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A firm contemplating improvements to its product attributes would be interested in

the dollar value the market attaches to any potential product modification. In this

paper, we derive a measure of market value such that the comparison of the measure

against the incremental unit cost of the attribute improvement is key in deciding whether or

not the attribute improvement is profitable. Competition from other brands, the potential

for market expansion, and heterogeneity in customer preference structures are explicitly

modeled using the multinomial logit framework. The analysis yields a closed form

expression for the market’s value for an attribute improvement (MVAI). A key result we

obtain is that customers should be differentially weighted based on their probability of

purchasing the firm’s product. In particular, customers who exhibit a very high or very

low probability of choosing the firm’s product should receive less weight in detemining

MVAI. Because the probability of choice varies across products, the answer to the question

of how much the market values an improvement depends on which firm is asking the

question. It is shown that customers whose utilities have a greater random component

should be weighted less. Furthermore, the measure developed is robust to the influence of

outliers in the sample. An empirical illustration of the MVAI measure in the context of

a new product development study is provided. The study illustrates the advantages of the

proposed measure over currently used approaches and explores the possibility of competi-

tive price reactions.

(New Product Development; Product Positioning; Multibrand Competition; Conjoint Analysis)

1. Introduction
In many product markets, firms often desire to

modify their product attributes. Evolving consumer

preferences, advances in technological capabilities,

changes in manufacturing costs, and competition

from other brands drive firms to consider improving

product characteristics. While some companies at-

tempt to develop radically innovative products, new

product activity often involves the modification of

an existing product. Typically, value adding modifi-

cations entail offering more of a desirable attribute

or less of an undesirable one.1 Such product changes

have both cost and demand implications, and re-

quire reevaluating pricing decisions as well. While,

1In reality, there may also be cases where firms wish to accom-

plish the opposite, i.e., offer less of a desirable attribute or more

of an undesirable one (perhaps because of a cost increase). The

analysis we present is general enough to handle these cases as

well. We have framed the problem in terms of product improve-

ment as it is the most common form of product modification

(Griffin 1997).
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in general, firms know their own cost structures, as-

sessing demand sensitivity to product changes can

be difficult, especially when the market is comprised

of customers heterogeneous in preferences and there

are several competing brands. Nonetheless, accurate

assessment of the market’s response to any such at-

tribute improvement is essential to a firm in the

product planning phase, and for effective pricing

and forecasting.

To explore this issue in greater detail, we seek to

establish a market-level analog to an individual cus-

tomer’s value for an improvement in a product attri-

bute. The latter quantity is usually defined as the

increase in price needed to offset an incremental

change in an attribute level, so that the customer’s

overall utility for a particular product remains con-

stant. This calculation is straightforward once the

parameters of the utility function for that individual

have been estimated by conjoint analysis (Green and

Srinivasan 1990). Yet when dealing with a heteroge-

neous set of customers, all potentially relevant for

the firm’s market share, it is not obvious how to ag-

gregate these individual parameters to form a single

market-level valuation index. From a managerial

perspective, it is the aggregate measure that is rele-

vant for product planning rather than individual-

level measures.

In this paper, we theoretically derive such a mar-

ket-level valuation measure by looking at the profit

change a firm can expect from an incremental im-

provement in a product attribute when setting its

price optimally. We define our measure as the mar-

ket’s value for an attribute improvement (MVAI)

and show it has three major advantages over cur-

rent approaches. First, MVAI has the managerially

attractive property that it can be compared to the

incremental unit cost of the attribute improvement

to determine the profitability of the product modi-

fication. Second, it provides a conceptually sound

method for calculating the market’s value for

a product attribute compared to the commonly

used method of averaging customer-level willing-

ness-to-pay measures. Third, by deriving an analyt-

ic expression in the context of the standard

multinomial logit framework, we are able to offer

many valuable insights into the factors that affect

the market’s value for an attribute improvement.

Specifically, we find that the market’s value for an

improvement is not obtained as an average of indi-

vidual-level measures, i.e., by averaging the dollar

amount needed to keep each customer’s preference

constant. Rather, the precise formula involves the

ratio of two separate and weighted sums across cus-

tomers: one related to the importance of the attri-

bute and the other to the importance of price. It is

shown that customers should be differentially

weighted based on their probability of purchasing

the focal product. A customer with an extreme

probability (either approaching zero or one) of pur-

chasing the focal product is relatively insensitive to

that product’s attribute and/or price modifications

and, hence, should be given less weight. Because

the choice probabilities vary across products, the

market’s value for an improvement in a product at-

tribute depends on which competitive product is

asking the question. The approach discounts cus-

tomers whose utilities have a greater error compo-

nent and are therefore less susceptible to attribute

and/or price changes. In addition, the measure is

fairly robust to the influence of outliers in the data,

making it unnecessary to drop observations

or worry about extreme results. In the context of

a new product development study, this paper pro-

vides an empirical illustration of the advantages of

the proposed measure over currently used ap-

proaches and explores competitive price reactions.

The rest of the paper is organized as follows: We

first derive a general formulation of the market’s

value for an incremental improvement in a product

attribute for a firm assessing the profitability of

a product modification. Next, using the standard

logit framework to link individual preference

parameters to market shares, we calculate an ex-

plicit expression for MVAI and highlight the impli-

cations for how individual parameters should be

weighted and aggregated. An empirical illustration

of the proposed measure is then provided that also

incorporates competitive price reactions. We con-

clude with managerial implications of the MVAI

measure.
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2. Firm Profitability and
the Market’s Value for
an Improvement in
a Product Attribute

An important financial criterion for measuring the

success of a product development effort is whether

it would result in increased profits. For the type of

product modification considered in this paper, the

relevant question becomes: What determines whether

an incremental improvement in a product attribute

will result in an increase in profits? We turn to exam-

ine this question assuming that, subsequent to any

product modification, a firm would adjust its price to

achieve maximal profits. As we shall see, answering

the above question will allow us to derive a measure

of the market’s value for an incremental improve-

ment in a product attribute. We begin by analyzing

the pricing action of the product modifying firm, as-

suming that no other firm reacts to its actions (this

case is realistic if, in the short run, other firms in the

product market are committed to their prices, and it

also applies to the monopoly case). Such an analysis

is a starting point for determining the profitability of

an attribute change. We consider competitive price

reactions in §4.3 (and Appendix) and show that our

proposed measure is relevant in such contexts as

well. In this respect, our work is related to the mar-

keting literature on competitive positioning (e.g.,

Hauser and Shugan 1983, Ansari et al. 1994). Such

papers analyze firm pricing and product attribute

decisions in competitive settings and incorporate

customer heterogeneity in the form of probabilistic

distributions. Our paper contributes to the under-

standing of how such decisions should be made by

analyzing and providing insights on the way in-

dividual-level data can be weighted and aggregated

so that a single, theoretically meaningful measure of

market value for an attribute improvement can be

obtained.

2.1. Model

Consider a given product market consisting of J

products each offered by a different firm. Let each

of the J products be defined by a vector of K product

attributes ~xxj, with the level of attribute k for alterna-

tive j denoted xjk. Denote the market share of firm

(product) j as mj and its unit price as pj. We allow

for the possibility of an outside good with market

share m0, such that m0 1
PJ

j¼1 mj 5 1. Denote by Q

the maximum sales potential for the product category,

so that the actual sales of the category of J products

are Q(1 2 m0) 5 Q
PJ

j¼1 mj. The outside good per-

mits the market (i.e., sales) for the category of J pro-

ducts to expand or contract depending on the J

products’ attributes and prices. Furthermore, assume

that market shares are differentiable in prices and at-

tribute values. To set up a framework for firm opti-

mizing behavior, let firm j’s profit function pj be

pj ¼ Qmjðpj � cjð~xxjÞÞ; ð1Þ

where cj(~xxj) is firm j’s variable cost of producing

each unit, which depends on the particular attribute

levels offered by product j (for notational conve-

nience, we suppress this dependence and, from here

on, denote the variable cost as cj).
2 Let all market

shares satisfy the following standard properties of

price competition with differentiated goods: @mj/@pj

, 0, @mj9/@pj . 0 "j9 6¼ j. In particular, @m0/@pj .

0, so that aggregate category sales, given by Q(1 2

m0), depend on the firms’ prices (the outside good

also allows for the special case of a monopoly ( J 5

1) whose sales depend on its product attributes and

price.) In §3, we elaborate on how market shares,

which satisfy the above properties, can be deter-

mined as a function of customer preferences and

product attribute levels. We further assume that the

profit functions in (1) satisfy @2pj/@p
2
j , 0, so that

we are guaranteed an interior pricing solution.

Optimizing behavior by firm j means that it sets

a price to satisfy

@pj

@pj
¼ 0: ð2Þ

2To simplify analysis, we assumed that there are no economies (or

diseconomies) of scale so that the variable cost cj does not depend

on the sales level (Qmj) of product j. For expositional covenience,

we also assumed that there are no fixed costs.
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Substituting (1) into (2) yields the following first-

order condition:

mj þ
@mj

@pj
ðpj � cjÞ ¼ 0: ð3Þ

We can now examine the total effect on profitability

triggered by the change in attribute xjk. This is given by

dpj

dxjk
¼ @pj

@xjk
þ @pj

@pj

dp�j
dxjk

; ð4Þ

where p�j is the optimal price according to (3). From

the first-order condition in (2), we know the second

term on the right-hand side of (4) is zero. Thus, (4)

can be rewritten as

dpj

dxjk
¼ @pj

@xjk
¼ Q@mj

@xjk
ðpj � cjÞ � Qmj

@cj
@xjk

:

Substituting from (3) we obtain

dpj

dxjk
¼ Qmj � @mj=@xjk

@mj=@pj
� @cj
@xjk

� �
: ð5Þ

We see from (5) that when firm j considers only its

actions and sets a price to maximize profits, the con-

dition for the attribute change to be profitable is

� @mj=@xjk
@mj=@pj

.
@cj
@xj

: ð6Þ

The left-hand side of (6) is a ratio of the change

in market share the modifying firm can expect

from improving a product attribute, divided by the

change in market share due to repricing. As this

ratio reflects aggregate demand sensitivity for the

incremental attribute and price changes, we define

it to be the market’s value for attribute improvement

(MVAI):

MVAI ¼ � @mj=@xjk
@mj=@pj

: ð7Þ

The inequality in (6) has an appealing interpretation;

it states that the profitability of each unit sold

depends on how much the market value for the

proposed improvement exceeds the marginal cost of

executing it (aside from any one-time fixed costs).

The decision on whether to implement a particular

product change takes on an explicit benefit versus

cost form. Furthermore, this ‘‘benefit’’ to the firm is

fundamentally demand driven.

An alternative interpretation of MVAI in (7) comes

from the following observation. The total differential

of firm j’s market share with respect to attribute k

and price pj is

dmj ¼
@mj

@xjk
dxjk þ

@mj

@pj
dpj: ð8Þ

Suppose we wish to leave firm j’s market share un-

altered; i.e., we require dmj 5 0. It follows from (8)

and (7) that

dpj
dxjk

¼ � @mj=@xjk
@mj=@pj

¼ MVAI: ð9Þ

Thus, MVAI is also the incremental price the firm

would charge per unit improvement in the product

attribute (assumed to be infinitesimal) if it were to

hold market share (or sales) constant.

Interpreting MVAI as the incremental price change

(divided by the attribute change) that leaves market

share unaltered suggests a computational method

for determining MVAI. First, change the product

attribute in the conjoint simulator and then search

over the price change that would leave market share

unaltered. An efficient way for conducting such

a search on price is the method of interval bisection

(Wagner 1975, p. 539). As an approximation, one

could use this computational method in conjunction

with the max-choice rule, in which case the market

share for each alternative is obtained by counting all

individuals (weighted based on the quantities they

purchase in the product category) whose preference

for the alternative is highest and dividing by the to-

tal number of individuals. The drawback of the com-

putational method is the lack of a closed-form

solution for MVAI. In the next section, we provide

such a closed-form expression for MVAI in the con-

text of the logit model. The expression also provides

valuable insights into the determinants of MVAI.
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3. A Logit Model-Based Expression
for the Market’s Value for
an Attribute Improvement

Thus far, we provided a general form for the mar-

ket’s value for a product improvement and estab-

lished its importance for assessing the profitability

of a proposed attribute change. As MVAI is a func-

tion of market share, it is obviously related to the

change in demand for the modified product. It is

not clear, however, what customer-level parameters

are required to determine it, how such parameters

should be aggregated, and what the dependence on

the current set of competing products is. To shed

light on these issues, we proceed as follows: We be-

gin by specifying a simple model of customer multi-

attribute preferences, which is then used to obtain

market shares within the standard logit model frame-

work. These, in turn, are used to derive a closed

form expression for MVAI. We highlight the analytic

insights gained from this proposed measure and dis-

cuss its practical benefits.

3.1. Individual Preferences

Since our primary interest is the trade-off between

attribute levels and price, as well as the resulting

impact on market behavior, it is only natural to oper-

ate in the setting of multiattribute preference models

(Green and Srinivasan 1990). As such, an individ-

ual’s deterministic preference for any alternative can

be written as a sum of part worths and is given by

ti
j ¼
XKþ1

k¼1

f ikðxjkÞ; ð10Þ

where

tij 5 the (deterministic) utility individual i attaches

to alternative j;

xjk 5 level of attribute k for alternative j (there are

K 1 1 attributes, including price); and

f ik 5 the part-worth function relating level of attri-

bute k into utility units for individual i.

For expositional ease, we will assume the functions

f ik conform to the vector (or linear) model; i.e., we can

replace them with individual attribute weights wi
k.

As is common with most multiattribute preference

models, we treat price as a separable determinant of

utility. Consistent with previous notation, we denote

the price of alternative j by pj and its coefficient by

(2wi
p). Equation (10) can now be written

ti
j ¼

XK
k¼1

wi
kxjk

 !
� wi

ppj; ð11Þ

where wi
p . 0 (note that in (11) price would relate

negatively to utility). We assume that the parameters

{wi
k}, w

i
p and the randomness parameter (see §3.2) are

estimated by conjoint analysis (Green and Srinivasan

1978). In the Technical Appendix,3 we derived some

of the major results using the more general formula-

tion, as in (10).

3.2. From Customer Preferences

to Market Shares

To obtain market shares from customer preferences,

we first link overall utility for an alternative with

a choice probability. As we shall see, this approach

yields closed form expressions for both market

shares and MVAI.

Linking overall preference for an alternative with

a choice probability can be achieved by invoking

random utility theory (Ben-Akiva and Lerman 1985,

pp. 60–66). Thus, we can regard the multiattribute

preference model discussed earlier as the determin-

istic (or systematic) component of utility, to which

a random component is added. Thus, the utility in-

dividual i assigns alternative j is uij 5 tij 1 eij, where

tij is the deterministic component and eij is the ran-

dom component. The deterministic component is ob-

tained from (11) (or (10) in the more general case).

The stochastic components eij are assumed to be

independent across j and distributed Gumbel with

cumulative distribution function F(eij) 5 ex-

p[2exp(2lieij)], where li . 0 is individual i’s scale

parameter, which is inversely related to the variance

of the random component Var(eij) 5 p2/6l2
i .

3The Technical Appendix is available at the INFORMS Marketing

Science website at http://www.informs.org.
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From this specification of random utility, choice

probabilities can easily be derived using the multi-

nomial logit model (McFadden 1974, Ben-Akiva and

Lerman 1985, pp. 103–107). Hence, the probability of

individual i choosing alternative j, when J alterna-

tives (and an outside good) are available, takes the

familiar form

hi
j ¼

expðlit
i
jÞ

expðlit
i
0Þ þ

PJ
j9¼1 expðlit

i
j9Þ
; ð12Þ

where ti0 is customer i’s (deterministic) utility for the

substitute outside good. Let qi denote the (exoge-

nously specified) maximal purchase quantity for cus-

tomer i. Consistent with previous notation, Q 5
P

i qi

is the maximum product category sales. The

expected quantity each individual purchases in the

category of J products is thus qi(1 2 hi0). As the

probability of choosing the outside good (or no pur-

chase) is a function of the prices and attributes of all

J products in the market, the total sales of the J

products in the category generally increase when

any firm decreases price or improves its product

attributes.

The calculation of market shares is now straight-

forward. For each alternative, add the individual

probabilities of choosing it, weighted by the appro-

priate purchase quantities

mj ¼
1

Q

X
i

qih
i
j

¼ 1

Q

X
i

qiexpðlit
i
jÞ

expðlit
i
0Þ þ

P
j9 expðlit

i
j9Þ
: ð13Þ

It is straightforward to establish that market shares

thus defined satisfy all the properties required in §2

(namely, @mj/@pj , 0, @mj9/@pj . 0 "j9 6¼ j, and

@m0/@pj . 0).

3.3. Calculating Market Value for an Attribute

Improvement

Having established how market shares are formed

from individual preferences, we are now ready to

apply this framework to derive an explicit expression

for MVAI. Using (11)–(13), (7) can be shown to be

MVAI ¼ � @mj=@xjk
@mj=@pj

¼
P

i qilih
i
jð1 � hi

jÞwi
kP

i qilih
i
jð1 � hi

jÞwi
p

¼
P

i a
i
jw

i
kP

i a
i
jw

i
p

; ð14Þ

where aij represent customer weights for the jth prod-

uct and are given by

aij ¼ qilih
i
jð1 � hi

jÞ: ð15Þ

3.4. Properties of the MVAI Expression

This section highlights the major insights from the

previous analysis, in particular, the properties of

Equations (14)–(15).

3.4.1. The Aggregation of Individual Influences.

Let us reconsider the basic question we intended to

answer: What value does the market attach to an im-

provement in a product attribute? If there is only

one relevant customer, say individual i, then the

answer to the above question is

wi
k

wi
p

: ð16Þ

This follows immediately from (14) with only one cus-

tomer.4 Thus, at a conceptual level, wi
k and wi

p are core

parameters that should be part of any solution to the

original question. Yet, in a fully heterogeneous model,

where potentially all individuals are relevant for mar-

ket performance, how individual parameters should

be weighted and aggregated is of primary interest.

A common practice in conjoint analysis for ob-

taining a single market value measure is to take a

weighted average of the individual ratios in (16)

(Wyner 1997). Following this approach with a sample

of N individuals we obtain

4The same answer is obtained in conjoint analysis by considering

only Equation (11) and posing the condition that individual i’s

deterministic utility for alternative j stays unchanged. This can be

verified by dividing i’s preference for alternative j throughout by

the weight of price wi
p, as suggested by Srinivasan (1979). Thus,

utility is measured on a dollar-metric scale, and the coefficient for

attribute k becomes wi
k/w

i
p.
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1

Q

XN
i¼1

qi
wi
k

wi
p

 !
: ð17Þ

There are several important differences between the

expression in (17) and our MVAI measure (14). While

in (17), the summation is over individual ratios (wi
k/w

i
p),

in (14), we have a ratio of two summations. The numer-

ator of (14) is an aggregate measure of sensitivity to

the level of attribute k, while the denominator is

an aggregate measure of sensitivity to price. From

a methodological perspective, the formulation in (14)

is more robust and less affected by outliers with ex-

treme parameter values. Individuals with a very low

price weight (relative to their weight for attribute k)

would impact the overall measure suggested in (17)

far more than is called for. Such outliers will cause

the change in attribute k to be overevaluated. In par-

ticular, wi
p 5 0 for any one customer would make

(17) practically useless (unless this observation is

dropped). This problem is automatically avoided in

our MVAI formulation by separating the summa-

tions of customer attribute and price weights before

dividing.

While it is possible to reduce the outlier problem

by computing the (weighted) median of the set

fwi
k=w

i
pg

N
i¼1 instead of the weighted mean as in (17)

(Orme 2001), both approaches would incorporate

only individual specific parameters (attribute and

price weights and individual quantity of purchase).

In contrast, an important aspect of the MVAI expres-

sion is that individual attribute and price weights

are multiplied by customer specific weights aij (see

(14)–(15)) prior to summation. In particular, two ad-

ditional quantities, the probability of purchase hij
and the logit scale parameter li, now play a role in

determining how much each customer’s attribute

and price weights should contribute to the aggregate

measure. We discuss the significance of these factors

in turn.

3.4.2. The Impact of Probability of Purchase. The

setting for our analysis is that of a product category

in which each existing alternative has a specified

multiattribute location and price. The infinitesimal

changes we explore are taken about the current attri-

bute values of the focal product. From Equation (12),

this implies that prior to any change, each individ-

ual has well-defined choice probabilities for the J

available alternatives. While these probabilities are

irrelevant when only one customer is analyzed (see

(16)), when the entire market is taken into account,

they are, in fact, important. Specifically, in (15), the

weight given to customer i has a probability-related

factor given by hij(1 2 hij). This factor, arising in other

applications of the multinomial logit (e.g., Bucklin

et al. 1998), is a concave function of hij that attains

its maximum at hij 5 0.5 and approaches zero as

hij fi 0 or 1. What this means is that individuals who

either have a very low or a very high initial prob-

ability of choosing alternative j will bear far less on

the overall measure of market value than those with

a probability closer to 0.5. The intuition behind this

result is that the more extreme the probability of

purchase (either toward 0 or 1), the less likely

a change in product location or price will cause

a shift in choice probability or induce switching to

or from the focal product. For such individuals, the

original preference for the focal product is either

very low or very high, making them far less likely

to change their purchase probability. Thus, from the

perspective of impact on market share, we should

focus on those customers whose choice probabilities

exhibit maximal sensitivity. In the context of our

present model, these are the customers indifferent

between our product and the composition of all

others. Such customers are not too inclined or disin-

clined to choose the product so that their relative

impact is most relevant.5 It is noteworthy that even

when the number of products is J . 2, it is still true

that the most relevant customers to the firm making

5We thank Professor Donald Lehmann for pointing out that our

result is analogous to political candidates exerting maximum ef-

fort on undecided voters, and direct marketers offering deals to

customers ‘‘on the fence.’’ The significance of marginal consumers,

for which a price increase in their consumed commodity induces

switching to another commodity, has also been pointed out by

Novshek and Sonnenshein (1979).
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the changes are those with hij fi 0.5, i.e., not those

with equal choice probabilities for all brands.6

As the term hij(1 2 hij) is a function of all the alter-

natives in the market studied, the competitive struc-

ture of the product market is, in a sense, reflected.

In contrast, (17) depends only on the individual spe-

cific parameters. Because hij depends on j, we em-

phasize that with MVAI, the market’s value for the

same increment in a product attribute will differ, in

general, for each of the J products. MVAI would also

be different for the same focal product if we

changed the set of competing alternatives. In partic-

ular, we discuss the implications of increasing the

number of competitors in connection with the em-

pirical application in §4.3.

3.4.3. The Role of the Logit Scale Parameters. In

addition to the hij(1 2 hij) factor, the customer

weights aij are also affected by li. This term origi-

nates from the random utility component of the

multinomial logit model. A very small li (relative to

the weights wi
k) indicates that the variance of the

random component is large, implying that the deter-

ministic utility function has less impact on choices.

In fact, if li fi 0, Var(ei) fi ‘ and, consequently,

hij fi 1/(J 1 1) for j 5 0, 1, 2, . . ., J. That is, the deter-

ministic utility function (and, hence, any attribute

change) has no effect on choice probabilities. On the

other hand, a very large value of li would mean that

customer i’s probability of choosing the product

with the highest tij approaches one. Therefore, the

presence of li allows for each customer’s contribu-

tion to the aggregate measure to be scaled to reflect

the relevance of the deterministic component of util-

ity in establishing his or her choice probability.

4. Empirical Illustration
We now illustrate how the proposed MVAI measure

can be estimated in the context of a new product de-

velopment study. We discuss the advantages of our

proposed measure over alternative approaches and

allow for competitive price reactions.

4.1. Estimation of Multiattribute Preferences

The product category used in this particular study

was portable camera mounts. This represents a dur-

able product category in which a typical customer

requires, at most, only one item, i.e., qi 5 1, "i. The

data are from 302 respondents who were contacted

as part of a graduate-level course in new product

design at Stanford University and who expressed in-

terest in purchasing a product in the category.7 On

the basis of qualitative customer and retailer re-

search, a set of five product attributes, in addition to

price, were predetermined as the most important

drivers of customer choice in the product category.

Participants were asked to rank, in order of likeli-

hood of purchase, 18 full profile cards with all at-

tributes having three possible values, thus avoiding

any number-of-attribute-levels effects (Wittink et al.

1990). (The ‘‘outside good’’ was not considered in

this application.) Using exploded logit (Ben-Akiva

et al. 1992, Chapman and Staelin 1982, Hausman and

Ruud 1987) we estimated the product of attribute

weights and logit scale parameters (liw
i
k) for each

attribute (including price) and for each individual.8

4.2. Calculating Market Value for an Attribute

Improvement

To simulate a product market with competing alter-

natives, we used two existing commercial products

(UltraPod and Q-Pod) and a third designed by the

students (GorillaPod). See Table 1 for a description

of these three products (the Camera Critter and Half

Dome products are discussed in §4.3.1). Given the
6Obviously, individual choice probabilities (hij) tend to decrease as

the number of alternatives J increase. However, as this is true both

in the numerator and denominator of (14), even as J becomes very

large, MVAI and the average of individual ratios approach (17)

are generally expected to yield distinctly different values. See also

empirical results presented in §4.3.1.

7See Srinivasan et al. (1997) for more details regarding the course

entitled ‘‘Integrated Design for Marketability and Manufacturing’’

(IDMM).
8In the exploded logit model, it is not possible to estimate li and

wi
k separately; only their product can be estimated.
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product market, it is straightforward to use the ap-

proach described in §3.3 to calculate a dollar MVAI

for each attribute. This is done with respect to all

five attributes and for each of the three products.

The resulting values are given in columns 2–4 of

Table 2. To highlight the benefits of our proposed

measure compared to other commonly used methods,

we computed the following two additional measures

based on the value each individual, when analyzed

separately, attaches to the attribute change (see (16)).

The average and median of these individual ratios

are reported in columns 5 and 6 of Table 2, respec-

tively. It is clear from the table that both alternative

measures yield very different results compared to

those arising from the MVAI measure. In particular,

the values generated by the averaging approach dif-

fer by 101.4% from the MVAI measure (averaged

across all five attributes and all three products), and

are always higher (in some cases, by as much as

161% for the UltraPod product with respect to Flexi-

bility). This is an indication of the upward bias re-

sulting from averaging individual measures because

of outliers (i.e., very small price weights) in the data

as discussed in §3.4.1.9 Also note that while Size and

Set Up Time have equal values with the averaging

approach, this is not the case with MVAI.

The values generated by selecting the median of

individual ratios differ from MVAI by 68%. While

the outlier problem is avoided with this approach,

the values are biased downward for all attributes.10

In addition, Set Up Time is the most highly valued

attribute with this approach, while it is only the

fourth highly valued attribute in terms of MVAI.

The difference between MVAI and the median is

most pronounced for Flexibility, with a near zero

median value. We also note that, while MVAI gener-

Table 2 Comparing Methods for Calculating Market Value for
an Attribute Improvement

a

MVAI
b

Ave. Med.
Attribute (cost)e UltraPod Q-Pod GorillaPod Ratios

c
Ratios

d

Weight (0.49) 1.59 1.66 1.58 2.87 0.60
Size (0.23) 1.12 1.26 1.15 2.06 0.03
Set Up Time (1.41) 0.95 0.99 1.00 2.06 0.68
Stability (0.31) 1.10 1.35 1.26 2.58 0.63
Flexibility (0.26) 0.74 0.86 0.89 1.93 ;0

RMSE
f

1.14 0.84
MAD

g
1.13 0.78

MAPD
h

101.4% 68%

aAll values in the table are positive to reflect value of attribute
improvement (in tens of dollars).
bMVAIjk 5

P
i h

i
j (1 2 hij )(liw i

k )/Ri h
i
j (1 2 hij )(liw

i
p ).

cAverage of individual ratios 5 (1/N) Ri (wi
k /w

i
p ), N 5 302.

dMedian of individual ratios from the set fwi
k=w

i
pg

N
i¼1.

eNumber in parentheses denotes the marginal cost of improving the
attribute (in tens of dollars).
fRoot mean squared deviation from MVAI (based on the 15 different
items, i.e., 3 products 3 5 attributes, for which the deviation from
MVAI can be computed).
gMean absolute deviation from MVAI.
hMean of absolute percent deviation from MVAI.

Table 1 Attribute Levels of Portable Camera Mount Products

Product
Weight
(oz.) Size

a
Set Up

Time (min.) Stability
b

Flexibility
c

UltraPod 2.0 0.98 0.98 1.8 1.96
Q-Pod 3.5 0.84 0.84 2.5 2.17
GorillaPod 4.6 1.27 0.50 2.3 2.84
Camera Critter 1.7 0.80 0.62 2.5 1.8
Half Dome 5.7 1.2 0.42 3.0 2.33

aWhere 1 represents a camera mount that can fit in a standard
pocket, and 3 only in a standard book bag.
bWhere 1 means a camera mount stable enough under light-medi-
um wind conditions for a small camera with a built-in lens, and 3
for a full-size camera with a large lens.
cWhere 1 means that the Positioning Flexibility of a camera mount
is low, and 3 is high. Positioning Flexibility is the degree to which
the product can be adapted to various terrains (flat-uneven) and
be adjusted for height (inches-feet) and angle (fixed-complete rota-
tional freedom).

9This was true even after constraining individual price weights so

that each individual had at least some minimal level of price sen-

sitivity according to (j(liw
i
p)Dpj)/(

P
K11j(liw

i
k)Dkj) > 1/t(K 1 1),

t 5 2, and Dk,p the feasible range of attribute k or price, respectively.

We also set t 5 1, t 5 4, and obtained qualitatively similar results.

10The distribution of wi
k/w

i
p is positively skewed due to the divi-

sion by wi
p; hence, the median is expected to be lower than the

mean. Note that in our empirical application, the median values

are not only lower than in the averaging approach but are also

lower than the corresponding MVAI values.
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ally produces different values for each of the alterna-

tive products, the average and median of individual

ratios do not depend on the product considered (see

(17)). For example, MVAI gives UltraPod a higher

market value for Size than Stability, while the re-

verse is true for Q-Pod and GorillaPod.

The derivation of MVAI in (3)–(5) shows that it is

meaningful to compare MVAI with the marginal cost

of improving each attribute. From prototypes of

several products the students actually built, we

obtained through multiple regression analysis, an

approximate marginal cost associated with each at-

tribute improvement (@c/@xk). These marginal costs

are given in parentheses in column 1 of Table 2. Sev-

eral interesting conclusions emerge. When subtract-

ing the marginal cost increase associated with

attribute improvement from MVAI, Set Up Time is

clearly not profitable for any of the products. How-

ever, comparing this cost of improvement with the

value given by the averaging approach predicts that

Set Up Time is a profitable attribute to improve.

4.3. Incorporating Competitive Price Reactions

Our MVAI measure (and the corresponding compar-

ison of it with marginal cost of attribute improve-

ment (5)–(6)) was developed under the assumption

that competitors do not react to the attribute and

price changes made by the repositioning firm. In

many cases, it is more realistic to assume that com-

petitors will, in fact, react by adjusting their own

prices. To explore this possibility, we allowed one

firm, UltraPod, to improve each of its five attributes

(one at a time by 5% of the range of allowable attri-

bute values).11 Two possible scenarios were consid-

ered. In the No-Reaction Scenario, only UltraPod

modified a product attribute and then changed its

price to achieve maximal profits. In the Price-Reac-

tion Scenario, we let all firms simultaneously change

prices subsequent to the attribute change by Ultra-

Pod and required that the market be in a Nash price

equilibrium (just as it was in such an equilibrium

prior to the UltraPod move).

The results of exploring the two scenarios are pro-

vided in Table 3. Column 2 of Table 3 gives the

MVAI-based criterion (5) for evaluating profitability

(using the marginal costs of improving attributes

given in parentheses in column 1 of Table 2). Col-

umns 3–4 of Table 3 give UltraPod profitability

under the two Competitive-Reaction Scenarios de-

scribed above on a per unit attribute changed, thus

allowing direct comparison with the MVAI-based

criterion. As expected, UltraPod profitability levels

for all attribute improvements decrease as one

moves from column 3 to 4.

The results demonstrate the relevance of MVAI.

First, note that the MVAI-based profitability measure

is closely related to the profitability values in the

No-Reaction Scenario.12 This corroborates the theo-

retical derivation of MVAI for small changes taken

about the existing product. Second, the attribute

changes for which MVAI is positive (negative) con-

tinue to be positive (negative) after taking competi-

tive price reactions into account and are generally

the same rank order. The only exception is that Size

becomes slightly more profitable than Weight in the

Table 3 UltraPod Profitability from an Attribute Change When
Incorporating Competitive Price Reactions

MVAI- Competitive-Reaction Scenario
b

Attribute Changed
d

Based
a

No Reaction Price Reaction
c

Weight 108.5 109.9 67.3
Size 87.8 89.2 69.8
Set Up Time 245.4 244.9 267.0
Stability 77.9 79.7 40.5
Flexibility 47.3 48.2 21.3

aBased on (5), we report Qmj (MVAI 2 MC), where MVAI and MC
(the marginal cost of improving the attribute) are as given in Table
2, Q 5 N 5 302, and mUltraPod 5 32.65% based on the initial product
market attribute levels (Table 1).
bTo be on a comparable scale to the MVAI-based values, we report
Dpj /Dxjk where Dpj is the difference in UltraPod profits before and
after the attribute change, and Dxjk is the amount by which the at-
tribute was improved.
cGiven the attribute change by UltraPod, all firms simultaneously ad-
justed prices so that the market was in a Nash price equilibrium.
dEach attribute was changed by 5% of its range of values.

11We also explored 1% and 2.5% improvements and obtained sim-

ilar results.
12The MVAI result in column 2 of Table 3 is based on an infinitesi-

mal change in attribute value, while column 3 is based on a 5%

change in attribute value.
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Price-Reaction Scenario. This intuitively occurs be-

cause Weight is the most highly valued attribute for

all three competing products, as can be gleaned

from the MVAI values in Table 2. Hence, an Ultra-

Pod change in that attribute triggers a stronger pric-

ing response than Size does. In the Appendix, we

provide a theoretic explanation for why comparison

of MVAI to the incremental cost of attribute im-

provement continues to be important when other

firms react through price to the focal product’s attri-

bute change, as well as how profitability generally

decreases as competitors react with price changes.

4.3.1. Sensitivity of MVAI to Expanding the

Competitive Set. As noted in §3.4.2, the presence of the

term hij(1 2 hij) in both the numerator and denominator

of (14) renders MVAI values for each product sensitive

to the set of competing alternatives. In particular, the in-

troduction of additional alternatives can change the

MVAI values of existing products.13 The sign of these

changes depends on how the relative attractiveness of

each product’s attribute levels and equilibrium price are

affected by additional products in the set. Table 4 pres-

ents MVAI values when the set of alternatives is

increased from three to four and then to five products

(a description of the additional alternatives is given in

the last two rows of Table 1). As can be seen, when the

existing three alternatives are joined by Camera Critter,

all MVAI values for UltraPod decrease. This is because

the price charged for UltraPod decreases considerably;

hence, it tends to attract (on a probabilistic basis) indi-

viduals who are relatively price sensitive (with high wi
p).

Given that the presence of Camera Critter also tends to

reduce the relative appeal of UltraPod product attrib-

utes,14 the denominator of (14) (reflecting price sensitivi-

ty) tends to increase relative to the numerator, resulting

in lower MVAI values for all attributes. For Q-Pod, the

situation is reversed. It is the highest-priced alternative

(with the margin of difference to the second- most ex-

pensive product having increased); hence, it tends to at-

tract individuals who are less price sensitive. The

denominator thus decreases relative to the numerator,

offsetting the fact that Camera Critter is more attractive

on some attributes. For GorillaPod, the situation is

mixed. Its price is in a middle range; hence, on the at-

tributes on which it dominates (Set Up Time and Flexi-

bility), MVAI values tend to increase, while for

attributes the new alternative is more attractive on, they

tend to decrease. Similar considerations help explain

MVAI changes between the four- and five-product

scenarios. It is noteworthy that because the fifth alterna-

tive (Half Dome) is relatively highly priced, it now

tends to attract the price-insensitive individuals and,

consequently, MVAI values for Q-Pod all decrease.

5. Conclusion
This paper intended to theoretically derive a mea-

sure of the MVAI (in dollar terms). We achieved this

Table 4 MVAI as a Function of the Number of Competing
Products

a

MVAI
b

Products in
Competitive Set

c
Weight Size

Setup
Time Stability Flexibility

1. UltraPod (8.84) 1.59 1.12 0.95 1.10 0.74
2. Q-Pod (9.89) 1.66 1.26 0.99 1.35 0.86
3. GorillaPod (9.53) 1.58 1.15 1.00 1.26 0.89

1. UltraPod (7.72) 1.54 1.09 0.92 1.04 0.73
2. Q-Pod (9.22) 1.72 1.33 1.01 1.44 0.94
3. GorillaPod (8.50) 1.55 1.14 1.01 1.26 0.95
4. Camera Critter (8.22) 1.63 1.20 0.99 1.25 0.76

1. Ultra Pod (7.15) 1.52 1.06 0.90 0.98 0.70
2. Q-Pod (8.53) 1.69 1.30 0.99 1.37 0.90
3. GorillaPod (7.75) 1.50 1.10 0.99 1.18 0.92
4. Camera Critter (7.49) 1.59 1.17 0.97 1.19 0.72
5. Half Dome (10.39) 1.93 1.44 1.19 1.85 1.17

aA description of the products is given in Table 1. All values in the
table are positive to reflect value of attribute improvement (in tens
of dollars).
bMVAIjk 5

P
i h

i
j (1 2 hij )(liw i

k )/
P

i h
i
j (1 2 hij )(liw i

p ).
cNumber in parenthesis is the equilibrium price (in tens of dollars).

13We stress that individual attribute weights are estimated

through a conjoint study (rank ordering 18 hypothetical product

profiles) independently from the set of alternatives in the simu-

lated product market.
14The only exception is Flexibility, that is slightly higher for Ultra-

Pod (see Table 1) and, consequently, MVAI decreases the least for

this attribute (from 0.74 to 0.73).
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goal by examining the change in demand for the

firm’s product as a result of an incremental im-

provement in a particular attribute, with its price

being adjusted optimally. We obtained a closed form

expression for MVAI by using the multinomial logit

framework, which has been extensively used to

model marketing phenomena. The expression for

MVAI reveals that the market’s valuation is not

a simple average of the individual customers’ valua-

tions for an improvement in a product attribute.

While the trade-off between price and attribute level

needs to be captured by the corresponding price

and attribute weights, there are other factors to be

considered. We find that individual-level parameters

should be differentially weighted according to prob-

ability of purchase of the firm’s product. ‘‘Extreme’’

customers, i.e., those with very high or very low

probability of purchasing the focal product, are far

less relevant in determining the market value of an

attribute change because their probabilities are not

as sensitive to the proposed changes. How much

the market values an improvement in a particular

attribute depends on which competitive product is

asking the question. The measure developed scales

individual weights by a factor related to the inverse

of the variance of the random component of utility.

It should also be noted that attribute and price

weights are summed separately. This kind of formu-

lation, as opposed to averaging the ratio of these in-

dividual weights, is less susceptible to the influence

of outliers.

Correctly assessing the market value for a product

attribute change has important implications for

firms engaging in product modifications. By com-

paring the market value with the marginal cost of

providing that change, the firm can determine

whether an attribute improvement would be profit-

able. Taking this comparison a step further, MVAI

allows the firm to establish, given the current mar-

ket structure, which product characteristics are

most worthwhile to modify and where to direct

R&D efforts.

The customer weights in (14)–(15) suggest an ap-

proach for segmenting customers following the attri-

bute change. In particular, the focal firm would want

to target customers for whom both the customer

weight aij and the individual value (wi
k/w

i
p) are high.15

While the main purpose of this paper was to de-

rive a theory-based measure for the market-level val-

uation of an attribute improvement, we also provided

an empirical application demonstrating how the pro-

posed measure can be estimated in practice. The

results clearly highlight the benefit of the MVAI

measure in mitigating the effects of data outliers.

They also reveal the potential misleading implica-

tions of using alternative approaches (average or

median of individual values), which do not incorpo-

rate the relative appeal to customers of competing

products, in determining the market’s value for an

improvement (Orme 2001). The empirical analysis

also explored the possibility of competitive reactions

in prices by rivals. Even under this scenario, the

MVAI-based criterion for evaluating profitability

was found to be useful in providing directional in-

sights to a firm considering product modifications.

There are several limitations in our study. First,

our measure is only applicable to attributes that are

differentiable in the neighborhood being analyzed;

thus, we are unable to treat discontinuous product

features, e.g., a car manufacturer contemplating the

addition of a side-impact air bag. However, such

discontinuous features can be analyzed by the con-

ceptual framework of §2. Second, although the mul-

tinomial logit is widely accepted for modeling

marketing phenomena, our result (14) may not hold

precisely under other probabilistic choice models.

Third, in the competitive reaction analysis (§4.3 and

Appendix) we considered only price reactions. Sup-

pose the focal firm improves attribute xk by y%. If

competitors match the focal firm’s attribute change,

and all firms optimally adjust prices, it can be

shown (under certain assumptions) that all equili-

brium profits will remain the same as prior to the

attribute change. However, competitors may react

by changing multiple attributes by amounts that may

be different from y%. Recognizing this, the focal firm

15For another customer segmentation approach that uses statistical

significance between differences in probability of purchase in an

industrial marketing context, see Gensch (1984).
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may also change multiple attributes by differing

amounts. The equilibrium analysis under product and

pricing changes is a worthwhile subject for future

research. Finally, our empirical study used real

data gathered from individuals interested in making

a purchase in the camera mount category, and in-

volved product design and development by stu-

dents. It would be useful for future research to

validate the desirable properties of our MVAI mea-

sure (compared to the alternative approaches) in

other categories and using firm-level sales data prior

and subsequent to a product improvement.
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Appendix
Competitive Price Reactions

We now examine the case where all J firms reoptimize their prices

following an attribute change by a single firm and require that the

market be in a pricing equilibrium.16 In an interior solution, all J

firms must be simultaneously solving

@pj9

@pj9
¼ 0; for j9 ¼ 1; 2; . . . ; J: ðA1Þ

Once again, we examine the total effect on the profitability of the

focal brand j arising from an infinitesimal change dxjk

dpj

dxjk
¼ @pj

@xjk
þ @pj

@pj

dp�j
dxjk

þ
X
j9 6¼ j

@pj

@pj9

dp�j9
dxjk

: ðA2Þ

From (5), (A1), and (A2), we obtain

dpj

dxjk
¼ Qmj � @mj=@xjk

@mj=@pj
� @cj
@xjk

� �
þ
X
j9 6¼j

@pj

@pj9

dp�j9
dxjk

: ðA3Þ

The first term on the right-hand side of (A3) is known as the ‘‘di-

rect effect’’ while the second term represents a ‘‘strategic effect’’

(see Tirole 1988, pp. 326 and 327). The direct effect reflects the im-

pact of firm j’s own actions on its profits and is essentially the

same as that in Equation (5), clarifying that MVAI plays a crucial

role in assessing the profitability of attribute modifications even

when we require the market to be in a pricing equilibrium. The

strategic effect arises from the simultaneous reaction of all other

firms to the improvement firm j is administering. In the multino-

mial logit market share model, products compete as substitutes

(in prices), i.e.,

@pj/@pj9 . 0 (j 6¼ j9); hence, the sign of the strategic effect is large-

ly determined by the equilibrium price adjustments of the rival

firms. If the direct effect is positive and outweighs the strategic

effect, the sign of the profit change will be positive. See the Tech-

nical Appendix for such an example.17
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