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Abstract: The main goal of this paper is to provide a key metrics system for variety
steering in mass customization. We distinguish between objective and subjective cus-
tomer needs. The subjective needs are the individually realized and articulated re-
guirements, whereas the objective needs are the real ones perceived by a fictive neu-
tral perspective. We show that variety in mass customization has to be orientated on
the objective needs. In order to help mass customizers better evaluate the degree to
which they can fulfill the objective needs as well as their internal complexity level, we
have developed a key metrics system model. We also present a conceptual application
showing how to use this model to support decision making related to the introduction
or reduction of product variants.
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1 Introduction

With the development of mass production techniques, it is becoming more and more
possible to provide products at low costs that can also be affordable to consumers with
low incomes (Pine, 1993). These standard products are market-focused and only con-
tribute to the average satisfaction of some customers. The mass production model
successfully implemented by many firms is suitable in a static business environment, in
which demand dominates supply. But the business environment has changed and is
now characterized by high dynamics where technology continuously evolves and cus-
tomers are more demanding. In order to improve their competitive position, manufac-
turers provide different products to different segments of the market. The segmenta-
tion reaches the level of individuals and “markets of one” arise. Customers also de-
mand individualized products (not at any price but) at affordable prices. Mass customi-
zation (Davis, 1987; Pine, 1993) is a strategy that tries to fulfill the individual needs of
the customers and which links two concepts, which at first glance, seem to be oppo-
sites, namely customization and mass production.

The goal of mass customization is to offer customer-focused products with a large de-
gree of individuality, so “...that nearly everyone finds exactly what they want” (Pine,
1993). As a result, a batch size of one is conceivable in mass customization meaning
that product variety can be very high, also causing a high complexity in operations and
process. Two types of variety can be observed, namely the external and internal varie-
ties. While the former is seen by customers and often but not always good, the latter
which is experienced inside manufacturing and distribution operations, is always bad
(Anderson, 1997). A mass customizer has to efficiently manage this variety, in order to
avoid a variety explosion, which is associated with high costs (Knolmayer, 1999).

Mass customization disposes of a great potential to decrease costs by reducing fin-
ished goods inventories and avoiding special offers. The customer-pull system in mass
customization especially improves the planning process in dynamic markets. Finished
goods are only produced when a customer order arrives. Customer integration and in-
teraction are also considered to be additional decreasing cost factors (Rogoll/Piller,
2002). On the other side, variety-driven complexity arises. Knolmayer (1999) points out
that variety leads to decision-making difficulties for customers as well as to logistic, af-
ter-sales and documentation problems. Complexity triggers additional costs
(Rosenberg, 2002), which must be reduced to the minimum and permanently kept un-
der the benefit level resulting from pursuing the mass customization strategy.

Companies pursuing mass customization often believe that offering large number of
product alternatives is positively perceived by the customers. But customers do not
honor individualization per se. They only want to have the product that suits their re-
quirements. They accept a price premium for customized products only when they be-
lieve they are getting an additional benefit from it (Piller/lhl, 2002). Therefore, it is nec-
essary to gear the product variety towards the customers’ real needs. In this paper, we
will briefly explain the variety problems in mass customization. We will also provide a
model showing that the origin of the variety problem is the misconception of real cus-
tomer needs. Furthermore, we will show that the existing variety steering concepts are
insufficient in the case of mass customization. In order to provide a solution to the vari-
ety steering problem in mass customization, we have developed a comprehensive key
metrics system concept. This system is derived from an analysis of the important sub-
processes in mass customization. Then we will discuss the requirements as well as the
constraints of the elaborated key metrics system.



2 Variety Problems and Shortcomings of the Existing Variety Steering
Concepts in Mass Customization

2.1 Variety Problems in Mass Customization

Many examples of the implementation of mass customization show that variety crea-
tion decisions in mass customization are not well-founded. E.g. Cmax.com, a mass
customizer of sport shoes offers approximately 3*10** variants on the Internet. The en-
tire surface of the earth would scarcely suffice for exhibiting all the possible variants
(Piller et al., 2003). Many other examples from the automobile industry also show that
the theoretical possibility of the number of variants the customers have to choose from
is by far larger than what the customers actually perceive and buy. Therefore, in mass
customization it seems that variety offer is generally oriented on what the company is
able to do in terms of manufacturing but reflects in no way good customer orientation.

Anderson (1997) defines two categories of external product variety. The first category
is useful variety, which is appreciated by the customers and contributes to their satis-
faction. The second category is useless variety, which is transparent and causes bad
effects such as customer confusion. The challenge the mass customizer has to face is
to offer only useful variety often honored by customers. Moreover, the large number of
variety possible in mass customization is associated with high costs. An empirical
study of Wildemann (2001) has shown that with the doubling of the number of product
variants, the unit costs would increase about 20-35% for firms with traditional manufac-
turing systems. For segmented and flexible automated plants the unit costs would in-
crease about 10-15%. Wildemann concluded that an increase of product variety is as-
sociated with an inverted learning curve.

The problem of increased unit costs because of large variety is principally due to the
additional complexity the mass customizer has to cope with. Complexity is defined as
the interplay of three main dimensions: variety, connectedness and uncertainty (e.g.
Ulrich/Probst, 1988; Schmidt, 1992). Reposing on this definition, the product assort-
ment in mass customization appears as a very complex system because of:

e High variety due to the high number of end variants.

e Connectedness referring to the different linkages and interactions existing be-
tween the assortment elements (product variants).

e Uncertainty, which is induced by the continuous evolution of customer needs of-
ten making it very difficult in mass customization to exactly determine the optimal
state the product assortment should take at a given point in time.

Furthermore, the complexity of the product assortment increases the complexity of the
manufacturing process. Complex routings as well as frequent changeovers on the
shop floor are often the consequence. The main important task of the production logis-
tics is to master the complexity of manufacturing planning, scheduling and control in
order to provide a high delivery performance (e.g. Lingnau, 1994).

Recapitulating, we can say that variety triggers high complexity in mass customization.
We distinguish between internal and external complexity. The internal complexity is
due to high variety as well as to complex process structures and flows in mass cus-
tomization. The external complexity is due to the fact that the customers are confused
when they face a high product variety. Product modularization is in fact considered as
an enabler for mass customization because it enables the production of customized
products while profiting from both economies of scale and economies of scope. Mass
customization became possible owing to the advances realized in this field (Pine,
1993). But it is a huge error to believe that a large variety will contribute to high indi-



vidualization and consequently to high customer satisfaction. In the following section,
we propose a model to enable better understanding of the variety problem arising in
mass customization.

2.2 Impacts of the Differentiation between the Objective and Subjective
Customer Needs

In the technical literature, the most often cited factors which drive variety are customer
orientation and variety regardless of the development of new products (e.g.: Lingnau,
1994; Anderson, 1997). In addition to these factors, we consider the misconception of
customer needs as the basic cause for increasing variety in mass customization. We
distinguish between objective and subjective customer needs. The subjective customer
needs are the individually realized and articulated requirements, whereas the objective
needs are the real ones perceived by a fictive neutral perspective. Using knowledge
management terms, the subjective needs are explicit, while the objective needs are
implicit. The existing discrepancies between the objective customer needs, the subjec-
tive customer needs and the offered variety are due to the following reasons:

e The customers do not know their real needs.

Mass customized products are not just products for experts, who know exactly
the configuration they want to have. Mass customization rather addresses a wide
range of customers which goes by far beyond the scope of experts. For the non-
expert consumers, it is often not a simple task to express their own preferences.
One can simply imagine the process the home-owner goes through when de-
signing a customized kitchen (Kahn, 1998).

e The customers cannot express their real needs correctly.

Even if the customers know their real needs, they may have problems to
communicate them to others properly. Because the majority of customers are
non-expert consumers, they will not use technical parameters to describe their
needs, rather, they will use verbal language in terms of verbs and adjectives or
body language such as gestures or a system of symbols such as pictures and
signs. Furthermore, there are some aspects like feelings and emotions, which
are hard to explicitly express.

e The mass customizer wrongly interprets customer requirements.

In order to explain this aspect we use the levels of semiotics’ concept. Three lev-
els of information transmission exist between a sender and a receiver. The first
level is the syntactic level and deals with the transmission of signs. The semantic
level builds upon the first level and considers an additional aspect related to the
meaning of signs. The third level is the pragmatic level including, in addition to
the transmission and meaning of signs, the intention of the sender (Reichwald,
1993). By applying this model to our case, we conclude that a disturbance at one
of these three levels will lead to a communication problem between the mass
customizer and the customer, triggering further discrepancies between the dif-
ferent types of needs and the offered variety. For example, at the pragmatic level
the mass customizer can consider an important message of the customer as not
relevant.

The model of Figure 1 visualizes the existing discrepancies between the subjective, the
objective customer needs and the offered variety. The circle representing the variety
offer of the competitors points out that the decision of adding new variants in mass
customization has to take into consideration not only the company and customer per-
spectives, but also the competitors’ perspective. The new product variants to be added



to the production program should be competitive with similar variants of the competi-
tors. Therefore, the relative cost position should be carefully examined by the mass
customizer.

Competitiors variety
offer

Subjective
customer
need

Objective customer need
""""""" conform variety of the

. competitors
Offered variety

Objective customer need
= — = = conform variety of the
company

Figure 1: Customers’ objective and subjective needs in mass customization

From the model we can conclude that in order to optimize variety, the mass customizer
has to orient development and rationalization efforts toward the objective customer
needs and in no way toward the subjective needs. The subjective needs lead to vari-
ants, which confuse the customers and present only sub-optimal customer satisfaction.
They may also cause higher complexity costs rather than benefits for the mass cus-
tomizer. However, the subjective need is the expressed one and is relatively easy to
detect by means of several methods such as customer interviews or conjoint analysis.
Jugel (2003) confirms the deficiencies of these methods and points out that a cus-
tomer needs analysis often results in customers actually preferring another product
other than what they themselves believe. Ulrich and Eppinger propose a method to
help avoid, in part, the communication problems that can arise when customers ex-
press themselves. “Watching customers use an existing product or perform a task for
which a new product is intended can reveal important details about customer needs”
(Ulrich/Eppinger, 2000, p. 63). The challenge for the company consists in being able to
draw the boundaries of each type of need and to determine which variants are over-
engineered, which ones are corresponding to the subjective needs and which ones are
fulfilling the objective needs of customers. From the differentiation between objective
and subjective needs, we derive the first thesis of the paper:

Thesis 1: A mass customizer has to evaluate and fulfill objective customer needs
in order to reach optimal customer satisfaction and strategic success.

2.3 Insufficiencies of Existing Variety Steering Concepts

By applying the model which distinguishes between the objective and subjective cus-
tomer needs, we will explain the shortcomings of the existing variety steering concepts
for mass customization. At first it is important to make the distinction between variety
management and variety steering. Variety management embraces all the concepts that
can be applied in order to increase component and process commonality levels during
a company’s operations. The main goal of these concepts is also to master the opera-
tion complexity and profit from the advantages of both economies of scale and scope
when producing variety. As examples for variety management concepts we can cite
strategies like part families, non-variable parts, building blocks, modular product ar-



chitectures and platform (Wildemann, 2003). Unlike variety management concepts,
which mainly concentrate on an internal variety perspective, variety steering concepts
essentially deal with external variety, which is apparent to the customers. The variety
steering concepts or tools frequently addressed in the literature are Pareto analysis,
contribution margin accounting and activity-based-costing.

e Pareto analysis

Pareto analysis seeks to discover which variants are unimportant and transpar-
ent to customers. With the help of a Pareto analysis, Nissan automobiles found
out that from the 87 existing steering wheels available, around 17 types ac-
counted for 95% of the total installed (Anderson, 1997). The 70 steering wheels,
which only account for 5% should be considered as candidates for eventual
elimination.

e Contribution margin accounting method

The first step of this method is to examine the contribution margins of both
customers and end product variants with the help of an ABC-Analysis. The sec-
ond step aims at representing both results of the first step in a product/customer-
based portfolio. The critical product/customer combinations issue of this analysis,
namely BC and CC combinations will be carefully examined for elimination from
the production program (Wildemann, 2000).

e Activity-based-costing

The goal of activity-based costing is to fairly allocate the complexity costs arising
in terms of indirect costs to the different product variants. So it is possible to pro-
vide a more or less accurate cost calculation for the different product variants.
Based on the results of this method, the variants presenting high costs that are
not honored by the customers are selected for an eventual elimination (e.g.
Braun, 1999).

Pareto analysis is past-oriented and assumes that variants, which haven’t until now
been perceived by customers, have to be eliminated if there are no further constraints
such as e.g. delivery commitment. Moreover, though the contribution margin account-
ing method considers two important perspectives of customers and end product vari-
ants, it is also based on a classification of contribution margins according to an ABC-
analysis. Further, the computation of contribution margins of end product variants
seems to be suitable for serial or mass production but not for mass customization as-
suming a batch size of one. Even if contribution margins can be accurately computed,
the analysis may lead to the elimination of single variants consisting of some compo-
nents or modules being important for the manufacturing of other retained product vari-
ants. So the full potential of the method cannot be tapped in mass customization.
Moreover, activity-based-costing certainly has a great potential to compute variety
costs but this method is generally associated with high costs, if accurate results have
to be attained. The challenge is to be able to balance the costs needed for the method
itself and the savings that would result from the implementation of the method.

Assuming that a mass customizer intends to rationalize the production program on the
base of a Pareto analysis, this will simply lead to the elimination of the product variants
customers have not perceived. Between these variants, there may be some variants
corresponding to the objective needs of some customers. Even though these variants
would generate optimal customer satisfaction, they could be eliminated. Thus, the ba-
sis of the decision saying, in this case, that all variants that are not recognized by cus-
tomers can be selected for eventual elimination seems to be insufficient. Moreover, we
do not agree that these concepts only aim at reducing the size of the product assort-



ment. We consider that an efficient concept for variety steering must be able to simul-
taneously eliminate useless variety and generate useful variety based on the objective
customer needs. So we derive the second thesis of the paper:

Thesis 2: Existing variety steering concepts are not sufficient for an efficient vari-
ety steering in mass customization.

As previously mentioned, an accurate computation of complexity costs by implement-
ing, for example, the activity-based-costing method can be very cost-intensive. To en-
sure that the intended variety steering approach on the one hand provides reliable re-
sults for mass customizers and, on the other hand, does not excessively require avail-
able resources, we opt for a key metrics system model. Steering variety by means of
simple metrics based on existing data in the company is not cost-intensive and easy to
carry out. To determine the most important key metrics we define firstly the sub-proc-
esses that are crucial in a mass customization system. The sub-process analysis is
advantageous because:

e itis comprehensive and encloses all the variety driving activities;
e it provides an efficient methodology to structure the variety problem:;

e it shows that decisions related to variety at one sub-process level influence the
performance of other sub-processes.

Thus, the third thesis of this paper is:

Thesis 3: An efficient variety steering concept has to be based on a key metrics
system enclosing all relevant sub-processes.

3 Development of a Key Metrics System for Variety Steering in Mass
Customization

3.1 Definition of a Sub-process Model

In the literature related to mass customization, it is not explicitly mentioned what the
critical sub-processes are for mass customization systems. Instead, Zipkin (2001) dis-
cusses three key capabilities of mass customization, which are elicitation, process
flexibility and logistics. The elicitation process often supported by enabling mecha-
nisms is basically defined as the process customers go through to identify what they
want. Process flexibility mainly relates to the required capabilities by the production
systems like short-time changeovers on the shop floor. A great importance is also at-
tached to production and distribution logistics and also to the information required for a
smooth flow of both operations. Furthermore, the scope of a research project at the
University of Oxford, UK completed in July 2003, Mchunu et al. (2003) points out that
there are five competencies with specific relevance for mass customization which are
design, flexibility, supply chain agility, distribution of inventory and logistics and infor-
mation management. We notice that the key capabilities defined by Zipkin as well as
the competencies discussed by Mchunu et al. relate to main sub-processes in mass
customization.

Based on this previous work, we have defined a sub-process model for mass customi-
zation consisting of six main sub-processes, hamely the development sub-process, the
product configuration sub-process, the purchasing sub-process, the production sub-
process, the logistic sub-process and the information sub-process (Blecker et al.
2003). Figure 2 presents all these sub-processes and their interrelations with variety.
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Figure 2: Relevant sub-processes in a mass customization system
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In the following we briefly describe the identified sub-processes in mass customization.
We also show their relevance for the implementation success of the strategy.

Development sub-process

During the development process, 80 percent of the lifetime cumulative cost is
generally determined. In a mass customization system product architecture
determines 60 percent of a product’s cost and constitutes a high leverage op-
portunity for reducing costs. Furthermore, to ensure mass customization effi-
ciency, customer needs should be mapped to a product family instead of a single
product (Anderson, 1997). Main concern is to develop product architectures
based on common parts and components and at the same time capable of gen-
erating a wide customer oriented-variety.

Product configuration sub-process

Product configuration is the first step in the value chain of mass customization
(Piller, 2001). It constitutes the interaction between producer and customer and
determines to a great extent the success or failure of the total customization
process. With the help of web-based configuration tools, customers can carry out
self-configurations. The software tools used should be easy to operate and have
to facilitate the search process for the customers. Riemer/Totz (2001) argue that
the total customer satisfaction level depends not only on the quality of the end
product but also on the quality and easiness of the configuration process.

Purchasing sub-process

The purchasing process can be negatively affected by the variety-driven
complexity which arises in a mass customization system. A large variety of
suppliers and purchasing sub-processes is often hard to manage and trigger cost
disadvantages. To optimize the purchasing process, Wildemann (2000) pro-
poses to cluster the material groups using an ABC-analysis. For example, for B
and C material groups, it is advantageous to opt for a few typical purchasing
processes. There are also many concepts frequently discussed in the literature
and successfully implemented in the practice like supplier integration, modular or
single sourcing that offer great potential for decreasing complexity in purchasing.

Production sub-process

The production sub-process in mass customization presents a decoupling point
separating both mass production and customization processes. Delaying the de-



coupling point towards the end of the value chain considerably decreases the
manufacturing complexity (e.g. Wildemann, 2000; Wildemann, 2003). Further-
more, the production sub-process in mass customization should dispose of three
main capabilities which are flexibility, agility and efficiency. Flexibility basically re-
flects the capability of managing any mix of orders and thus producing a large
number of variants in little batches with few processes. Agility deals with rapid
system responsiveness to unforeseen customer requirements (Goldman et al.,
1995). Efficiency mainly concentrates on cost considerations.

e Logistic sub-process

The logistic sub-process is critical to the success of mass customization and can
offer additional individualization opportunities like individualized packages or
delivery times (Riemer/Totz, 2001). To evaluate the performance of the logistic
sub-process two main parameters should be taken into consideration, namely,
delivery reliability and work-in-process inventory level. The implementation of the
just-in-time concept leads to a significant improvement of both parameters and
contributes to the attainment of cost advantages.

e Information sub-process

The information system should provide the information needed for the smooth
flow of all the above described sub-processes. In addition, the information sub-
process in a mass customization system has to be organized in such a way that
no information breaks arise (Rogoll/Piller, 2002). Therefore, certain organiza-
tional and technical capabilities have to be provided. An efficiently integrated in-
formation system for mass customizers should capture customer product con-
figuration, develop a list of product requirements necessary to achieve the order,
determine specifications of manufacturing as regards the customer configuration,
set up the manufacturing system, arrange for end product shipment and enable
the verification of a product’s order status (Berman, 2002).

A further decomposition of the sub-processes will not be carried out because we want
to keep our sub-process model as general as possible. The goal of the above men-
tioned analysis is to determine the relevant key metrics capable of supporting variety
steering decisions in mass customization.

3.2 Sub-Processes-Based Key Metrics System for Mass Customization

Key metrics are quantitative measurements that give useful information related to
measurable facts through aggregation and relativization. They are generally used in
operational controlling and serve to control success potentials (Reichmann, 2001).
Moreover, key metrics can be either used as information or steering instruments. Typi-
cal key metrics deployed for information purposes are those delivered by annual ac-
counts. They describe the development of the company in the past and enable the ap-
preciation of business trends. Steering key metrics are used in connection with prede-
fined goals and indicate to what extent these goals are reached (Kuepper, 2001).

To identify the nature of the key metrics to be determined, we have to first explain how
the key metrics should contribute to support variety steering. We assume that the
mass customizer has already implemented a variety management concept consisting
of a mixture of many strategies such as a platform strategy, modular product architec-
ture, part families, etc. Variety steering does not strive towards, for example, increas-
ing the modularity level or improving the product platform. Variety steering only relates
to the decisions concerning the introduction or elimination of the end product variety
provided to customers. But these decisions often affect the sub-process complexity.



Therefore, the key metrics for variety steering should capture the impacts of such de-
cisions on the performance level of each sub-process. Moreover, the already imple-
mented variety management concepts could restrict the decisions on variety steering.
For example, if the product platform does not foresee the manufacturing of certain
product variants, then the introduction of these variants to the production program
would be impossible without eventual modifications or extensions of the product plat-
form. That is why we can conclude that variety steering decisions can initiate some
changes at the variety management level by modifying, for example, an existing prod-
uct platform. However, the sub-processes-based key metrics are not able to deal with
the problems resulting from the distinction between the objective and subjective cus-
tomer needs. That is why we intend to extend the key metrics system in the next sec-
tion.

Our main intention is to provide a key metrics system which can be simply installed in
mass customization and which does not presuppose that the company has already de-
veloped such systems enabling them to compute complexity costs like, for example,
activity-based costing. In order to determine a comprehensive key metrics system, se-
lective literature research is necessary. The goal is not to provide a list of all sorts of
possible key metrics, but to restrict them to the most significant ones, which can sup-
port variety steering decisions. That is why for each sub-process it is necessary to
firstly carry out an examination as to which performance aspects will be influenced by
or will affect variety decisions. Then, key metrics will be assigned to these performance
aspects. Furthermore, the selected key metrics should be computed on the basis of
data already available in the company.

In the literature there are many studies illustrating the influences of product variety on
the production sub-process. Rathnow (1993) speaks about “diseconomies of scope”
due to the variety-driven complexity and points out their negative effects on unit costs.
Thonemann/Bradley (2002) examine the relationship between product variety and av-
erages manufacturing lead times of a hard-drive manufacturer with six product lines.
They found out that the average lead time for product lines with high product variety is
greater than the average lead time for product lines with low product variety. This is
primarily due to the frequent setups required for producing a large number of product
variants on the same product assembly line.

However, the weight of setup times compared to the total manufacturing lead time de-
pends on the type of the manufacturing process. Whereas in the automobile industry
the changeover times between cars can be negligible as well, certain manufacturing
processes including, for example, hard-disk manufacturing, metal stamping or circuit-
board production are characterized by long setup times (Thonemann/Bradley, 2002).
In order to guarantee a certain generality of our model, product changeovers, or set-
ups will be retained as a parameter to be examined within the scope of variety steering
decisions.

Anderson (2001) examines, on the basis of an empirical study including three textile
manufacturing plants, the direct and indirect effects of product mix characteristics on
capacity management decisions and operating performance. In contrast to previous
studies which assume that capacity utilization and machine scheduling to be exoge-
nous factors associated with market demand, Anderson empirically finds out that prod-
uct mix characteristics explain to a large extent the variation of capacity utilization and
machine setups. To mitigate this production planning and control complexity, it is im-
portant to prevent a great diversity of components and processes.

Therefore, variety steering decisions should not overlook the mass production per-
spective because mass customization essentially aims at satisfying individual needs

10



while staying near mass production efficiency. To achieve the economies of scale,
learning effects have to be maintained by using common processes and common com-
ponents for the manufacturing of a large variety. Subsequently, in order to capture the
impacts of variety steering decisions on the whole manufacturing process including
both the mass production and the customization processes, evaluating the position of
the differentiation point can be very helpful. The introduction of new product variants
may displace the differentiation point towards the begin of the value chain triggering an
earlier variety proliferation usually associated with higher complexity and costs.
Whereas process commonality and the position of the differentiation point are pa-
rameters to assess the performance of the production sub-process, components
commonality evaluates to some extent the quality of decisions made at the product de-
velopment phase.

The performance at the production sub-process level considerably affects the perform-
ance of the logistic sub-process. The position of the differentiation point mainly influ-
ences the delivery performance and the work-in-progress inventory considered in our
model to be the most important parameters to capture the impact of variety steering
decisions on the logistic sub-process. Maskell (1991) points out that the “last-minute
differentiation” provides more flexibility of production mix making it easier and quicker
to respond to customer needs. Furthermore, a late differentiation point avoids the in-
ventory risks arising from volume and variety risks. The success of Dell as mass cus-
tomizer of computer hardware is essentially due to the combination of late differentia-
tion point and postponement strategies. Dell has an inventory turnover of 7 days,
whereas the competition must carry an inventory of 80 days or more. Especially in the
computer industry, maintaining low inventory levels can be decisive for success be-
cause for every week inventory spends on the shelf, it loses one percent of its value
(Murphy, 1999).

In addition to the production and logistic sub-processes, variety steering decisions also
have great impacts on the purchasing sub-process. Wildemann (2000) cites the exam-
ple of an automobile manufacturer and points out that five to ten percent of the total
complexity costs arise in purchasing. Furthermore, Wildemann makes the distinction
between the variety of purchased parts and the variety of purchasing processes. The
variety of purchased parts essentially depends on the utilization level of platform and
modules/systems-strategies. The variety of purchasing processes essentially results
from the variety of suppliers and purchased parts as well as internal customers-suppli-
ers-relationships. To capture the effects of variety steering decisions on the purchasing
sub-process, we consider two parameters, namely purchasing process commonality
and module suppliers weight. Whereas the first parameter indicates to what extent pur-
chasing is based on the same processes, the module suppliers’ weight shows the im-
portance of module suppliers compared to the total number of suppliers.

Considering the weight of module suppliers at the purchasing process level is due to
the fact that we assume that the development sub-process in mass customization
strives towards developing products on the basis of a modular architecture. We also
consider that a product platform is a module with higher commonality degree com-
pared to other product modules. Making this hypothesis when dealing with mass cus-
tomization is allowed because “the best method for achieving mass customization...is
by creating modular components that can be configured into a wide variety of end
products” (Pine, 1993, p. 196). Ericsson/Erixon (1999) indicate that a properly used
modularization has many advantages such as higher flexibility, reduction of product
development lead time, parallel development of the product and production system,
easier service and upgrading, reduced material and purchase costs. The product ar-
chitecture has a direct influence on the component commonality. Good product archi-
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tecture enables the satisfaction of the customer needs, while maximizing the common-
ality of parts and modules between product variants.

However, developing a modular product architecture capable of generating a large
variety in mass customization does not mean that customers will have a survey of all
possible configurations and that they are able to distinguish between all of them to
make the optimal decision. As previously mentioned, many practical examples show
that a majority of product configurations cannot be recognized by customers. That is
why we have introduced a performance parameter for the configuration sub-process
named “used variety” that compares the number of perceived variants to all those
which are theoretically possible (Piller, 2002). So Cmax.com, the sports shoes manu-
facturer, would receive in this case a value of used variety which is too small due to the
astronomic number of possible variants. Subsequently, we agree that the configuration
systems over the web have a great potential to enable customers to recognize their
own needs. Huffman/Kahn (1998) compared the attribute-based and the alternative-
based presentations of product variants and concluded that customers can better dis-
cover their preferences thanks to an attribute-based presentation. Piller et al. (2003)
point out that the experienced information overload due to large product assortments
can lead to configuration processes that take a long time. The customers can feel an
increasing uncertainty leading to the abortion of the configuration process. According
to this, we consider the web appearance and the data format in the configuration sub-
process as a decisive performance parameter for the variety presentation. By adding
new variants, the mass customizer has to carefully examine whether the variety to be
added will trigger increasing confusion and information overload for the customers.
However, Kahn/lsen (1993) and Mitchell et al. (1995) point out that it is possible to en-
courage customers by seeking more variety. Inducing a positive mood while shopping
by giving a gift to the customer, for example or pumping appropriate scents into the
shopping environment can increase the customers’ desire for variety. These experi-
ments are in fact carried out in a real environment, which is quite different from a vir-
tual one over the Internet. The challenge in mass customization is how to adapt such
findings to increase the variety seeking desire on the web by using configuration sys-
tems.

Furthermore, variety steering decisions affect the configuration system knowledge
base consisting of the configuration database and the configuration logic because new
variants have to be added and/or eliminated. The database should be updated as fast
as possible in order to avoid such situations where the customer orders a product that
is no longer available in the product assortment. Changes may also affect the configu-
ration logic leading to modifications in the way the components or modules interact
with each other (Rogoll/Piller, 2002). It is becoming more important that the configura-
tion system leading to quick updates is easier to maintain when the frequency of vari-
ety changes tends to be high. Moreover, as already aforementioned, the integration
level of the configuration system in the existing business processes is a relevant per-
formance parameter to assess the capabilities of the information sub-process regard-
ing variety steering decisions. Avoiding breaks in the information flow accelerates the
speed of customer order processing, especially when the required documents for
manufacturing such as routings and scheduling can be automatically and quickly gen-
erated. Assuming that the information flow presents many information breaks and that
most documents have to be manually prepared, the variety increasing decisions can
therefore accentuate this problem leading to long processing times. To evaluate the
capabilities of the information system in mass customization, we consider two main pa-
rameters, namely, the integration level of the configuration system and its easiness of
maintenance as well as the speed with which the required documents for manufactur-
ing are prepared.

12



[vel Aungerjal
awn Asnljaq -

awn Aanag

l—

[e2] amew sanouiny
$58904d-UI-}IOM -

Janouin Kiojuaaul
$59201d-UI-}I0M

le—!

[7] xaput utod
uonenuasayq -

Buunenuew sy

[22] wasAs uomreinbiyuod
1onpoud ayy u sabueyd ayy
1no Buikured 1oy papasu awi abesany -
[9z] waysAs uoireinbiyuod ayy
ul sabueyd Buronpouul jo Asuanbai -
[5z] sassaooid ssauisng
Bunsixe ayy ul waisAs uoreinbyuod
1onpoud 8y Jo [9A8] uonesBalul -

[8z] Buunoejnuew Joj Aressadau syuawnaop
| Jo uonesedaid [euy [nun uons|duwiod
uoneinBiyuod woy pasdels awp abeiaAy -

ERERENVE
Bupnoeynuew JO SSaUISea pue
lojuopesredaid [« wajsAs uoneinbyuod
Sjuawnaop Jo paads 10 |aA9] uoelBa|

[¢1] sienddns

|[e Jo J3qunu 3y} 0}

uosuedwod ul siaiddns
8jnpow Jo abejusaied -

wbiam

[6T] 1ewen
1onpo.d e Jo

sJaiddns ajnpoyy [«

[eT] ourew Anfeuowwos
ssao0ud Buiseyaing -

10} 3WI PEST -y

juiod uoirenuasayIp uoneinp
ayljo uomsod  [*sajako BuLinoenuey
[12] amaw
uonez)jin Ayoedes -

uoneziun Ayoeded

Ajreuowwod
ssav0ud BuiseyoInd [*[ Tsied pezprepuers
10 afiejuaiad -
—m_ RINET] :”._”_ ajel
AJBUOLILID SUed - uorpoge uojreInByuo) -
[27] ourow [zz] ausw Ayreuowwod ’ [z] amaw [6] omaw [ot] awn jo yibua|
dnjas - $s890.d U0IINPO.d - Aeuowwod mw_z.co_z R Rauen pasn - uoireinbiyuod abelany -
Ajreuowwod Ajreuowwod TewW.oj erep pue
uoeinp dmas ¢ ssao0id uononpoid [  sweuodwo)  [€|  Aeueapesn  [¢] soueseadde gam
A A A
(8] ouow
Ayxadwod agepay| -

[2] 2uaw asn adniniAl -
[9] Aouaioiye uuopeld -

saadoud
2IN193)1Y2Je 19NPo.d

Figure 3: Sub-processes-based key metrics system

for variety steering in mass customization

With the help of the sub-process analysis, we determine the performance parameters

which are relevant to support variety steering decisions in mass customization. Due to

the dependencies existing between the different sub-processes, it is comprehensible

that there are also some interactions between the defined performance parameters.
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For example, it is obvious that an early product differentiation will lead to a low degree
of completion of mass produced components and modules. So in this case, the time
needed for the manufacturing process is longer than when the differentiation occurs at
a later point in the production process. An early differentiation point also increases the
frequency of production disturbances and may lead to bad delivery reliability. So we
can conclude that the position of the differentiation point has a direct effect on the de-
livery time. Moreover, we examine the interdependencies existing between all the per-
formance parameters and we present them in a unique comprehensive model as
shown by figure 3. The arrows point out the influence of the performance parameters
on each other.

With this model, a better understanding of how the different sub-processes interrelate
and how changes at one performance parameter affect the others is possible. We as-
sign the corresponding key metrics to each of these performance parameters. A lit-
erature research is also carried out to determine the key metrics which are suitable to
evaluate each of the performance parameters. But our research shows that in the ba-
sic literature, some key metrics needed for our model are not available, especially
those required to evaluate the information and configuration sub-processes. To fill this
gap we develop new metrics. For others metrics we agree that they should be im-
proved in order to best suit our model. All key metrics are presented in the Appendix.

3.3 Extended Key Metrics System for Variety Steering in Mass Customization

The sub-process-based key metrics system explained above only deals with a com-
pany’s internal perspective regarding variety steering. It does not enable the company
to solve the problems that arise from customers’ perspective when distinguishing be-
tween the objective and subjective needs. A better solution to this problem will be ob-
tained when the intersection area between the circles representing the objective and
the subjective needs and the offered variety is greater. Figure 4 shows that there are
two directions the mass customizer has to consider in order to approach the customer
objective needs. Direction (1) deals with how to help customers get to know their real
needs better. A problematical situation arises when the customer believes that a vari-
ant (A) would fit his needs, but in fact there is another variant (B) in the product as-
sortment that would better correspond to his requirements. Because the offered variety
in mass customization is very large, the customer may not recognize variant (B) and
chooses variant (A). The task of recognizing the real needs of the customers in a real
shopping environment is generally carried out by advisors, who, due to their experi-
ence, are able to find the optimal choice for the customer. In a virtual environment over
the web, we are convinced that the configuration system has a great potential to drive
the customers towards the ideal variant while minimizing searching efforts.

But it is conceivable that the objective customer needs would be fulfilled by no variant
in the product assortment. In this case even a good configuration system will not be
able to lead the customers to make their optimal choice. Direction (2) indicates that the
mass customizer has to continuously update the product assortment to approach the
objective customer needs by reducing the over-engineered variants and those corre-
sponding only to the subjective needs. In the following we describe some approaches
capable of solving some of the encountered problems related to the differentiation be-
tween the objective and subjective needs. Then we extend the sub-processes-based
key metrics system with customers’ considerations.
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(1) Configuration system potential to make customer recognizing their objective needs within the
scope of the offered variety

(2) Optimization of the offered variety in regard to the objective needs of the customers

Figure 4: Variety optimization with regard
to the objective and subjective customer needs

By using a module or part-oriented configuration system, customers can be over-
whelmed by the amount of possible combinations. “The majority of people are able to
say if they like a product (or a service). They are capable of choosing between houses,
watches or car insurances. But being able to construct each of these things merely
adding parts is not easy” (Porcar et al.,, 2001). However, the customers are generally
not capable of comparing a large amount of end products because of the limited infor-
mation processing capacity of humans. To help customers find adequate product vari-
ants the alternatives displayed should be restrained to a certain amount so that the
customer can make an appropriate decision. A good configuration system would be
capable of eliciting real customer needs (Ardissono et al. 2002), compare a large num-
ber of possible configurations already stored in the database and display only the
product variants relevant to customers’ requirements. The effort needed to compare
between different combinations will be lower. The customers should be also offered
the chance to improve some product characteristics. A configuration system based on
Kansei engineering is able to fulfill some of these aspects. Kansei engineering is a
consumer-oriented technology for new product development and is defined as ,trans-
lating technology of the consumer’s feeling and image for a product into design ele-
ments” (Nagamachi, 1995, p.2). Using a Kansei engineering-based configuration sys-
tem, customers can express their feelings on a product by entering personal and life-
style data. Then the system can find the best-fit designs suitable to the requirements
entered (see e.g. Nagamachi, 1995; Nagamachi, 2002; Prorcar et al., 2001) Thus, we
can conclude that to mitigate customer confusion and help customers find the variants
corresponding to their real needs, web appearance and data format should be sup-
ported by innovative solutions enabling an understanding of customer's needs, feel-
ings, as well as what the customer intends to express through the customized product.

Kansei engineering is a solution approach to the problem arising when the customers
cannot properly express their real needs (section 2.2). To deal with the problem when
the mass customizer wrongly interprets customer requirements, we consider the key
value attributes concept of MacCarthy et al. (2002). The main idea of this concept is
that customers demand variety when they considerably differ in their preferences for
certain product attributes. Customer preferences and values are relatively stable cog-
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nitions and beliefs (e.g. security, fun and enjoyment) and differ from one customer to
another. Comparing these customer values involves value differences. The attributes
of product configurations presenting high customer value differences are the key value
attributes to be customized. The attributes with low value differences should be stan-
dardized. Variety steering concentrates in fact on the decisions made with respect to
the customizable attributes. Therefore, the extended key metrics system should cap-
ture the impacts of such decisions by introducing a performance parameter called
customizable attributes.

Kansei engineering and the key value attributes concept are approaches that enable
some aspects of the communication problem between the customer and the mass
customizer to be solved. However, dealing with the problem when the customers
themselves do not know their real needs constitute a challenge that can only be par-
tially solved using existing methods such as conjoint analysis, focus groups, lead us-
ers, etc. An empirical study carried out by Ekstroem/Klarsson (2001) shows that the in-
volved companies were disappointed by the results of their customer interviews. The
companies expected that their customers would be able to enumerate their needs us-
ing product specific terms. In contrast to the companies’ expectations, customers were
unable to formulate their requirements and did not propose innovative solutions. Thus,
developing methods to elicit the real needs of customers when they themselves do not
know their requirements is an issue for further research in mass customization.

From the previous analysis, we can conclude that web appearance and data format
should be supported by an appropriate configuration system. Furthermore, a perform-
ance parameter related to the customizable attributes will be required for the extended
key metrics system. However, the problem still remains as to which key metrics should
be determined in order to evaluate whether variety steering decisions actually contrib-
ute to the fulfillment of the customer objective needs. The concept of Desmeules
(2002) offers interesting approaches to solve this problem.

Desmeules (2002) examines the relationship existing between variety and consumer
behavior. He proposes a graphical model showing how variety correlates with the posi-
tiveness of the consumption experience when the customers evaluate the product vari-
ants by cognition (Figure 5).

»

b1 2 3

TN

Positiveness of
consumption experience

» Variety
Satisfaction Regret \

Source: Desmeules 2002, p. 10
Figure 5: Relationship between perceived variety and positiveness
of consumption experiences when the evaluative task is performed by cognition

The “positiveness of a consumption experience” could be either customer happiness or
satisfaction. Whereas customer satisfaction is a post-purchase evaluation of a product
or a service, customer happiness extends the meaning of customer satisfaction to in-
clude also the shopping experience. Figure 5 shows three different sections. Section
(1) indicates that adding new product configurations increases customer happiness be-

16



cause the likelihood that customers find the variant they are looking for is greater.
Section (2) points out that variety does not have a great influence on the consumption
experience and the corresponding variants may be either considered or ignored by
customers. At the end of section (2) “point of regret”, customer happiness starts to
considerably dive. In section (3), it is assumed that the variants added will cause more
stress, frustration and regret to the customers. Regret arises because customers feel
that they did not find the optimal solution and that another product configuration would
be more suitable for them.

Based on this previous work, we can state that product variety situated after the point
of regret will increase the probability that the customer makes a decision leading only
to a sub-optimal satisfaction. This is in accordance with our definition of the variety cor-
responding to the subjective needs. Furthermore, we expect the likelihood that cus-
tomers do configurate the product corresponding to their objective needs is greater
when variety approaches the point of satisfaction. Thus, we propose to extend the key
metrics system for variety steering with customer happiness considerations defined as
the satisfaction of both the shopping experience and the product itself after purchase.
For this reason, we define the performance parameters “potential customer happiness”
and “customer happiness”. In mass customization, it is relevant to keep an eye not
only on the customer who is defined as a “...visitor or a user who buys something”
(Sterne, 2002, p. 164), but also on the potential customer who “...has the need, the
desire, and the means to make a buy” (Sterne, 2002, p. 146). The potential customer
happiness can be tracked with the percentage of new potential customers who show
their interests in the product assortment. For the evaluation of customer happiness, we
propose the key metrics churn rate, return rate and complaints rate. Because happy
customers do more business and purchase more often, it is expected that customer
happiness affects the performance parameter “repurchase rate”. Furthermore, it is in-
teresting to evaluate to what extent the potential customer happiness affects the
growth rate of the performance parameter “new customers base”. The repurchase rate
as well as the new customer base will have an influence on the performance parame-
ter “sales”.

The extended key metrics system for variety steering in mass customization is repre-
sented by figure 6. It shows the interrelations between all the performance parameters
related to both considerations of sub-processes and customers. The key metrics which
are assigned to each performance parameter should not be seen as definite metrics.
The assignment has been done assuming a general case in mass customization. So it
is conceivable that these key metrics can be adapted, other key metrics can be defined
to fit a particular case. But we are convinced that the defined performance parameters
and their interrelations suit the majority of cases in mass customization.

3.4 Key Metrics-Based Application for Variety Steering in Mass Customization

In order to explain how to use the key metrics system to support variety steering deci-
sions we have developed a conceptual application. This application presupposes that
we dispose of two hypothetical units capable of examining the existing product attrib-
utes, picking out and suggesting critical ones. The first unit (O) recognizes the product
attributes contributing to the objective customer needs. The preferences related to
these attributes are very different from one customer to another and present high value
differences.
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Figure 6: Extended key metrics system for variety steering in mass customization

Offering a large amount of configurable alternatives for the attributes contributing to
the objective needs raises customers’ happiness because, with each additional alter-

native, the likelihood that the customers find an optimal choice increases. The second
unit (S) is capable of recognizing which product attributes confuse customers or are
over-engineered. A large amount of alternatives for these attributes will only increase
confusion and regret because the customers do not require customization of these at-

tributes. The attributes provided by (S) share one common characteristic to be appre-

ciated with the same values by most customers. However, these attributes could have
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high, middle or low customer values. The attributes with high customer values should
be kept in the production program. But a free customization is not necessary. The at-
tributes with middle and low customer values should be carefully examined by trading
off customers’ willingness to pay and the corresponding costs to be able to decide
whether it is worthwhile to serialize or to eliminate these attributes.

Before adding the new customizable attributes proposed by (O) to the production pro-
gram, the mass customizer should carry out a first test consisting of checking out
whether these attributes can be produced by means of the existing production proc-
esses. If some attributes require new investments, then the mass customizer has to
consider the outsourcing alternative and if there are suppliers in the supply chain being
able to carry out the corresponding customizing process or deliver the required mate-
rial, components or modules. The arising costs through this alternative should be
scrutinized. If new investments are necessary, then this is a strategic decision which
must be economically examined by the upper management. This case, that is, when
decisions related to variety require new investments, will not be taken further into ac-
count because we only consider the case when variety decisions are achievable on the
basis of available investments. The second test will be achieved with the help of the
developed key metrics system. We propose to divide this system in 4 zones as shown
in Figure 7 which is based on the extended key metrics system of Figure 6. Zone |
consists of the performance parameter: customizable attributes. Zone |l is composed
of the performance parameters related to the product architecture and configuration
system. Zone IlIl comprises the key metrics related to the evaluation of the variety-
driven internal complexity. Zone 1V is composed of the performance parameters con-
sidering customers and sales.

1
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Figure 7: Suitable key metrics arrangement for variety steering

At a point in time T the decision concerning the introduction of the attributes proposed
by (O) and/or the serialization or elimination of the attributes proposed by (S) affect the
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key metrics of Zone | and Zone Ill. The key metrics of Zone Il provide the basis for
the second test. The key metrics’ values examination will provide an idea to what ex-
tent the internal complexity changes. When complexity considerably increases, one or
some attributes have to be abandoned. In order to determine which attributes should
be eliminated, we recommend classifying them according to the customer values. The
attribute with the lowest mean value among all customers can be eliminated, then the
resulting impact on the key metrics of Zone Il has to be analyzed. If the complexity is
still high then the mass customizer has to carry out a second iteration and eliminate
the next attribute with the next lowest mean customer value. The iterations continue
until the resulting complexity is evaluated as acceptable. Furthermore, the values taken
by the key metrics of Zone Il strongly depend on those of Zone |l are considered to
be less sensitive than the other key metrics because their values more or less depend
on long term decisions. So it is conceivable that the successive elimination of many
attributes does not decrease the internal complexity. It would be necessary, for exam-
ple, to improve the integration level of the configuration system into the business proc-
esses or to enhance the product architecture, which is generally associated with in-
vestment costs.

The attributes retained after the complexity test carried out with the help of the key
metrics of Zone Il are the subject of a third test. The purpose of this test is to compare
the cost positions of the mass customizer to those of the competitors regarding these
attributes. It is not suitable to compare the cost positions of each attribute with the cor-
responding one of the competitor. Therefore, we recommend comparing the cost posi-
tions of a bundle of attributes with those of competitors because some attributes in the
bundle can have a bad cost position, whereas the total cost of the bundle is advanta-
geous. The attributes succeeding all the three described tests can be introduced to the
production program. Furthermore, the importance of the key metrics of Zone IV con-
sists of pointing out how in the period of time (AT ) following the introduction of the
new end product variants, the customer reacts to this new variety. Therefore, it is im-
portant to switch off all the effects of other factors on these metrics to analyze only the
effects due to variety. If customer happiness decreases, this suggests that customers
do not appreciate the introduced variety. Therefore, the units (O) and (S) should be re-
vised or the web appearance and data format of the configuration system have to be
improved.

This application for variety steering in mass customization shows how it is possible to
manage internal complexity, while keeping a maximal orientation on the customer
needs. From the key metrics ,customer happiness” and ,potential customer happi-
ness”, it is possible to draw some conclusions as to whether the mass customizer
moves towards fulfilling the objective or only the subjective needs of the customers.
For example, bad values for ,customer happiness” and ,potential customer happiness*
would suggest that the offered variety to a great extent corresponds to the subjective
needs which rather confuse the customers and only contribute to a satisfaction which
is sub-optimal.

4 Constraints and Requirements

By developing the key metrics system we want to keep the model as general as possi-
ble. Therefore, we concentrate on defining performance parameters to which key met-
rics can be ex post assigned. The performance parameters should be considered as
aggregates of several key metrics. But from one practical case to another, the relevant
key metrics can be quite different. For this reason, we do not claim that the key metrics
are definite and do not require any adaptation to the requirements of a particular case.
The mass customizer who wants to apply this model has to consider the key metrics
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as a suggestion based on a comprehensive literature research. But we are convinced
that the performance parameters can fit the majority of cases in mass customization.

The problem arising when distinguishing between the objective and the subjective
customer needs is demanding and challenging. Dealing with this problem only by
means of a simple tool such as a key metrics system is advantageous but can certainly
not provide the optimal solution. That is why we consider our work to be a first solution
approach and further work has to be done in order to develop concepts capable of
solving more aspects of this problem. In order to relate variety to customers, we use
the model of Desmeules (2002) associating the amount of variety with customer happi-
ness. Giving accurate values for the corresponding parameters is not usually easy, es-
pecially when all other impacts on happiness except for those of variety should be
switched off.

As described above, we divide the key metrics system into 4 zones. We notice that it is
not possible to compute the key metrics’ values of all defined zones at the same point
in time. The impacts of variety steering decisions on the fulfillment level of the objective
needs can be only ex post assessed after introducing the new product variants. It
would be more advantageous if it were possible to simulate the impacts of variety
steering decisions on the key metrics’ values related to customer happiness before
adding the new variants. So it would be already possible in the variety decisions’ phase
to predict whether the variety steering decisions would improve the orientation of the
mass customizer on the objective needs.

Furthermore, in order to benefit from the potentials of the key metrics system it will be
necessary to define target values. Key metrics will have no relevance, if it is not possi-
ble to compare them with predefined targets. So we suggest that the mass customizer
intending to use the key metrics system benchmarks the performances with other com-
panies which are active in the same or different fields. It is also conceivable to create a
website where several mass customizers put their data online to ensure a continuous
key metrics-based benchmarking of their performances regarding variety steering.

5 Conclusion

The main goal of this paper is to provide a key metrics system for variety steering in
mass customization. We make the difference between variety management and vari-
ety steering concepts. Variety management aims at increasing components and proc-
ess commonality levels during company operations by applying such concepts like
platform and modules/systems strategies. Variety steering concepts deal with the ex-
ternal variety which is apparent and offered to the customers. We point out that variety
steering should not be based on vague decisions. Customer orientation means in no
way to offer a huge amount of variants because customers do not honor large assort-
ments per se. They want to receive only the configuration corresponding to their re-
quirements. Therefore, we propose a model to enable better understanding of the va-
riety problems in mass customization. We distinguish between objective and subjective
customer needs. The subjective needs are the individually realized and articulated re-
guirements, whereas the objective needs are the real ones perceived by a fictive neu-
tral perspective. With the help of this model we explain the shortcomings of the exist-
ing variety steering concepts such as e.g. Pareto analysis, contribution margin ac-
counting and activity based costing aiming only at reducing variety. The proposed
model shows that there are discrepancies between the objective needs, the subjective
needs and the offered variety. We conclude that, as opposed to existing variety steer-
ing methods, an efficient variety steering concept has to be able to add good variety
corresponding to the objective needs and eliminate bad variety, which either is over-
engineered or corresponds solely to the subjective needs.
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In order to develop a tool to enable us to solve the variety steering problem in mass
customization we opt for a key metrics system solution. In order to achieve this goal
we define the main sub-processes influenced by variety steering decisions. On the ba-
sis of the sub-processes analysis, we determine the most relevant performance pa-
rameters capable of capturing the impacts of variety. These performance parameters
are then presented in a comprehensive model showing the interrelations between
them. We assign to the performance parameters the corresponding relevant key met-
rics. This key metrics system shows that variety steering decisions are not only con-
stricted by the product architecture but also by the characteristics of the configuration
system and its integration in the existing business processes. However, the suggested
sub-processes based key metrics system does not enable us to solve the problems
arising when distinguishing between the objective and subjective needs of the custom-
ers. We conclude that this key metrics system should be extended. We propose some
solutions capable of mitigating the communication problems emerging between the
mass customizer and the customer such as Kansei engineering, and the key value at-
tributes concept. However, these two concepts are not able to deal with the difficulties
encountered when the customers do not know their real needs. This complex problem
presents an issue for further research. The extended key metrics system takes into
account the customer perspective and includes two important performance parame-
ters, namely customer and potential customer happiness. The extended key metrics
system serves to develop an application for variety steering in mass customization. We
explain how to proceed in order to evaluate the impacts of variety steering decisions
from customers’ and companies’ perspectives. However, we do not determine the
characteristics of the hypothetical units (O) and (S). This constitutes an issue for fur-
ther research in mass customization. We are also convinced that the data arising dur-
ing the interaction between customers and the configuration system can be explored in
order to define the characteristics of these units.

References

Anderson, David (1997): Agile Product Development For Mass Customization, Chicago-London-
Singapore: IRWIN Professional Publishing 1997.

Anderson, Shannon (2001): Direct and Indirect Effects of Product Mix Characteristics on Capac-
ity Management Decisions and Operating performance, Vol. 13, No. 3, pp. 241-265.

Ardissono, Liliana/Felfernig, Alexander/Friedrich, Gerhard/Goy, Anna/Jannach, Dietmar/Meyer,
Markus/Petrone, Giovanna/Schaefer, Ralf/Schuetz, Wilken/Zanker, Markus (2002): Personal-
izing On-Line Configuration of Products and Services, Proceedings 15" European Conference
on Atrtificial Intelligence, Lyon, France, July 2002. Also available online, URL:
http://www.cawicoms.org/publications/2002/2002-0135-LAAF.pdf

Berman, Barry (2002): Should your firm adopt a mass customization strategy?, Business Hori-
zons, Vol. 45, No. 4, pp. 51-60.

Blecker, Thorsten/Abdelkafi, Nizar/Kaluza, Bernd/Friedrich, Gerhard (2003): Variety Steering
Concept for Mass Customization, Discussion Papers of the University of Klagenfurt
No. 2003/04, University of Klagenfurt, Klagenfurt 2003. Also available online, URL:
http://wiwi.uni-klu.ac.at/2003_04.pdf

Braun, Stephan (1999): Die Prozesskostenrechnung: Ein fortschrittliches Kostenrechnungs-
system?, Sternenfels ; Berlin: Verlag Wissenschaft & Praxis 1999.

Davis, Stanley (1987): Future Perfect, Reading: Addison-Wesley Publishing 1987.

Desmeules, Rémi (2002): The impact of Variety on Consumer Happiness: Marketing and the
Tyranny of Freedom, Academy of Marketing Science Review [Online] 2002, in URL:
http://www.amsreview.org/articles/desmeules12-2002.pdf

22



Ekstroem, Karin/Karlsson, MariAnne (2001): Customer Oriented Product Development? An ex-
ploratory study of four Swedish SME’s, FE-rapport 2001-380, Goeteborg University 2001.

Ericsson, Anna/Erixon, Gunnar (1999): Controlling Design Variants: Modular Product Platforms,
Dearborn, Michigan: Society of Manufacturing Engineers 1999.

Goldman, Steven/Nagel, Roger/Preiss, Kenneth (1995): Agile Competitors and Virtual Organiza-
tions — Strategies for Enriching the Customer, New York et al.: Van Nostrand Reinhold 1995.

Huffman, Cynthia/Kahn, Barbara E. (1998): Variety for Sale: Mass Customization or Mass Con-
fusion, Journal of retailing, Vol. 74, No. 4, pp. 491-513.

Jugel, Albert (2003): Markterfolg durch differenzierte kundenwunschspezifische Leistungen, in:
Horst Wildemann (Ed.): Fuehrungsverantwortung — Bewaehrte oder innovative Management-
methoden?, Tagungsband Muenchner Management Kolloguium, Muenchen: TCW Transfer-
Centrum GmbH 2003, pp. 411-438.

Kahn, Barbara (1998): Variety: From the Consumer’s perspective, in: Teck-Hua Ho/Christopher
S. Tang (Ed.): Product Variety Management — Research Advances, Boston/Dordrecht/ Lon-
don: Kluwer Academic Publishers 1998, pp. 19-37.

Kahn, Barbara/lsen, Alice (1993): The Influence of Positive Affect on Variety-Seeking Behaviour
Among Safe, Enjoyable Products, Journal of Consumer Research, Vol. 20, No. 2, pp. 257-270.

Knolmayer, Gerhard (1999): Kundenorientierung, Mass Customization und optimale Varianten-
vielfalt, in: Rudolf Gruenig/Martial Pasquier (Ed.): Strategisches Management und Marketing,
Bern-Stuttgart-Wien: Verlag Paul Haupt Bern u.a. 1999, pp. 67-91.

Kuepper, Hans-Ulrich (2001): Controlling: Konzeption, Aufgaben und Instrumente, Stuttgart:
Schaeffer-Poeschel Verlag 2001.

Lingnau, Volker (1994): Variantenmanagement: Produktionsplanung im Rahmen einer Produkt-
differenzierungsstrategie, Berlin: Erich Schmidt Verlag GmbH & Co. 1994.

MacCarthy, Bart/Brabazon, Philip/Bramham, Jo (2002): Key Value Attributes in Mass Customi-
zation, in: Claus Rautenstrauch/Ralph Seelmann-Eggebert/Klaus Turowski (Ed.): Moving into
Mass Customization: Information Systems and Management Principles, Berlin Heidelberg:
Springer-Verlag 2002, pp. 71-87.

Martin, Mark V./Ishii, Kosuke (1996): Design For Variety: A Methodology For Understanding the
Costs of Product Proliferation, Proceedings of The 1996 ASME Design Engineering Technical
Conferences and Computers in Engineering Conference, California, August 1996.

Maskell, Brian (1991): Performance Measurement for World Class Manufacturing: A Model for
American Companies, Cambridge, Massachusetts: Productivity Press 1991.

Mchunu, Claudia/de Alwis, Aruna/Efstathiou, Janet (2003): Decision support framework for es-
tablishing a « best fit » mass customization strategy, Working Paper, University of Oxford,
2003, URL.: http://www.robots.ox.ac.uk/~manufsys/mcu/papers/ijppc/bestfit001. pdf

Meyer, Marc/Lehnerd, Alvin (1997): The Power of Product Platforms: Building Value and Cost
Leadership, New York: The Free Press, 1997.

Mitchell, Deborah/Kahn, Barbara/Knasko, Susan (1995): There's something in the Air: Effects of
Congruent and Incongruent Ambient Odor on Consumer Decision-Making, Journal of Con-
sumer Research, Vol. 22, No. 2, pp. 229-238.

Mueller, Volkmar (2001): Konzeptionelle Gestaltung des operativen Produktionscontrolling unter
Beruecksichtigung von differenzierten Organisationsformen der Teilefertigung, Aachen: Sha-
ker Verlag 2001.

Murphy, Richard (1999): MICHAEL DELL has harnessed his discipline and focus to build a com-
puter empire and become one of the most successful entrepreneurs in American history, in
URL: http://www.dushkin.com/text-data/articles/24954/body.pdf

Nagamachi, Mitsuo (1995): Kansei Engineering: A new ergonomic consumer-oriented technol-
ogy for product development, International Journal of Industrial Ergonomics, Vol. 15, No. 1, pp.
3-11.

23



Nagamachi, Mitsuo (2002): Kansei engineering as a powerful consumer-oriented technology for
product development, Applied Ergonomics, Vol. 33, pp. 289-294.

Piller, Frank (2001): Mass Customization: Ein wettbewerbsstrategisches Konzept im Informa-
tionszeitalter, Wiesbaden: Gabler Verlag 2001.

Piller, Frank (2002): Logistische Kennzahlen und Einflussgroessen zur Performance-Bewertung
der Mass-Customization-Systeme von Selve und Adidas, Working Paper, Department of Gen-
eral and Industrial Management, TUM Business School, Muenchen 2002.

Piller, Frank/Ihl, Christoph (2002): Mythos Mass Customization: Buzzword oder praxisrelevante
Wettbewerbsstrategie? Warum viele Unternehmen trotz der Nutzenpotentiale kundenindividu-
eller Massenproduktion an der Umsetzung scheitern, Arbeitsbericht Nr. 32 des Lehrstuhls fuer
Allgemeine und Industrielle Betriebswirtschaftslehre der Technischen Universitaet Muenchen,
Muenchen 2002.

Piller, Frank/Koch, Michael/Moeslein, Kathrin /Schubert, Petra (2003): Managing High Variety:
How to Overcome the Mass Confusion Phenomenon, Proceedings of the EURAM 2003 Con-
ference (Track on Design-based Organization and Design Management, chaired by Armand
Hatchuel und Roberto Verganti), Milan, April 2003.

Pine 11, Joseph (1993): Mass Customization: The New Frontier in Business Competition, Boston:
Harvard Business School Press 1993.

Porcar, Rosa/Such, Maria-José/Alcantara, Enrique/Garcia, Ana-Cruz/Page, Alvaro (2001): Ap-
plications of Kansei Engineering to Personalization (Practical ways to include customer ex-
pectations into personalization), Proceedings of the MCPC 2001, Hong Kong, October 2001.

Rathnow, Peter (1993): Integriertes Variantenmanagement : Bestimmung, Realisierung und Si-
cherung der optimalen Produktvielfalt, Goettingen: Vandenhoeck und Ruprecht 1993.

Reichmann, Thomas (2001): Controlling mit Kennzahlen und Managemnetberichten: Grundla-
gen einer systemgestuetzten Controlling-Konzeption, Muenchen: Vahlen 2001.

Reichwald, Ralf (1993): Kommunikation, in: Michael Bitz/Klaus Dellmann/Michael Domsch/
Henning Egner (Ed.): Vahlens Kompendium der Betriebswirtschaftslehre, Muenchen: Vahlen
1993, pp. 447-494.

Riemer, Kai/Totz, Carsten (2001): The many faces of personalization — An integrative economic
overview of mass customization and personalization, Proceedings of the MCPC 2001, Hong
Kong, October 2001.

Rogoll, Timm/Piller, Frank (2002): Konfigurationssysteme fuer Mass Customization und Varian-
tenproduktion, Muenchen: ThinkConsult 2002.

Rosenberg, Otto (2002): Kostensenkung durch Komplexitaetsmanagement, in: Klaus-Peter
Franz/Peter Kajueter (Ed.): Kostenmanagement: Wertsteigerung durch systematische Kosten-
senkung, Stuttgart: Schaeffer Poeschel Verlag 2002, pp. 225-245.

Schmidt, Dieter (1992): Strategisches Management komplexer Systeme, Frankfurt a. M.: Verlag
Peter Lang GmbH, Europaeischer Verlag der Wissenschaften 1992.

Sterne, Jim (2002): Web Metrics: Proven Methods for Measuring Web Site Success, New York:
Wiley Publishing, Inc. 2002.

Thonemann, Ulrich/Bradley, James (2002): The effect of product variety on supply-chain per-
formance, European Journal of Operational Research, Vol. 143, No.3, pp. 548-569.

Ulrich, Hans/Probst, Gilbert (1988): Anleitung zum ganzheitlichen Denken und Handeln, Bern
Stuttgart: Paul Haupt Verlag 1988.

Ulrich, Karl/Eppinger, Steven (2000): Product design and development, Boston: McGraw-Hill
2000.

Wildemann, Horst (2000): Komplexitaetsmanagement: Vertrieb, Produkte, Beschaffung, F&E,
Produktion und Administration, Muenchen: TCW Transfer-Centrum 2000.

Wildemann, Horst (2001): Das Just-In-Time Konzept — Produktion und Zulieferung auf Abruf,
Muenchen: TCW Transfer-Centrum GmbH 2001.

24



Wildemann, Horst (2003): Produktordnungssysteme: Leitfaden zur Standardisierung und Indivi-
dualisierung des Produktprogramms durch intelligente Plattformstrategien, Muenchen: TCW
Transfer-Centrum GmbH 2003.

Zipkin, Paul (2001): The limits of mass Customization, Sloan Management Review, Vol. 42, No.

3, pp. 81-87.
Appendix
Performance .
Parameters Key Metrics
[1] Platform efficiency metric = R&D tlr.ne for derivative proc.iuct
R & D time for Platform version
Source: Meyer/Lehnerd, 1997
E, : Multiple use metric
N, N, : Number of product variants required by customers
2] E, =—~
Product Y Ny, N, : Total number of modules required to build up all the
Architecture product variants
Properties Source: Ericsson/Erixon, 1999, p. 127
N, —1
ZTI I, : Interface complexity metric
6. = i=1 N, : Number of modules in one product variant
¢ T, : Assembly time for one interface
A, : ideal assembly operation time
Source: Ericsson/Erixon, 1999, p. 114
N
ZICTi CT :average configuration length of time
— =
Web Appgarance [4] CT = N CT, :time needed from one customer to fulfil oneconfiguration
an

Data Format

N :number of fulfilled configurations

Number of aborted configuration processes

[5] Configurationabortionrate = -
Number of log - ins

Used Variety

Number of perceived variants

- - O<UVM<1
Number of all possible variants

[6] Used variety metric =

Source: Piller, 2002, p. 15

Components
commonality

Number of commonmodules

[7] Modules commonality metric =
Number of allmodules

Number of common parts
Number of all parts

[8] Parts commonality metric =

Percentage of standardized parts

[ Number of standardized parts

within a part categor: = %100
( P gory) Number of all parts

Production
Process
Commonality

Number of common production processes
Number of all production processes

[10] Production process commonality metric =

Purchasing
Process
Commonality

Purchasing process commonality
Number of standardized purchasing processes
Number of all purchasing processes

metric (within a part category) =

Module Suppliers
Weight

Percentage of module suppliers
Number of module suppliers
Number of all suppliers

in comparison to the number of all suppliers =

Setup Duration

SM : Setup metric

iviti v, :Number of different products exciting process i
i=1
SM = Vn n  :Number of processes
(13] E’lTJ v, :Finalnumber of varieties offered
0<SM <1 t. :Average time needed for a setup at process i
T, :Average totallead time needed for the manfacturing

of j" product

Source: Martin/Ishii, 1996, p. 6 (modified)
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Capacity
Utilization

Processing time

[14] Capacity utilization metric = — - -
Processing time +idle time

Source: Mueller, 2001, p. 73

Manufacturing
Cycles Duration

N -
N N
N T

m i

T, :Lead time for the manufacturing of product variant j
N_ :Number of all parts assembled in modules in the plant
N, :Number of manufactured modules in one average product variant
:Number of supplies modules in one average product variant
T, :Average assembly time for one part
T,.. :Average time for non value adding activities
T. : Average assembly time for interfaces between modules
Source: Ericsson/Erixon 1999, p. 118 (modified)
T ,.=Mmove time + wait time + inspection time + setup time
Source: Maskell, 1991, p. 258

Position of the
Differentiation
Point

¥d,v, a
Dl=—4—2——
nd,v, 12,

DI : Differentiation point index

v, :Number of different products exciting process i

n :Number of processes
[16] v :Final number of varieties offered

d, : Average throughput time from processito sale

d, : Average throughput time from beginning of production to sale

a, : Value added at processii
Source: Martin/Ishii, 1996, p. 6

Work-in-Process
Turnover

Total sales
Value of the work - in - process inventory
Source: Pine, 1993, p. 112

[17] work -in - process turnover =

Delivery Time

Agreed delivery time

[18] Delivery time reliability (DR) = - -
Real delivery time

Integration level
of the
Configuration
System and
Easiness of
Maintenance

[19] 1= NP
NP

IL :Integrationlevel of the configuration system in the existing business processes
NIP :Number of business processes integrated in the configuration system
NP :Number of all business processes

NC (AT)
AT
FIC (AT) :Frequency of introducing changes in the configuration system at a period AT
NC (AT) :Number of changes and data base up dates at a period AT
AT :Period of time

FIC (AT) =
[20]

ST,
AT, =2

‘' nc
[21] AT, : Average time for carryingout one change in the product configuration system
T. :Timerequiredfor changei

nc :Totalnumber of changesintroducedin the configuration system

Speed of
Documents
Preparation for
Manufacturing

§T@Hap),
AT(rA:Adp) == no
(22] AT -Average time elapsed from configuration until documents preparation for manufacturing
Ticwam - Time elapsed from the completion of configuration i until documents preparation
no :Number of all orders

Customizable
Attributes

[23] Number of new introduced customizable attributes at period AT : N, (AT)

[24] Number of eliminated customizable attributes at period AT : N, (AT)
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Number of customizable attributes at T + AT

R(T +AT,T)= . .
Number of customizable attributes at T
[25]
_ N(T)+N_(AT)-N/(AT)
N(T)
R(T +AT,T):Ratio of customizable attributes at period T + AT to customizable attributes at period T
N(T) :Number of customizable attributes at period T
Potential '
Customer [26] percentageof potential customers (PC) = number of potentialcustomers %100
Happiness number of customers+number of potentialcustomers
Custo mers churnrate at AT (CCR (AT)) = NOLC (AT)
NOC (T)+NONC (AT)-NOLC (AT)
[27] NOLC (AT):Number of lost customers at AT
NOC (T) :Number of customersat T
NONC (AT ) :Number of new customers at AT
Customer
Happiness Source: Sterne, 2002, p. 146
[28] Retum rate at AT (RR (AT)) = Number of retgrned products
Number of delivered products
Source: Piller, 2002, p. 16
[29] Complaints rate at AT (CR (AT)) = Number of com.pla!nts (AT)
Number of deliveries (AT)
New NONC(AT)
Customers [30] Growth rate at AT (GR (AT)) = ~NOC(T)
Base Source: Sterne, 2002, p. 146
Repurchase through extisting customers (AT)
31] Repurchase rate at AT (R (AT)) =
Repurchase [31] Rep (R(AT) New customers (AT)
Source: Piller, 2002, p. 15
Sales [32] Sales volume (AT) =number of sold units (AT)
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