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Abstract

In the last century there have been drastic changes in the way products are
developed and manufactured — manufacturing technologies have advanced
and at the same time global competition has increased tremendously. For
companies to survive, the name of the game has been to offer greater product
variety, in more frequent intervals, and for a lower price. Mass production has
been replaced by mass customization, where the basic rule is that the

customers should get exactly what they want, at the time they want it.

A partial remedy to concurrently lower cost as well as provide customers with
a greater number of variants has been to use platforms’. Platforms in the
manufacturing industry have at times been highly advantageous while in other
instances they have caused more problems than benefit. Platforms exist in
different contexts and scope, and it has been found that companies need to
improve their platform management skills in order to increase the general

level of competitive advantage.

This dissertation proposes that a company can considerably improve the
management of its platforms by increasing its holistic understanding of them.
To do this, platforms are viewed from different viewpoints that aim to both
display the effect a platform has on its surroundings, as well as the effect its
surroundings has on it. This approach has been incorporated into a method
called the PAMatrix (Platform Assessment Matrix) that uses a synthesis of
cross-functional, subjective expert opinion and consensus based decision

making.

The PAMatrix method uses already existing implicit and explicit knowledge to

improve decision making on how to manage each individual platform. First a

" In this dissertation, a platform is defined as the set of core assets that are reused to create a
competitive advantage.



set of platforms are identified that the company views as key enablers for
creating a competitive advantage. The platforms are then assessed from
several different viewpoints — each capturing a partial evaluation of the
platforms’ status or effect. After an assessment of a viewpoint, each
stakeholder individually suggests a specific strategic action plan along with a
weight factor of how important the viewpoint is to the overall assessment of
the specific platform. Finally, the discrete action plan suggestions are
collected and jointly assessed and debated — based on which, a final strategic

action plan can be made.

The method has been tested in three industrial situations, where its use has

been considered beneficial and platform understanding has increased.
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1 INTRODUCTION

The manufacturing industry today can be characterized as supplying to a
“buyers market,” i.e. the customers are in a position to dictate what should be
sold, at what time, and in many cases, at what price. To gain a competitive
edge, companies strive to lower internal cost by using the virtues of scale
effects and standardization, but at the same time, quite paradoxically, also

aim to increase product variants, and decrease time to market.

In this setting, using product platforms has been found to be useful to fulfill
both goals; more specifically, product platforms have been found to be
enablers of competitive advantage — by increasing the possibility to create
differentiation, to lower cost, or to focus on a specific market niches. Platforms
are shared over a range of products, and typically generate the core function
of each product. Variants are then created by building upon the platform and

changing e.g. the looks of the product or adding features.

Platforms have proven to be advantageous but at the same time to often
include overlooked negative side effects — diminishing their overall
effectiveness. Employees throughout the organization furthermore often have
a vague and conflicting understanding of their platforms — of their effects,

limitations, strengths and weaknesses.

The motivation of the work presented in this dissertation derives from the
growing importance of platforms in the manufacturing industry, as well as the
apparent lack of tools to holistically assess them. By definition, research within
the field of Engineering Design has to ultimately be useful for the industry [1].
This was very much a prerequisite of the method developed in this
dissertation — the Platform Assessment Matrix, or PAMatrix for short. It is a
practical method, i.e. relatively time-efficient to use, and relatively easy to
understand, without however sacrificing its vigor to assess and increase the
understanding of platforms in the manufacturing industry. To do so it uses
already existing explicit and tacit knowledge from cross-functional

stakeholders within a company. It should be used to create an arena to make
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platforms apparent — the goal being to create a better understanding of the

platforms, and ultimately improve strategic decisions made upon them.

In this chapter, the topic of the dissertation is established. The industrial
motivation of using platforms is described and examples given of their
importance. A problem statement is introduced, where it is argued that a
simple method to assess platforms is needed. Related work is briefly
described — the goal being to understand the context within which the
proposed research exists. The objectives of the dissertation are listed, along
with research questions and assumptions. The contribution of the research is

proposed and finally the outline of the work is introduced.

1.1 Industrial Motivation for Using Platforms

The effectiveness of the firm’s new product generation activity lies in: 1) its ability to
create a continuous stream of successful new products over an extended period of
time; and 2) the attractiveness of these products to the firm’s chosen markets.
— Meyer et al. [2]
The last century’s shift from workshop-, to mass production, and then to mass
customization, has had dramatic consequences on the overall quality, cost,
and availability of products [3]. Industries have become more competitive and
the trend is that the customer shall continuously get more value for a lower

price.

There is evidence that for companies to survive, product development time
must be shortened and product variety increased [4-8]. Furthermore,
companies have to decrease cost, and at the same time they have to provide
the customer with exactly what he or she demands, at the right price. Product
platforms are recognized as being a partial remedy to fulfill both of these two

seemingly contradictory goals [9].

Many examples exist, demonstrating the advantage of using platforms in the
manufacturing industry. Meyer and Lehnerd [9] describe how Black & Decker
Corporation had great success with their double insulation program, where
they, in the early 70s, redesigned the product line and developed a family of

products through commonality and standardization: Before the program, Black
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& Decker had a product portfolio of 122 different models, with uncoordinated
designs, materials, and technologies. Alone its power tools used 30 different
motors, each manufactured by a different set of tools. Furthermore, 60
different housings were needed to accommodate variations in power and
application — e.g. for saws, drills and sanders. On top of all of this, 104
different armatures were needed (each requiring its own tooling) and dozens
of different switches and buttons populated the company’s parts bins and bills-
of-materials. Black & Decker invested 17 million dollars and three years to
complete the double insulation platform program. The changes were drastic;
much of the work in design and tooling was eliminated due to the large
amount of standardization — included in the platform were motors, bearings,
switches, gears, cord sets, and fasteners. The financial payoff was enormous;
e.g. instead of the previously estimated need of 600 people for motor
manufacturing, the new system required only 171 people — saving millions of
dollars in labor cost alone. In addition, inventories went down, scrap rates fell,
cycle times for new derivative products greatly shortened, and in general
scale effects were increased enormously. Competition soon felt the
consequences of Black & Decker’'s new platform approach. Over a period of 5
year most of the major players in the market left the power tool business,
unable to compete against Black & Decker’s attractive and moderately priced

product portfolio.

The importance of using a product platform in the SONY WALKMAN® product
family has also been well documented [5], where they introduced nearly 250
models based on merely three platforms — most distinguished by making
small changes in features, packaging, or appearance. Similar success stories
have been described regarding Motorola’s bravo pager [3], and even for
Steinway & Sons pianos’ [10]:
Steinway customizes each piano, however, making it a handmade work of art.
Steinway offers no two identical pianos, yet produces only a handful of core
models. — Wheelwright & Clark [10]
But the use of platforms has not only had positive consequences. As an
example, in the mid-80s GM arguably went too far in their focus on reducing

variations and sharing common platforms. There was a striking similarity
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about their vehicles and GM quickly earned a reputation for producing boring
“cookie-cutter” cars where the “wow factor” was seriously lacking [11]. Another
similar example of negative side-effects of platform use comes from the VW
Group'. From 1993 to 1999 they managed to lower cost tremendously by

producing more modules on fewer platforms — cutting the number of used

platforms from 16 to 4. As an example, the company’s Platform A carries the
VW Golf, VW Jetta/Passat, VW New Beetle, Audi TT, Skoda Octavia, Seat

Toledo, and Seat Leon, along with a number of other models (Figure 1-1).

Figure 1-1: A few of the automobiles that use the VW A-Platform with 65% component
sharing

The cars share a common architecture and 65% of the same components
[13]. At the same time as they managed to cut costs and introduce a wide
array of new models, negative side effects to using a platform approach
emerged. As an example, unwanted cannibalization effects became apparent
where price-conscious buyers traded down seeing the similarities among VW,
Audi, Seat, and Skoda vehicles. As an indication of this, in the year 2000
Skoda registrations grew 19% while VW brand registrations dropped 6% [14].
Undesirable functions and unexpected technical problems also appeared — as
an example the Audi TT had difficulties with rear wheel pressure directly
related to the platform. Furthermore, the platform arguably can have negative

effects on long-term innovation [15].

These examples imply that a platform can both have positive as well as

negative effects — as depicted in the illustration bellow.

' The recognized global leader in platform strategy for passenger cars [12].
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= cannibalization
» quality issues

= cost savings
» shorter development
time

Figure 1-2: A platform can at the same time have positive and negative effects

In this section the industrial motivation for using platforms has been
described, and we have seen that platforms can have major positive effects
as well as negative side-effects. In the next section the problem statement is

presented.

1.2 Problem Statement

Literature reveals that there are greatly divided opinions of what exactly a
platform in the manufacturing industry is (see e.g. [16, 17]) , and furthermore
that there is a genuine lack of methods to cross-functionally and holistically
assess platforms in their given context. As an example, the unwanted
cannibalization at VW? had not been estimated or measured®, and while the
platform saves cost, using the platform did have considerable challenging

negative side effects.

Companies are relying more and more on platforms to decrease cost as well
as to shorten development time and increase the number of product
variations. In this setting, proper management of the platform is of key
importance — being able to make the correct decisions on which products
should share the platform, the correct life-time for the platform, and the level

of platform maintenance.

% Please see previous section.

% Personal note from a senior VW executive at the ATA 2003 in Florence, Italy.
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Very limited research effort has been made on facilitating the management of
platforms [16]; the main research focus is on the development of platforms

and not on the management of the platforms once they do exist?.

Cross-functional communication ability and -analysis is of major importance
for any engineering design company [18-20]. Platforms have proven to be one
of the fundamental enablers of competitive advantage [21]. As such, a cross-
functional evaluation of platforms is vital, as they do indeed influence the
whole organization — from research & development and procurement, to
manufacturing, marketing & sales, and service. Companies must be able to
understand the positive and negative effects that a platform has in a cross-
functional perspective to be able to better manage them. Only by fully
understanding these effects can a company make sound decisions regarding
strategic action steps for their platforms; in other words, a lack of
understanding directly jeopardizes management’s ability to make correct
decisions. Today when managers and other stakeholder make decisions
regarding platforms, they have to count on intuition as they mostly consider a
small set of factors, e.g. number of products based on platform and cost of

derived product.

Platforms exist in different contexts and scope, and studies have shown that
in some cases they have proven to be advantageous [5], while in others they
have proven not to be [22]. An important question is: Can companies acquire
a better understanding of their platforms in their specific context in order to
better manage them? Furthermore, how can this be done in a relatively
modest time frame? Otto and Holtta support this finding and argue that there
is an apparent lack of comprehensive platform concept evaluation tools [23].
Furthermore, Simpson [24] finds that researchers should strive to understand

better the impact of platform-based product development.

* In Chapter 1.3 related work is discussed.
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It is clear that there is a great need for a pragmatic and simple method to
increase cross-functional platform understanding, and so support a company’s
strategic decision making process.

1.3 Related Work

Traditionally, Engineering Design literature has focused on the development
and evaluation of single products [25, 26]. Meyer and Lehnerd [9] argue that
such a focus on individual customers and products results in “a failure to
embrace commonality, compatibility, standardization, or modularization

among different products or product lines.”

In the last decade, research on product platforms and product family design
has matured rapidly [24]. It is in general quite diverse in nature and Fellini et

al. find that it can be categorized as following two approaches [27]:

e Approach A is more quantitative and uses mathematical formulations of
optimal design problems but is limited by the ability to model a given

situation, while

e Approach B is more qualitative, addressing important business issues,
common terminology, different schools of thought, and real-world case

studies.

The research of this dissertation follows Approach B and focuses on areas
within the platform research field that have previously not been extensively
looked into. In Table 1-1 the research area of this dissertation is compared to

the research focus within the field in general.
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Table 1-1: The focus of this dissertation in reference to the general focus within the

platform research field (Areas partly adapted from [24])

Focus of this
dissertation
Research focus
in general

Area 1 Product family planning and platform .
development
Area 2 Platform management . [ |
Assessing platforms/platform-based product .
Area 3 .
development & Case studies
Design for Manufacturing and Assembly
Area 4 (DFMA) [ |
Area 5 Web-based platforn_'u customization .
strategies
Area 6 Support for small- and mid-sized .
manufacturers
Overcoming organizational barriers to
Area7 platform-based product development & . |
Platform understanding

Product family planning and platform development

Within product family planning and platform development, there exist a variety
of optimization-based techniques [24]. Here the main focus is on finding the
optimal tradeoff between standardization and uniqueness. Optimization
approaches most often follow the assumptions: (1) Maximizing product
performance maximizes demand, (2) Maximizing commonality minimizes
production costs, and (3) Resolving the tradeoff between (1) and (2) yields the
most profitable product family [24]. As an example of work within this research
area, Simpson and Souza [28] introduce a genetic algorithm-based approach
for product family design to balance the commonality of the products in the
family with the individual performance (i.e., distinctiveness) of each product in

the family, and de Weck et al. [29] introduce a methodology to determine the
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optimum number of product platforms to maximize overall product family profit
with simplifying assumptions derived from target market segment analysis,
market leader’s performance vs. price position, and a two level optimization
approach for platform and variant designs. Numerous other optimization-
based approaches for product family design have been suggested (e.g. [27,
30-41])° and they can be divided into being single step/stage or multi-
step/stage optimization approaches. In single-step approaches, one tries to
optimize the product platform and derived family of products concurrently,
while in a multi-step approach one ftries first to optimize the platform and then
optimize the individual products belonging to the product family in the
following steps. Simpson [24] finds that in order for these methods not to lead
to sub-optimal product families, it is vital to explicity model the market
demand for the products in the family and their associated manufacturing
costs. Otto & Holtta [23] argue that a very limited amount of factors are viewed

in these optimization-based approaches. They write:

[Generally such] works restrict to developing a couple focused criteria when
evaluating platforms. The main focus seems to be on maximizing the commonality
while trying to maintain the product performance requirements. Yet, when using
only a few criteria to develop or evaluate platforms, one must not ignore the others.
For example, one may have optimized the performance and cost of the platform
but is it more reliable than another? Does it have lowest service cost? Is it easy to
outsource major subsets? Is it more flexible than another platform? etc. This issue
often arises e.g. when comparing two alternative platform concepts, concepts, or
deciding whether to update or replace a platform. — Otto & Holtta [23]

Platform management

McGrath [42], Meyer and Lehnerd [9] and others [43-46] discuss the
management of platforms at a very strategic level. Halman et al. [16] find that
little work has been done in regards to finding practical methods to manage
platforms. They write:

Available literature so far has mostly focused on the underlying concepts and
benefits of product family development (i.e. effective and efficient product
development through reuse) and less on investigating what might be successful
strategies to manage the risks and problems related to platform and product family
development and implementation. Academic scholars should focus also on how to

® For those interested, Simpson [24] offers a comprehensive overview of the status of

research within this particular research area.
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transfer their developed knowledge in a way that is easy accessible and acceptable
for practitioners. — Halman et al. [16]

Meyer et al. [2] argue that quantifying the economic benefit of platform-based
product development is important for strategic decision making. Platform

strategy is further discussed in Chapter 2.2.2.

Assessing platforms/platform-based product development & Case
studies

Many studies have demonstrated both that platforms have been useful [5, 9,
16], as well as non-beneficial [22]. A number of metrics have furthermore
been suggested to quantify these benefits/drawbacks — metrics for platform
commonality [47-49], metrics for platform efficiency and effectiveness [9],
metrics for product variation [27, 39, 50-52], metrics for functional similarity
[53], and metrics for generational variety [47]. As an example, Meyer and
Lehnerd [9] suggest that the efficiency and effectiveness of platforms can be

measured as follows:

Derivative product engineering cost

Platform efficienc
Y Platform engineering cost

Net sales of a derivative product

Platform effectiveness

Development cost of a derivative product

Despite the number of metrics identified to evaluate platforms, little research

has been performed on creating a holistic evaluation.

Otto & Holtta [23] criticize the apparent lack of comprehensive platform
concept evaluation tools. They find that excellent work has been performed in
developing single product concept evaluation methods. They argue that a
platform concept has different requirements due to its longer lifetime and that
it must enable several derivative products. These added requirements make
the single product concept evaluation methods not directly applicable for a

platform concept.

They suggest a multi-criteria view of platforms to assess their performance

[23]. This work is perhaps the most similar to the research presented in this
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dissertation; both have the same approach in analyzing platforms from an
array of viewpoints/metrics; each viewpoint capturing a subjective evaluation
of an important aspect regarding the platform. The intermediate results are
then pieced together in an overall picture which should give a better
understanding of its actual performance in its particular context. Simpson [24],
finds that researchers should strive to understand better the impact of

platform-based product development.

Overcoming organizational barriers to platform-based product
development & Platform understanding

As mentioned earlier, cross-functional communication ability and -analysis is
of major importance for any engineering design company [18-20]. Juuti &
Lehtonen [54] find that a basic understanding of platforms in organizations is
missing, and use a simulation game to motivate the adoption and
understanding of platforms where mental models, beliefs and other human

factors are considered.

Little work has been done to promote common cross-functional understanding

of the impact, performance and potential of platforms.

In the next section the objectives of the dissertation are presented.

1.4 Objectives

The work in this dissertation focuses on creating a relatively time efficient and
user friendly method that enables companies to gather and discuss a
structured set of comprehensive information to increase the understanding of
their product platforms. This is important as an increased understanding of a
platform arguably improves the ability to manage a platform - and so
ultimately competitive advantage can be improved. The method should enable
stakeholders to define, make apparent, discuss key aspects of, create a
common understanding of, evaluate, and create a common ownership of a
platform. According to Ulrich & Eppinger [26], a design methodology is a
procedure for completing activities, and is valuable for three reasons: 1) the
decision process is made explicit, 2) important issues are not forgotten, and 3)

a record of the decision-making process is created. The method should do
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this, i.e. make explicit the decision process, systematically assess important

issues, and document the decision making process.

To reach the objectives, three research questions have been defined, as

presented in the following section.

1.5 Research Questions and Assumptions

1.5.1 Research Questions

Correlating to the objectives of the dissertation, there are three basic research

questions:

RQ1.

RQ2.

RQ3.

Is it possible to define the term platform in a way that embodies the

core essence of the multiple current definitions from the academia?

How can a platform be viewed to create a holistic understanding of

its current state?

Can a cross-functional assessment of a platform facilitate and
stimulate discussion, common understanding, consensus based
decision making, and common ownership, with regards to the

platform?

1.5.2 Assumptions

In the dissertation a number of assumptions are made.

A1l

A2.

A product platform can be understood indirectly by capturing how it

affects, and is affected by, its surroundings.

The main goal of a product platform is to create a competitive
advantage. The platform can do this by following one of three
generic strategies: Creating differentiation, enabling cost leadership,

or focusing on a niche market®.

® This is adapted from Michael Porter three generic strategies to create competitive
advantage [55].
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A3. A more comprehensive understanding of a platform, improves the

ability to manage the platform.

A4. The level of competitive advantage can be increased if the level of

platform understanding was increased.

1.6 Contributions

The main contribution of the dissertation is to introduce a method for
companies to holistically understand platforms. It does so by utilizing a set of
defined and described viewpoints, and by systematically and cross-
functionally gathering explicit and tacit information to stimulate and facilitate

common understanding, discussion, and a common ownership of platforms.

1.7 Outline

The original plan was to base this dissertation on five peer-reviewed
conference papers. However, from the publication of the first paper (Paper A)
until the last (Paper E), considerable iterations were made, outdating or
making irrelevant some of the findings in earlier papers. The decision was
therefore made to write the dissertation as a monograph, referring however at
times to the appended papers. As far as possible, the papers are all inclusive

and mutually exclusive (Figure 1-3).

Figure 1-3: The appended papers aim to be mutually exclusive and all inclusive

In Chapter 1, the industrial motivation for using platforms is discussed, the

problem statement, related work, objectives, research questions and
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assumptions are presented, and finally the contribution of the dissertation is

made clear.

In Chapter 2, the shift from mass production to mass customization is
reflected, and platforms in the context of engineering design are discussed.
Furthermore, a definition of a platform in the manufacturing industry is

proposed.

In Chapter 3 the research within engineering design as well as the specific

research method of the dissertation is introduced.

In Chapter 4 the development as well as an extensive overview of the

Platform Assessment Matrix (PAMatrix) method’ is described.

In Chapter 5 the case studies, which have been used to iteratively improve the

method as well as validate the method, are discussed.

In Chapter 6, findings and conclusions are summed up and further research

possibility is discussed.

Finally, in the Appendix, the appended papers are included.

” The chapter presents an extended and slightly altered version of the method as described in
the appended paper D.
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2 PLATFORMS IN THE MANUFACTURING

INDUSTRY

In this section the move from mass production to mass customization is
discussed. Furthermore, platforms in the manufacturing industry are
introduced and a platform definition that embodies the core essence of the

multiple current definitions from the academia suggested.

21 Moving from Mass Production to Mass

Customization

2.1.1 Mass Production

Mass production was an offspring of the Industrial Revolution and offered for

the first time readily available high volumes for a relatively low price®.

It was however first with the monumental work of Frederick Winslow Taylor
[56] that the basis for mass-production was created. In “The Principles of
Scientific Management” he promoted a sharp division of labor where workers
performed only a narrow set of tasks:
Under our system a worker is told just what he is to do and how he is to do it. Any
'improvement' he makes upon the orders given to him is fatal to his success. —
Taylor [56]
One of the early adapters to Taylor’s principles was the Ford Motor Company.
In 1913 the company implemented the “moving assembly line” at its Highland
Park plant in Michigan. The new technique allowed individual workers to stay
in one place and perform the same task repeatedly on multiple vehicles that

passed by them. The line proved extremely efficient and helped the company

® Pine [3] finds that the Industrial Revolution replaced “hand tools with machinery and
mechanization as the primary instruments of production.”
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to greatly surpass the production levels of their competitors — and make the
vehicles more affordable [57].

Mass production makes products more affordable as it creates economies of
scale throughout a company’s value chain. As an example of its benefits, the
time needed for administration is lessened, purchasing power is increased as
larger batches are ordered, scrap rates are lowered as the learning curve
climbs, and the level of complexity is generally lowered. The downside to
mass-production is that it is at opposite terms with product variety. The whole
idea is to repeat exactly the same physical activities with exactly the same set

of assets (components, man-power, machinery, etc.).

Product variety is something that only in the last decades has become an
important ingredient for companies to compete with. It is very seldom that a
company can compete by offering only one product variant — as opposed to

the early days of mass production when Henry Ford famously said:

“You can have any color you want, as long as it's black.”
-Henry Ford on options for the Model T, 1914

2.1.2 Product Variety

Companies use product variety to fulfill a broader scope of market needs. The
traditional downside has been that variety costs; increased complexity, slower
learning curve, greater scrap rates in manufacturing, higher risk of design
fault, higher logistics cost, and higher purchasing costs, are just some
contributing factors. In general, variety impacts marketing, design and

manufacturing complexity; and imposes costs throughout the supply chain.

The number and variety of products observed at any point of time in a given
industry results from a complex selection mechanism where various economic
forces interact [58]. As an example, the need for product variety should
increase when the degree of income- or taste differences between consumers
grows larger. Another example would be that different types of products are
more attractive as there is less to gain from consuming more of a specific
product [59].

In the current market place, customers can no longer be lumped into a

homogeneous group; they expect to be treated as individuals with different
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needs [3]. The trend is that new models are introduced in the market more
frequently and the number of mass-produced models is decreasing [60].
Offering a large palette of product variants has for long been recognized as a
powerful way for companies to compete — in fact Whitney [61] argues that

companies essentially need product families to survive.

Summing up, on one hand the need for variety of products is apparent, while
on the other hand cost advantage from concentrating productive effort on a
limited number of products is advantageous — an advantage which is greater

the higher the amount of overhead costs in production.

2.1.3 Mass Customization

In recent decades there has been a shift from mass production to mass
customization® due to tougher global competition [10] and the need for
product variety. Mass customization aims to provide goods and services that
fulfill individual customers personal needs with near mass production
efficiency — it is the customization and personalization of products and
services for individual customers at a mass production price [62].
The imperative today, is to understand and fulfill each individual customer’s
increasingly diverse wants and needs—while meeting the co-equal imperative for
achieving low cost.” — Anderson and Pine [63]
Traditionally customization and low cost have been mutually exclusive but
with mass customization one tries to develop ways to realize both, i.e.
combine variety with economies of scale. This can be obtained by e.g.
customizing the products by use of product configuration systems [64], or/and

platforms [47].

In this section the need for mass customization has been argued to derive
from the demand of product variety at mass-production prices. In the next
section platforms in the manufacturing industry are introduced, which

according to Martin [47], are a good way to minimize design costs and to

® The concept was originally mentioned be Stan Davis [62] and later further developed by
Pine [3].
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reduce the time-to-market of future products — i.e. a key enabler for mass

customization.

2.2 Platforms

A platform in the manufacturing industry is in its nature cross-functional and
holistic. It affects and is affected by a number of factors, both within the
company’s boundaries, as well as externally. It enables a company to deliver
variants at a greater pace, and at the same time it creates savings throughout
the value chain — through purchasing from suppliers, handling of logistics,
positive learning curve effects through the use of fewer assets, and generally

reduced complexity.

Developing a single product includes numerous complex steps, among them a
market analysis, a concept development, a feasibility review, a final design
review, a market test review, and a manufacturing feasibility review [10].
Developing a platform, upon which a company can derive a number of
products over a period of years or even decades, is even more difficult for
decision makers — uncertainty of the market dynamics, technology dynamics,
industry dynamics, and even in the internal status of the company, are

significant.

In the following illustration, a number of product families are shown. All of

them use a platform in one form or the other.
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Figure 2-1: An example of product families that use platforms.

The platforms in Figure 2-1 are perhaps not easy to identify. In some cases
they are visible, while in other cases they are not. In some cases they are
composed of components, while in other cases they have not a single shared
component, but rather use the same production method. This brings us to the

question of what exactly a platform is in the manufacturing industry.

2.21 A Definition of the Term Platform in the Manufacturing

Industry

A range of different platform terms are used in the context of engineering
design; product platform, technology platform, brand platform, global platform,
modular platform, process platform, customer platform, integral platform,
scalable platform, and high-tech platform are all commonly used terms to
describe different types of platforms. Unfortunately, there are also a number of
different definitions for the same type of platform. Furthermore, the general
term platform means different things to different people, i.e. there is a general

lack of precision in its usage.
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According to Moore et al. [65]"° a platform is a foundation for a range of
individual product variation, i.e., something that is developed once and used in
multiple applications. Ericsson & Erixon [66]11 similarly find that a platform
refers to a common base from which a number of predefined models can be
built. Gonzales-Zugasti et al. [40]12 include interfaces into the concept and
define a platform as the set of elements and interfaces that are common to a
family of products. These definitions are very similar to definitions of product

platforms, as later demonstrated ™.

Moving on to the term product platform, differing interpretations have been
found in the literature depending on the scope and context of its use; it can
refer to the sharing of functions, the reuse of a physical frame that is constant
over time, a collection of modules which can change over time, or even in

some cases it might be a strategic tool.

Let us look at definitions of product platforms from some of the recognized
researchers within engineering design- and marketing. In its most simplistic
form, a product platform refers merely to the sharing of physical components
over a range of products. Meyer & Lehnerd [9]'* define a product platform as
a set of common components, modules, or parts (especially the underlying
core technology) from which a stream of derivative products can be efficiently
created and launched. Sawhney [46]" finds that a product platform is set of
subsystems and interfaces that form a common structure from which a stream
of derivative products can be efficiently developed and produced. This is very
similar to Gonzales-Zugasti et al.’s [40] definition of a platform mentioned

earlier.

1% Work within the field of business and marketing.
" Work within the field of engineering.
" bid.

13 Although not specified it is likely that the authors use the term platform synonymously to the term
product platform.

1 Meyer works within management.

'® Works within management of electronic commerce and technology.
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Adding the term design to the concept, Meyer & Utterback [67]"° and later
Nayak et al. [39]'" argue that a product platform encompasses the design as
well as the components which are shared by a set of products. Similarly, de
Weck et al. [29]" find that a product platform is a set of design variables or

components that is commonly shared across the product family.

A different perspective is seen from those who find that the reuse of
technology’® is the main factor of a product platform. Maier & Fadel [43]%°
define a product platform as the technology that all the members of the
product family have in common, and upon which different product variants are
designed (or “instantiated”) by individually adding technology to the platform.
Similarly McGrath [42]*" and Siddique et al. [68]*? argue that a product
platform is the lowest common denominator of relevant technology in a set of

products or a product line®.

Robertson & Ulrich [69]** include all of the above into their definition of a
product platform — finding that it is the collection of assets that are shared by a
set of products. These assets can be divided into four categories, consisting

of components, processes, knowledge, and people & relationships.

McGrath [42] furthermore finds that a product platform is a collection of
common elements, particularly the underlying technology elements,
implemented across a range of products. At the same time he emphasizes
that a product platform is primarily a definition for planning, decision making,

and strategic thinking; it is the set of architectural rules and technology

16 Utterback works within management and innovation.
7 Work within the field of engineering.

" bid.

'° Here the term technology is used for a physical entity.
20 Work within the field of engineering.

2! \Works within strategic management.

2 \Nork within the field of engineering.

% |t is important to notice however, that in many cases concepts such as technology and design mean
different things to different people.

24 \Work within the field of information- & product development.
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elements that enable multiple product offerings and defines the basic value
proposition, competitive differentiation, capabilities, cost structure, and life
cycle of these offerings. Here it is clear that the platform encloses the core
competency of the organization; that certain something that gives the

organization a competitive advantage.

Significantly different is the definition from Farrell & Simpson [70]25 of a
product platform, as it is not a steady, unchangeable foundation or basis, but
rather a design architectural concept that can changezs. They argue that the
product platform provides the basis for the product family, which is derived
through the addition, substitution, or exclusion of one or more modules from

the platform or by scaling the platform in one or more dimensions.

Sudjianto & Otto [72]*” move from viewing a product platform as mainly being
a collection of physical assets to being a set of shared functionality across
multiple products. In the case of the use of multiple brands, a product platform
is a set of functions shared across multiple products each within a different
brand. It is clear in this case that the definition has a different character, as
there is no certainty of reuse of components although functions are reused?®.
Furthermore, they define a brand platform as the set of shared brand
signatures and modules over a range of products. Here a brand signature is a
function or aesthetic element made common to a brand’s offerings, to

maintain brand identity.

The findings imply a gradual increase in scope in the product platform
definition — from including only physical components and modules, to

including technology, human resources, design, and functionality.

5 Work within the field of engineering.

% As an example in the automotive industry a platform can include interchangeable modules [71]. The
chassis may even have different lengths as long as the same stamping dies are used.

27 \Work within the field of engineering.

% Even if we assume a one-to-one matching between the physical components and the functional
elements — i.e. what e.g. Ulrich [73] refers to as modular architecture — we cannot assume the reuse of
components.
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According to McGrath [42] technology platforms are managed differently from
product platforms in that product platforms are a market-facing construct, and,
although developed collaboratively with R&D, they are managed by a
business unit. Technology platforms are in a sense, a core competency for
technology-based companies. They do not lend themselves to the building
block modules and interface structure of product platforms — whereas the key
technical issues for a product platform revolve around the design of the
element integration and the architecture — for technology platforms, they are
more complex; they include road-mapping of relevant product platform
elements and predictable, on-schedule technology delivery. Finally make-buy
decisions are different for a product platform as they are made at the element
level, while for a technology platform, make/buy and licensing decisions are

made at the technology, patent, and portfolio level.

Ulrich & Eppinger [26]* find that a platform product is built around a pre-
existing technological subsystem (a technology platform). As an example, the
tape transport mechanism in the SONY WALKMAN®, the Apple Macintosh
operating system, and the instant film used in Polaroid cameras. A technology
platform has already demonstrated its usefulness in the marketplace in
meeting customer needs. Furthermore, they find that platform products are
very similar to technology-push products in that the team begins the
development effort with an assumption that the product concept will embody a
particular technology. Gawer & Cusumano [44]° find that a high-tech platform
is an evolving system made of interdependent pieces that can each be
innovated. The concept of platform thinking is defined by Sawhney [46] as the
process of identifying and exploiting the shared logic and structure in a firm's
activities and offerings to achieve leveraged growth and variety. It can be
applied to the firm's products, brands, target markets, geographical markets,
and business processes. He finds that each of these dimensions is a vector

for growth and variety creation, and together these dimensions enable firms to

29 \Work within the field of product development.

%0 Work within the field of management.
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achieve leveraged high variety. He describes five types of platforms to
facilitate the analysis of the firm’s activities and offerings, i.e. a product
platform, a global platform®', a customer platform>?, a process platform, and
finally a brand platform®.

It is clear that there exist numerous types of platforms within the context of the
manufacturing industry. Furthermore, a definition of the same type of platform
can vary considerably as the example of a product platform in Table 2-1

shows.

Table 2-1. A summary of the product platform definitions displayed in the section
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2 Moore et al. [65]
3 Ericsson & Erixon [66]
4 Gonzalez-Zugasti et al. [40] X X
5 Sawhney [46] X
6 Meyer & Utterback [67]
7 Nayak et al [39]

31 Consisting of a core offering that is common across global markets and customized elements that
enable speedy and cost-effective localization of the firm’s offerings to country-specific conditions and
customer preferences.

%2 The beachhead that the firm chooses as its point of entry into a new market can be conceptualized as
the firm’s customer platform.

3 E.g. manufacturing processes, design work-steps, assembly procedures, and logistics handling
procedures.

% Platform thinking applied to brand management allows a firm to exploit synergies among brands, to
minimize overlap among brand identities, and to achieve coherence and clarity of positioning across the
product family.
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8 de Weck et al [29] X

9 Maier & Fadel [43] X

10 | Gonzalez-Zugasti & Otto [30] X X |

11 Robertson & Ulrich [69] X X X

12 McGrath [42] X X X X X X

13 | Sudjianto & Otto [72] X

14 | Farrell & Simpson [70] X

Finally, it is clear that in some cases greater precision is needed in what is

meant by the term platform.

In this dissertation, in the context of the manufacturing industry, a platform is

defined as:

a collection of core assets that are reused to achieve a competitive

advantage

The term core indicates that the asset is centre in the organizations
understanding of what is essential for the product to be competitive. In most
cases, core assets are proprietary, engineered by the members of the
organization — the expertise of use of specific material, the secret multi-step
process of manufacturing a Silicon Carbide (SiC) semiconductor wafer, or for
that matter the secret mixture of the Coca Cola syrup, are all examples of an
organizations reuse of core assets. Furthermore, assets can be divided into
components, processes, knowledge, and people & relationships [69]. A
competitive advantage can be created by following one of three generic

strategies: differentiation, cost leadership, or focus [74]. Based on this train of

% Modular platform.

% Integral platform.
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thought, all platforms can be said to have a specific goal — to create a
competitive advantage by facilitating the creation of variants, by promoting

cost leadership, or by supporting a focus on a niche market.

The strength of this definition is that represents the core essence of the
multiple current definitions from the academia. Furthermore, it empowers a
company to “put its finger on” the set of core assets that matter the most for
creating a competitive advantage. It is free to “color out of the box” and gather
together the assets it finds useful and logical to view together, even though

they might at first sight not fit into a standard form.

2.2.2 Platform Strategy

As with the term platform, the term platform strategy means different things to

different people.

McGrath [42] finds that a product platform strategy is the basis for product
strategies. He defines a product platform as a collection of common elements,
particularly the underlying technology elements, implemented across a range
of products. At the same time he emphasizes that a product platform is
primarily a definition for planning, decision making, and strategic thinking; it is
the set of architectural rules and technology elements that enable multiple
product offerings and defines the basic value proposition, competitive
differentiation, capabilities, cost structure, and life cycle of these offerings.
Here it is clear that the platform encloses the core competency of the
company; that certain something that gives the company a competitive
advantage.

Muffatto [71] argues that a platform can be seen from a strategic, an
organizational, and a technical perspective and that the introduction of a
platform strategy affects product development performances, in particular,
cost and lead-time reduction, the international operations and the R&D
management strategies of companies. He finds that a platform strategy is
strongly linked to the way platform development is organized in relation to the
other parts of the whole product and that every company recognizes the

platform strategy as a key issue in their future domestic and international
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strategy. Furthermore, he states that a platform strategy affects a number of
issues, in particular the relationship between platforms and models and
between platforms themselves, the relationship with the supplier base, and

the relationship with subsidiaries in other countries and with other companies.

Meyer & Lehnerd [9] describe different platform strategies in terms of utilizing
platforms over different market segments. They identify three strategies in the
context of a market segmentation grid (Figure 2-2). The first strategy is niche-
specific platforms with little sharing of subsystems and manufacturing

processes (Figure 2-2a).

Segment A Segment B Segment C Segment D

b
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High Performance ((cy ) (S it Platform)
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Figure 2-2. A Market Segmentation Grid with Three Platform Strategies (adapted from
Meyer & Lehnerd [9])

The second strategy is horizontal leverage of key platform subsystems and
manufacturing processes (Figure 2-2b). Finally, the third strategy is vertical
scaling of key platform subsystems (Figure 2-2c). In addition, they define a
Beachhead Strategy as being a mix of horizontal leverage and vertical
scaling. They suggest a five-step process for companies to define their
platform strategy: 1) segment markets, 2) identify growth areas, 3) define
current platforms, 4) analyze competing products, and 5) consider future
platform initiatives. As can be seen, their view of a platform strategy has to do

with leveraging platforms to different market segments.

According to de Weck et al. [29], a platform strategy is essentially an effective
and deliberate program of component reuse which takes advantage of the
economies of scale across the product family, while minimizing the negative
impact of reuse on individual product variant distinctiveness and performance.
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Gawer & Cusumano [44] refer to Platform Leadership as the objective to drive
innovation in the industry. In their opinion, a platform is a standard, e.g. the
Microsoft's Windows operating system, or the VHS standard. They look at
platform strategy as an action plan to become the dominant platform on the
market. They suggest a framework — the Four Levers of Platform Leadership
framework — that managers can use to design a strategy for platform
leadership or make their existing strategy more effective. The framework has
the following four levers: 1) scope of the firm, 2) product technology
(architecture, interfaces, intellectual property), 3) Relationships with external

complementors, and 4) internal organization.

It is clear that these five views of platform strategy differ a great deal,
depending on, among other things, what the authors put into the term

platform.

As stated earlier, the term platform is defined as a set core assets that are
reused to achieve a competitive advantage. The definition of the term platform
strategy refers then to a company’s elaborate and systematic plan of action to
manage a group of platforms, both individually as well as in regards to how
they work together as a group; it is a company’s grand plan to manage its
platforms — to build a match between creating a family of attractive products
for the market and the reuse of core assets within the company. A platform
strategy includes decisions on e.g. how long a platform should exist and the
choice of products that are based on each platform. A successful strategy
takes into consideration a broad group of factors that either affect or are
affected by the company’s platforms. The ultimate goal with platforms is to
create a competitive advantage, something that at best is a fleeting
commodity that must be won again and again [75], and the platform strategy

has to support this.

In Paper C, platform strategy is described in greater detail.
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2.2.3 Benefits of Platforms

As mentioned in Chapter 1.1, considerable benefits have been documented
from using platforms in the manufacturing industry. Sanderson & Uzumeri [5,
76] demonstrate how SONY managed to launch to market some 250 models
of SONY WALKMAN® during the 1980s. Meyer & Lehnerd [9] illustrate how
Black & Decker managed to use product platforms to both lower cost and offer

a greater variety of attractive products.

Roberson & Ulrich [69] find that:

“By sharing components and production processes across a platform of products,
companies can develop differentiated products efficiently, increase the flexibility
and responsiveness of their manufacturing processes, and take market share away
from competitors that develop only one product at a time.”
By using product platforms, companies can reduce development time and
system complexity, reduce development and production costs, and improve
the ability to upgrade products. Furthermore, they improve learning across
products, reduce the need for testing and certification®” of complex products
such as aircraft, spacecraft, and aircraft engines [24], and enable greater
flexibility between factories and increased factory usage. As an example, in
the automotive industry sharing underbodies between models can yield a 50%
reduction in capital investment, especially in welding equipment—and can

reduce product lead times by as much as 30% [71].

2.3 Platform Assessment

Although benefits have been documented due to the use of platforms, they
have at times also had a negative impact as earlier reflected. There is a
definite need to be able to holistically assess platforms to support companies

with their decision making.

%" The logic here is that by using a platform, the platform can be tested as whole rather than
its individual parts. The same logic applies to certification.
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Despite the fact that there exist numerous methods to develop platforms
based on optimizing a few criteria (see Chapter 1.3), there is a lack of
comprehensive platform concept methods [23]. One of the major challenges is
that platforms exist in different types of context and scope that have to be
taken account to, i.e. the effect that the platform has on its environment and

vice versa have to be considered.
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3 RESEARCH METHODS

Research is systematic enquiry, the goal which is knowledge — Archer [77]

There are many definitions of research design, but the essence of it can be
said to be that (a) the design is an activity- and time-based plan, (b) it is
always based on the research question, (c) it guides the selection of sources
and types of information, (d) it is a framework for specifying the relationships
among the study’s variables, and finally (e) it outlines procedures for every

research activity [78].

In this chapter, some views of research in engineering design are presented
before the actual research method used for the dissertation is established.

Finally, data collection and validation are discussed.

3.1 Research in Engineering Design

Engineering design is a relatively new field which encompasses a wide range
of multi-disciplinary activities aimed to improve the product development
process. Its importance has grown in recent decades in line with the
intensification of global competition. In parallel to the growing popularity of the

discipline, research activities have also flourished.

In this section, first the motivation for the foundation of the discipline
engineering design is contemplated, and second, research within the field is
studied.

3.1.1 Motivation of Engineering Design

The shift from workshop-, to mass production, and then to mass
customization, has had dramatic consequences on the overall quality, cost,
and availability of products. In recent decades there has been a shift from
mass production to mass customization due to tougher global competition
[10]. Mass customization aims to provide goods and services that fulfill

individual customers personal needs with near mass production efficiency.
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One of the consequences of these shifts has been an exponential growth of
complexity in the design process. In short, there have been major changes in
the industry, causing more frequent design changes in products, changes in
product development processes, changes in the marketplace, and changes in
partnering. It's getting harder to improve system performance from advances

in individual disciplines [79].

It is in this context that engineering design has grown as a discipline.
Engineering design is a purposeful®®, social (team) and cognitive (individual)
activity undertaken in a dynamic context [80]. It is a discipline that creates and
transforms ideas and concepts into a product definition that satisfies customer
requirements. The role of the design engineer is the creation, synthesis,
iteration, and presentation of design solutions. The design engineer
coordinates with engineering specialists and integrates their inputs to produce

the form, fit, and function documentation to completely define the product [81].

3.1.2 Engineering Design Research

The aim of engineering design research

The characteristics of design and the aim of engineering design research, i.e. to
change the present for the better, requires design research to have its own
methodology based on elements of methodologies in other research areas.
— Blessing & Chakrabarti [82]

The aim of research within engineering design can be said to be threefold
[83]:
1. The formulation and validation of models and theories about the
phenomenon of design,

2. The development and validation of knowledge, methods and tools —
founded on these models and theories, and

3. To improve the design process, i.e. support industry producing
successful products.

%8 Aimed at changing existing situations into preferred ones.
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In general the overall aim is to support the industry by improving the
understanding of engineering design and, based on this, develop knowledge,
in the form of guidelines, methods and tools that can improve the chances of
producing a successful product [82]. It is essential that design research is
scientific in order for the results to have validity in some generic, practical

sense [82].
A note on engineering design research

Research activities have been quite diverse in nature and context.
Cantamessa [84] finds that it is no simple matter to define the contents, the
research approach or the community behind research in engineering design.
He identifies the youth of the discipline, the numerous disciplinary
backgrounds of the researchers involved, and that there is no field in natural
science from which design engineering derives, as the main cause. Blessing
[1] agrees and finds that the outcome of several discussions on engineering
design research with groups of PhD students who had been involved in
design research for a few years showed that there is a distinct lack of clarity

about what constitutes engineering design and how to go about it.

In science of research literature, it is clear that such multi-disciplinary
characteristics are not uncommon for a research field. Gibbons et al. [85] find
that a new type of knowledge generation has come into being, both in the
natural and social sciences, as well as in the humanities, which they call mode
2% knowledge production. It is characterized as trans-disciplinary, carried out
in a context of application, and heterogeneous, while the old mode (mode 1) is
disciplinary, problems are set and solved in a context governed by the, largely

academic, interests of a specific community, and homogeneous.

% This is in line with Nilsson’s [86] findings that science researchers have continuously
provoked our basic view of the motivation for science. He makes account for how the creation
of science can be seen as motivated by numerous forces, taking into account history,
sociology, anthropology, philosophy, and other factors.
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Knowledge production within engineering design is mode 2 and a trans-
disciplinary set of “goggles” are needed when trying to understand the nature

of research within engineering design*’.

3.2 Design Research Methodology (DRM)

In this section the research methodology for the dissertation is introduced. It

was chosen due to its robust, efficient, effective and rigorous approach.

To deal with the multidisciplinary nature of engineering design research,
Blessing et al. [82, 83] propose a methodology called the Design Research
Methodology (DRM) to help researchers in identifying research areas and
projects, and in selecting suitable research methods to address the issues.
Furthermore, it has the goal to piece together various types of research, to
encourage a reflection on one’s own research, and to provide pointers to

methods in other disciplines that can be used [82].

The methodology consists of four stages, Criteria, Descriptive Study I,

Prescriptive Study and Descriptive Study Il (Figure 3-1).

0 Sgrensen [87] argues that the notion of trans-disciplinary research has been initiated due to
the lack of a general holistic overview; the poly-technically educated engineer should
encompass the competence to apply science to praxis. One has to study the product
realization process as a whole, including the use of resources in the manufacturing process
and the disposal of products after their useful life. Such improvement of the design process
requires the insight from numerous multi-disciplinary fields; management and
communications, application of psychological principles, use of statistically-based quantitative
methods, as well as advances in mathematics, computer science and other sciences — all
applied in an engineering context [79].



CHAPTER 3: RESEARCH METHODS 35

Basic method Results Focus

CRITERIA —> Measures

Observation &

) —> DESCRIPTIVE STUDY|I — Influences
Analysis

Assumption &

Experi — PRESCRIPTIVE STUDY — Methods
xperience

Observation &
Analysis

DESCRIPTIVE STUDY Il ——  Applications
]

Figure 3-1: DRM framework (adapted from Blessing and Chakrabarti [82])

Criteria

In the first stage of the methodology the success- and measurable criteria are
formulated. The expected research aim is identified, and the focus of the
research project is set. It provides the focus for the Descriptive Study I, on
finding the factors that contribute to or prohibit success. It furthermore creates
a focus for the Prescriptive Study on developing support that address those
factors that are likely to have most impact. Finally it enables the evaluation of

the developed support/tool (Descriptive Study II).

Descriptive Study |

This stage of the methodology emphasizes the importance of descriptive
studies to increase our understanding of design, in order to inform the
development of the design support. It furthermore identifies the factors that
influence the formulated measurable criteria and explains how they influence
these. It provides a basis for the development of support to improve design.
Finally, it provides more details that can be used to evaluate the developed

design support.

Prescriptive Study
This stage emphasizes the importance of developing an impact model (or

theory) as the basis for systematic development. It develops an impact model
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or theory, based on the reference model or theory from the Descriptive Study

stage, describing the expected improved situation.

Furthermore, it develops the support in a systematic way. Finally, it evaluates

the support with respect to e.g. its in-built functionality and consistency.

Descriptive Study Il

The final stage of the methodology emphasizes the need for different types of
evaluation to assess the developed support, and the need to evaluate more
aspects than only functionality. The goal is to identify whether the support can
be used in the intended, and that it addresses the factors it is supposed to
address (application evaluation). Finally, an evaluation is made whether this
indeed contributes to success (see the feedback arrows in Figure 3-1), thus
addressing the impact as well as the reference model. In the following table,

the roles of each of the DRM stages are summarized.

Table 3-1: Roles of each of the DRM stages (Blessing and Chakrabarti [82])

STAGE ROLE OF THE STAGE

Criteria Here DRM emphasizes the need for formulating a success- as well as a
measurable criteria. More specifically the role of the stage is:

o To identify the aim that the research is expected to fulfill, and the
focus of the research project.

e To focus Descriptive Study | on finding the factors that contribute to or
prohibit success.

e To focus the Prescriptive Study on developing support that addresses
those factors that are likely to have most influence.

e To enable evaluation of the developed support (Descriptive Study II).

Descriptive | Here DRM emphasizes the importance of descriptive studies to increase our
Study | understanding of design in order to enlighten the development of design
support. More specifically the role of the stage is:

e To identify the factors that influence the formulated measurable
criteria and how they influence these.

e Provide a basis for the development of support to improve design.

e Provide more details that can be used to evaluate developed design
support.
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(Continued from previous page)

STAGE ROLE OF THE STAGE

Prescriptive | Here DRM emphasizes the importance of developing an impact model (or
Study theory) as the basis for systematic development. More specifically the role of
the stage is:

e To develop an impact model or theory, based on the reference model
or theory from the Descriptive Study stage, describing the expected
improved situation.

e To develop support in a systematic way.

e To evaluate the support with respect to its in-built functionality,
consistency, etc.

Descriptive | Here DRM emphasizes the need for different types of evaluation to assess the
Study Il developed support, and the need to evaluate more aspects than only
functionality. More specifically the role of the stage is:

e To identify whether the support can be used in the situation for which
it is intended, and that it does address the factors it is supposed to
address (application evaluation).

e Success evaluation to identify whether this indeed contributes to
success (see the feedback arrows in Figure 3-1) thus addressing the
impact as well as the reference model.

It is not expected that each of the stages of the methodology is executed in
depth in every single project. In the next section the case study approach is

introduced.

3.3 The Research Design of this Dissertation

The research in this dissertation started as an exploratory process where the
general research focus was gradually crystallized. In this first phase, the
exploration of secondary data was useful-while the actual problems regarding
platform assessment were uncertain. Through the exploratory process, the
platform concept was made clear, priorities were established, and the general

research design method was decided.

After the research questions had been formalized, the study departed from
being exploratory to being more formal. Data was collected both through

extensive reviews of literature (secondary data) as well as empirically (primary
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data), where both observations as well as surveys were used*'. As the time
frame of the research was relatively short, longitudinal observations were
impossible. Instead the time dimension of the study was cross-sectional, i.e.
the observation was carried out once and represented a snapshot of one point
in time. Case studies were used to iteratively improve the method as well as
validate whether it was of use for the small sample of companies visited (i.e.

no universal validation).

The research followed the third type of design research according to DRM.
This is depicted in (c) in Figure 3-2; a review was used for the Criteria
Formulation and Descriptive Study |, a detailed Prescriptive Study was

performed and finally an initial Descriptive Study Il was carried out.

CRITERIA DESCRIPTIVE PRESCRIPTIVE DESCRIPTIVE
FORMULATION STUDY | STUDY STUDY Il
a Review —— Detailed
b Review —t+— Detailled —— Initial
C Review ——» Review —4—% Detailed —— initial
d Review _| , Review _1 , Review _ | , Detailed
Initial/Detailed <«
Review @ —1— Detailed —+— Detailed —— Initial
Review —— Review —— DetaiITed —1— Detailed
|
g Review —1— Detagled —_t Detail?ed —+— Detailed
|

Figure 3-2: Different types of design research derived from the proposed methodology.
This research follows the third “type” of design research, marked with (c). (Adapted
from Blessing & Charkrabarti [82]

Criteria definition

Based on reflection, the level of competitive advantage was taken as the

overall criteria for success, while the level of platform understanding was

defined as the measurable criterion for the research.

*1 See Chapter 3.5 for further information on data collection.
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The time frame of the project was limited, and so literature was consulted and
assumptions were made that the level of competitive advantage could be

increased if the level of platform understanding was increased.

Figure 3-3 shows the logical steps used to connect the measurable criteria

with the success criteria.

MEASURABLE CRITERIA

}

: Improved understanding of a platform...

...improves the ability to manage the platform...
: ...which improves the quality of differentiation, cost leadership, and/or focus...

:i ...that increases the likelihood of an increased level of competitive advantage.

!

SUCCESS CRITERIA

Figure 3-3: The logical steps between the measurable- and success criteria

First of all, the assumption is made that improving the understanding of a
company’s platforms, improves the ability of the company to manage its
platforms (a). The second assumption (b) is based on numerous findings that
identify that platforms can be useful to improve the quality of differentiation,
cost leadership, and/or focus attributes [5, 9, 13, 36, 42]. Furthermore, in his
dissertation from the University of St. Gallen in 2001, Hofer [21] explicitly
demonstrates that platforms can be used to create an competitive advantage.
Finally, (c) Porter [55] argues that competitive advantage can be achieved by

following three generic strategies, differentiation, cost leadership, or focus.

In this way the measurable criteria has been linked to the success criteria both
with basic assumptions and with the help of literature. This dissertation
suggests a method to improve the understanding of platforms in companies.
The argument is made that if it is possible to validate that the measurable
criteria can be improved, it is possible to say that the success criteria is
improved. This specifically means that if the level of platform understanding is

improved then the competitive advantage of the company is also improved.
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Descriptive Study I (DS-I)
In this stage, literature was used to identify viewpoints that could be used to
depict a platform — and so improve the holistic understanding of a platform,

i.e. the measurable criterion.

The chosen approach to identify these viewpoints was to categorize them into
those that describe (a) how the platform affects its surroundings, (b) how the
surroundings affect the platform, (c) company internal effects of the platform,
and (d) company external effects of the platform. In Figure 3-4 this is
illustrated. The horizontal axis is divided into viewpoints that describe
company internal and company external effects. The vertical axis is divided
into viewpoints that describe how the platform is affected by its surroundings
and how the surroundings are affected by a platform. As an example, in
Figure 3-4, viewpoint A illustrates how the platform affects its surroundings

and derives from the internal organization.
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Figure 3-4: Factors can be viewed as a) affecting the platform or being affected by the
platform, and b) being internal or external.

Another example would be that viewpoint C illustrates how the surroundings

affect the platform and is an external factor. Note that this schema/framework

is only meant to support the identification of the viewpoints.

Prescriptive Study
In this stage, a method was suggested to systematically register the

information about the platform, based on the viewpoints captured in
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Descriptive Study I. To develop the method the results from DS-1, own
insight, and an iterative improvement process in collaboration with the
industry, was used. The method, along with the logic behind it, is presented in
Chapter 4.

Descriptive Study Il (DS-2)

In the last stage, an initial review of the method was performed in the industry.
A validation of the methods usefulness along with an evaluation of whether it
improved the measurable criterion was assessed. This stage is presented in

Chapter 5 and Paper E.

3.4 Addressing the Research Questions

In this section the approach to addressing the research questions is

described.

RQ1: Is it possible to define the term platform in a way that embodies

the core essence of the multiple current definitions from the academia?

This research question has been addressed by examining a vast amount of
secondary literature (Chapter 2.2 and Paper A) and deducting their essence.

Based on the findings, a definition was made.

RQ2: How can a platform be viewed to create a holistic understanding of

its current state?

Viewpoints to analyze the platform were identified by setting up a framework

based on the following assumptions:

e A platform is influenced by a number of company internal and external

factors.

e A platform influences a number of company internal and external

factors.

e A platform has a goal which is to create a competitive advantage —

differentiation, cost leadership, or focus.

e A platform has side effects which can be internal and external, negative

or/and positive.
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The viewpoints identified aimed to depict the platform in a holistic way. The
goal was not to find the optimal and final set of viewpoints, but rather to
demonstrate the usefulness of the approach in general — i.e. to use viewpoints

to create a holistic picture to improve understanding.

For different companies, a different set of viewpoints (or at least a different
weighting of importance of the viewpoints) is to be expected. Chapter 4.6,

Papers B and C further address this research question.

RQ3: Can a cross-functional assessment of a platform facilitate and
stimulate discussion, common understanding, consensus based

decision making, and common ownership, with regards to the platform?

In Chapter 4 and Paper D this research question is addressed. Basically the
viewpoints identified in RQ2 are systematically examined in a matrix*?; first by
individually interviewing a group of internal cross-functional stakeholders and

later jointly in a workshop.

3.5 Data Collection

Research is in most cases based upon the work of others. The research in
this dissertation is no exception. Secondary data was used to understand the
‘lay of the land” in regards to platforms in the manufacturing industry.
Furthermore, secondary data is a substantial part of the method developed in
the dissertation, i.e. the PAMatrix (Chapter 4). In this section the data

collection method is described.

3.5.1 Secondary Data

Secondary data was used in all steps of the research process (based on
DRM), from Criteria Definition to the Descriptive Study Il. The material
originated from online data-bases, design engineering conferences and
workshops. The scope of the dissertation is quite broad and it would have

been non-value adding to try to discover everything.

*2 The Platform Assessment Matrix (PAMatrix).
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In Table 3-3 the specific use of secondary data is listed.

3.5.2 Primary Data

The PAMatrix method was iteratively improved based on observations and

feedback from industry-situated stakeholders.

A case study approach was used, which is important where a greater
emphasis on a full contextual analysis of fewer events or conditions and their
interrelations is needed [78]. In general, case studies are the preferred
strategy when “how” or “why” questions are being posed, when the
investigator has little control over events, and when the focus is on a

contemporary phenomenon within some real-life context [88].

The critics to the case study approach argue that investigators who do case
studies have deviated from their academic disciplines; their investigations,
have insufficient precision (that is, quantification), objectivity, and rigor [88].
Furthermore, case studies have been maligned as “scientifically worthless”

because the do not meet minimal design requirements for comparison[78].

On the other hand, the supporters of the case study approach argue that they
have a significant scientific role, as they can e.g. be used to falsify universal
scientific propositions by a single counter instance [78]. Others find that there
is a striking paradox in the claim that the case-study method has serious
weaknesses and the number of investigators using the method; case studies
are frequently used in social science research (e.g. psychology, sociology,
political science, anthropology, history, and economics, urban planning, public
administration, public policy, management sciences and education),

dissertation research, and evaluation research [88].
The setup of the case study in this dissertation is described in Chapter 5.

The communications approach entails surveying people and registering their
input for analysis. The strength of the method lies in its versatility where
abstract information of all types can be gathered by interviewing others. The
drawback of the method is that the motivation of the participants is not always
optimal and therefore the quality of the answers might vary [78]. Figure 3-5

demonstrates a number of factors that influence participant motivation.
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Figure 3-5: Factors influencing participant motivation (adopted from Cooper &
Schindler [78])
The quality and quantity of information collected depends heavily on the ability

and willingness of participants to cooperate.

Observation is used to gather a range of insight and stimuli; the atmosphere in
the company, facial expressions in responding to questions, hesitations,
bewilderment, happiness, etc. While such observation may be a basis for
knowledge, the collection processes are often disorganized. Observation
qualifies as scientific inquiry when it is conducted specifically to answer a
research question, is systematically planned and executed, uses proper
controls, and provides a reliable and valid account of what happened [78]. In
Chapter 5, a more thorough description of the observations in the Prescriptive
Study is given. A survey was used to assess the usefulness of the method

and is shown in Chapter 5.3.

3.5.3 Qualitative Exploration

Qualitative methodologies are used to evaluate causal relationships by
holding certain variables constant through careful case selection, while
quantitative methodologies are used to isolating causal relationships through

large numbers of cases and statistical procedures.

Unlike quantitative techniques, causal qualitative analysis of a small number

of cases facilitates investigation of [88]:

(a) important but difficult-to-quantify variables (such as power, interests,

or leadership),
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(b) theoretically important, empirically rare, or previously ignored cases,

(c) innovative (but, by their nature, rare) international environmental policy

strategies, and

(d) causal, rather than merely correlational, relationships

3.6 Validation

Validation is of key importance in any research. Rossi et al. [89] argues that

evaluators must often innovate and improvise as they attempt to find ways to

gather credible, defensible evidence about social programs. Blessing &

Chakrabarti [82] find that the statement is fitting to design research as well.

According to Rossi et al. [89], “the main challenge here is to match the

research procedures to the evaluation questions and circumstances as well as

possible and to apply the highest possible standard feasible in those

circumstances.”

For this dissertation several types of validity are of importance 