when the retailer practices CM, each
manufacturer makes significantly less profits than in Moorthy’s (1991) duopoly
scenario. Again, this fact points to significant surplus that the retailer is able to
extract from the system.

2.5 Result for consumer welfare

A priori, the impact of CM on consumer welfare seems unclear. On the one hand,
because CM offers a greater variety of the offerings, we might expect an increase in
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consumer welfare. On the other hand, because of price increases, we might expect a
decrease in consumer welfare. The net effect of CM on consumer welfare depends
on the relative strengths of these two factors. Using the formulation in the work of
Frascatore (2002), we estimate consumer surplus (CS) under CM and BCM and then
calculate the difference between them:

CSCM � CSBCM ¼ � 1

a

� �
0:0292289ð Þ �0:139222þ bð Þb 0:962835þ bð Þ 2:29319� 2:97307bþ b2

� �
:

ð10Þ
We summarize this finding in Proposition 5.

Proposition 5 Consumer welfare declines after the adoption of CM; that is,
CSCM � CSBCM < 0 if b > 0:139.

Proposition 5 can be proved by solving Eq. 10. Under CM, the retailer’s strategy
of quality polarization is profitable only when there is sufficient heterogeneity in
consumers’ tastes. Because [a, b] is the support for the distribution of the consumers’
taste parameter, a low value of b implies that different consumer types are
sandwiched in a small interval such that their taste differences become indistin-
guishable. Consequently, relatively fewer consumers will switch to the high-end
product because q2 is dependent on b. More importantly, the price of the high-end
product cannot be as high as it could be with a large b because p2 is dependent on b2.
These factors lessen the retailer’s ability to extract large surplus from the consumers
when b is low. However, as Proposition 5 shows, when there is a critical mass of
high-end consumers for a sufficiently large b, then the retailer is able to drive them
to the high-end product and charge a higher price, thereby extracting the surplus
from the system under CM.

3 Conclusions and implications

Most manufacturers and retailers agree that CM is the most critical issue they face
today and therefore emphasize the adoption of CM in their attempt to improve
performance. Product assortment is one of the most important CM activities. In this
endeavor, manufacturers directly assist retailers with product assortment and CM,
taking consumers’ preferences into account. This practice has become widespread,
such that even big retailers, such as Wal-Mart, request their vendors for support
regarding assortment decisions. Thus, it is important to understand how retailer
adoption of CM might affect product assortment decisions, prices, and profits.

The extant models of CM cannot address issues pertaining to product assortments
because they cannot incorporate assortments as a choice variable in their
formulation. In this study, we endogenize product assortment decisions under CM
and derive implications about brand prices, profits, and consumer welfare in a
channel setup. Our results suggest that product assortment is more polarized under
CM than under BCM: the high-end (low-end) products in the assortment under CM
improve (worsen) in quality than under BCM. Furthermore, such assortment
polarization for the high-end (low-end) item is accompanied by a higher (lower)
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price under CM. We also find that consumer welfare, as measured by the consumer
surplus, worsens under CM only when the support for the consumers’ taste
parameter is large.

Our results have several implications for both managers and researchers. Our
findings suggest that the practice of CM and product assortment decisions must
account for consumers’ tastes for variety, and it might be necessary for retail
managers who practice CM to delist some items from the shelf strategically while
adding other items to the shelf to maximize category profits. Numerous reports from
the trade press discuss such practices in detail. For example, the Planning Factory
Limited illustrates a case study on the toothpaste category, in which a retailer altered
the assortment range by limiting the choice in the slower-selling sizes and promoting
the more popular ones. The retailer experienced higher sales and a higher return on
investment (Naudi, 2005). Although not exactly in the context of CM, some
marketing researchers have also pointed out this phenomenon. For example,
Broniarczyk et al. (1998) show that efficient product assortment is critical for
reducing consumer search cost. Related researches (Broniarczyk, 2004; Morales
et al. 2005) also show that product assortment is an important tool for stock keeping
unit rationalization. Our results on assortment polarization also match these
observations. These results are also borne out by the numerous studies (Broniarczyk,
2004; Broniarczyk et al., 1998; Morales et al., 2005; Iyengar and Lepper, 2000).

Practitioners of CM in the retail industry claim that CM policies enhance
consumer welfare by increasing variety and value (Food Marketing Institute, 1993,
1995). However, our results show that even when there is an increase in assortment
variety (i.e., higher quality products become available), the resulting consumer
welfare may not increase pari passu. This is because under CM, assortment decisions
are not independent of pricing. Further research in the area of CM on both
theoretical and empirical fronts would enhance our understanding of the myriad
complex issues involved in the process. Our work is a step in that direction. Much
more remains to be done.
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