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Abstract

Customization has gained much attention during the past decade. In the capital goods
industry, customization has always been the dominant paradigm. Capital goods, such as
big luxury cruisers, have not only been custom built but even custom designed.
However, capital goods manufacturers have been seeking volume-related advantages by
standardizing products. Although they have succeeded somewhat in standardizing most
of their production, they still manufacture many customized products. Indeed, even so-
called standard products are often customized using standard options, with any two of
the same standard products quite seldom being alike. This thesis focuses on those
products having both standard and customized versions, as well as annual production
volumes ranging between ten and several hundred units.

This research studies the effects of customization on capital goods manufacturing in
terms of company operations and the extra costs resulting from customization.
Compared to previous studies, this thesis takes a broader view of customization by
combining sales, engineering, manufacturing, and after sales. Furthermore, the focus on
after sales extends the time perspective of this view. The thesis relies on five different
case studies, conducted in four companies, all of which manufacture capital goods for
industrial customers. Two of these companies are more closely studied to gain a more
detailed view of the distinct effects of customization. Studying customization in the
capital goods manufacturing industry extends current theory concerning customization,
since most of the research has primarily focused on the consumer goods environment.

The thesis shows that customization is a normal procedure in capital goods
manufacturing. It is used to avoid price competition and can be seen as a way to justify
operating in the markets. Customization has the greatest effect on engineering, while
tied-up resources form an important disadvantage. In manufacturing, this disadvantage
is perceived as increasing throughput time and thus leading companies to begin
manufacturing before determining all customer specifications. However, in terms of
after sales the effects are quite minor, because after sales in capital goods is already a
low-volume business, which is not significantly lowered by customization.
Nevertheless, though after sales is low-volume business, it still has important economic
value.

Keywords: Capital goods, Customization, Management accounting, Product variety
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1 Introduction

1.1 Standardization vs. customization

The ideas underlying standardization have their roots in the French Revolution and
introduction of the metric system. The French decided to have only one measurement
system replace the numerous systems that had dominated before the revolution. The
meter was defined to be 1/10,000,000 of the distance between the Equator and the North
Pole as measured through the quadrant that passes through Paris. Regardless of the
irrelevancy of this definition, the advantages of standardization have made the metric
system the most used in the world. When considering the development of the
manufacturing industry, it can be noted that the past century has been a time of
movement toward standardization. Standardization has gained volume in consumers’
goods, with McDonald’s providing one of the finest examples of this standardization.
However, in the capital goods industries, some products have always been craft
manufactured and even custom designed. The most extreme examples of customized
products include such products as paper machines and luxury yachts. These products are
always one-of-a-kind and are typically considered to be projects. In that sense,
customization would be the wrong term, since the opposite policy — standardization — is
missing. At the other extreme, capital goods produced in high volumes include such
products as electric motors. These high-volume capital goods can take advantage of
mass production techniques, such as the assembly line, that have been developed for
consumer goods. Between these two extremes lie products which are the interest of this
thesis. Products like cranes and crushers, which have annual manufacturing volumes
ranging from ten to several hundred. These products have a standard configuration
which can be order by the customer as a standard product. Moreover, a product can also
be considered standard if it can be customized using standard options. On the other
hand, customers may desire customized products with options and features that have not
been previously designed into the product. Thus, these products can be divided into
standard and customized classes, and it 5 the difference between these two classes that
forms the basis of this thesis.

In recent years, customer-focus strategies have become increasingly popular, and
customization has thus gained much interest among management scholars. Mass
customization has been a popular subject, with most research concerning customization
being connected to consumer goods. Two of the most influential writers have been
Gilmore and Pine (Gilmore 1993; Pine II 1993; Pine II et al. 1993). However, capital
goods have not gained as much interest, despite the important economic value of the
capital goods sector. One reason for this may be that capital goods have long been
considered to be customized, and those products that are the subject of this thesis have
not been recognized as a separate group. Moreover, customization has quite often been
connected to either marketing or manufacturing, while studies linking customization to
broader issues of manufacturing, marketing, and engineering have remained sparse.



The aim of this research is to describe the effects exerted by customization on the
capital goods manufacturing business, how it might affect companies' operations as well
as to describe extra costs resulting from such customization. The thesis does not
concentrate only on manufacturing but also expands its examination from R&D to also
cover after sales. The thesis relies on five different case studies in which the
phenomenon of customization is investigated in a reaklife context. Studies are
conducted in four companies, all of which manufacture capital goods for industrial
customers. Two of these companies are more closely studied to gain a more detailed
view of the distinct effects brought about by customization.

The structure of this thesis is as follows. The second section briefly reviews the
literature on customization. The third section defines the objectives and presents the
methods used in the thesis. In the fourth section, original papers are summarized, and
the individual objectives, methods, and results are discussed. Finally, conclusions are
drawn based on the results of individual papers, and the contribution of the thesis to this
field is discussed.

1.2 Concept definitions

Before describing the thesis in further detail, two key concepts, customization and
capital goods, should first be defined. Customization itself is quite a new term. The
Oxford English Dictionary (2003) dates it to the year 1975. However, the verb to
customize is older, dating back to either 1934 (Oxford-English-Dictionary 2003) or
1923 (Merriam+ Webster-Dictionary 2003). The verb to customize is defined as “to make
to order or to measure;, to model or alter according to individual requirements”
(Oxford-English-Dictionary 2003). Similarly, customization is defined as ‘the action or
result of customizing, creation or adaptation (of something) according to the customer's
requirements” (Oxford-English-Dictionary 2003). Later, customized products have been
defined as “...slight variations of standard configurations and are typically developed
in response to a specific order by a customer” (Ulrich and Eppinger 1995 p. 22). Thus,
there are two conditions which have to be fulfilled. First, there must be a customer
order. Second, there needs to be a standard configuration which can be varied.

The other concept, capital goods, dates back to the 1890’s (MerriamWebster-
Dictionary 2003; Oxford-English-Dictionary 2003) and is defined as “commodities
forming capital; economic goods (e.g. railways, ships, machinery, buildings) destined
for use in production, opposite to consumers' goods” (Oxford-English-Dictionary
2003). Capital goods are not consumed immediately and can produce income for many
years to come. Due to their nature, capital goods cannot be studied unless attention is
given to the life cycle of the product extending from R&D to after sales.



Concepts like mass customization and product variety are quite often associated with
customization. However, there are distinct differences between the terms that should be
noted. The term mass customization has raised much attention since the late 1980’s.
Mass customization can be defined as a process by which firms apply technology and
manageme nt methods to provide product variety and customization through flexibility
and quick responsiveness (Pine II 1993; Kotha 1995; Da Silveira et al. 2001). In mass
customization, the paradigm shift is from mass production to customization. Quite often
in mass customization the first condition of customization, a customer order, has not
been fulfilled as in the case of customizable (Logman 1997) or self-customizing
(Ahlstrom and Westbrook 1999) products. Furthermore, the lack of mass markets for
capital goods limits the use of mass customization frameworks (Zipkin 2001).

Similarly, obvious differences exist between product variety and customization as a
manufacturing strategy (Ross 1996). The former is a push strategy offering a wide
variety of products to the customer, while the latter is a pull strategy wherein a company
can still offer a wide variety of choices, and the products are manufactured according to
the customer’s requirement. However, the importance of the research related to product
variety and mass customization cannot be neglected when stud ying customization.



2 Literature review

2.1 Customization frameworks and capital goods manufacturing

The following chapter presents some of the most common customization frameworks.
The idea is not to give a comprehensive picture of all possible frameworks but rather to
present those frameworks most adaptable to capital goods manufacturing. One of the
most influential frameworks for customization is that presented by Mintzberg (1988)
and further developed by Lampel and Mintzberg (1996). The latter framework includes
five customization strategies based on customer involvement in a value chain of a firm.
Two of the strategies, pure standardization and segmented standardization, are not
customization strategies. The remaining three are customized standardization, tailored
customization, and pure customization. In pure customization, the customer influences
the entire production process. A product can even be designed from scratch. In a
tailored customization strategy, a generic prototype is altered according to the
customer’s needs. A tailor-made suit is a good example of such a strategy. In
customized standardization, the customer selects from predefined options to
manufacture the product using standard components.

Amaro et al. (1999) use the previous framework and combine it with possible non
make-to-stock strategies (MTS). Although their actual aim is to classify nonMTS
companies, they also provide a classification for customization. They define four
product types using the three customization strategies presented by Mintzberg (1988)
and add one, a standardization strategy. Then, they combine these four product types
with engineering-to-order, manufacturing-to-order, and assembly-to-order strategies to
form 11 different categories, which they use for classifying nonrMTS companies. Even
with this detailed classification, they cannot classify all the case companies in their
study. Moreover, quite many companies end up being classified into more than one
category, and thus their classification fails. However, their classification has contributed
to the theory of customization by showing that the customization strategies of
Mintzberg can be executed in more than one way. For example, a company can make
purely customized products that do not require any designing work.

Duray et al. (2000) combine modularity within the customization framework presented
by Lampel and Mintzberg (1996), thus increasing the validity of the framework. They
classify modularity according to the stage at which modularity will be utilized. In doing
so, they recognize four different archetypes: fabricators, involvers, modularizers, and
assemblers. Moreover, a later study by Duray (2002) finds that companies which
consider themselves to be customized producers are typically fabricators or involvers.
Both of these classes include customer involvement in the design and/or fabrication
stage. Thus, companies can use either a pure or tailored customization strategy.
Similarly, Bouwens and Abernethy (2000) classify products as customized when they
are either basic models that are customized according to the client’s specifications or



completely customized. Moreover, they further specify that the firm must add to the
customized product features that have not been designed in advance.

2.2 Motivation for customization

Capital goods have a long history in terms of customization (Hékansson 1982 p. 165;
Spring and Dalrymple 2000). However, some authors (Boddewyn et al. 1986; Jain
1989) argue that industrial goods are more suitable for standardization than consumer
goods. Jain (1989) even uses products like heavy equipment and machine tools as
examples. Boddewyn et al. (1986) argue that industrial buyers are more rational which
explains the standardization of industrial goods. Moreover, their data show that
industrial goods manufacturers have standardized the most, compared to consumer non-
durables and durables manufacturers. This data appears to contradict the long history of
customization in capital goods. The problem might be that neither standardization nor
industrial goods are well defined. Moreover, authors might mix marketing and product
standardization, and companies can use global brand strategies even with customized
products.

Since standardization offers advantages (see e.g. Rommel 1991), we have to point out
the motivation for customization. Such theories as consumer psychology, behavioral
decision and neoclassical economics indicate that different customers can give different
value to the same product (Bolton and Myers 2003). Customers require different
performance and features. Moreover, some features can even be unattractive to other
customers (Spring and Dalrymple 2000). Some customers may want a customized
product because they perceive it as a status symbol (Evarts 1999). Furthermore, a
customization can also be a choice for its own sake, with the process of customization
being more important than the customized product itself (Spring and Dalrymple 2000).

Furthermore, what are the advantages that a producer can achieve by customizing a
product? Customrorientated strategies have been shown to be advantageous in industrial
markets (Balakrishnan 1996). A firm can increase market share by customizing products
(Sriram and Sapienza 1991; Ahlstrom and Westbrook 1999). Customization can be seen
as better service, thus having a positive effect on profit (Balakrishnan 1996; Simon and
Dolan 1998) while, simultaneously, improving customer satisfaction (Fitzgerald 1995;
Ahlstrém and Westbrook 1999; Zairi 2000). It has also been argued that a customized
product can form an entry barrier (Spring and Dalrymple 2000). Although the product
itself may be unprofitable, it could help to exclude competition. Similarly, a customized
product can, in the short term, be unprofitable while still serving as a vehicle for
learning (Spring and Dalrymple 2000). Quite often, this is connected to a new product
or process design in which customization is seen as an information source for customer
requirements. Another advantage closely connected with these entry-barrier and



vehicle- for-learning functions is that the customization process itself promotes stable
relationships by closely involving customers with manufacturers, as is often the case in
capital goods markets (Hakansson 1982). Furthermore, a customized product can
provide a means to show off — we can do something that requires something special
(Spring and Dalrymple 2000). Thus, a customized product can support a company’s
brand image. On the other hand, some companies see customization as a way to qualify
them to operate in their markets and not solely as a means to gain competitive
advantage (Amaro et al. 1999). The list of motivations is long, but the motivation for
customization is ultimately linked to a practical belief that it will be profitable in the
long term. Whatever the motives for customization, one thing is said to be sure: the
demand for customized products is rising (Lampel and Mintzberg 1996; Amaro et al.
1999; Evarts 1999; Spring and Dalrymple 2000). However, capital goods have always
been customized, and the trend can be the opposite, from customization to
standardization, especially with global brands (Jain 1989). Nevertheless, there will
always be a demand for customized capital goods that will enable small and medium
size manufacturers to survive in these markets.

2.3 The effects of customization

In the capital goods markets, customization is linked to a customer’s problem solving
(Hékansson 1982 p. 165). Quite often, a customer is not only seeking a customized
product but is simultaneously looking for a solution, technical advice, or joint
development. The producer must have good knowledge of customer requirements
(Ahlstrom and Westbrook 1999). Practically the only way to gain such knowledge is
through continuous feedback from the customer and close customer relationships, at
least with some of the customers (Hékansson 1982 p. 163). However, close connections
with customers are not enough. The company must also have intimate connections
between departments to be able to transfer customer requirements throughout the
organization (Bouwens and Abernethy 2000; Spring and Dalrymple 2000). Sales,
product design and production departments should be totally interdependent. Thus, the
sales and manufacturing process requires a skilled workforce and the interactions can be
of a high-cost nature (Berman 2002). Moreover, customization can increase complexity
within the organization by bringing about activities that have never before been carried
out (Bouwens and Abernethy 2000).

Typically, customization is associated with low volumes and high variety (Hayes and
Wheelwright 1979), while capital goods can be associated with low volumes. In that
sense, low volumes may or may not be the result of customization. However, low
volumes and high variety can also require flexible job-shop and batch manufacturing
processes (Hayes and Wheelwright 1979; Duray et al. 2000). It has been said that a
company must make a trade-off between efficiency (low cost) and flexibility (high



variety) which can be explained by the economics of scale (Hayes and Wheelwright
1979). However, this trade-off can be challenged by flexible manufacturing techniques
and the economics of scope (Kotha 1995). There are numerous writings showing that
product variety can increase costs (Hayes and Wheelwright 1979; Yeh and Chu 1991;
Mughal and Osborne 1995; Stalk 1998; Darlington 1999; Ahlstrom and Westbrook
1999; Svensson and Barfod 2002), as well as many writings showing that there is no
increase, or that the increase is not significant (Kekre and Srinivasan 1990; Kotha 1995;
Ross 1996; Tang and Yam 1996). For example, the article by Stalk (1998) is
contradictory. First, he divides costs into variety-related and scale-related costs, in
which variety-related costs increase with increasing variety. He even presents figures
indicating that when variety is reduced by half, costs fall by 17% and productivity rises
by 30%. However, the article does not show where he obtained his data. He then offers
time as a competitive advantage that explains everything, and claims that expanding
variety is a time-based strategy in which the cost penalty is negligible. In that sense,
variety is a good thing and can increase profitability. Similar ideas concerning small
batch sizes and time-based management can be found in the theory of constraints
(Goldratt and Cox 1987). Furthermore, lean manufacturing (Womack and Jones 1994;
Amaro et al. 1999), mass customization (Pine II 1993), and agile manufacturing (Brown
and Bessant 2003) promise the same types of advantages with high variety and a batch
size of one. Thus, almost any modern manufacturing strategy would promise high
variety with low cost or no added cost.

Frequently, increases in manufacturing costs can be explained by increased setup costs
(Yeh and Chu 1991; Darlington 1999). Similarly, direct labor and material costs have
been blamed for the increase (Ahlstrom and Westbrook 1999). Moreover, it has been
claimed that the increase is due to overhead and support costs (Hayes and Wheelwright
1979; Yeh and Chu 1991; Mughal and Osborne 1995). It has been argued that problems
related to increased overhead and setup costs can be solved with new production
technology and a focused factory (Kotha 1995; Stalk 1998). This, however, can increase
capitalrelated costs, and the costs savings may not always be obvious. Similarly, the
number of components or stock-keeping units is a cost driver in many organizations
(Mughal and Osborne 1995; MacDulffie et al. 1996; Mévellec and Sievédnen 2003). This
leads us to component sharing and modularization, which are said to be effective
methods for customization (Ahlstrém and Westbrook 1999; Duray et al. 2000).
Modularity has been presented as a way to achieve short delivery times simultaneously
with high product variety. This has been referred to as a customization-responsiveness
squeeze (McCutcheon and Raturi 1994). It should also be noted that there are
opportunity costs associated with customization (Stump et al. 2002). Resources
allocated for customization thereafter become unavailable for other purposes.
Unfortunately, there are no reliable data showing the amount of opportunity costs.

The cost savings resulting from customization are justified by the decrease in finished
goods and work-in-process inventory (Kotha 1995). Similarly, there should be neither



obsolete nor redundant products in the production. It has been argued that carmakers
could save $65 to $80 billion annually by reducing this obsoleteness (Agrawal et al.
2001). This decrease may not be as dramatic with capital goods, since most of the
products are already manufactured based on customer orders. Thus, the reduction
gained may be next to nothing. Furthermore, no manufacturing process is totally
flexible and there will always be some fixed costs. How these fixed costs vary in terms
of product variety and customization remains unclear. Customization or increased
variety might increase total sales volume, thus decreasing the amount of fixed cost per
unit. However, there is no solid theory which would support the contention that
customization decreases costs. Indeed, customization might even require new
supportive resources, thus leading to an increase in fixed costs. Similarly, most theories
addressing cost penalty are fragmented and have led to contradictory conclusions.

It is good to keep in mind that overhead and supportive costs are typically allocated to
the product as a general overhead, thus making marginal costing systems unsuitable for
measuring cost effects when dealing with diversity in products, volumes, and processes,
as is the case in customization (Cooper 1988a, b). Abernethy et al. (2001) have
challenged the rationale of investment in activity-based costing systems within high
diversity environments. They argue that a more sophisticated version of traditional
costing systems is enough. At this point, it should be noted that the division between
traditional costing and activity-based costing systems is somewhat unclear (Gosselin
and Mévellec 2003). Furthermore, Bouwens and Abernethy (2000) have studied the
consequences of customization on management accounting systems, though they were
unable to find any direct relations. Despite this criticism, this thesis assumes that
activity-based costing is more accurate in pointing out the differences between standard
and customized products.

In summary, though customization is a widely studied subject, most of the studies have
been narrowly focused, mainly on manufacturing or marketing. Moreover, few studies
have focused on the role of customization in the manufacture of capital goods. Thus,
customization and the motives for it need to be more closely defined in the capital
goods environment. Furthermore, there is a considerable amount of contradictory
evidence, especially concerning the cost effects. Although the literature has primarily
concentrated on describing the cost effects, this thesis takes a broader view and aims to
expand this research to include the product life cycle, from R&D to after sales.



3 Research objectives and method

As shown by this literature review, no solid theories have been devised to describe
customization when connected to broader issues affecting capital goods manufacturing.
Thus, new evidence is required. This thesis addresses the question of how a company’s
operations and costs can be affected by customization. The aim of the thesis can be
divided into the following questions that are answered in the five separate studies (Table

1.

Table 1. Secondary research questions

Research question Case study

1. What does the concept of customization mean | I Customization in capital goods

in capital goods manufacturing? manufacturing business

2. What is it that practitioners mean when they I Customization in capital goods
refer to customization? manufacturing business

3. What are the perceived advantages and I Customization in capital goods
disadvantages of customization? manufacturing business

4. What new activities are required for II Cost of customization
customization?

5. Does customization increase costs — how II Cost of customization

much?

6. Does customization explain differences in IIT Product profitability: Causes
product profitability? and effects

7. How can customizations be classified in terms | IV The effects of customization on
of after-sales? spare part business

V Customization from the after
sales point of view

8. How does customization affect the number and | V Customization from the after

the sales volume of product items in after-sales sales point of view
9. What is the effect of customization on the V Customization from the after
value of spare-parts inventory? sales point of view

As shown in Table 1, this thesis consists of five case studies that are reported in separate
papers. The first paper is an exploratory case study, which describes the phenomenon of
customization in a capital goods manufacturing environment. The second paper builds a
novel theory describing the cost effects of customization, which have not been reported
previously in a similar environment. The third study focuses on the overall profitability
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of the products. The study tests the applicability of the whale curve (Cooper and Kaplan
1991; Kaplan and Atkinson 1998; Kaplan and Cooper 1998) to the case environment.
Simultaneously, the study contributes new evidence to the discussion of product variety
and profitability, and seeks to determine whether any factors, like customization, may
help explain differences in profitability. The fourth and fifth papers concentrate on after
sales, an important business area for capital goods manufacturing. The fourth paper is
an exp loratory case study that examines the effects of customization in general and
provides a framework for classifying customizations in a technical sense. In the fifth
paper, after sales is studied in greater detail. The five studies together provide a
comprehensive picture of customization in the capital goods manufacturing business.
Figure 1 shows how these five studies are connected. This dissertation is represented by
the gray rectangular area.

Pissertatio

I Customization in capital
goods manufacturing
business

duct
: Causes

II Cost of
customizatio

point of view

Figure 1. The composition of the case studies

Unfortunately, some important aspects have remained beyond the scope of this study,
including organizational issues and the effects of customization on sales volumes and
sales prices. Similarly one element closely connected to customization — customer
costing or profitability — has not been a subject of study, since the appropriate data
could not obtained from the case companies, due to decisions made by representatives
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of the companies. However, taking customer profitability as part of the study would not
have been a simple task, as the division between customer and product costs is
somewhat unclear (Seppédnen and Lyly- Yrjdnédinen 2002).

Because the aim of this thesis is to increase our knowledge and understanding,
hermeneutics offers a valid methodology (Burrell and Morgan 2000 pp. 235-238;
Gummesson 2003). A business environment is by nature ambiguous, thus making it
exceedingly difficult to find unambiguous cause-and-effect relationships. Instead, the
business environment needs to be interpreted and softer, more transient explanations
have to be provided for practitioners. Hermeneutic research involves constant
oscillation between what is known and what is learnt. Furthermore, meaning for a part
can be only given within a holistic context, demanding consistency and coherence
between the parts and the whole. Finally, research is a never-ending process toward
improved understanding and must reach a conceptualization or condensation in order to

contribute to theory. (Gummesson2003)

It has been argued that in the study of business-to-business environments, qualitative
methods, such as case studies, are necessary to develop new theories (Wilson et al.
1986; Lichtenthal and Long 1998). A case study is useful when the phenomenon
investigated is complex, the current theoretical base is thin, or the phenomenon is
difficult to study outside its natural environment (Bonoma 1985; Eisenhardt 1989).
Moreover, case study is sympathetic to the ideas of hermeneutics (Gummesson 2003).
Case research has been shown to be powerful in developing new theory (Eisenhardt
1989; Voss et al. 2002). One of the advantages of a case study is that it allows the use of
multiple data collection methods, such as archives, interviews, and questionnaires. The
data can be either qualitative, quantitative, or both (Bonoma 1985; Eisenhardt 1989;
Voss et al. 2002). This enables a fuller picture of the subject of the study. Furthermore,
multiple data sources provide a base for triangulation, which in turn increases the
construct and internal validity of the study (Bonoma 1985; Leonard-Barton 1990; Voss
et al. 2002).

Typically, case research has high validity with practitioners (Eisenhardt 1989; Voss et
al. 2002). The empirical validity is also likely to be high because theory building is
closely tied to empirical evidence. Bonoma (1985) uses the term “has currency” with
the same meaning, and simultaneously combines that with external validity. However,
external validity is most often related to the generalizability of the results, which is also
a weakness of single case studies (Leonard-Barton 1990; Voss et al. 2002). Other
possible weaknesses of a case study are that the theory can become either too complex,
because of the intensive use of empirical evidence, or too narrow and idiosyncratic,
resulting from the inability of the researcher to raise the level of generality of the theory
(Eisenhardt 1989).
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In this study, each case has involved the collection of both qualitative and quantitative
data. The study relies strongly on interviews, as well as detailed data collected from
such sources as financial statements, quality manuals, as well as sales, engineering, and
manufacturing documents. The data is collected from four different companies, all of
which are capital goods manufacturers. Two of these companies were studied more
closely, and an activity-based costing model was constructed for both companies to
provide detailed cost information about the cost effects. Moreover, these two companies
were examined by at least three investigators, which enhances confidence in the
findings (Eisenhardt 1989). When selecting the last two case companies, a literal
replication was used to ensure that each case would predict similar results (Yin 1994 p.
46).
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4 Summaries of original papers

4.1 Customization in capital goods manufacturing business

The objective of the first paper was to define the concept of customization in a capital
goods manufacturing business, as well as study the perceived advantages and
disadvantages of customization. Four different customization frameworks (Coates and
Wolff 1995; Lampel and Mintzberg 1996; Gilmore and Pine 1997; Duray et al. 2000)
were presented and tested to determine their suitability for classifying customization in
a capital goods manufacturing business. The study focused on the engineering,
manufacturing, and sales functions of the companies, since customization was not seen
as a homogenous phenomenon that could be addressed as a whole.

Semi-structured interviews were chosen as the method to answer these research
questions, since interviews enable the researcher to gain a clear understanding of the
subjects discussed. Four capital goods manufacturers were selected based on their
having the following functions: engineering, manufacturing, and sales. All four
companies represented manufacturers in the metal and machine industry and had been
well-established for over 30 years. Furthermore, all four companies manufactured the
main component of the product itself. From each company, at least one person
representing each function was interviewed to determine whether their answers would
differ based on the function represented. Thus, the study was simultaneously able to link
customization to manufacturing, marketing, and engineering.

The results of the study show that customization was a normal procedure for conducting
business in the capital goods industry. All companies in this study had well-established
approval procedures for customization. Customization was seen as satisfying customer
requirements with nonstandard components. Typically, the core component and design
remained standard, with only the options being customized. The perceived advantages
of customization were linked to increased sals volume and customer intimacy. Extra
work and tied-up resources were among the major disadvantages. Crucial factors
included the ability to understand and transfer customer requirements into product
features.

Customization had the greatest impact on engineering, in which it not only tied up
resources but most often also demanded the most experienced resources. Typically,
every customization required engineering work. The effects on manufacturing were
minor. Increased throughput time and extra inspections were the most frequently
mentioned disadvantages. The increase in manufacturing time was typically less than
20%. For the sales departments, customization was simply a normal part of business
that enabled the company to avoid price competition. However, customization needs to
have strict rules, and those rules must be followed. Otherwise, a company could end up
making products unsuitable for that business.
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Comparing the presented frameworks allowed the following conclusions to be made.
The division into sofft and hard customization (Coates and Wolff 1995) was too general
and therefore not suitable for classifying capital goods. Similarly, the framework of
Gilmore and Pine (1997) was not suitable for capital goods. The mass customization
approach did not appear to work because customer requirements differed so much that
in many cases, there were no mass markets. The customization strategies presented by
Lampel and Mintzberg (1996) were, however, suitable for classifying capital goods.
Typically, manufacturing was either a customized standardization or tailored
customization. Nonetheless, the division between classes was at times somewhat
unclear. The idea of combining modularity and customer involvement (Duray et al.
2000) worked fine, because at least in these companies modular design and
manufacturing were well adopted and typically used.

4.2 Cost of customization

The second paper studied the cost effects of customization in capital goods
manufacturing. The objective of the study was to show how customization affects the
use of activities and the cost of products. Customization was seen as a phenomenon that
to some extent changes or influences the present structures of business processes and
activities. The underlying hypothesis was that customization would increase the number
of activities needed and, furthermore, increase the use of those activities.

The descriptive case study was conducted in a metal and machine industry company
which manufactures and assembles capital goods for industrial customers. The
production consisted mostly of assembly work, and material expenses accounted for
nearly 60% of all expenses. Three products were chosen as the subject of the study,
since they were considered to be representative of the company's production, covering a
little over 50% of the company's total production volume. Moreover, all three products
had a significant number of both standard and customized models. The data was
collected through interviews and from the company's sales and manufacturing

documents, and an activity-based costing model was created.

The results of the study showed that customization slightly increased the number of
activities required to manufacture and sell the product. The increase in the use of
activities was more significant. Customization had the greatest effect on engineering
activities, where the increase was on average about 300%. Similarly, the increase in
sales activities was significant. It was found that translating customers' needs into
product features was an expensive part of customization. Another significant increase
was in manufacturing costs. The increase was higher when the production process was
conducted on a disconnected line. A job-shop process seemed to be more suitable for
manufacturing customized products. The increase was not because of increased set-up
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cost, but mostly because of the increase in direct assembly work. Assembling non
standard components required extra time and inspections. On average, the cost of a
customized product was 17% higher than the cost of a standard product. However, the
difference in the total cost of activities was 67%.

4.3  Product profitability: Causes and effects

The objective of the third paper was to analyze the phenomenon of product profitability
and to investigate the causes of the differences in profitability between products. The
aim was to determine if there are systematic reasons that could explain the phenomenon
demonstrated by the whale curve. The whale curve demonstrates the effect of plotting a
company's cumulative profits as a function of products ranked by their profitability
(Cooper and Kaplan 1991; Kaplan and Atkinson 1998; Kaplan and Cooper 1998).
Typically, both the most profitable products and the least profitable products are among
the best performers in sales volume. It is said that companies encounter a whale curve
for cumulative product profitability especially in activity-based cost systems
constructed for companies or business units that meet two main conditions: expenses in
indirect and support resources are high, and a great diversity exists in products,
customers, and processes (Kaplan and Atkinson 1998).

The case study was conducted in the same company as that researched in the second
study. The company's annual production was approximately 2,700 end products. About
10% of the products were customized for special environments, such as hazardous
areas, thus adding to the requirements of the products. These customized products were
known to be time and activity consuming, but the higher profit margin was expected to
make them profitable. Moreover, the company also manufactured the main components
for the end products. These main components were also sold to other end product
manufacturers at a production volume of about 10 000 pieces per year. The profitability
and cost structure of all products and models were studied using the same data as in the
second study. Furthermore, sales documents were studied more closely to determine
actual sales prices and volumes of the products. Since the prices of the products
fluctuated, the study used average prices.

The results of the study showed that the profitability of the products varied greatly even
though the company did not fill two main conditions (high indirect expenses and great
diversity of products and processes). However, the difference in profitability between
standard and customized end products was not statistically significant. Furthermore, the
results for profitability and product variety suggested that it was more profitable to
broaden existing product lines than to introduce a completely new product. Results
related to product life cycle revealed that products in the decline production life cycle
were the most unprofitable, mainly due to high product sustaining costs.
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4.4 The effects of customization on spare part business - A case study in the metal

industry

The objective of the fourth paper was to dentify the consequences of customization in
spare part operations. The spare parts business involved the purchasing, warehousing,
selling and delivering of spare parts. In addition, customer service, such as handling
warranty issues, was seen as a part of the spare part business. The aim of the paper was
to classify different customizations from the perspective of the spare part business.
Furthermore, the study aimed to build a framework to assist R&D and product
management in decisionrmaking related to alternative customization policies.

The research was based on an analysis of the selected customized case items and
products of the case company, which was a large worldwide operating metal and
machine industry company. The company representatives composed the list of items to
be studied. The selected items represented typical examples of customized products, as
well as products that allowed comparison of the significance and nature of
customization with items representative of standardization, the directly opposite policy.
The items selected comprised one spare-part assembly, three types of wear
(consumable) parts, and one complete end product.

Data gathering was initiated by interviewing R&D and after-sales employees. The
interviews in the R&D department provided information about technical background,
processes leading to customization, and R&D workload caused by customizations. In
the spare part business, the sales volumes of the customized case items were examined
using company statistics. In addition, costs associated with the case items such as
warranty, delivery, revision and model costs were studied, along with the cost structure
of the spare part business. After-sales staff was interviewed, and process models were
built based on the interviews and company quality manuals. The process model and
knowledge of the time allocation allowed an activity-based cost model to be created
based on the spare part business. This model was used to answer the question how did
the cost effects of customization vary in relation to a particular type of customization.

The results of the study enabled customizations to be categorized from a technological
perspective. A customized item could either be a spare or a consumable part. A third
possibility involved applying the customization to an end product without having any
effects on either spare or consumable parts. Spare-part customization could be divided
into three subgroups; removal, change, and addition. In a technical sense, each
customization required electrical, hydraulic, mechanical or some other design.
Assessing the impact of the changes on the spare part business suggested that
mechanical customizations had only negligible consequences, because they were
typically incorporated into the permanent structure, such as the frame of a machine.
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Once the change was implemented, no spare parts were likely to be needed in the future.
Customizations of consumable parts were — in a technical sense — divided into two
subcategories. One could focus on either changing the shape or the material of the
standard consumable part. However, from the perspective of the spare part business,
technical categorization had only a tenuous link to the actual effects of customization on
the business.

The primary effect of customization in the spare part business was to increase the
number of spare part items. Moreover, the personnel costs had a significant role in
determining the cost effects of customization, while warehousing costs seemed to be
minor. When customization led to an increase in the number of seldom sold items, its
affect on the working time spent in different activities was considerable. Difficult and
unfamiliar items typically required, in such cases, 10 times more effort in after sales
than those more familiar items.

4.5  Customization from the after sales point of view -Implications of product and

item customizations for spare part business

The fifth paper tackled the same problem as the fourth, after sales. However, the data
was analyzed at a more detailed level and the study attempted to provide a set of
explanations to assess the relationship between product customization and the costs of
after-sales activities. The scope of the study was to evaluate the effects of customization
on the number and the sales volume of after-sales product items. In addition, the impact
of product customization on spare-part inventory value was also of interest. The
categorization developed in the fourth paper provided a framework for assessing the
implications of customization on after sales.

The case study was conducted in the same company as in the fourth paper. It relied on a
single product and a single consumable part. The rationale for selecting these two cases
was that both the product and the part represent a critical case. The case product was
seen by the company representatives as a typical example of a substantially customized
product. The consumable part was one of the most extensively customized items in the
company's product line. Taken together, these two cases made it possible to construct a

fairly representative picture of after-sales business.

The collection of data related to the case product consisted of three phases. First, all the
sales documents regarding the product were studied to identify the individual
customizations made during the life cycle of the case product. The second phase
involved interviews with the R&D engineers responsible for the product. Each
customization was separately studied, and the engineers were asked to comment on the
technical nature of the customizations in detail. Moreover, the engineers' opinions about
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the effects of the customizations on after sales (in terms of new items) were collected.
Finally, the last phase was conducted in cooperation with the after-sales department.
Two after-sales managers were interviewed to determine the general implications of the
customizations that had been made. The managers were questioned about whether a
customization creates a new item to be added to after sales or not. Further, the
respondents were asked if a customization creates a new item that was a) critical, b)
kept in regional inventory, or c) kept in local inventory. All the customizations that
caused new items to be kept in stock were analyzed in detail, and the total impact of
customizations on inventory value was calculated. The total number and the sales
volume of different versions of an item were investigated, and the costs connected with
engineering, molding, manufacturing, and warranties of the item were assessed and
calculated.

The result of this study showed that customization had very little direct impact on after
sales business. In general, customization increased the number of items stored in
information systems. However, only a minority of items was kept in stock. Furthermore,
a many of the customizations were implemented by altering or adding a fairly simple
mechanical structure to the product. In such cases, spare-part support was rarely needed
for after sales. It could be said that the sales volumes of spare parts in this capital goods
business were low and that they remained low regardless of the customization. In
addition, cost analysis indicates that the costs of customization (within the scope of the
study) were not excessive.
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5. Results and general discussion

5.1 Discussion

The aim of this thesis was to show how customization affects capital goods
manufacturer’s operations and costs. As this question is too general, more detailed
research questions were presented and examined in the separate studies. The following
section presents the results and connects them to previous research. Furthermore, other
findings relevant to customization and product variety theory are presented and
discussed.

The first two questions are connected to defining the concept of customization. What
does the concept of customization mean in the capital goods manufacturing business,
and what is it that practitioners mean when they refer to customization? As expected,
customization is a normal way of doing business in capital goods markets (Hakansson
1982 p. 165; Spring and Dalrymple 2000). Indeed, all the case companies had a long
history of customization. Customization is seen as fulfilling customer requirements with
non-standard options. Typically, these options or features are not designed in advance.
Thus, customization in the capital goods business requires engineering. However, the
core component and design always remain standard. If the core component or design is
modified, then it is no longer reflects customization, but instead becomes a new product
design.

The third question is connected to the motives of customizations. The results were
similar to those found in previous studies. Increased market share and customer
satisfaction were among the advantages of customization previously identified in other
studies (Sriram and Sapienza 1991; Fitzgerald 1995; Ahlstrom and Westbrook 1999;
Zairi 2000). The finding that customization could increase the sales of consumable
spare parts is in line with previous findings. Customization in that case can be seen as
both a vehicle of learning (Spring and Dalrymple 2000) and a means to increase
customer satisfaction, thus binding customers to the manufacturer and helping to
establish a stable relationship (Hékansson 1982). In at least one case, a certain type of
pride could be noted when an engineer mentioned that they had made the world's largest
product of its type. In that sense, a customized product supports the image that a
company can do almost anything (Spring and Dalrymple 2000).

All manufacturing departments considered increased throughput time to be the major
disadvantage of customization. This finding is similar to the so-called customization
responsiveness squeeze (McCutcheon and Raturi 1994), for which modularity has been
suggested as one possible solution (Ahlstrom and Westbrook 1999; Duray et al. 2000).
Short delivery times forced companies to start manufacturing before all customer
specifications had become known. In some cases, this required rework. Thus, this thesis
does not support previous findings indicating that customization decreases work-in-
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process inventory or reduces obsolete and redundant products in production (Kotha
1995; Agrawal et al. 2001). However, it should also be noted that previous findings
have focused almost solely on consumer goods. Typically, capital goods manufacturing
has always been based on customer orders, and the advantages of customization cannot
thus be justified by a decrease in inventory. In the engineering and saks departments,
the most often mentioned disadvantage was that customization ties up resources. Often
customization required the most experienced engineers and sales persons. This finding
can be attributed to the typical difficulty in understanding customer requirements, since
customization requires a skilled workforce, is high-cost in nature, and increases
supportive costs.

The fourth question remains somewhat unanswered. The study shows that
customization requires new activities as has been noted earlier (Bouwens and Abernethy
2000). However, far-reaching conclusions cannot be made based on these results, due to
the manner in which the activities were defined. Although two new activities were
recognized in this study, the nature of other activities may have changed because of
customization. For example, the bidding process and transferring customer requirements
have become more complicated.

The fifth question reveals new evidence when the effects of customization were studied
in terms of costs. It was found that customization increases total costs, a finding which
is quite obvious. The increase is greatest in engineering, thus leading to an increase in
supportive and overhead costs (Hayes and Wheelwright 1979; Yeh and Chu 1991;
Mughal and Osborne 1995). The results related to direct manufacturing expenses are
also somewhat contradictory. Although manufacturing does not consider the increase to
be significant, the figures show that the increase can be as high as 20%. It should be
kept in mind that the manufacturing time for standard products can vary. Thus, any
increase due to customization can simply be seen as part of the normal fluctuation that
is typical for low volume manufacturing. Furthermore, in capital goods manufacturing,
increased setup costs are not significant. This finding contrasts with previous studies
(Yeh and Chu 1991; Darlington 1999). This difference may also be related to low
volumes, in which batch sizes are always small.

The sixth question studied the profitability of the products. These findings did not show
that customization led to any differences in profitability. In fact, customized products
were found to be as profitable (or unprofitable) as standard ones. This finding may
appear to contradict the ideas of activity-based costing (Cooper 1988a, b). However,
there is nothing contradictory about it, because activity-based costing is only interested
in costs, not profits. Moreover, the comparison between high and low volumes is
fruitless since capital goods are typically manufactured in only low volumes. In the case
company, higher expenses were covered by higher sales prices. Furthermore, the study
revealed other findings concerning the profitability of customization and product
variety, suggesting that it is profitable to increase product variety by creating more
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models from a single product. However, it is not profitable to increase variety by
creating new similar products. The former finding can be explained by the higher total
volume (Kekre and Srinivasan 1990), and the latter by higher supportive costs (Hayes
and Wheelwright 1979; Yeh and Chu 1991; Mughal and Osborne 1995).

The last three questions were connected to the after-sales function. The study presents a
new taxonomy for customization based on a technical perspective. Even though the
classification has been created for spare parts, it can be altered to cover customization in
general. Overall, similar classifications are sparse (Suomala 2001). Furthermore, the
findings based on these spare-parts businesses were somewhat unexpected. At least, the
company representatives were convinced that customization had a negative financial
effect on the business. However, the results show exactly the opposite to be true. The
effects were minor. Quite often, customization was made to the permanent structure and
no new spare-part items were created. Furthermore, only a minority of the items was
kept in stock. Moreover, the sales volumes in the capital goods spare-parts business are
always low, and customization does not make them any lower.

This research revealed other findings concerning customization and product variety. It
was reported in more than one case that companies manufactured customized one-of-a-
kind products called “specials” that consumed enormous amounts of time and resources.
Furthermore, these “specials” were considered to be unprofitable, though no data were
found to confirm this view. Neverthe less, these “specials” were in some cases classified
as a symbol to the industry in support of the brand image (Spring and Dalrymple 2000).
Unfortunately, this was not true in all cases, and in some cases the rationale for
customization was difficult, at least for outsiders, to determine. If “specials” do not
support the strategy and the brand image, they would only drain resources, and the
opportunity costs could become be too high. Spring and Dalrymple (2000) have
reported similar findings. Thus, it would be beneficial if there were a classification for
recurring and nonrrecurring customizations, as this would enable a company to improve
its engineering and manufacturing process and avoid such “specials”.

Using modularity allows the case companies to achieve volume-related advantages in
customization. In the spare-parts studies, it was found that once designed, the
customized option frequently became the standard in the future, since modular design
incurs no extra penalties. These findings are similar to previous studies (Ahlstrém and
Westbrook 1999; Duray et al. 2000; Duray 2002).

5.2 Conclusion

The results of the study show that in the capital goods business, customization was a
normal procedure for doing business. All the case companies had a long history of
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customization. Customization was seen as adding non-standard features to a product,
typically requiring further engineering work. Common to all cases was that the core
product itself always remained standard. If the core product was customized, a new
product was created.

In the sales department, customization was seen as a normal part of daily business and
was motivated by the need for increased sales and avoiding price competition.
Furthermore, customization was seen as a valuable information source concerning
customer requirements. A significant increase was observed in sales activities, since
translating customers’ needs was seen as a crucial point in customization.

The greatest effect of customization was found in engineering. It was noted that
customization tied up resources and, typically, the most experienced resources.
Furthermore, there is a notable difference between two of the customization strategies.
Tailored customization required typically less than 150 hours of engineering work,
whereas pure customization were reported to take, in most extreme cases, over 2500
hours. However, even tailored customization can increase engineering activities as
much as 300%, as reported in the second paper.

Within manufacturing, customization was perceived as having only minor effects on the
manufacturing process. However, this view was contradicted by other findings. In some
cases, customization did not require any additional work, nor did it increase
manufacturing costs. In other cases, however, manufacturing time was seen to increase
by up to 50%. The result of the second paper shows that customization increased
manufacturing activity costs on average by 26%. The increase in manufacturing time
was explained by extra inspections and rework. The perceived disadvantage of
customization was related to throughput time. Short delivery times required a company
to dart manufacturing a customized product before all customer requirements had
become known.

When considering spare parts, in a technical sense, each customization could require
electrical, hydraulic, mechanical, or other design work. Mechanical customization
seemed to have the least effect on spare parts, since customization was most often made
to the permanent structure and did not lead to new items. Closer study of the effects of
customization on the spare-parts business revealed that customization had only a minor
effect on inventory value. Furthermore, seldomly sold items required more resources
than did the more familiar items in terms of after sales. However, it could not be shown
that customization increased seldomly sold items. In the case of consumable items,
customization could even increase the sales volume of these items.

Other findings show that in one of the case companies, customization required two new
activities. Both of these new activities involved inspection and were found to increase
the btal cost by less than 2%. The increase in other activities, however, was more
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significant, with the total costs of customized products averaging 17% higher than the
standard products. With regard to the profitability of the product, customized products
were as profitable as the standard ones, at least at the level measured, indicating that the
increased costs were covered by higher sales prices.

5.3  Limitations and further research

Unfortunately, the study does not answer the question of opportunity costs. In one
company, it was noted that the resources used for customization are thereafter not
available for other purposes. Thus, the total effect can be negative, even though it
appears to be positive in the short run. Furthermore, the study gives no evidence
concerning advanced manufacturing technology. However, there is always a penalty for
customization either in direct or indirect costs. The question is whether this increase can
be covered by higher sales prices. At least, the activity-based costing systems in the
companies studied show greater differences in costs and profitability than do any of the
previously used marginal costing systems. Moreover, the results for product
profitability also show wide variations. These findings corroborate previous studies in
justifying the use of activity-based costing (Cooper 1988a, b).

Before generalizing these results, it is worth noting that this thesis relies on case studies,
in which external validity is a typical weakness (Leonard-Barton 1990; Voss et al.
2002). In that sense, no grand theory can be built based on these results alone. However,
the study creates new knowledge that could be applicable to the environments
described. All four case companies represented capital goods manufacturers in the metal
and machine industry. Most of the customizations studied can be classified as tailored
customization, and the standard products as customized standardization (Lampel and
Mintzberg 1996). Thus, it could be concluded that there is, at least to some extent, an
analogy that could be drawn between the standard production of capital goods and mass
customization (Pine II 1993; Amaro et al. 1999). Moreover, it is interesting to note that
production volumes for these products were low, typically less than one hundred but
more than ten units per year. In that sense, the generalizability of these findings is
limited. The results might have been completely different if the companies studied had
had very low volumes, as is the case with paper mill production or shipbuilding.
Similarly, these results cannot be generalized to any high-volume capital goods
manufacturing, where the production volumes are at least one decade higher, like
tractors or electric motors. In such cases, mass customization frameworks may prove to
be more beneficial. Nevertheless, most of the findings are supported by previous
studies, thus increasing confidence in the findings and improving the external validity of
the results (Eisenhardt 1989).
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To be able to generalize the findings, further research is needed. Similar studies have to
be conducted with multiple cases, in which literal replication should be used for case
selection. The theory could also be extended if polar types of cases were selected. For
example, similar studies should be conducted that focus on extremely low-volume and
relatively high-volume environments. Furthermore, a longitudinal case study would be
beneficial when studying the cost effects of customization. The life cycle aspect, which
has barely been scratched in this study, could show different figures. For examining the
profitability of customization, measurements at a single customization level are not
enough, and the total profitability of each customer relationship should also be known.
Building a customer relationship is an investment and should thus be studied over a
longer period. A single sale can be uneconomical, but after sales can make it profitable.
Similarly, further research is needed to determine whether there is some critical size for
a population of machines that would serve as a break-even point for after sales
profitability.

Although many classifications exist for customization, classification is not enough for
managerial purposes. It would also be useful to explore how customization should be
conducted for each class, and what the advantages and disadvantages are for each
strategy. Other important subjects for future studies would include the effects of
customization on organization structure and management control systems. The aim of
this thesis was to determine how customization affects a company’s operations and
costs. New evidence was gained, and new directions have been indicated by this
research. For example, in capital goods manufacturing, mass customization does not
mean a shift from mass production to customization but, rather, a shift from craft
manufacturing towards mass production. Similarly, the competitive situation between
standard and customized products would offer an interesting research topic. After all,
much further research is needed to gain a fuller picture of customization.
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