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ABSTRACT

We offer an efficiency-based approach to derive
market partitions and respective benchmarks using Data
Envelopment Analysis. Product efficiency is measured as
an output to input value from the customer’s perspective.
Products offering a maximum customer value relative to
alternatives represent benchmarks for different sub-mar-
kets. The framework is applied to data on compact cars.

THE CONCEPT OF MARKET STRUCTURING

Accurate market structuring is an essential condition
for both strategic and tactical marketing decisions. Ques-
tions like “What is our market?”” “Who are our competi-
tors?” and “Which are our benchmarks?” need to be
answered. By structuring markets one can gain consider-
able insight into the pattern of competition within the
market and into the issue, which products can and should
be compared against each other and which should not.
Structuring implies to identify the composition and the
contours of product subsets, which in turn requires draw-
ing boundaries between them (Bauer and Herrmann
1995). This aim necessitates a market partitioning method.

Market partitioning is based on the assumption that
a sales market is not made up of homogenous products but
rather of separate product segments (sub-markets), which
differ with regard to certain criteria. The idea is to group
a pre-specified set of products in a way that products
within a segment compete more heavily with each other
than products belonging to different segments (Grover
and Srinivasan 1987). The majority of the relevant re-
search work holds that the criteria used for market
partitioning should reflect demand-relevant product char-
acteristics (Day, Shocker, and Srivastava 1979; Elrod
1991; MacKay, Easley, and Zinnes 1995).

According to a widely accepted definition, sub-
markets are groups of products that are similar with
respect to certain attributes and thus can be considered
close substitutes (Bauer and Herrmann 1995). Several
analytical methods have been proposed for the purpose of
deriving product-market structures directly from choice
data (DeSarbo et al. 1998; Grover and Srinivasan 1987;
Ramaswamy and DeSarbo 1990). Such techniques typi-
cally utilize panel purchase data, which do not contain
product attribute ratings or similarity measures. How-
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ever, product features should be the underlying criteria
when it comes to dividing the market into marketing
relevant product segments.

Other approaches to define market boundaries do
incorporate product characteristics but focus on either
quality or performance-related attributes still others on
price-related attributes (DeSarbo and Wu 2001; Lefkoft-
Hagius and Mason 1993; Rao and Sabavala 1981) with-
out integrating them into a higher order measure. The
more recent research thrust in marketing has compiled
strong evidence that consumers do not optimize on qual-
ity or on price separately but search for a favorable ratio
of said dimensions (for an overview of such empirical
studies see Huber, Herrmann, and Braunstein 2000). The
quality-price-ratio or, more generally, the output-input
ratio of a chosen product represents its value for a
customer. This value reflects the customer’s buying and
consumption efficiency. Hence, the concept of customer
value as a product’s efficiency from the consumer’s point
of view should be incorporated when estimating product-
market structures.

Market partitioning as defined above is only one
element of insightful market structuring. In order to
reveal competitive relationships and to gain information
useful for product policy, benchmarking is needed as a
second part of product-market structuring. In order to be
instructive for marketing decisions, reference points in
terms of benchmark product(s) must be identified.

As explained, from a customer value perspective
products can be defined as bundles of input and output
parameters. Benchmarks (best practices) are represented
by products that offer the best ratio of outputs to inputs
creating a maximum efficiency value to customers rela-
tive to the remaining products of the relevant sub-market.
Benchmarking therefore means to identify best practice
bundles and assessing all other products of a respective
sub-market relative to this best practice. Only by examin-
ing segment benchmarks strengths and weaknesses can
be derived in a truly competitive view.

To put these thoughts into a simplified formula we
propose market structuring as a concept that combines
market partitioning and benchmarking. Continuing our
previous line of thought we introduce an integrative
approach to market partitioning and benchmarking based
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on customer value and use a nonparametric technique
known as Data Envelopment Analysis (DEA) as the
methodological framework. Based on consumer ratings
of several value relevant input- and output-attributes, we
empirically apply our approach to the market for compact
cars illustrating its potential for the derivation of com-
petitive market structures.

Customer Value as a Basis for Market Partitioning
and Benchmarking

From an economics and value based perspective
consumers do not search for products with maximum
quality or minimum price but seek to maximize the
quality-price-ratio in the sense of value for money (Rust
and Oliver 1994; Zeithaml and Bitner 2000). While
forming their judgments about products consumers jointly
consider both quality and non-quality-related dimensions
within an economically oriented decision concept of
“higher-order abstraction” (Sinha and DeSarbo 1998;
Rust and Oliver 1994). This type of sophisticated, value
sensitive purchasing behavior can be expected in com-
petitive, especially electronically mediated markets. In-
stead of viewing value solely as a quality-price trade-off
numerous authors demand a more systematic, multi-
attribute operationalization (Sinha and DeSarbo 1998).
Consequently, we conceptualize the two basic value
dimensions in a multi-faceted way by measuring cus-
tomer value (CV) as an efficiency ratio of weighted
outputs and weighted inputs:

R
V= Outputs Zr U,y

I
Zi ViX;

Inputs x and respective weights v are indexed by 1i.
They represent “investments” by the customer necessary
to obtain and use a good. In addition to out-of-pocket cost
such as price or running cost including insurance inputs
could also be non-monetary sacrifices such as time, risk
or search costs. Outputs y and respective weights u are
indexed by r and represent “outcomes” of a product, i.e.,
performance attributes from which utility is derived (e.g.,
reliability, comfort, safety). CV is the customer’s eco-
nomic value derived from the product in the sense of an
output to input efficiency value. It can be understood as
the return on customer’s investment. The analogy of CV
and economic efficiency is obvious: the maximization of
the output value achievable at alternative input levels is
the underlying rationale of preference formation
(Kamakura, Ratchford, and Agrawal 1988).

Inputs

The general concept of CV models the customer’s
trade-off between all received outputs (positive conse-
quences, utility) and all inputs (sacrifices, cost) across the
entire process of purchasing and using the good. As a
result, we obtain a broadly applicable measure of cus-
tomer value, because all kinds of customer relevant input
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and output parameters can be included in our analysis,
independent of scale level or dimensionality.

Although customer value has frequently been de-
fined as a higher-order construct to evaluate products
(Rust and Oliver 1996; Sinha and DeSarbo 1998), no
empirical attempt has been made to structure product-
markets on grounds of the customer value of their prod-
ucts. Conventionally, only perceived quality- or utility-
related attributes are used without connecting them to
price-variables within an input-output function. Stan-
dard methods for sub-market identification are multidi-
mensional scaling or hierarchical cluster analysis (DeSarbo
and Wu 2001; DeSarbo et al. 1998; MacKay, Easley, and
Zinnes 1995; Rao and Sabavala 1981). Such methods
enable researchers to infer, which products belong to one
sub-market in terms of similarity with respect to particu-
lar quality criteria. Neither do they incorporate the value
concept nor do they provide information about the prod-
ucts that represent best practice (benchmarks) in each of
the several sub-markets.

AN INTEGRATED APPROACH TO VALUE-
BASED BENCHMARKING AND MARKET
PARTITIONING

Methodology

DEA is introduced as a nonparametric technique to
assess the efficiency value of observed input-output struc-
tures, which can be companies, processes or — like in this
paper — products. Efficiency results, measured on the
basis of customer-relevant value parameters, are used as
criteria to derive product-market partitions as well as
intra-partition benchmarks. In this respect, our work
extends existing marketing-related DEA studies (Doyle
and Green 1991; Kamakura, Ratchford, and Agrawal
1988; Murthi, Srinivasan, and Kalyanaram 1996;
Papahristodoulou 1997).

A rationale for choosing a nonparametric technique
is the fact that it does not project the observed data into an
inflexible scheme of fixed parameterization. Applying
the same vector of parameter weights to all products
exogenously would essentially apply one and the same
global benchmark to all units (Bauer, Staat, and
Hammerschmidt 2000). But it is in the nature of market-
ing that alternative value-creating product concepts (pa-
rameter-combinations) exist to serve consumer segments
with corresponding preferences. Consequently, if an effi-
ciency concept is to be meaningful it needs to calculate
segment-specific efficiency scores.

In the sequel, we demonstrate that DEA is a powerful
tool suited to structure markets in a systematic and
differentiated way. Our approach achieves benchmarking
and market partitioning endogenously by assigning indi-
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vidual weights to all parameters. Thus, different products
can be rated as efficient, i.e., can serve as benchmarks.

DEA determines the degree of (in) efficiency of a
product by measuring its distance to the efficient frontier.
The efficient frontier (best value line) is made up of all
identified “efficient” products. They all demand the
lowest inputs for a given bundle of characteristics, at
different scale levels and create a maximum customer
value. These so called efficient peers represent bench-
marks for all inefficient units. This principle adequately
adopts consumer’s buying strategy in the sense that the
value of a product is judged not isolated but always in
relation to relevant alternatives. Utilizing those types of
inputs and outputs presented in section 2 the efficiency
yielded by DEA represents relative customer value.

The customer value (CV) determination of a particu-
lar product that is being evaluated (denoted by the sub-
script “0”) is formulated as a fractional programming

problem:

Maximize

CVo= 5+——

(1)

s. t. r_;’—Sl;j=1, ,J
Zvixu
i=1
u,vi>0r=1,..,R;i=1, ..,1

where

R = number of outputs

I = number of inputs

¥,; = the value of the r* output for the j* product
x; = the value of the i" input for the j* product
u, v, = positive weights given by the solution

J = number of products in the data set

This ratio of the weighted outputs and inputs (CV) is
maximized under the restriction that no other product
attains a score greater than 1 with the same weights that
maximize the CV of the product that is being evaluated.
Thus, all products with a CV of 1 offer a maximum
relative customer value in the context of the products
under investigation. CV is estimated only with respect to
the specific competitive situation of the market.

Instead of applying the same vector of weights to the
parameters for all products, as would be the case with
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standard approaches, DEA assigns an individual vector
of weights to each product, optimally adjusted to each
specific input-output structure (nonparametric approach).
Maximum weights are attached to those variables where
a product compares favorably and minimum weights are
attached to those variables where it compares unfavor-
ably. The weights contain important information about
the customer value drivers. Parameters with high weights
support the value of the product in question. With our
flexible approach different strategies to create customer
value (different combinations of customer relevant inputs
and outputs) can be rated as efficient.

Furthermore, all products whose efficiency is esti-
mated via the same benchmark(s) must have a compa-
rable input-output-structure; otherwise different bench-
marks would be identified as reference points. All prod-
ucts benchmarked via the same efficient peers can then be
aggregated to one sub-market. By means of identifying
different benchmarks jointly with similar inefficient prod-
ucts, we find “natural” market partitions and associated
benchmarks simultaneously.

The results of the proposed integrative modeling of
market partitioning and benchmarking are managerially
useful in several ways. New products can be targeted to
specific input-output combinations that are value maxi-
mizing in the sub-market the product belongs to. Also, the
closer a product is to the benchmark the higher the
preference to be expected.

Overview of the Model

First, we demonstrate our approach by mapping sub-
markets to the according best practice function. To keep
matters simple, we assume an overall market with seven
products (A to G) that can be described by two output-
dimensions (comfort, safety) and one input-dimension
(price). The outputs depicted are standardized on the
input.

In order to consider these two value dimensions
(quality-attributes related to price) simultaneously, a
weighting scheme is needed. When applying exogenous
weights the identification of the best value products
depends solely on the vector of weights assigned (Staat
and Hammerschmidt 2000). By flexibly weighting each
product this dilemma is overcome. Now, more than one
product strategy (A, B, and C in Figure 1) can be rated as
efficient; in our example all three products create superior
customer value by a different way of combining inputs
and outputs. The products A to C can be interpreted as a
specific value-benchmark, each representing a certain
sub-market from a customer value point of view. They
constitute the efficient frontier of the market reflecting
the best value line. In contrast product F represents a
suboptimal value strategy.
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FIGURE 1
Ilustrating Sub—Market Boundaries
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As our stylized Figure 1 shows each cone that is
formed by rays from the origin which intersect with an
efficient product forms a sub-market; the rays being the
sub-market boundaries. Products D, E, and F are located
in the same direction as B and C, i.e., they create value in
asimilar way. Consequently, these products belong to the
same sub-market. But, for instance, F is less successful in
creating value because B and C dominate it. Thus, for
consumers whose preferences are similar to the param-
eter weights assigned to B, C, and F, product F should not
be the first best choice. In this example we can partition
the overall market into three sub-markets. Homogeneity
within a sub-market is not defined with respect to single
parameters but with respect to the structure of value
creation.

DEA estimates relative customer value for each
market partition. Products D, E, and F are all evaluated
using B and C because these are the efficient neighbors.
Estimating intra-partition efficiency signifies that the
efficiency value of D, E, and F is calculated relative to B
and/or C but not, for instance, to A because this efficient
peer is less comparable to D than to B or C.

The degree of inefficiency of a product is determined
by measuring its distance to the origin relative to that of
an efficient benchmark. For instance, the benchmark for
E is product B as the nearest point on the efficient frontier.
Therefore the inefficiency is calculated as the ratio of the
distances of the two output combinations to the origin,
i.e., OE/OB (Charnes, Cooper, and Tone 2000).
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Assuming a distance ratio of 0.8 implies a relative
customer value of 0.8 for E. This value can be interpreted
as follows: Product E offers only 80 percent of the outputs
to the customer for the same investment as for product B.
Put differently: From product B the customer receives 20
percent more comfort and safety for the same price. To
reach the value maximal position, E would have to
increase outputs by 20 percent without increasing price.

Estimation Algorithm

In order to simplify the optimization problem (1)
above into an easily computable linear program a change
of variables (Charnes, Cooper, and Rhodes 1978) is
applied:

. + -
min z,=0-€s” -€s

S,
st. YA-s'=Y,

@) 0X,-Xh-s=0
As',s >0

max w,=l Y,
[TRY
st. pY-vX <0

3) p<-e
v <-g

Problem (3) (in vector notation) corresponds to equa-
tion (1) above and program (2) on the left is the primal of

American Marketing Association / Winter 2002



the same input-oriented problem. Here, efficiency is
measured as the maximum input reduction possible for an
inefficient product that has the same input-output-struc-
ture (strategy) as the corresponding benchmark on the
efficient frontier. The efficiency score 0 is augmented by
input slacks s and output slacks s™ multiplied by a non-
Archimedean €. It is thereby transformed into the so-
called slack-augmented score z.

To recur to the example detailed in the previous
section the input-oriented formulation implies that the
value of product E could also be maximized by reducing
necessary customer inputs by 20 percent, i.e., that the
benchmark product B offers the same outputs for 80
percent of the inputs of E. This fraction of inputs is
denoted by 6. It corresponds to our CV as defined in
formula (1). For D, the reference unit V is made up of B
and C. The factors A in (2) denote the weights of the
efficient peers in the reference unit for the product
indexed with “0.” Because V is located closer to C, which
implies that D’s structure is more like C’s, A is larger
than A . For E, the reference consists exclusively of B and
A, =1

Slacks exist for all input parameters, for which an
adjustment by the proportional factor 1 —does not suffice
to reach an efficient value position. In (2), slacks for
output parameters are labeled s*, and those for inputs s-.
The latter indicate the variation of the parameter in
question necessary in addition to the variation implied by
the factor 1 -0 in an input-oriented specification to
match the corresponding value of the benchmark. Input
parameters with zero slacks do contribute to the efficiency
of a product and indicate its strengths. Parameters with
non-zero slacks signify the weaknesses of the product;
small variations w.r.t. to these parameters have no
impact on the value position of the products. Slack
parameters can be interpreted as determinants of ineffi-
ciency. By assessing strengths and weaknesses for each

product, individual strategies to improve the product
efficiency for customers can be derived.

EMPIRICAL APPLICATION

DEA-based market partitioning and benchmarking
is now applied to an empirical example from the German
compact car market. Our analysis includes 30 variants of
the 11 best selling models of different automobile brands.
Compact cars are bought with relatively little emotional
involvement. On the output side the value of compact cars
arises only to a minor extent from psycho-emotional or
social attributes and to a major extent from technical-
functional components. Thus, we can assume rational,
cognitively highly involved buyers at least for a substan-
tial fraction of consumers (Papahristodoulou 1997).

We use resale value after 4 years, reliability, safety,
comfort, road performance, and sufficiency of the cata-
lytic converter as outputs. Price and annual running cost
serve as inputs. Instead of reporting on all 30 variants we
show only minimum, maximum, and average values of
the parameters:

Of the 30 analyzed model variants 40 percent are
efficient. They do create maximum relative value for
customers and thus form the efficient frontier. These
efficient peers represent value benchmarks of different
sub-markets because they achieve their position with a
specific structure of the previously mentioned value-
determining parameters. We find that 8 of the 11 models
(brands) analyzed have at least one efficient variant in
their line.

Due to space limitations we are unable to list the
entire set of results, i.e., 0, A, W, and U for each of the 30
variants.! We limit this illustration to four particular
models, which suffices to understand the conclusions
drawn in the sequel.

( )
TABLE 1
Descriptive Statistics, German Automobile Drivers Club Member Survey, 1996

Parameters Minimum Maximum Mean
Resale value in % of purchase price 0.30 0.56 0.38
Reliability (worst: 0.2; best: 1) 0.89 0.99 0.95
Safety (worst: 0.2; best: 1) 0.37 0.45 0.40
Comfort (worst: 0.2; best: 1) 0.30 0.50 0.40
Road performance in km p.a. 15.470 29.200 20.364
E3 Norm No Yes 57% Yes
Price in DM 23.100 36.980 26.766
Running cost p.a. in DM 2.509 4.727 3.202

. J
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TABLE 2

Parameter Data (for Selected Models)

Running  Resale Road E3
Model Price Cost Value Reliability Performance Norm Comfort Safety
Honda Civic 26,890 3986 0.30 0.98 29200 yes 0.32 0.37
Toyota Corolla 23,990 2815 0.38 0.99 19310 no 0.38 0.41
VW Golf 25,700 2912 0.56 0.94 18280 no 0.45 0.41
Peugeot 306 29,000 3392 0.36 0.94 21070 no 0.40 0.38

J

The Toyota Corolla, for instance, offers below aver-
age or average outputs but requires the lowest investment
in terms of price and running cost from the customer. The
VW Golf (Volkswagen Rabbit), on the other hand, re-
quires above average inputs but provides “market lead-
ing” performance on resale value and comfort. Both
models create a maximum value with respect to the ratio
of inputs and outputs but with entirely different value
strategies. Therefore, both models represent benchmarks
for different sub-markets (“value clusters”).

Other car models like the Peugeot 306 are domi-
nated. This model achieves less than the maximum
relative value. The Corolla and the Civic are identified as
nearest efficient neighbors for the Peugeot 306. They
form its reference unit.

The significance of the efficient peers for the Peugeot
306 is reflected in the vector of weights, A. The Corolla
enters the reference unit with A =0.97 and the Civic
with A, . = 0.07. The Corolla has a much higher impor-
tance for the reference unit of the Peugeot than the Civic,
i.e., itis located much closer to the Peugeot than the Civic.
The efficiency score 6 is estimated at 0.9, implying that
the Peugeot could create maximum customer value by
reducing inputs by 10 percent (1-8), provided that no
slacks exist. But DEA has calculated non-zero slack for

5 outofthe 8 parameters (see Table 3), which would hence

have to be adjusted by more than 10 percent to achieve full
efficiency.

Slack parameters represent critical value factors and
can be interpreted as parameters whose performance is
lagging considerably far behind the value benchmark. By
means of the slacks s, s and the efficiency score 6, DEA
provides exact indications of the extent by which each of
the parameters would have to be adjusted.

According to the efficiency criterion, the Honda
Civic, the Toyota Corolla, and the Peugeot 306 belong to
the same sub-market. A second value segment derived is
made up of the Mazda 323, the Hyundai Lantra, and again
the Toyota Corolla and a third segment contains predomi-
nantly Opel Astra and VW Golf variants. Like unit B in
Figure 1, the Corolla is located in a position where several
sub-markets overlap defining the competitive market
structure. Altogether the Corolla is located in the inter-
section of seven sub-markets, i.e., is comparable to the
corresponding car models of these seven sub-markets. If
comparability implies substitutability the Corolla is ex-
posed to much more competitive pressure than for in-
stance the Ford Escort, whose variants are all located
within only one sub-market. While the Ford Escort can be
considered as a successfully differentiated niche model,
the Corolla is an “all purpose”-car, which almost com-
petes against the entire compact car market.

( )
TABLE 3
Efficiency Score 0 and Virtual Multipliers' (for Selected Models)
Running Resale Road E3
Model 0  Price Cost Value Reliability Performance Norm Comfort Safety
Honda Civic 1.0 -0.37 0.299 0.127
Toyota Corolla 1.0 -0.350 0.790 0.109
VW Golf 1.0 -0.343 0.363 0.398
Peugeot 306 0.9 -0.295 0.368 0.309
\. J
210 American Marketing Association / Winter 2002



By means of DEA we structured the 30 compact car
variants into nine value-based sub-markets, whose bench-
marks each reflect a successful strategy of maximizing
value to customers. In addition to the three major sub-
markets described above, six compact car models success-
fully established themselves as efficient products in proper
niches. The sub-markets could be further aggregated by
grouping them w. r. t. certain criteria such as price.

CONCLUSION

With DEA we propose a method to structure product-
markets using the criteria of customer value. Since the
method measures customer value in a relative way it
provides sub-market specific value benchmarks. This has
two main advantages. First DEA estimates intra-partition
customer value. By means of the benchmarks sub-market
boundaries can be identified. An overall market can thus
be structured into several sub-markets (product seg-

ments). Each sub-market represents its own, specific
approach towards the creation of customer value. Second,
benchmarks provided for each identified product-market
serve as target positions on which a customer value
management should focus in order to create maximum
value for customers and in turn for businesses.

DEA is a nonparametric technique estimating indi-
vidual results for each product. The method does not
operate with aggregated measures, i.e., does not provide
an average value function that is identical for all units.
Instead, DEA assigns an individual value function for
each product, indicating a way for each product to im-
prove (maximize) customer value. Of course, a better
description of the specific advantages of the variants
could be desirable, including non-technical output pa-
rameters such as design or brand image. The only reason
of not doing so in the study at hand is in the nature of the
used data set, which limited us to eight criteria.

ENDNOTES

! Virtual multipliers are part of the solution of the dual
program (3). For all parameters with non-zero mul-
tipliers the slacks are zero and vice versa. The
interpretation of the table may be given briefly,
taking the Honda Civic as an example: The virtual
multipliers for the Honda Civic are non-zero for
price, road performance, and E3 Norm. Thus, only

for these parameters slacks are zero, i.e., a variation
by the proportional factor 1-0 is sufficient to reach
the respective position on the efficient frontier. For
the remaining five parameters, slacks exist. There-
fore on these parameters the proportional variation
has no effect for efficiency improvement.

2 The complete results can be obtained from the authors
upon request.
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