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1 | INTRODUCTION

One of the most common assumptions in the literature on multiple characteristic products is that
attributes are independent from the point of view of consumers. In reality, consumers frequently base
their purchase decisions on attributes that are interrelated in the sense of having a certain degree of
complementarity or substitutability, or in other words, consumer's valuations of changes in one char-
acteristic depend on the level of other characteristics. Broadly speaking, attribute dependence implies
that products are not just an addition of independent characteristics but a combination of interrelated
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characteristics.! Empirical evidence on the practical relevance of this interdependence can be found
in many sectors. For example, Bajic (1993) shows that the demand for individual automobile char-
acteristics are interdependent, Tay (2003) finds trade-offs between dimensions of spatial and quality
differentiation in the hospital care market, Simon and Kadiyali (2007) study the relationship between
the provision of free digital contents and the demand for print versions of magazines, Dick (2007) and
Martin-Oliver and Salas-Fumés (2008) show the interdependence between advertising expenditures
and density of branch network in the banking sector, and Zhang et al. (2014) consider the relationship
between security and performance for software products.

The role of attribute dependence in company product placement decisions has been stud-
ied as an interaction between vertical and horizontal differentiation (Neven & Thisse, 1990;
Canoy & Peitz, 1997; Degryse, 1996; Degryse & Irmen, 2001a, b; Ginsburgh & Weber, 2002;
Piga & Poyago-Theotoky, 2005), and also between vertical characteristics (Baake & Boom, 2001;
Novo-Peteiro, 2020; Sun et al., 2004). These papers deal with this interdependence in the context of
oligopolistic markets. To our knowledge, attribute dependence has not been considered in the context
of monopolistic markets.

Considering attribute dependence in a monopolistic setting allows us to analyze its role in prod-
uct design and pricing strategies without the influence of strategic effects on the firms decisions that
characterizes oligopolistic markets. This is relevant given that attribute dependence can exacerbate the
quality differences between the varieties offered by firms; consequently it can increase their market
power (for example Degryse & Irmen, 2001b or Novo-Peteiro, 2020). In this sense, the choice of a
monopolistic setup is motivated by the fact that the foremost real situations of attribute dependence
are industries with dominant firms that offer multi-attribute products, with these qualities being inter-
dependent in different ways. This could be particularly important in markets where the introduction of
new features and upgrades of existing ones may lead to the development of a superior product, as well
as being a source of monopolization practices by companies in product line design and pricing policy.
Previous studies on the role of attribute dependence analyze its impact on the intensity of product
differentiation within a duopolistic setting. In that framework firms offer a single product and prices
are linear. Thus, a monopolistic setting allows us to deal with two closely related issues that are not
covered by the existing literature: first, the possibility of offering different varieties of a product and
the implications in terms of the level of quality that is incorporated to each one of them, and second,
the comparison between the different pricing strategies that are available for a firm with market power.

Anecdotal evidence about the practical relevance of our analysis can be found in digital economy;
for example, in Spotify and Youtube, the major music- and video-streaming platforms, respectively,
when offering a menu of services (free and premium) and letting customers choose between them
(Sato, 2019), or in Google, the biggest web search engine, that provides an increasing variety of
services that are interlinked with each other. Another example is Microsoft, by including its Internet
browser with every copy of its operating system software, as well as software that is valuable for
certain segments depending on the type of user (home users or professional users). Another exam-
ple is Intel in the microprocessor industry at the beginning of this century (when its market share
was about 80%), combining performance-related features of microprocessors to differentiate their
lower-priced processors from higher-quality ones (Gawer & Henderson, 2007). Similar comments can
be applied to the case of Adobe Systems when designing its line of products in the desktop publishing
and digital-imaging markets, by offering high-end products with greater performance quality and
low-end products with greater ease of use (Krishnan & Zhu, 2006).

"Examples and further justification of attribute dependence can be found in Degryse and Irmen (2001b) and
Novo-Peteiro (2020).
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There exists extensive and interrelated literature using a monopoly setup to approach industries
with certain specific characteristics that are close to our analysis. Examples can be found in the litera-
ture on: (i) versioning of package software, in Bhargava and Choudhary (2008) or Mehra et al. (2014),
for example, where a dimension of product quality is dependent on the length of time since the last
version of the product was introduced, or Wei and Nault (2014), who study versioning of information
goods by considering that consumers have individual and group tastes for quality with a multiplicative
utility structure where all consumers can derive value from a shared set of product characteristics, while
other characteristics provide value for specific groups; (ii) freemium, which is the analysis of business
models where a core product is given away for free to a group of customers and premium variants
of this product are sold to other customers (Sato, 2019; Shi et al., 2019); (iii) development-intensive
products, whereby the fixed costs of development far outweigh the unit-variable costs, researched
by Krishnan and Zhu (2006), for example, who look at the case of two dimensions of quality with
an additive utility function that explicitly considers saturation and reservation qualities; (iv) plat-
form products, which are made up of interdependent components that are shared across a range of
the company's products, for example, Lee et al. (2020), who look at the appropriateness of different
business model decisions for markets with technology-intensive supply chains by considering that the
overall product quality is a multiplicative combination of technology-driven quality and system qual-
ity; (v) industries with network effects, since the quality of the product determines two dimensions
of the consumer's valuation of the product that can be closely related, namely its intrinsic quality and
its network value (see Jing, 2007 for a general model, and Liu et al., 2015 for an application in infor-
mation goods); (vi) multi-attribute products with some kind of dependence among them, in research
by Chevenaz and Jasimuddin (2017), for example, who study complementarities of advertising and
quality in terms of the overall valuation of a good by consumers, Qian (2014), who analyzes a market
where product or service demand depends on a set of attributes including delivery time, service level
and other quality-like performances, and Orhun (2009), who studies the optimal product line design
when consumers have choice set-dependent preferences, meaning that the consumer's valuation of a
product's attributes depends both on the level of these attributes incorporated into that product, and
their position in the available choice set of products.

The main contributions of this paper are the following. First, the paper shows the influence of the
existing relationship between the characteristics that integrate a product on the provision of quality by
firms. The presence of complementarity and low substitutability enhances the level of overall quality
incorporated to a product under certain circumstances, and the difference between high quality and
low quality products can be increased. Thus, the relevance of two well-known issues in monopoly
pricing, namely, distortion of quality for the low segment and cannibalization, can be augmented in
the presence of attribute dependence. In addition, the analysis shows that the provision of substitutive
qualities in a product configuration (as occurs in sectors such as those previously mentioned) can be
optimal. Second, the paper shows that commonality is a feasible strategy under certain conditions that
have to do with the level of attribute dependence and the structure of preferences, thus complementing
the usual justification for commonality strategies in the literature on product design which are based
on cost savings. Third, the comparison between the optimal profits resulting from the different product
configurations shows that menu pricing is the most profitable strategy and that a two-product strategy
with a common attribute is more profitable than a one-product strategy with a common product for all
customers. Moreover, either the selective-segment strategy or the commonality strategy could be the
second best strategy, depending on the relative size of the market segment and the level of dominance
in preferences.

The paper is structured as follows: Section 2 introduces assumptions and model settings that
are used in the paper. Section 3 lays out the optimal product design strategies. Four strategies for
product configuration are considered. In two of them, menu pricing and commonality (Subsection 3.1
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and Subsection 3.2, respectively), two products are offered, one targeted at each of the segments of
customers. Moreover, the firm adopts a common level for one of the qualities in both products in the
commonality strategy. In the other two strategies, the selective strategy and the common-product
strategy (Subsection 3.3 and Subsection 3.4, respectively), the firm offers a sole product. In the first
one, only a high quality product targeted to the high quality segment of customers is offered, the low
quality segment of customers not being served by the firm. In the second one, the monopolist offers a
sole product for both segments. Subsection 3.5 compares optimal qualities and profits corresponding
to the different strategies. The main conclusions of the paper are summarized in the last section of
the paper.

2 | THE MODEL

We consider a monopolist who sells a product with two relevant characteristics, x and y. These char-
acteristics or attributes are quality dimensions that define a product configuration. Let us assume
two customer segments in the market, indexed by i = 1, 2 in respective proportions p and 1 — p. The
segments differ in their intensity of preference for each quality of the product. Segment i's valuation
of quality j (j = x, y) is represented by a taste parameter denoted by 6.

Following Novo-Peteiro (2020), we assume that each of a product's quality dimensions of a prod-
uct affects the indirect utility of consumers, not only through the taste parameter for each quality, but
also depending on the level of attribute dependence, that is, the existing complementarity/substituta-
bility between both characteristics. The utility of a type-i consumer obtained from consuming one unit
of the product is given by

Ui =0ixx+0py+yxy—r (1)

where r represents the price of the product and y is the attribute dependence parameter. Two vertical
characteristics are defined as complements (substitutes) if y > (<)0 and independent if y = 0.

According to the literature, two configurations of preferences can be considered (e.g. Kim
& Chhajed, 2002; Vandenbosch & Weinberg, 1995). First, there is strict dominance of segment
1 when the taste parameter of both qualities is higher for that segment, that is, if 8, > 6, and
6,, > 0,,. Second, there is non-strict or soft dominance of segment 1 when the taste parameter
is higher in one quality, 6, > 6,,, and lower in the other, 91y < 6’2},, with 6, — 6, > sz - 6’1},.2
Conversely, if 8,, — 6, > 60, — 6,, we would have the symmetric case of soft dominance of
segment 2. ) A

Consistent with the literature, we assume that the cost of quality is convex (e.g. Moorthy, 1984;
Motta, 1993; Mussa & Rosen, 1978). Specifically, we assume a quadratic cost function (1/2)c}.j2 where
¢; is the cost coefficient of attribute j.

The sequence of events is standard: for each product configuration the firm chooses the optimal
level of provision of both dimensions of quality, after which the prices for the product/s are deter-
mined. Finally, consumers buy the product that gives them the highest utility.

2This condition is required for single-crossing property to hold: the marginal willingness to pay for quality is higher
for the high-type consumers (see Anderson & Dana, 2009). In a model with two dimensions of quality, it is given by
(0U,/ox) + (oU,/dy) > (0U,/ox) + (0U,/dy). This property is necessary for price discrimination to be profitable.
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3 | ANALYSIS

In this Section the optimal product design strategies are studied. As mentioned in the Introduction,

four strategies for product configuration are considered, namely menu pricing, commonality, one

product for the high segment only and one product for all customers.

3.1 | Menu pricing

The monopolist offers two products and must find the profit-maximizing pair of prices and qualities

that induce type-i consumers to buy the product with quality (x;, y,). The monopolist maximizes its
profit by choosing optimal quality levels and prices:

By = p(rl - %cxx% - %c;;y%) +(1 —p)(r2 - %cxxg - %qy%) 2)
subject to
O1xx1 + 01,1 +yx1y1—r1 20 3)
O2xX2 + 0232 +yx2y2 =12 20 4
O1xx1 + 01,y1 +yx1y1 —r1 2 01xX2 + O1yy2 + yx2y2 — 12 5)
O2xx2 + 02yy2 + yx2y2 — 12 2 02 X1 + O2yy1 +yx131 — 11 (6)

Constraints (3) and (4) are participation or individual rationality constraints for the first and
second segments, respectively, and they ensure that each consumer gets nonnegative utility from
their purchase. Constraints (5) and (6) are self-selection or incentive compatibility and they ensure
that each segment prefers to buy the product intended for it rather than the product intended for the
other segment. In the well-known solution of the maximization problem only (4) and (5) are binding
constraints, that is:

r1 = 01xx1 + O1yy1 + yx1y1 — O1x — 02:)x2 — (01 — 62y) 12 @)
1y = 0xxx2 + 02,y2 + yx2)2 )]

This implies that the low-type customers get zero surplus and the monopolist is not able to extract
full surplus from high-type customers. After substitution of these prices into the profit function, the
firm optimally chooses the level of qualities to be incorporated to the product that is offered to every
segment. First-order conditions can be written as:

0B .
M = p(01; + vkt = jicj) =0 ©9)
oj1

0B . .

T‘f = 02; + vk — jocj — p(01) + vko — jocj) =0 (10)

with j, k = x, y and j # k. Second-order conditions for a local maximum require that —pc; < 0, —¢;
¢! —p)<0andcxcy—}/2>0.
The optimal qualities for segment 1 are
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01k + ck01; 0;;
YO TGPy kzlj ify>—9ick
e R T an
0 ify < ——=ck
01

where the subscript M stands for “menu pricing”. The optimal qualities for segment 2 are

(02 — pO1x) + Ck(62‘ - P‘91‘) .
. / > d if y (O — pO1i) + Ck(92j - p91j) >0
Py = a1 - p)(CjCk -7 ) (12)

0 if y(02x — pO1ic) + cx (62 — pb1;) <0

After substitution of optimal qualities and prices into Equation (2) we can obtain the optimal
profits for the different intervals. For example, when both qualities are provided to both segments,
optimal profits are

Cy(02x(p0x — 02) — pOx(0x — 02x)) + Cx(92y<p0y - 92y) - Pey(ay - 02y)> + 27(92x (P9y - 92y) — pOx (9y - 92y))
2(1 = p)(exey — 72)

M

Next we analyze the influence of attribute dependence on the quality provision in both segments,
and its implications on two typical issues in monopoly pricing when market is segmented, namely the
distortion of quality for the low segment and the cannibalization problem.

High quality segment. The analysis of the relationship between the level of quality provided to the
high segment and the level of attribute dependence can be summarized in the following proposition:

0?2 92

Proposition 1.  Consider that -2 < <& The level of quality j provided to the high quality segment is

¢ Ck

positive and is monotonically increasing in the attribute dependence fory > — #Ck and zero otherwise.
The level of quality k provided to the high quality segment is positive for all y and non-monotone in

2 2

v o 1 ;
the attribute dependence with a minimum level of quality given by k¥ = % — _ with f = 12,
P f quality g YK = 56 o0 B 7o

Proof See the Appendix.

The intuition of this result is twofold: first, the complementarity between the attributes of a prod-
uct designed for the high segment enhances its overall quality, and second, this product always incor-
porates quality with the highest valuation adjusted to production cost. For example, if we think of
an information product, we would have that it is composed of a basic or defining quality (the most
valuable one), with another one incorporated depending on the level of complementarity between
them. The result can be used to describe different stages in a versioning process from an initial step
with the product being mainly defined by a specific component, which is complemented by others as
their functionality increases.

In terms of the model, the result has to do with the existing differences between the intensity of
taste parameters adjusted to their respective production cost of qualities: when the relative valuation
of a quality k& is greater than that for quality j, quality & is always provided to the high quality segment
whilst quality j is zero below a certain level of attribute dependence. Consequently, the level of quality
incorporated to the product is increasing for both qualities if the attribute dependence is sufficiently
high, which implies that attribute dependence contributes to increase the aggregate quality of the
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FIGURE 1 Quality and attribute dependence in the high-quality product. [Colour figure can be viewed at
wileyonlinelibrary.com]

high quality product. It follows from this Proposition that the analysis of qualities is symmetric, that
is, when the relationship between the level of a given quality and the level of attribute dependence
is monotonically increasing, then the relationship between the level of the other quality and attribute
dependence is non-monotone.

Figure 1 illustrates the Proposition and shows that we can find three different patterns for product
design (delimited by the dashed lines): first, the product incorporates just one of the qualities if there
is a high level of substitutability, and the level of the quality that is provided increases the higher the
level of substitutability; second, for intermediate levels of substitutability both qualities are provided
but the level of quality of one of them is increasing in y whilst the other is decreasing; and third, the
level provided of both qualities is increasing with respect to attribute dependence for both, comple-
mentarity and low levels of substitutability. It is important to note that not only does the firm optimally
incorporates both qualities to the product that is intended for segment 1 if they are complements, but
also it they have a sufficiently low degree of substitutability. The motivation for a provision of substi-
tutive qualities is that the marginal utility of quality j, given by 6,; + yk,, is positive when the level of
substitutability is sufficiently low. Evidently, the standard case with independent attributes is included
within this third pattern.

The complete map of product design for the high quality segment is illustrated in Figure 2, where
the whole set of product configurations in terms of level of attribute dependence, taste parameters and
cost coefficients can be seen. For example, the area on the left within the feasible region of product
configuration holds that 61, /61, < 4/cx/cy and then, according to Proposition 1, quality y is always
provided and quality x is incorporated to the product if y > — ¢ 6, /0, , which corresponds to the
second and third previously mentioned patterns of product design in Figure 1.

Note that when the taste parameter adjusted to production cost is similar for both qualities (i.e.
01x/01,. = \/cx/cy), the firm optimally provides both qualities for any feasible y (that is, even for the
highest level of substitutability that is compatible with SOC).

Low quality segment. The results of the analysis concerning the relationship between the level of
attribute dependence and the level of quality provided to the low segment can be summarized in the
following proposition:
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FIGURE 2 Product configuration for the high-quality segment. [Colour figure can be viewed at
wileyonlinelibrary.com]

0,; — pby;
O — POy
provided to the low quality segment is monotonically increasing in y and quality k is always provided
and is non-monotone and convex in y. If p > 0,,/0,,, quality j is monotonically decreasing in y and
quality k is not provided to the low quality segment.

Proposition 2. Consider that A> < 2—’ with A = Then, if p < 0,,/0,,, the level of quality j
k

Proof See the Appendix.

The intuition of this proposition is that the provision of quality in the product designed for the low
quality segment is focused on the quality with higher attractiveness whilst other qualities are provided
depending on the relative characteristics of the customer segments. Similar to the intuition given for
the high-quality product when mentioning information products like software, we have that low qual-
ity product is mainly defined by a basic component whilst other components are included or not in the
package depending on the relative size and taste preference of the customer segments (see Krishnan
& Zhu, 2006 for the example of Adobe Systems).

In order to understand the two parts of this Proposition, one must bear in mind that the ratio

(ng — po; j)2 /cj can be interpreted as the relative attractiveness of providing quality j to the low
quality segment when the relative size of the high quality segment is sufficiently low (i.e. p < 6,/
0, Pk the ratio increases (decreases) as the cost coefficient of that quality decreases (increases) and
the difference between the relative taste parameter (0,10, that is, the level of dominance) and
the proportion of high quality customers (p) increases (decreases). However as the relative size
of the low quality segment decreases (i.e. p > 6,/6,), a higher value of the ratio has the opposite
meaning, that is, it represents lower relative attractiveness. Figures 3 and 4 illustrate this Propo-
sition. Similarly to the high segment, we have that the situation for quality x is symmetric to that
for quality y.

Figure 3 represents the first part of Proposition 2 and corresponds to the case that the relative size
of the high quality segment is sufficiently small (i.e. p < 6,,/0,,). In that context, the condition given
by (92J—P91/‘)2 < (00 —001)°

¢; Cr
and then the product for the low quality customers always incorporates quality k, whilst quality j is

means that producing & is more attractive to the firm than producing j,
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FIGURE 3 Quality and attribute dependence in the low quality segment when p < 6,,/0,,. [Colour figure can be
viewed at wileyonlinelibrary.com]
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FIGURE 4 Quality and attribute dependence in the low quality segment when p > 6,,/0,,. [Colour figure can be
viewed at wileyonlinelibrary.com]

only incorporated if the attribute dependence is big enough. Two situations can be distinguished in
this Figure:

- The threshold for y is negative if the proportion of high quality customers is small enough, specifi-
cally if p < min{ ZA’ % } (see Panel A in Figure 3). Thus, a positive provision of both qualities is
1 oy
also a feasible outcome for segment 2 (and not only for segment 1, as shown above) both for comple-
mentary and substitutive qualities when the proportion of high quality customers is sufficiently
small.

. . . . . 0
- The threshold for y is positive for intermediate values of p, specifically if gﬁ <p< Zﬂ (see Panel B
1j 1k

in Figure 3). Then, a sufficiently high level of complementarity is required for the low quality prod-
uct to incorporate both qualities. Note that in this case not only is k more efficient for the firm, but
the dominance of quality j in segment 1 needs to be higher than that for quality k (or alternatively,
the valuation of k in segment 2 needs to be higher in relative terms than that of j).
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Thus, the first part of the Proposition is similar to that found for the high quality segment: a posi-
tive amount of the quality that is more efficient in a production cost perspective relative to the prefer-
ence parameters of every segment and to the proportion of high quality customers is always provided,
and moreover, there is a minimum level of this quality provided by the firm. The other quality is
incorporated to the product or not, depending on the level of attribute dependence. Thus, we have that
it is also possible to find an optimal solution in the low quality segment, characterized by a positive
provision of both qualities, both when qualities are complements and also if they have a certain degree
of substitutability.

Figure 4 corresponds to the case in which the relative size of the high quality segment is suffi-
(62 =p01,)° < (62— 1011)°

i C
less attractive than j to the firm. Consequently, quality k& is not incérporated to thke product and quality

Jj is incorporated to a limited extent, depending on the level of attribute dependence:

means that k is

ciently great (i.e. p > 6,,/0,,). In that context, the condition

o - . 0y -
- If complementarity is sufficiently big when ZA <p< g%’j(see Panel A in Figure 4), and
1k

- If substitutability is sufficiently high when p > max{ %, % }(see Panel B in Figure 4).
J
Thus, under the conditions described for the second part of this Proposition, we have that the
provision of quality to the low segment follows two patterns of product configuration: first, only one
of the qualities is included in the product, and second, the low quality segment is not served by the
monopolist.
The feasible set of product configurations for the low quality segment is illustrated in Figure 5,

. . . 05, —pb . .
where the horizontal axis represents the ratio A = 2*—2’9"‘. The value of this ratio depends on the
2y — PVly

proportion of high quality customers and the relative dominance of segment 1 in every quality.
By using this ratio, the analysis of the resulting product configurations can be summarized in two
cases: first, the dominance of segment 1 in quality x is higher than the dominance in quality y
(ie. 6,/6, > 6,/6,), which is represented in panel A of this Figure, and second, the dominance
of segment in quality y is higher than dominance in quality x (i.e. 6, /6, < 6,//6, ), represented in
panel B.

The area where both qualities are provided in Panel A of Figure 5 corresponds to the second and
third patterns of product design in Panel A of Figure 3, and the area where both qualities are provided
in Panel B of Figure 5 corresponds to the second and third patterns of product design in Panel B of
Figure 3. Similarly, the area where no quality is provided to this segment in Panel A of Figure 5 corre-
sponds to the second pattern of product design in Panel A of Figure 4 and the area where both qualities
are provided in Panel B of Figure 5 corresponds to the second pattern in Panel B of Figure 4. For prod-
uct configurations that incorporate just one dimension of quality, the correspondence between figures
is similar, and results from switching j and k in Figures 3 and 4 by x and y. For example, for j = x the
combination (x,, 0) in Panel A and Panel B in Figure 5 corresponds to the first pattern in Panel B and
Panel A of Figure 4, respectively.

This Figure can be also interpreted in terms of the proportion of high quality customers. This
proportion is decreasing in Panel A as we move to the right. We can see that as p and the degree
of substitutability is increasing, the provision of quality decreases, and either only one quality is
provided, or none. Contrary to that panel, the proportion of high quality customers is increasing in
panel B as we move to the right in this figure. The provision of quality is lower than in the previous
case, as the combination of qualities implies zero provision in one quality or even both, except for a
high enough level of complementarity and a low enough proportion of high quality customers.
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Y:*Cx/A Y y
CxCy
(0,0)
\F A
) 5 4
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (0,
— JCxCy
y=—¢/B y=—c,A y=—c,/A y=—c,A
A B

FIGURE 5 Product configuration for the low quality segment. [Colour figure can be viewed at
wileyonlinelibrary.com]

Distortion of quality. As is usual in these models (e.g. Moorthy, 1984; Mussa & Rosen, 1978),
we obtain the “efficient” solution for the high quality segment (see Equation (9)), while the first-order
condition for the low quality segment includes a negative term in the right-hand side (see Equa-
tion (10)), which implies that the monopolist distorts low quality downwards compared with the effi-
cient solution.

Simple calculus shows that the difference between the efficient quality for the low quality segment?
(denoted by j;) and j,, can be written as

¥(O1k — 021) + ci (01 — 62;) _p
(1= p)(cjex —v?) I-p

* *

Jo = =P

( 'TM _jg)’

that is, the quality distortion is positive* and proportional to the level of attribute dependence and,
according to the literature (e.g. Desai et al., 2001), it also originates in the relative size of every
segment of customers and by costs and taste parameters.

Note that this expression is similar to that corresponding to jJ,  (just removing p from the numer-
ator of Equation (12)). Thus, the previous analysis on the relationship between optimal quality for low
segment and attribute dependence applies here, that is, first, we again have two cases for that relation-
ship, a monotone increasing relationship and a non-monotone and convex relationship, and second,
the analysis for quality y is symmetric to that for quality x. In other words, when the distortion in qual-
ity x is monotonically increasing in y, then the distortion in quality y is non-monotone and convex in ,
and vice versa. Consequently, the analysis of quality distortion requires observation of both qualities
at the same time. For that purpose, we calculate the overall quality distortion:

p 7(01)( — O + Hly - 02y) + Cy(elx —0) + CX(aly - 02y)
2

X0 —XoM + Yo — YoM =
I—p CxCy —7

3This level can be obtained by analogy from Equation (11) and it is calculated in Section 3.4.
4As we shall see, the commonality strategy studied in Section 3.2 corresponds to a zero distortion in one of the dimensions of
quality, the common one.
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which is positive for y > —© with ® = cycy—— 2 —
01y —bpy + 01, -0,
to that of the divergence index in Kim and Chhajed (2002), that is, a measure of the degree of domi-
nance in every quality adjusted to production costs: the ratio is increasing in every production cost,
and moreover it is increasing (decreasing) in the level of dominance of a given quality if its produc-
tion cost is lower (more expensive) than the production cost of the other quality. Thus, the ratio is an
integrated measure of the level of divergence of segments and qualities, as it incorporates the level of
dominance in preferences and the production costs of qualities: for example, higher dominance of the
cheapest quality means higher divergence, and higher dominance of the most expensive quality means
lower divergence. Because the ratio can be either positive or negative, a low (high) level of divergence
is associated to low (high) values of ®2. Note that a positive ® can be associated to both strict and
sufficiently low non-strict dominance, and a negative ® requires non-strict dominance. Thus, both low
and high divergence are compatible with both strict and non-strict dominance.
Our analysis of the overall quality distortion gives the following result:

. The meaning of the ratio ® is analogous

Proposition 3. The distortion of a low quality product is proportional to the level of attribute
dependence and to the degree of divergence between segments: if the level of divergence is sufficiently
low, that is, ©* < c ¢, then the distortion of quality is increasing in y, and if the level of divergence
is sufficiently high, that is, ©* > c c, we have two subcases: (i) if =0 < —M then the quality

x7y

distortion is increasing in y for any y > —®<1 +4/1- cgzy > and is decreasing otherwise; and (ii) if
—0 > 4/cxcy then the quality distortion is increasing fory < —®<1 —4/1-= C;;y > and is decreasing
otherwise.

Proof See the Appendix.

This proposition complements Propositions 1 and 2 as it refers to the differential effect of attribute
dependence in high and low quality products depending on the similarity between segments and the
relative production costs of qualities: when the distortion of quality increases, we have that the influ-
ence of attribute dependence is higher for the high quality segment, and vice versa. The proposition
comprises two different situations. First, when taste parameters of the segments and production costs
of qualities are sufficiently similar, the aggregate quality distortion is always increasing in the level of
attribute dependence. Second, when taste parameters of the segments and production costs of quali-
ties diverge, the aggregate quality distortion can either increase or decrease depending on the level of
attribute dependence. For example, positive and high values of ® are associated to a positive impact
of attribute dependence on aggregate quality distortion if qualities are complements, or if they have a
low substitutability. Conversely, for high (in absolute value) and negative values of ©, aggregate qual-
ity only increases in y for sufficiently high levels of substitutability (recall that in this case the product
incorporates just one dimension of quality).

Then, according to the literature, the distortion of quality depends on the level of preference for
every quality of every segment and on the production cost of every quality. In addition, our analysis
shows that the difference of aggregate quality between high quality and low quality products can be
exacerbated by the existing relationship between the qualities that are incorporated to the product. As
we will see these results have important implications for the problem of cannibalization that is studied
next.
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Cannibalization. The literature on product design has analyzed the cannibalization problem for
a monopolist who faces consumers who differ in their quality valuations: higher-valuation consum-
ers may find it beneficial to buy lower-quality products rather than the higher quality products
targeted to them. The notion of cannibalization can be captured through the amount of surplus that
must be offered to the switching segment (Desai, 2001; Kim et al., 2013; Moorthy & Png, 1992).
This amount is denoted by C,, and corresponds to the negative terms of Equation (7), that is,
Cy = (015 — sz)x; w7t (01 y = Bgy) y’2k - high-type consumers buy the high quality but at a reduced
price.

Based on the previous analysis on the relationship between optimal quality and attribute depend-
ence, we can write the following Proposition:

0, —pby;

.. . ¢ .
Proposition 4. Consider that A> < =L with A =
Ck Opi — POy

. If p < 0,/0,,, then attribute dependence

increases the level of cannibalization if y > —% <1 +,/1 - Z—’j‘ A2>. If p > 0,/0,,, then attribute

dependence decreases the level of cannibalization if y < — c/A.

Proof See the Appendix.

This proposition complements Proposition 2 as cannibalization is defined in terms of the quality
provided to the low quality segment, thus the intuition is similar. The interpretation of this Proposi-
tion can be made by means of Figure 3. Cannibalization is increasing in attribute dependence for low
quality products which incorporate both dimensions of quality, because in that case the provision
of both qualities is increasing in attribute dependence. This situation can be associated to comple-
mentarity and low substitutability if the proportion of high quality customers is sufficiently low (i.e.

. 0y 0y . . - . . . .
p< mm{ 62—", gﬁ }), and is associated to sufficiently high complementarity for intermediate values
1k 01

of that proportion of customers (i.e. ZA <p< %). Conversely, a decreasing cannibalization is asso-
ciated to a situation where only one ofl ,Ehe qualities is incorporated to the product and its optimal level
is decreasing in attribute dependence (see Figure 4). There is an exception for the second pattern of
product configuration included in Panel B of Figure 3: cannibalization is increasing in the interval of
values of y where j; = 0 and k7 is increasing.

3.2 | Commonality

Existing research on market segmentation and product line design emphasises commonality strategy,
that is, when one attribute or quality is offered at the same level in several products whilst the others
are provided at different levels in each product (e.g. Desai et al., 2001; Kim et al., 2013). Broadly
speaking, this strategy is a way of meeting diverse customer needs with less cost due to economies of
scale in procurement, production and distribution (Kim & Chhajed, 2000). Examples of commonality
are abundant in many industries such as automotive, computers and electronics (Wong et al., 2021).
In this Section, we analyze the relationship between commonality strategy and attribute dependence
independently of cost motivations. We study commonality as an ex-ante decision on product design
configuration when the presence of a common attribute is induced by supply-side factors such as the
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existence of common components in the provision of a given service, technological standards, or by
other factors such as regulatory constraints, etc.’

Let us assume that x, = x, = x being x. the level of quality x that is provided at the same level to
each segment.

The monopolist profits are

1 1 1
Be=p(rn—5093) +(1-p(r - 5603) - Sk 3
2 2 2
where prices for this case result from substitution of x, = x, = x in Equations (7) and (8), and then r,
can be rewritten as r; = (01y +yx0) v, —¥) + 1,y
The resulting optimal qualities are given by

702y + cybay 92XC

* —y2 T, "
= ao-rt Oy (14)

0 ify<——"0¢
0y
1

Vie = o (0 +7xc) (15)

. _ Y02x + cx02y P .
Yac - 1c (16)

T (U =p)(exey—y2) 1-p

(P31 = P2+ (625 = 63)” ) (exey = 77) + (¥62y + 0020) (1 = )
B* — .

¢ 2¢y(exey — y2)(1 = p)

These optimal values allow us to obtain the following proposition:

Proposition 5. The common quality j is set at the efficient level of the low quality segment and the

non-common quality is given by ki = k7, (y = 0) + é]é

Proof See the Appendix.

According to Desai et al. (2001), we obtain that the common quality x;, is set at the efficient level
of quality for the low segment. However, our results concerning the non-common quality differ when
attribute dependence is considered. Specifically, those authors find that the two quality levels of the
non-common attribute, y7 . and yJ ., are identical to those offered by the firm in a selective strategy
and in a common product strategy, respectively (see below Subsections 3.3 and 3.4). We obtain that,
first, the two optimal levels for the non-common quality are identical to those obtained in a menu
pricing strategy when attribute dependence is not considered in the analysis (i.e. qualities are inde-
pendent), and second, complementarity (substitutability) increases (decreases) the level of the quality

3In our model, a commonality strategy can also be an endogenous outcome within a menu pricing strategy as it is a
feasible optimal outcome under certain conditions related to the preference structure. Specifically, we have that jy,, = j;,,
ify =—cx (91 =0y ,-) /(01 — 02), that is, if there is either a certain level of substitutability between qualities with strict
dominance, or a certain level of complementarity with soft dominance.
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that is not made common in the same amount for both segments. Of course, the analysis for quality y
as the common quality is symmetric to the previous one.

As a consequence, commonality intensifies cannibalization with both strict and non-strict domi-
nance, that is, regardless of the preference structure. We can see this simply by comparing the intensity
of cannibalization under menu pricing (C,,) and under product commonality (C)®:

2
Cor = Co = L @x =020+ 1 (O1y = 0))"
Cy(C_ny — yz)(l -p)

In other words, according to Kim and Chhajed (2013), a commonality strategy does not relieve
cannibalization in absence of cost savings.

Concerning the conditions under which it is more profitable for the firm to make a given quality
common, we find that making quality x common is more profitable than making quality y common

2
when it holds that & > =0

& (Bly =0y ) ’
et al. (2001).
Thedistortion of quality is obviously zero for the common quality in this strategy and the non-common

and vice versa. This result is in line with Proposition 6 in Desai

N - . 6,-06 !
quality diverges from the efficient level. Specifically we have that yo — y2¢c = pcy g _2;). We can find
y

moderate levels of non strict dominance which hold that —\/cx /¢y < (0x — 02x)/ (Hy - Gzy) <A/ex/ey
(so making quality x common is more profitable than making quality y) that hold that y, — y,~ <0,
that is a negative distortion of quality. This situation is more feasible the higher ¢ /c,.

3.3 | Single product for high-segment only

In this section, we consider the selective-segment strategy, that is, the monopolist produces only the
high quality product (x,, y,) and only consumers from segment 1 buy the product. Then, only high
segment is binding, that is, constraint 3 holds at equality. This means that the price charged by the
firm is given by:

ri =01xx1 + 01yy1 +rx1y1. (17)
and the profit function is
B = 1 2 1 5
H = p<r1 - Echl - Ech1>' (18)

The resulting optimal qualities are identical to those obtained in menu pricing for the high segment:

O1x + ck01; i
L&—j#ﬁ>—ﬁw
jp=y 977 o (19)
0 ify <——c¢
011

with j, k = x, y and j # k. We can see that jg =j ;‘ s and subsequently, the analysis on the influence
of attribute dependence is identical to that displayed in Subsection 3.1 for the high quality product.

t"Similarly to Cy;, C.is defined as Cc = (01, — HZX)xz + (91,, - Gzy)y’z‘c.
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Optimal profits are then given by

( 2 2 .. )
p(glek + Hlij + 27/91/0”() . { 011 91/{ }
ify > max{ ——cx,———c¢;j
2(CjCk — yz) 1k 01
o O1r + ckby; O +ck01;\ .. 0 01
By =,k TP fp L PO T OO N g Ok TU
2 J 2 7
cick — v 27 cjek —y 01 01
. . 1j 0
0 ify Smm{——jck,—ﬁq}
L 011 01

where the intermediate case represents the situation when only quality j is provided.

3.4 | Single product for both segments

In this section, we consider a common-product strategy, that is, the monopolist produces a single prod-
uct (x, y) designed and priced for both types of customers. Then, only low segment is binding, other-
wise the low segment would not buy the good because these customers would get negative surplus,
that is, constraint Equation (4) holds at equality. The maximum price the firm can charge is then given
by Equation (8), and the profit function is

1 1
Bo =r; — —cxxg - _nyg (20)

2 2

The resulting optimal qualities are given by

O + ciBy) 0
Y02k k22j.f >—9ick
b=y 977 Yy @0
0 ify <——c¢
Ok

with j, k = x, y and j # k. This is the efficient level of quality j for the low quality segment, and then
coincides with the optimal common quality in the commonality strategy studied in Section 3.2.
Optimal profits are then given by

c )
ck02j + Cj92k + 2y0,;0: ) { 02 o }
ify > maxq ——cx, ———c¢;
Z(Cjck - 7/2) Ok 02
_ O + ci0s; Oy + b\ .. 6 02)
B = (L0 (5, Lt
cick — 12 27 ciek — 2 6> r
. . 2j (7
0 ify <ming ——L¢y, —=£¢;
02 Y

L

where the intermediate case represents the situation when only quality j is provided.
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3.5 | Comparative analysis

In this subsection, we identify the relationships between optimal qualities and profits obtained
under the different strategies. Concerning optimal qualities, the analysis shows the following
identities:

6] j; =j T » Which correspond to the efficient level of quality j for the high quality segment.

(i) j;, = pijy + (1 = Dp)j;,, thatis, the optimal level of quality j provided in the “only one product
for both segments” strategy, j,, is a weighted linear combination of the optimal level of quality
y provided in a menu pricing strategy, where the relative size of every segment of customers is
the weighting factor. Note that this expression can be rewritten as j7, — j;,, = p( v~ j;‘M);
consequently the analysis on quality distortion displayed in Section 3.1 can also be applied to
the comparison between high quality and low quality product in a menu pricing strategy, which
implies that the difference in quality can be exacerbated by attribute dependence.

(iii) j, = j being j the common quality in a commonality strategy. This level of quality corresponds
to the efficient level of quality j for the low quality segment.

(iv) ki, = pkj. + (1 — p)k; . being k the non-common quality in a commonality strategy. That is, the
optimal level of the quality k provided in the “only one product for both segments” strategy, k),
is a linear combination of the optimal qualities on the non-common quality in a commonality
strategy, where the relative size of every segment of customers is the weighting factor.

Concerning the optimal profits resulting from every strategy, we can write the following result:

oge . < <
Proposition 6. B[, < B{. < B} and B}, < B} with B;,;SB, and B}, SB.

Proof See the Appendix.

The Proposition states that menu pricing is always the most profitable strategy when viable, and
when it is not, the optimal pricing strategy is either the selective-segment strategy or the commonality
strategy, depending on the relative attractiveness of the high quality segment and its relative size. The
intuition of this result is that, if there is attribute dependence and average production costs are constant
for both qualities, then flexibility in the qualities allows the monopolist to choose both quality levels
in a more efficient and profitable way (i.e. according to the preference configuration). This is particu-
larly relevant for commonality as it could be an optimal strategy for reasons other than cost-savings,
contrary to what has been reported in the extant literature.

The difference in profitability between selling high quality to the high segment only

and selling low quality to all customers can be written as By — Bp = ﬁ where
xCy
g2 62 02 63 ) i .
A=cxeylp| 2+ 2 ) - | B+ 2 )|and B= 2(pOx0y — 0205y). The term A is the difference in
X y X y

attractiveness between the selective strategy and the common product strategy adjusted to production
costs, and B is the level of aggregate dominance of the high quality segment adjusted to its size. We
can see that the threshold for this difference is given by y, = —A/B, and then, we have two situations:
first, if y, does not belong to the feasible interval for y (i.e. A%/B* > c,c) then B, > B,, when A is
positive and vice versa; and second, if y, belongs to the feasible interval for y (i.e. A%B? < cxcy) then
we have that if p > (0,,0,))/(6,0,) then B, — B, > 0 for any y > y,, and negative otherwise, and if
P <(0,,0,)/(6,0)) then B, — B, > 0 for any y < ,, and negative otherwise (see the Proof of Proposition
6 for a detailed explanation). We can see that the level of attribute dependence reinforces the influence
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of the aggregate dominance of the high quality segment on the difference of profitability between H
and O. For example, we can see that this influence is positive when qualities are complements if the
aggregate dominance of the high quality segment is positive and vice versa.

The comparison of profitability between the selective strategy and the commonality strategy can

2
. _ _ _A+yB P(Hy_02y) . H -

be written as By — B¢ = exe, —17) 2,0=p) where the first term (which corresponds to B, — B)

can be either positive or negative as we have just seen, and the second (which corresponds to B, — B)

is always negative. Then, we have that, for example, B, > B requires that B, > B,,.

4 | CONCLUSIONS

The analysis presented in the paper shows that the introduction of attribute dependence in consumer
preferences over multi-attribute products yields new qualitative results in the context of product
design and pricing in a monopolistic market. The existence of interdependence between characteris-
tics is found to be a determining factor of quality provision. Specifically, complementarity and low
substitutability between qualities is an incentive for firms to improve the level of quality incorporated
to the products, and can contribute to exacerbate the differences between high quality product and
low quality product in monopolistic markets. Consequently, it enhances the distortion of quality and
cannibalization problems that are inherent to monopoly pricing when market demand is segmented.
Interestingly, this increased difference between high quality and low quality products runs parallel
to the maxmax solutions obtained in product differentiation models in oligopolistic markets when
attribute dependence is considered (maximum differentiation in both qualities, in contrast to maxmin
solutions that are usual in the literature, i.e. maximum differentiation in one quality and minimum in
the other). In addition, the analysis contributes to improve our understanding about why some firms
incorporate attributes that are substitutes in a given product (in sectors such as those mentioned in the
Introduction).

The paper shows that menu pricing is the most profitable strategy and that a two-product strategy
with a common attribute is more profitable than a common-product strategy for all customers. In this
sense, another relevant conclusion of the paper is that the feasibility of a commonality strategy may
be based on reasons other that cost motivations, in particular on the existence of attribute dependence
under certain conditions related to the structure of customer preferences.

ACKNOWLEDGMENTS
The author thanks two anonymous referees for helpful comments and suggestions. The usual disclaimer
applies. Funding for open access charge: Universidade da Corufia/CISUG.

REFERENCES

Anderson, E. T., & Dana, J. D. (2009). When is price discrimination profitable? Management Science, 55(6), 980-989.
https://doi.org/10.1287/mnsc.1080.0979

Baake, P., & Boom, A. (2001). Vertical product differentiation, network externalities, and compatibility decisions. Inter-
national Journal of Industrial Organization, 19(1-2), 267-284. https://doi.org/10.1016/s0167-7187(99)00029-6

Bajic, V. (1993). Automobiles and implicit markets: An estimate of a structural demand model for automobile charac-
teristics. Applied Economics, 25(4), 541-551. https://doi.org/10.1080/00036849300000062

Bhargava, H. K., & Choudhary, V. (2008). When is versioning optimal for information goods? Management Science,
54(5), 1029-1035. https://doi.org/10.1287/mnsc.1070.0773

Canoy, M., & Peitz, M. (1997). The differentiation triangle. The Journal of Industrial Economics, 45(3), 305-328.
https://doi.org/10.1111/1467-6451.00050

:sdY) SUONIPUOL) PuT WA T a1 298 “[4707/20/L0] U0 ATEIqIT QUITUQ AS1AL “BUNI0D) BT 2] PEPISIATUN AQ 9ERTT-OUEWY/] [ [1°01/10P/W00" KM ATEIqHRUHuO0,/:SAIY W01 POPEOumod b €707 *LS66LIPT

woo oA

2SURDF] SUOWIWOY) 2ATIER1) AIqEoNIdE o) Aq PAILAOT AT SAPILIE YO SN JO SN 10] ATEIqIT AUIUO AD[1A TO (:


https://doi.org/10.1287/mnsc.1080.0979
https://doi.org/10.1016/s0167-7187(99)00029-6
https://doi.org/10.1080/00036849300000062
https://doi.org/10.1287/mnsc.1070.0773
https://doi.org/10.1111/1467-6451.00050

NOVO-PETEIRO 379
-WILE YJ—

Chevenaz, R. Y., & Jasimuddin, S. M. (2017). An analytical model of the relationship between product quality and adver-
tising. European Journal of Operational Research, 263(1), 295-307. https://doi.org/10.1016/j.ejor.2017.05.016

Degryse, H. (1996). On the interaction between vertical and horizontal product differentiation: An application to bank-
ing. The Journal of Industrial Economics, 44(2), 169—186. https://doi.org/10.2307/2950644

Degryse, H., & Irmen, A. (2001a). On the incentives to provide fuel-efficient automobiles. Journal of Economics, 73(2),
149-165. https://doi.org/10.1007/b£02340173

Degryse, H., & Irmen, A. (2001b). Attribute dependence and the provision of quality. Regional Science and Urban
Economics, 31(5), 547-569. https://doi.org/10.1016/s0166-0462(00)00073-9

Desai, P. (2001). Quality segmentation in spatial markets: When does cannibalization affect product line design?
Marketing Science, 20(3), 265-283. https://doi.org/10.1287/mksc.20.3.265.9767

Desai, P., Kekre, S., Radhakrishnan, S., & Srinivasan, K. (2001). Product differentiation and commonality in
design: Balancing revenue and cost drivers. Management Science, 47(1), 37-51. https://doi.org/10.1287/
mnsc.47.1.37.10672

Dick, A. (2007). Market size, service quality, and competition in banking. Journal of Money, Credit, and Banking,
39(1), 49-81. https://doi.org/10.1111/j.0022-2879.2007.00003.x

Gawer, A., & Henderson, R. (2007). Platform owner entry and innovation in complementary markets: Evidence from Intel.
Journal of Economics and Management Strategy, 16(1), 1-34. https://doi.org/10.1111/j.1530-9134.2007.00130.x

Ginsburgh, V., & Weber, S. (2002). Product lines and price discrimination in the European car market. The Manchester
School, 70(1), 101-114. https://doi.org/10.1111/1467-9957.00286

Jing, B. (2007). Network externalities and market segmentation in a monopoly. Economics Letters, 95(1), 7-13. https://
doi.org/10.1016/j.econlet.2006.08.033

Kim, K., & Chhajed, D. (2000). Commonality in product design: Cost saving, valuation change, and cannibalization.
European Journal of Operational Research, 125(3), 602—-621. https://doi.org/10.1016/s0377-2217(99)00271-4

Kim, K., & Chhajed, D. (2002). Product design with multiple quality-type attributes. Management Science, 48(11),
1502-1511. https://doi.org/10.1287/mnsc.48.11.1502.265

Kim, K., Chhajed, D., & Liu, Y. (2013). Can commonality relieve cannibalization in product line design? Marketing
Science, 32(3), 510-521. https://doi.org/10.1287/mksc.2013.0774

Krishnan, V., & Zhu, W. (2006). Designing a family of development-intensive products. Management Science, 52(6),
813-825. https://doi.org/10.1287/mnsc.1050.0492

Lee, J., Krishnan, V., & Shin, H. (2020). Business models for technology-intensive supply chains. Management Science,
66(5), 2120-2139. https://doi.org/10.1287/mnsc.2019.3306

Liu, Z., Li, M., & Kou, J. (2015). Selling information products: Sale channel selection and versioning strategy with
network externality. International Journal of Production Economics, 166, 1-10. https://doi.org/10.1016/].
ijpe.2015.04.006

Martin-Oliver, A., & Salas-Fumas, V. (2008). The output and profit contribution of information technology and adver-
tising investments in banks. Journal of Financial Intermediation, 17(2), 229-255. https://doi.org/10.1016/j.
jfi.2007.10.001

Mehra, A., Seidmann, A., & Mojumber, P. (2014). Product life-cycle management of packaged software. Production
and Operations Management, 23(3), 366-378. https://doi.org/10.1111/poms.12069

Moorthy, K. (1984). Market segmentation, self-selection and product line design. Marketing Science, 3(4), 288-307.
https://doi.org/10.1287/mksc.3.4.288

Moorthy, K., & Png, 1. (1992). Market segmentation, cannibalization and the timing of product innovations. Manage-
ment Science, 38(3), 345-359. https://doi.org/10.1287/mnsc.38.3.345

Motta, M. (1993). Endogenous quality choice: Price vs. Quality competition. The Journal of Industrial Economics,
41(2), 113-131.

Mussa, M., & Rosen, S. (1978). Monopoly and product quality. Journal of Economic Theory, 18(2), 301-317. https://
doi.org/10.1016/0022-0531(78)90085-6

Neven, D., & Thisse, J. F. (1990). On quality and variety competition. In J. J. Gabszewicz, J. F. Richard, & L. Wolsey
(Eds.), Economic decision making: Games, econometrics, and optimization. Contributions in honour of Jacques
Dreze (pp. 175-199). North-Holland.

Novo-Peteiro, J. (2020). Two dimensional vertical differentiation with attribute dependence. Journal of Economics,
131(2), 149-180. https://doi.org/10.1007/s00712-020-00704-w

:sdY) SUONIPUOL) PuT WA T a1 298 “[4707/20/L0] U0 ATEIqIT QUITUQ AS1AL “BUNI0D) BT 2] PEPISIATUN AQ 9ERTT-OUEWY/] [ [1°01/10P/W00" KM ATEIqHRUHuO0,/:SAIY W01 POPEOumod b €707 *LS66LIPT

woo oA

ASUDIT SUOWWO)) dANEAIY) d[qedr[dde ay) £q PauIdAOST 18 SI[ONIE Y() SN JO SA[NI 10j ATeIqiT dul[uQ) LI UO (¢


https://doi.org/10.1016/j.ejor.2017.05.016
https://doi.org/10.2307/2950644
https://doi.org/10.1007/bf02340173
https://doi.org/10.1016/s0166-0462(00)00073-9
https://doi.org/10.1287/mksc.20.3.265.9767
https://doi.org/10.1287/mnsc.47.1.37.10672
https://doi.org/10.1287/mnsc.47.1.37.10672
https://doi.org/10.1111/j.0022-2879.2007.00003.x
https://doi.org/10.1111/j.1530-9134.2007.00130.x
https://doi.org/10.1111/1467-9957.00286
https://doi.org/10.1016/j.econlet.2006.08.033
https://doi.org/10.1016/j.econlet.2006.08.033
https://doi.org/10.1016/s0377-2217(99)00271-4
https://doi.org/10.1287/mnsc.48.11.1502.265
https://doi.org/10.1287/mksc.2013.0774
https://doi.org/10.1287/mnsc.1050.0492
https://doi.org/10.1287/mnsc.2019.3306
https://doi.org/10.1016/j.ijpe.2015.04.006
https://doi.org/10.1016/j.ijpe.2015.04.006
https://doi.org/10.1016/j.jfi.2007.10.001
https://doi.org/10.1016/j.jfi.2007.10.001
https://doi.org/10.1111/poms.12069
https://doi.org/10.1287/mksc.3.4.288
https://doi.org/10.1287/mnsc.38.3.345
https://doi.org/10.1016/0022-0531(78)90085-6
https://doi.org/10.1016/0022-0531(78)90085-6
https://doi.org/10.1007/s00712-020-00704-w

380 NOVO-PETEIRO
—I_W ILEY-

Orhun, A. Y. (2009). Optimal product line design when consumers exhibit choice set-dependent preferences. Marketing
Science, 28(5), 868—-886. https://doi.org/10.1287/mksc.1080.0449

Piga, C., & Poyago-Theotoky, J. (2005). Endogenous R&D spillovers and locational choice. Regional Science and
Urban Economics, 35(2), 127-139. https://doi.org/10.1016/j.regsciurbeco.2004.02.002

Qian, L. (2014). Market-based supplier selection with price, delivery time, and service level dependent demand. Inter-
national Journal of Production Economics, 147, 697-706. https://doi.org/10.1016/j.ijpe.2013.07.015

Sato, S. (2019). Freemium as optimal menu pricing. International Journal of Industrial Organization, 63, 480-510.
https://doi.org/10.1016/j.ijindorg.2018.12.006

Shi, Z., Zhang, K., & Srinivasan, K. (2019). Freemium as an optimal strategy for market dominant firms. Marketing
Science, 38(1), 150-169. https://doi.org/10.1287/mksc.2018.1109

Simon, D. H., & Kadiyali, V. (2007). The effect of a magazine’s free digital content on its print circulation: Canni-
balization or complementarity? Information Economics and Policy, 19(3—4), 344-361. https://doi.org/10.1016/j.
infoecopol.2007.06.001

Sun, B., Xie, H., & Cao, H. (2004). Product strategy for innovators in markets with network effects. Marketing Science,
23(2), 243-254. https://doi.org/10.1287/mksc.1040.0058

Tay, A. (2003). Assessing competition in hospital care markets: The importance of accounting for quality differentia-
tion. The RAND Journal of Economics, 34(4), 786—-814. https://doi.org/10.2307/1593788

Vandenbosch, M. B., & Weinberg, C. B. (1995). Product and price competition in a two-dimensional vertical differen-
tiation model. Marketing Science, 14(2), 224-249. https://doi.org/10.1287/mksc.14.2.224

Wei, X., & Nault, B. R. (2014). Monopoly versioning of information goods when consumers have group tastes. Produc-
tion and Operations Management, 23(6), 1067-1081. https://doi.org/10.1111/poms.12180

Wong, H., Kim, K., & Chhajed, D. (2021). Reducing channel inefficiency in product line design. International Journal
of Production Economics, 232, 107964. https://doi.org/10.1016/j.ijpe.2020.107964

Zhang, G., Ye, H., & Lin, Y. (2014). Quality attribute modeling and quality aware product configuration in software
product lines. Software Quality Journal, 22(3), 365-401. https://doi.org/10.1007/s11219-013-9197-z

How to cite this article: Novo-Peteiro, J. A. (2023). Product design with attribute
dependence. The Manchester School, 91(4), 361-385. https://doi.org/10.1111/manc.12436

APPENDIX

Proof of Proposition 1
The relationship between the optimal level of quality x provided to the high quality segment and attrib-
ute dependence for the high quality segment is given by

OXTM _ 7291y +2y01xcy + (91ychy
dy h

(Cny - }/2)2

02 ¢
that equals to zero for y = cyzl—" (—1 +4/1 - ﬂ) with f = B;y = Then we can consider two cases:
1y c

1x7Y

62 0? 0
- . is. if A2 « 2 ich i i _ _Yix i
Case 1: f > 1, that is, if o < e, which is equivalent to —4/cxcy < o0, cy. This means that the
threshold —%cy given by Equation (11) is a feasible value for y. Then, wheny < —zﬁcy the optimal
1y ly
level of quality x is zero, and when y > —Zﬁcy the optimal level of quality x is positive and it is
ly

positively related to attribute dependence.
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02 o _
- Case 2: f§ < 1, that is, if 1* > Cly which is equivalent to —g—cy < —4/cxcy.This means that the
Cx y

threshold ——cy is not a feasible value for y, and therefore quality x is always provided by the
01y

*

ax
monopolist to the high segment for any y. After analyzing the roots of , which are given by

y=cy le (—1 + m> simple calculus shows that only y = Cyg ( 1+4/1- ﬁ) is a feasible

value, and moreover, that root is a minimum. After substitution in Equation (11), we obtain the

2
01y 1

IM = 20, \Tp-1

associated level of quality, given by X}

Now, if we repeat the same analysis for the level of quality y provided to the high quality segment, we
can see that it is symmetric to the previous one. Specifically

ayTM _ 7291x + 27/01ycx + 91xcxcy
oy

(r2 = exey)”

that equals zero for y = —cxeﬂ 1+4/1—-=). Again, we have two cases depending on the sign of
q 2 g p g g
1x

1- % It is easy to see that case 1 for quahty x corresponds to case 2 for quality y, and vice versa.

Proof of Proposition 2
The relationship between the optimal level of quality x and attribute dependence for the low quality
segment is given by

a_x; _ (3,2 + CXCY) (‘92y - pely) + 2ycy(02x — pbix)
(exey —12) (1 = p)

that equals zero fory = —cyA( 1+, / | with A = 92:=P%1x We have two cases:
cyA sz —pGly

2 _ 2
- Case 1: if | — ==5 < 0, we have that (O = 01) < (02 = p01,)
c,A cy cy
optimal level of x, and y is monotonic. There are two possibilities: that relationship is monotoni-
cally increasing if p < 6, /0, and it monotonically decreasing if p > 0, /0. Note that the threshold
¢y (025 = PO1x) . ey (02 = P01y) .
0>y — P01y f0 0hy — P01y fH
Simple calculus show that these thresholds belong to the feasible set of y (according to SOC) when
(92x_p91x)2 < (92y_p61y)2
c cy

oy

, then the relationship between the

for x,,, to be positive is y > — p61y >0,andy < — p91y < 0.

. Consequently, case 1 comprises two situations: first, when 6, — p6, >0

X
_ Cy(‘92x - pbyy)

we have that x,, is positive and increasing iny if y > ——= -9
2y — PVly

and x,,,is not provided otherwise;

¢, (02 — p01y)

and second, when 6, — pd,, < 0 we have that x,,, is positive and decreasing in y if y < —= .
2y Py

and x,,, is not provided otherwise.

2
- Case2:if1 — CCZ2 > 0, we have that @22 =?012)" (02, =101,)" . Then the threshold for x,,, to be posi-

v Cx Cy
tive does not belong to the feasible set of y, and consequently x,,, is always positive. Moreover, the

:sdY) SUONIPUOL) PuT WA T a1 298 “[4707/20/L0] U0 ATEIqIT QUITUQ AS1AL “BUNI0D) BT 2] PEPISIATUN AQ 9ERTT-OUEWY/] [ [1°01/10P/W00" KM ATEIqHRUHuO0,/:SAIY W01 POPEOumod b €707 *LS66LIPT

woo oA

2SURDF] SUOWIWOY) 2ATIER1) AIqEoNIdE o) Aq PAILAOT AT SAPILIE YO SN JO SN 10] ATEIqIT AUIUO AD[1A TO (:



382 NOVO-PETEIRO
—I_W ILEY-

relationship between the optimal level of x, and y is non monotonic and yy = —cyA < 1-,/1- . CZz >
y

is a minimum (the other root of ax; /0y does not belong to the feasible set of values of y). This implies
Y0 (02)/ _pely) + cy(02x - palx)
( —p)(c ¢ —70)

that there is a minimum level of provision of quality x given by X, =

By repeating the same analysis for the optimal level of quality y provided to the high quality segment,
we can see that it is symmetric to the previous one. Specifically

9y} (v + exey) (022 = pBix) + 2yex (62, — pO1y)

or (exey =721 = p)

that equals to zero for y =

X

2
_ACX (1 +14/1- cyc = > Again, we have two cases depending on the sign of

2
l_cyA

X

. It is easy to see that case 1 for quality x corresponds to case 2 for quality y, and vice versa.

Proof of Proposition 3
The relationship between the overall quality of the product and the level of attribute dependence is
given by

o(x1 — x2) + o(y1 — »)

dy dy
p (rP+exey) (01x = 02 + 01y = 02)) + 27 (cx(01y = 02y) + ¢y(B1x — 021))
T 1= 2
I=p (exey —7?)
which equals zero for y = — < > The numerator of the expression is a convex

function with a minimum for y = —®. Then, we have two situations:

- 0%« €Ly that is, the level of divergence is sufficiently low, which implies that the numerator is
always positive, that is, the distortion of the overall quality of the product is always increasing in the
attribute dependence;

- 02> c.c,, that is, the level of divergence is sufficiently high, which implies that there is a minimum
aty = —0 (recall that 0, — 0,, + 6, — 6,, > 0), which does not belong to the feasible values for y.
Because O can be either positive or negaﬁve, there are two cases:

(i) —0O < —4/cxcy which implicitly requires that Oie= o + 5 Sy =%y > (0. Then, the distortion

X

of the overall quality of the product is always increasing in the attribute dependence for any

y > —®<1 +4/1— c(’:)—czy> and decreasing otherwise, and

(i1) y/cxcy < —O which implicitly requires that O1 = O

of the overall quality of the product is always increasing in the attribute dependence for any

— Oy + - Oy =0y < 0. Then, the distortion

CC

y < —®<1 - o ) and decreasing otherwise.
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Proof of Proposition 4

The relationship between C and y can be written as:
aCu ax; dy;
—— = (O1x — O2x)— + (1) — O2y) —
5 (O1x — 602x) 3y (61y = 62y) ay
The two parts of the Proposition are a consequence of combining the effects of y on the optimal
level of every quality incorporated to the low quality product. As stated in Proposition 2, there are
two critical values for y in the first part of this Proposition, one for a low proportion of high qual-

. . . 6y 0y . . o
ity consumers, given by p < mln{ (%, eﬁ } which corresponds to substitute qualities, and other for
1k %1

an intermediate proportion of high quality consumers, given by ZA <p< ﬁj which corresponds to
1k

complementary qualities. Moreover, note that in the second part of the Proposition the low quality

product is not offered when y is higher than that critical value.

Proof of Proposition 5

. .. s _m= %y " _ _ by by,
From Equations (11) and (12) it is easy to see thatylM(y =0)= ., and Vo (r = 0) = =T .Then,
after simple substitutions we can rewrite y’l‘ ¢ and y;C as yl* c= yl* w7 =0+ c"—yx*c

and y5. =y}, (y = 0) + Clx"C
y

Proof of Proposition 6
- “Single product for high-segment only” versus “menu pricing’:
2 2
1 ¢y(PO1x — 62x)" + cx (paly - 02y) +2y (P91y - 02y)(p91x — 6hx)

By — By =—=
2 (1 = p)(cxey — 72)

where the numerator is negative if

_ cy(pO;x _02)()2 +cy(p0y, - 92y)2
2(05, = p1y) (02 — PO1)

¢y (PO — 92x)2 + ¢y (P01, — 02y)
2(05, — pb1,) (02 — pO1)

Moreover, SOC requires that —4/cxcy <y < 4/cxcy. Then, it is required that

i y< when (02, — p01,) (025 — pO1x) > 0, or if

2
when (Hgy - p91y)(92x —pOix) <O0.

(i) y > -

¢y (PO — 92x)2 +cy POy — 92y)2
2(6'2y —p91y)(6'2x - p91x)

¢, (PO — 92x)2 +cy (PO, — 92y)2

2(02, — pb1,) (02 —PO1x)

, and

(1) —4/CxCy < -

(i) y/cxcy > —
Simple calculus show that both inequalities imply that
2 22
0> (ey(pbr = 0207 = (01, = 62,)°)

which is false, that is, the numerator is always positive in the feasible range of values for y. Conse-
quently, menu pricing is more profitable than “single product for high-segment only”.
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- “Single product for both segments” versus “menu pricing””:

2
Bo - B 1 6015 = 020 + x(01y = 0)) " + 2y (01 — 020) (01 — 02y
0o— By =-zp
Yo (1 = p)(exey — 12)

where the numerator is negative if

¢y(01 — 92x)2 +e, (0, - 92y)2
2(62y = 61) (62x —61x)

¢y (01« —92x)2 AGE —92y)2
2(62y = 01,) (622 = 01x)

(i ry<- when (62, — 01) (02 — 01x) > 0, or if

(i) y > — when (62, — 01,) (02 — 01x) < 0.

Moreover, SOC requires that —y/cxcy < y < y/cxcy. Then, it is required that

ey(01x = 02,) +cx (61, 6,,)’
2(02, = 01,) (625 = 01)

e, (01 — 92x)2 +ey (0, - 92y)2

2(02, = 601,) (62 — 01)

() —4fexcy < — when (62, — 01,) (02 — 01x) > 0 and

(ii) y/excy > — when (62, — 01,,) (025 — 01x) < 0.
Simple calculus show that both inequalities imply that

4 2
0> c}%(elx - 02x)4 + cyzc(ely - 02y) + (O1x — 02x)2(91y - 92y) CxCy

which is false, that is, the numerator is always positive in the feasible range of values for y. Conse-
quently, menu pricing is more profitable than “single product for both segments”.

- “Commonality” versus “menu pricing”:

2
P(_702y_cy02x+701y+01xcy) 0

Bc— By = - 2¢y(exe, —7%)(1=p)

- “Commonality” versus “single product for both segments”:

p(ely - 62y)2

> 0.
2¢,(1-p)

Bc — Bop =
- “Single product for high-quality segment only” versus “single product for both segments’:

p(02¢,+ 03¢, +210,6, ) = (c,03, + .62, +2102,05, )

2(cxey~7?)
A=cy(pf; — 65 ) +cx < po2 — 9§y) and B = 2(p6x0y — 02,0,,). A is the difference in attractiveness
between the selective strategy and the common product strategy adjusted to production costs (selling
high quality to the high segment only vs. selling low quality to all customers) and B is the level of
aggregate dominance of the high quality segment adjusted to its size (note that —B decreases as the
size of the segment and/or its aggregate dominance increases and vice versa). We can distinguish two
cases:

By — Bo =

, which equals to zero for yy = —% with

2
- Case 1: y, is not a feasible value of y (ie. cxcy — yg <0, that is, % > cxcy) then B, — B,
is either positive or negative. Two subcases: first, B, — B, > 0 if A > 0, because we have that
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By (y =0) — Bo(y = 0) > 0when A > 0 (then it follows that the difference is positive for all y); and
second, By, — B, < 0if A < 0 because we have that Bg(y = 0) — Bo(y = 0) < 0 when A < 0.

2
- Case 2: y,, is a feasible value of y (i.e. cxcy — yg > 0, that is, % < cxcy), then B, — B, can be posi-
(B —Bo) _ 12Ay+By’+ Bk

=0 we
% 2 (k—y2)2

. . . .0
tive or negative in the relevant interval for y. After calculating

0
the feasible set of values for y (these extreme values are not real values for this case in the relevant

interval), that is, B,; — B,, is a monotone function in the relevant interval for y. Again we have two
subcases: first, if 24y + By? + Bcc, > 0, then B, — B, is an increasing function and it is positive for

find that the candidates to extreme values are y = y0<l +,/1- C’;;y > and they do not belong to

. . L » . . 6,.6
any y > y, and negative otherwise (the derivative is positive for y = 0 if B > 0, that is, if p > ﬁ);
xVy

and second, if 2Ay + By* + Bc,c, < 0, then B, — B,, is a decreasing function, and it is positive for

. . L . . . 005,
any y <y, and negative otherwise (the derivative is negative for y = 0if B <0, that is, if p < ; 02’ ).

- “Single product for high-quality segment only” versus “commonality”:

By — Bc

2 2
2 O%ey + 02 cx + 270101, (pﬂfy(l = p)+ (62 — pO1y) )(Cxcy —72) + (02 + cy02x) (1 = p)

2 cxey — y2 2cy(exey —y2)(1 = p)
(01— 02)) + 20651 = p)(~02:02y + PO1O1y) + H(1 = p) (P62, = 63) = xcy(pO1y = 02y)]
2¢y(exey —y2)(1 = p)

where we have that B, — B = 0 for

_ 2ey(1 = p)(_92x92y + P91x‘91y)
2p(61, = 02y)°

Yo =

4p(01y = 02y)* (30 = p)(p03, = 03,) = excy (401, - 03))°)

1+ |1- >
(2Cy(1 - P)(_92x02y + P91x91y))

Then there are two situations:
-B,—B.>0if

CY((l - p)(pelxely - 92x92y))2
p(61, = 0y)°

<e(l - p)(pefx - egx) — cx(pbiy = 92y)2

-B, — B-.<0ify € (yo+,r0-) and B, — B > 0 otherwise.
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