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Abstract: This study introduces the concept of product performance from the
perspective of customers. Product performance is measured as a ratio of outputs
that customers obtain from a product relative to inputs that customers have to
spend for purchasing and using the product. The output side is modelled by a
set of customer-relevant parameters such as technical performance attributes
but also non-functional benefits and brand strength; the input side reflects user
costs. More than 60% of the cars in this study are rated as efficient and obtain
the maximum efficiency value of unity. They form the efficient frontier of the
compact car market representing a reference function for performance
evaluation. Using a super-efficiency model, it is possible to differentiate the
efficient products that are left with a score of 100% by standard efficiency
models. Our approach is relevant for companies because implications for
product design and market segmentation can be derived.
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1 Introduction

The literature on marketing performance has long advocated the use of productivity or
efficiency measures. Based on a survey of more than 50 studies, Bonoma and Clark
(1993) conclude that the most popular measure of marketing performance is efficiency,
defined as an output-to-input ratio. Such efficiency ratios can be based on physical,
non-monetary metrics (e.g., sales volume per salesman-hour or orders divided by calls) or
monetary metrics (e.g., channel revenues to channel costs). Virtually all the marketing
performance research relates to the efficiency of marketing management processes: for
example selling (Mahajan, 1991), marketing channel design (Ratchford and Stoops,
1988), advertising (Luo and Donthu, 2001) and promotion (Abraham and Lodish, 1993)
or — on an aggregated level — the efficiency of the overall marketing function of a firm or
branch (Murthi et al., 1996; Hershberger et al., 2002). These studies focus on the
assessment of the ‘internal’ marketing efficiency, i.e., the financial return obtained from
marketing initiatives.

Although products represent the tangible, market-based focus of all marketing efforts
only a few studies have applied the efficiency concept to assess the performance of
products. However, efficiency should not be considered a supplier-related concept only
— considering the financial return on a product’s manufacturing and quality costs — but
first and foremost a demand-oriented one. Ultimately, creating products that fulfil the
needs and expectations of customers reflects the basic idea of marketing (Doyle and
Green, 1994; Parsons, 1994). Consequently, the economic value a customer obtains by
purchasing a product has to be investigated and optimised. This value becomes higher if a
product provides a set of demanded characteristics (outputs) for given expenditures
(inputs) in an efficient manner. Offering products that create superior customer value can
be seen as a prerequisite to establishing profitable customer relationships, which in turn
enhance corporate value (Srivastava et al., 1999).

In this paper, we introduce the external, demand-side concept of marketing efficiency
and investigate which return (features) a customer receives on his or her investments for
purchasing and using the product. As a method to assess the productivity of business
functions, Data Envelopment Analysis (DEA) is frequently applied in the literature (for
an example, see Barth and Staat, 2005). We will show that the standard DEA is limited in
its applicability in the context of product evaluation because it results in performance
rankings where typically a large number of products tie for the top position. This is
because products like cars are usually designed in order to differ from other cars sold in
the same market segment. This allows them to occupy a specific position within some
segment and to attract customers through reducing competition with other cars. As a
result, cars are less comparable to each other than other products like batteries or car
jacks, which have been assessed with DEA before (Kamakura et al., 1988). Therefore,
using standard DEA models a large fraction of the observations become 100% efficient in
their own micro corner of the market. In order to obtain a meaningful performance
ranking, we apply the super-efficiency DEA model, an innovative operational research
method that maintains the advantageous properties of the basic DEA model and at the
same time allows to differentiate between efficient products. With the super-efficiency
model, a ranking of the efficient units is possible. In addition, we demonstrate that DEA
has more to offer than the detection of ‘best buys’. In fact, it can be used for market
segmentation, which renders it informative for both product suppliers and consumers. We
apply our approach to middle class cars sold on the German market.
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2 Product performance evaluation with Data Envelopment Analysis

2.1 The concept of product efficiency

Empirical evidence shows that consumers do not search for products with either
maximum quality or minimum price but try to optimise the quality-price-ratio. When
selecting products, consumers consider both quality and price-related criteria within
an economically oriented decision concept of “higher-order-abstraction” (Sinha
and DeSarbo, 1998). In order to integrate both performance dimensions, product
performance is often conceptualised as a quality-price-ratio or a performance-price-ratio
(Zeithaml, 1988).

Several authors emphasise that product performance should not merely be interpreted
as a quality-price trade-off but in a more general sense as customer value in terms of
value for money (Sinha and DeSarbo, 1998; Despotis et al., 2001; Staat et al., 2002).
They view value as a construct that is more complex and in which all ‘get’ and ‘give’
components of a product should be embedded. In line with this multifaceted
conceptualisation we measure product performance (i.e., the customer value (CV) of a
product) as an efficiency value:

f(Outputs) quryr

cv = -
g(Inputs) > ,I VX,

1)

where inputs x and respective weights v are indexed by i. They represent the customer’s
‘investments’ to be made in order to obtain and use a good. 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, safety). The CV concept models
the consumer’s trade-off between all received outputs and all inputs for the entire process
of purchasing and using the good. Thus, a multitude of single output-input ratios has to
be transformed into a single value measure. In order to determine a function for the
aggregation of the inputs and outputs, a weighting scheme is necessary. Frequently, a
fixed weighting scheme is applied (Norman and Stoker, 1991). For instance, the largest
German association of car drivers (ADAC) regularly ranks new cars in this way. A
differentiated ranking results; only one product is ranked first and is therefore classified
as the ‘best buy’ in the market. If the weights for all products are exogenously fixed the
individual concepts of product design, which result in specific strengths and weaknesses
to serve particular consumer segments, may not be reflected adequately when product
efficiency is determined.

An alternative to product evaluation with a fixed weighting scheme is DEA, a
nonparametric method to determine the relative efficiency of multiple input — multiple
output structures. Several studies that have dealt with product efficiency analysis
use DEA. Most of them focus exclusively on fechnical aspects (Doyle and Green,
1991; Doyle and Green, 1994; Khouja, 1995; Odeck and Hjalmarsson, 1996; Papagapiou
et al., 1997; Papahristodoulou, 1997; Despotis et al., 2001; Bulla et al., 2000). They
measure efficiency based on technical parameters only and neglect the fact that
non-technical attributes also — and in some product categories predominantly — affect
consumer choice. These studies do not assess product efficiency within a comprehensive
marketing perspective.
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To assure a realistic product evaluation all characteristics from which utility is
derived and which determine product choice need to be considered. Hence, product
efficiency in the sense of customer value consists of a multitude of purchase-relevant
components, including qualitative attributes (Zeithaml, 1988; Fernandez-Castro and
Smith, 2002). Only a few empirical attempts have been made to make such a broader
construct of product efficiency operational (Staat et al., 2002; Fernandez-Castro and
Smith, 2002; Bauer et al., 2003).

In the sequel, the standard DEA model will be discussed rather briefly because this
basic model is used only as the starting point. We then develop an extended approach for
product evaluation in more detail drawing on the customer-oriented efficiency
perspective introduced above.

2.2 DEA as a method of product efficiency analysis

DEA is a non-parametric method to measure the relative efficiency of observations (in
our case: products or product managements) by comparing it to a piecewise linear
efficient frontier made up of observed best practice units (Cooper et al., 2000). The use of
DEA for the purpose of product evaluation is consistent with the characteristics approach
to consumer theory widely established in the literature (Fernandez-Castro and Smith,
2002; Hjorth-Andersen, 1984). Goods are not considered as desirable by themselves
(i.e., as ‘entities’) but as bundles of qualitative and quantitative characteristics, which
generate utility for the consumer. Accordingly, we specify products as bundles of output
and input parameters and argue that product efficiency analyses should be based on these.
This is essentially a problem of Multicriteria Decision-Making (MCDM). Products have
to be assessed considering a diversity of input and output attributes; weightings for the
attributes are required in order to obtain a rating system that successfully integrates all the
criteria into a single measure (Doyle and Green, 1994). Up to now, such problems have
been dealt with using typical MCDM tools like multiattribute utility models or analytic
hierarchy processes. These methods tend to be normative as they aim to generate an ideal
alternative, which somehow stands out.

DEA integrates multiple input and output attributes while calculating a single
efficiency score. No a priori specification of a preference function in form of input and
output weights is required. Thus, DEA avoids the problem that a product may perform
best on one parameter and be inefficient in terms of another; in such a case only the
choice of the weights determines how the product is rated. The relevance of DEA results
from the fact that it achieves product evaluation by assigning the best possible weights to
all parameters for each product individually (see Equation 1 as well as the discussion
below). DEA chooses a set of weights that maximises the efficiency rating of each
observation. Thus, different products can be rated as efficient; these products represent
the efficient frontier.

Each of the efficient benchmark products reflects a distinct optimisation strategy for a
product and, therefore, a separate product submarket. At a specific scale level, it demands
the lowest inputs for given output characteristics compared to all other observed units
and, therefore, creates a maximum customer value. Out of this set of efficient products
DEA assigns customised benchmarks to each inefficient product adjusted to its specific
characteristics mix. This type of evaluation is in line with consumers choosing the good
from which they receive the highest relative performance, i.e., a maximum value in
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relation to the comparable alternatives and corresponds with the major tenet in marketing:
that alternative value-creating product concepts (parameter-mixes) exist to serve
consumer segments with corresponding preferences. This is the greatest strength and, at
the same time, the greatest weakness of DEA when employed for product evaluation.
Flexible weights make it possible to assess distinct products but often lead to many
efficient observations which all get the same performance score of unity.

Clearly, DEA provides an objective ‘hands-off’ assessment of the alternatives; this is
achieved by looking at the available alternatives from different perspectives
(i.e., weighting schemes of the parameters). Thus, the aim is not to select a single ideal
from the product set. Instead, the best units for each segment are identified allowing the
evaluation of alternative products in the best possible way. It is then for the user to decide
which segment (weighting scheme) closely matches his or her preferences over attributes.

The CV of a particular product (indexed with subscript ‘0’) is estimated by
maximising the ratio of the weighted outputs to weighted inputs (1) under the restriction
that no other product attains a score greater than one with these weights (2b). This results
in the following fractional programming problem (Staat et al., 2002; Cooper et al., 2000):
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where R is the number of outputs y,;, I is the number of inputs x;, J is the number of
products in the data set.

Maximum weights are attached to parameters on which a product compares
favourably and minimum (zero) weights to those on which it compares unfavourably.
Thus, the weights contain important information about the efficiency contributions of the
parameters and therefore indicate the efficiency drivers (i.e., strengths) of a product.

Figure 1 shows how DEA compares observations to their reference points on the
frontier. Inefficient products are compared to the efficient units on the frontier located
next to them, i.e., to their efficient peers. For example, the inefficient observation E is
located closest to the efficient peers C and D; therefore, a virtual reference unit V is
constructed as a weighted average of observations C and D. In this way, only
observations with like input mix are compared and the inefficiency (the distance to the
frontier) is minimised. Thus, DEA allows the detection of ‘natural’ market partitions by
identifying different benchmarks as well as similar inefficient products. Each product,
whose efficiency is estimated through the same set of efficient peers, must offer a
comparable mix of characteristics (input-output-structure).
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Figure 1 Standard DEA vs. Super-efficiency model
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The fractional programming problem (2) is transformed into a linear programming
equivalent (3) by dividing the denominator and the numerator of the objective function
and the constraints (2b) by the aggregated inputs of product, (Charnes et al., 1978):
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where hy is the efficiency score corresponding to CV in (2), v; are input weights
corresponding to v;in (2) and g, are output weights corresponding to u, in (2).

Because programme (3) estimates the multipliers v; and g, that can be interpreted as
the shadow prices of the respective inputs and outputs it is referred to as the multiplier
form. The following dual minimisation problem (4) is the so-called envelopment form
because it identifies the products that form the efficient frontier that envelops the
observations (Cooper et al., 2000):
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where A; denote the weights of an observation j in the reference unit of product, and €
denotes a very small positive number which ensures that no segment of the frontier has a
zero or infinite slope. In (4), the efficiency score @ indicates the proportional reduction
that could be achieved simultaneously in all inputs without decreasing actual outputs.
Because efficiency is defined through the potential reduction of inputs this model is of
the input-oriented type (Cooper et al., 2000). The proportional reduction projects the
observed input onto the isoquant. The efficiency score in the envelopment LP (4) is
determined by comparing actual parameter values of the product that is evaluated, x, for
inputs and y, for outputs, with the corresponding values of the reference unit. This unit
consists of a linear combination of efficient peers in the market offering the highest

J
observed amounts of each characteristic Z/Ij y, (equal to or greater than yo) at the
j=1

J
lowest inputs Z/Ij x; (equal to or less than xo). The factors A describe the importance of
j=1
the efficient peers in the reference product, i.e., the importance of the efficient peers for
the benchmarking of the product being evaluated. Nonzero values of the slack variables
(s~ and s") indicate weak efficiency, i.e., that the proportional reduction & does not suffice
for the respective parameters to reach the frontier (Cooper et al., 2000).

The identification of reference points in terms of benchmark product(s) has valuable
implications for product management. It reveals meaningful and realistic targets,
quantifies performance gaps, identifies which attributes render them inefficient and
provides managerial implications on the extent of improvements of every attribute in
order to provide maximum customer value.

2.3 Limitations and extension of standard DEA

In all previous studies on product efficiency analysis the original DEA model discussed
so far is applied. In this model, a considerable proportion of observations is typically
characterised as efficient. This holds especially in cases where the number of
observations is small relative to the number of inputs and outputs. As outlined above,
especially in the case of product performance measurement, the problem of
‘specialisation’ occurs and a large number of units is rated efficient only because these
products exhibit extreme values for a single parameter or unique parameter combinations
(Andersen and Petersen, 1993). For the efficient products, a differentiated efficiency






























