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ABSTRACT

This research addresses the problem of what to consider as competence in
research and development (R&D) and how does it change in contractual
projects. Two cases are investigated, so called fault diagnosis systems and
code generation methods and tools. They involve the Technical Research
Centre of Finland (VTT) as a supplier and several companies as customers.
Projects established by these parties from 1985 to 1998 have been analysed,
to study how the supplier's competence evolves. The research is based on
the analysis of several thousand pages of documents and interviews of some
fifty persons. The change of competence is evaluated and explained within
project-based relationships called project nets. Differing objectives and
goals of the interacting parties are found to greatly affect project nets, and
thereby the evolution of the supplier’s competence.

In the code generation case, the focal VTT managers aimed at creating a
versatile portfolio of fully contractual projects, for machine automation
applications in particular. The approach did not work as intended. The code
generation researchers produced design methods and tools that were, in the
end, mostly utilised inside VTT — which neither benefited the contractual
R&D business of VTT, nor resulted in explicit core competence. In the fault
diagnosis case contractual projects were, however, used to create what can
be considered as core competence of VTT asan R&D supplier.

Still, even the code generation competence survived through many years
and conflicting viewpoints to form a basis of business — not for VTT, but
for some of the original inventors. This indicates both the key role of
individuals in R&D and the need for strategic management of evolving
competence. Development of functional capabilities to solve problems in
certain applications is found in this research to be essential for the building
of core competence of an R&D supplier. Flexible use of generic
engineering techniques and implementation technologies is also important.
However, this depends on how skilled customers are in this regard.

The final part of the dissertation is devoted to the question of how to
manage competence, based on the empirical insights of the research. The
god is to help pave the way for strategic relationship-based competence
management in contractual R&D.



PREFACE

The roots of this research can be traced back to 1993, when | started my
executive MBA course at the University of Oulu. Based on these studies, |
took an interest in the “improvement” of the R&D process. As a graduation
present | received the book by Hamel and Prahalad on core competence.
The book was one of the stimuli to this research. Having been a software
engineering researcher for fifteen years, | could not help wondering what
competence actually meant in practice, in my daily working environment. |
saw an opportunity, as a business science researcher, to investigate and
express in explicit terms some elements of competence and to analyse its
evolution in the context of project-based relationships. This is what | have
been doing during the past three years.

Professor Kimmo Algoutsijarvi, the advisor for my research, comes not
from the engineering but the marketing research community. He made it
clear from the beginning that my research should not result in yet another
dissertation on computer technology, but in a thesis on business science. It
IS NO exaggeration to say that this research would not have been possible
without his help. As an expert in industrial marketing and a researcher who
was thoroughly familiar with longitudina case studies, he was guiding me
to theright direction. | must say that even if it has not always been easier, at
least it has been much more fun to follow this direction, compared to the
conventional engineering research process.

Professors Péivi Eriksson, Pekka Kess, Kristian Mdller and Henrikki
Tikkanen helped me in a most practical way during my research. | am
indebted to them for their time and patience, and now understand how
frustrating it must have been to try to teach me some of the very basic issues
of business research. | am especially grateful for Henrikki’s efforts in this
regard. The same holds for the reviewers of the manuscript of the thesis,
Professor Hakan Hakansson and Dr. Carl-Johan Rosenbréijer — their
comments improved thisfinal version of the dissertation remarkably.

Several people at VTT and elsewhere have helped me to carry out the two
case studies included in the research. Please accept my hearty thanks and
sincere apologies for not mentioning you here in order to guarantee a
minimum of privacy for your past endeavours. | have tried to present your
points of view in this dissertation as clearly and honestly as possible. The
responsibility for any mistakes in the conclusions drawn from your
interviews and comments is solely mine. At this point, | would also like to
thank Dr. Kari Leppdd, Dr. Keijo Réasanen and Dr. Ahti Salo, who helped
me in formulating my research plan and dealing with the two cases.

Professor Jorma Lammasniemi made it possible for me to carry out this
research alongside my daily duties at VTT Electronics. | am very grateful
for his support. Ms. Anu Angeria, Mrs. Eija Posio, Mrs. Sari Malaskd, Mrs.
Eija Hyvonen and Ms. Leena Ukskoski helped me to organise the research.



Dr. Matti Kurki, Dr. Markku Oivo, Mr. Ari Okkonen, Mr. Jarmo Kaaoja
and Mr. Harri Perunka were more useful for my work than they perhaps
themselves know. First of all, even though they very well could have done,
they did not denigrate this research. | especialy wish to thank Mr. Jukka
Karjalainen for the opportunity to use his personal R&D diaries covering
many years. If only all of uswould be as well organised in terms of personal
remarks as Jukka is, case study researchers would have an easy life. Not to
mention his openness and willingness to make his thoughts available for a
curious investigator.

I would like to apologise for not comprehending the lesson Dr. Risto
Suitiadla tried to teach me in the early nineties on the importance of
understanding why and how people behave, rather than trying to “improve”
their work. | have now taken along course in understanding, a course which
Risto obviously passed with an excellent grade years ago.

| have analysed in the final part of the dissertation managerial issues, based
in part on a strategic planning process carried out with the help of Mr. Pertti
Pekkala and my colleagues at VTT Electronics. This was certainly useful to
ground some of the basic ideas of my research to the everyday management
practices of a contract research organisation. | am grateful to Pertti, Seija,
Tua, Jarkko, Hannu Honka and Hannu Rytil4, Petteri, Johan, Tapio, Janne,
Jorma Taramaa and Jorma Hintikka, and Markku for their interest in coping
with managerial changes.

| would aso like to thank the fellow graduate students on marketing, from
whom | learned alot, and with whom it was always a pleasure to associate.
Discussions with Minna Leminaho, Tuula Mittil, Péivi Seppdéa and Jaana
Tahtinen, among others, helped me to realise that it really is possible not
only to survive graduate studies, but also to have some fun every now and
then.

The Foundation for Economic Education and the Foundation of The
Association of Electronics Engineers in Finland provided personal grants
for me to carry out the research published in this dissertation, which is most
gratefully acknowledged. Thanks are also due to Mr. Seppo Kerénen and
Mr. David Cox, who proof-read the texts of this dissertation — several times
and in quite many pieces.

| do not dare to promise that thisis the last dissertation that | will ever write,
but for awhile at least, | am going to heavily focus on my relationships with
Paivi, Pekka, Katri and Jaakko instead of further studying industrial
networks during my spare time. | am afraid that my competence in family
matters needs improvement — in practice, not in theory.

Oulu, July 20, 2000

Veikko Seppénen
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PART I: SETTING THE SCENE

This dissertation is divided into four parts. The first part introduces the
context of the study, presents the research problem and discusses the
research design used in solving the problem. An overview of the research
process is aso provided. The subsequent parts follow the process that |
went through during the past three years. This certainly results in some
overlapping, but since the process was a true learning experience, | wanted
to make this clear in the dissertation. The second part of the dissertation
focuses on what can be understood as competence in contractua
engineering research and development (R&D). | have approached the issue
by analysing one of the two cases of my research. The third part addresses
the change of the competence of an R&D supplier in project-based
relationships. The study exploits the analysis of the second case. The
analysisis largely based on the projects carried out by the supplier to create
and make use of resourcesin the context of R& D tasks, which ismy view to
competence. Both individuals and organisations are addressed as actors in
the projects. | have gathered and interpreted their views to the competence
of the focal supplier, as it has evolved in projects. Since competence is a
means for business, not an end, the fourth part of the dissertation focuses on
strategic management of competence for the needs of contractual R&D.

1 INTRODUCTION

The first chapter introduces the background of the research, and later
discusses both the research problem and the context of the study.

1.1 BACKGROUND

This study was carried out as a piece of business research, athough it also
focuses on organisational and some strategic management issues. The
reason for this is the fact that competence changes in inter-organisational
relationships involve, in practice, both organisationa and managerial
matters. One of the main motivations for this research is that professiona
services is an important but rather poorly understood area of business (cf.
[Halinen 1994]). Contractual R&D services are a specia domain in the
borderline of science, technology and business, where science-based
innovations must be produced while making business at the same time. In
professiona engineering R&D services technology development forms yet
another dimension to tackle. This research demonstrates the various views
different people may have on the same R&D subject: one participant sees it
as a scientific problem, another as the development of a new technology,
and athird one as a business case. In large corporations different views may
be handled by different organisational units, but in small supplier
organisations the views must be united. This is a practical managerial
problem that can be addressed only after understanding the essential nature
of competence and how does it change over time.
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Several theoretical and empirica studies have shown that collaboration with
external partners provides a valuable means for organisations to foster
innovation, and to improve the use of their resources. These studies have
identified many kinds of potential collaboration partners, such as customers,
suppliers, and competitors, capable of contributing to the development and
deployment of the resources of the focal organisation. To name a few, |
would like to mention Hakansson [1987], Hamel and Prahalad [1994],
Gemunden and Ritter [1996], Eriksson and Keso [1997], and [Algjoutsijérvi
and Tikkanen 1999a,b].

Some people, similarly as | in this research, have investigated the creation
and evolution of a company’s resources through R&D, for example Gallon
et al. [1995]. Other studies have concerned the customer relationships in the
services sector, e.g. Halinen [1994]. However, only a few authors have
treated the subject of professional R&D service organisations from the
viewpoint of external relationships. Focusing on such an organisation, |
address competence changes in project-based relationships. According to
Reger and Schmoch [1996], research and experimental development is
creative work being carried out systematically to increase knowledge to
build and take in use new applications.

In contrast with a majority of the literature concerning competence within
organisations, | have investigated how inter-organisational relationships
affect competence — and what competence actually means in the context of
R&D. | present a review of selected frameworks and concepts for
competence and relationships in Chapter 3, to create a basis for addressing
them together. When seen from the managerial point of view, the two areas
are clearly interwoven (cf. [Algoutsijérvi and Tikkanen 1999a)):
development of relationships involves the identification and usage of
competence, and vice versa. Since | am interested in R& D management as a
profession, | will address thisissue in the fourth part of the dissertation.

In this study | will concentrate on the issue of competence developing over
time in the project-based relationships of one focal organisation, i.e. in focal
nets that are a part of some greater industrial network structure. Leppda
[1995] (p. 142) illustrates this by stating that a contract R&D project is
usually conducted by a “mixed contractor-client team”, focusing on “results
and costs’ of the project by controlling progress, quality and the contract. At
the supplier side, projects are associated with more general “R&D activity
and service business’, at the customer side with “product projects’ and
“product centered business activities”.

The main function of focal nets, as | have utilised them in this research, isto
capture phenomena having affected the competence of the R&D supplier. |
have defined the boundaries of focal nets based on projects since they
reflect the actual operational form of inter-organisational interaction of the
supplier addressed in my study. | present a model, called the competence
evolution framework, to make explicit and evaluate changing competence in
project-based focal nets.
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Focal nets are modelled in this research by using the four key concepts of
actors, relationships, resources and activities (cf. [Hakansson and Snehota
1995]). Actor structures, bonds, and webs form a governance structure,
where competence evolution is being analysed. Even more significantly, the
concept of activities performed to create and make use of resources
provides for an immediate link between the resource-based view to strategic
management of firms (cf. [Sanchez at al. 1996a, Wernerfelt 1984]) and the
so caled network or interaction model of industrial relationships (cf.
[Moller 1994, Moller and Wilson 1995a, Hakansson and Snehota 1995]).

Analysis of certain customer relationships where many different types of
competence can develop, has been a more typical focus in industrial
network studies (cf. [Rosenbréijer 1998, Easton and Araujo 1996]). A
reason for me focusing on certain competence and many relationships is the
fact that a contract research organisation seldom can afford to focus on a
single party when devel oping and delivering its competence.

I wish to close this introduction by pointing out that trying to fit my work
into a specific discourse of business science was not a smple task. The
reason is not only the contractual R& D services having not been extensively
studied, but also the fact that many of the basic concepts related to
competence, such as resources, are somewhat overlapping and fuzzy.
Laamanen [1997], for example, claims that “there seems to be some
conceptual confusion due to the newness of the research area’ of
competence studies. | will discuss the positioning of my work with respect
to the related research in Chapter 3.

1.2 CONTEXT —CONTRACTUAL R&D PROJECTS

This research concerns VTT, the Technical Research Centre of Finland
(www.vtt.fi), which is one of the largest Scandinavian contract research
organisations, and has a history of decades of engineering research and
development [Michelsen 1993, Tiittula 1994]. | focus on VTT Electronics
or ELE (from 1994 onwards), and one of its predecessors, VTT Computer
technology laboratory or TKO (1983-1993). | have investigated the change
of certain competence in the institutes from the mid-eighties to the present
day. This kind of an approach has been recommended in some recent
technology management studies, for example in [Reger and Schmoch 1996].

VTT is a fully government-owned multi-faceted organisation, offering
professional engineering research and development services mostly to
Finnish industry (cf. [Tiittula 1994, Leppda 1995]). The services of the
VTT institutes on which | focus cover a wide range of electronic
technologies from microelectronics to computer software. The skills
mastered by the institutes correspondingly include a variety of engineering
techniques. In addition to electronics companies, they have co-operated with
companies that use electronics mainly as a supporting technology. In
practice, this allows the influence of end-users or inexperienced customers
through certain relationships, as opposed to collaboration with technology
experts of the leading el ectronics companies.
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This influence can be seen in the two cases | have studied, industrial fault
diagnosis systems and code generation methods and tools. The former are
used in different kinds of electronic products to monitor and diagnose the
condition of the product, and to help error recovery. The latter involve
techniques intended to automate industrial software development. The fault
diagnosis applications developed by TKO and ELE range from process
control and machine automation to electronics assembly lines, moving
vehicles, electronic instruments, and telecommunication networks. In other
words, VTT possesses competence in fault diagnosis that has been exploited
by many industries. The rights to the code generation techniques owned by
VTT were sold to asmall company in 1998, after several years of declining
activities. Although VTT apparently failed to maintain its code generation
competence, the small company that bought the rights has been quite
successful so far. Therefore, the code generation competence did not
disappear either, but is now being utilised in another context.

In both cases, one of the main technologies involved is embedded software,
I.e. computer programs incorporated in hardware hidden inside electronic
products and systems. Software engineering techniques have been used
extensively in the development of both fault diagnosis systems and code
generation methods and tools. Especially in the former, the so-called
knowledge engineering techniques were also utilised. Knowledge
engineering can be regarded as a special area of software engineering.

Organisational setting

In this research | focus on rather small groups of actors, project teams and
research groups of one organisation. In contrast, | mainly view external
actors at the less refined level of whole companies, since | do not analyse
the evolution of their competence due to the projects that they contracted
from VTT. The Software engineering and Knowledge engineering research
groups are the two focal groups that | have studied. Their size vary from ten
to twenty people, compared to the over three hundred people employed at
present by ELE. Most of the researchers in the two groups are university
graduates in electronics and computer engineering.

Almost all of the groups activities are carried out as projects that form
flows of interaction both within the focal organisation and with customers
and other external parties. Projects usually involve several people, whose
skills are integrated and sometimes overlap, come they from VTT, customer
companies, or other collaborators. This situation differs from an inter-
organisational relationship, where the supplier is an expert service
organisation, while the buyer does not have a similar capability (cf. an
advertising agency and its client in [Halinen 1994]). It is also different from
a relationship where the supplier provides dedicated technologies in which
the buyer has decided to invest, but does not have the capability to develop
these himself (cf. a paper machine manufacturer and paper mills in
[Algoutsijarvi 1996]). However, VTT researchers are not usually expertsin
the customers business — even most of the customers representatives
involved in joint projects are engineering rather than business experts.
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One of the results of the situation is that the customers own employees may
be partners and competitors as far as certain research and development tasks
are concerned, although their expertise is often more application-oriented
than that of the VTT researchers. However, individua opinions and skills
concerning R&D goals and results, as well as competition for internal and
contracted resources, may strongly affect the evolution of an inter-
organisational relationship. This is one of my main motives when focusing
on “low-level” organisational and project groups.

R& D project portfolio

Financed mostly by ELE itself, strategic research projects are targeted to
create certain competence. These “ green” projects include about 20% of
the total project portfolio. Public funding bodies, VTT, and industria
partners finance other projects jointly. Their purpose is the further
development and preliminary deployment of competence. These “ blue”
projects comprise about 40% of the project portfolio. The rest, the so-called
“red” projects, are carried out for individual customer companies or
sometimes for a consortium of a few companies. Industria financing of
projects increases correspondingly; close to zero percent in green, twenty
percent in blue, and a hundred percent in red projects.

This kind of project portfolio is believed to support technology transfer
from research to industrial practice, as well as to reduce technical risks
involved in developing products based on new technologies, see Figure 1.
In terms of the typology presented by Algoutsijarvi [1996], the portfolio
includes red projects intended for “technology-transfer”, i.e. new
competence is transferred to current or new customers. Green projects are
for “learning”, i.e. new competence is created, often in collaboration with
current key customers, while blue projects are for “breakthroughs’, where
new competence is created or extended with new and current customers.
“Routine” red projects to deliver existing competence to current customers
may also be carried out. However, these projects are tried to be avoided.

Technical risk
?\ Green projects (20%) |

Blue projects (40%) |
|

\
i Red projects (40%)

VTT

Funding -
body S VTT

Industrial parners

1-2 Industrial follow-up firm (s)

20

1-3 Industrial customer(s)
per project

\
H Customer-paid  (Time) ——>
contract R&D Business risk

Own research Collaborative contract researc

Figure 1. The intended R&D project portfolio.
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Technical risks are often high in green projects. On the other hand business
risks are low, both for VTT and for possible industrial beneficiaries of the
research. These projects are thought to am at “capability development”
from the viewpoint of inter-organisational relationships [Hakansson and
Snehota 1995], and blue projects at “strategy development”. In the case of
VTT multi-party blue networks of project relationships are most often
expected to precede dyadic red customer projects. Of course in practice, the
situation is much more complicated than it appears to be in Figure 1, as can
be easily seen also from the cases that | have studied in this research.

The relationships are supposed to evolve from loose, interest-group type of
networks or dyads associated with green projects, via collaborative multi-
party networks sharing costs and benefits in joint blue projects, to fully
commercial red customer projects. The latter are most often dyads, possibly
involving small networks of two to three customers. The income from red
projects should not only cover all the expenses, but also result in a certain
yet small profit for VTT, in addition to benefits for customers.

Green and blue projects usually last for two years, and involve less than ten
people. Their typical budget is a few million Finnish marks. Tekes, the
National Technology Agency of Finland (www.tekesfi), and EU (the
European Union) are the two biggest funding sources for blue projects. The
financing scheme covers all project expenses, but may not produce profit
for VTT — only its own expenses should be covered. Most red projects are
both shorter and smaller in terms of personnel and money involved.
However, work is frequently continued on the same subject in several
subsequent red projects. The longest red project chains have lasted for three
to four years. In the two cases | have studied for this research, the project
chains were somewhat shorter on average, from two to three years, and
there were certain dormant periods in between the respective projects.

The well-known technology push principle of innovation encourages
customers to be involved in certain compartments of the project portfolio
(cf. [Lindman 1997]). Another perspective to customer relationships is the
separation of key customers from occasional partners, simply on the basis
of financial volume of collaboration. The former are taken care of by
establishing written or oral co-operation agreements, the latter are usually
acquired through distinct project marketing activities.

1.2.1 Discussion —research and praxisof R& D

I will use the definition of R&D by Reger and Schmoch [1996] in this
dissertation. Reger and Schmoch consider research and experimental design
to “comprise creative work undertaken on a systematic basis in order to
increase the stock of knowledge, including knowledge of man, culture, and
society, and the use of this stock of knowledge to devise new applications.”
It isimportant that this definition emphasises that R&D involves systematic,
albeit creative, work. Moreover, the view that it is necessary to use
knowledge gained through R&D for the needs of new applications is
essential for such contract research organisationsasVTT.
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Under standing the essence of R& D — examples of scientific views

[Lindman 1997] is a good example of scientific research of R&D. Lindman
conducted a longitudinal study on the development of afamily of electronic
products, including an in-depth analysis of the perspectives taken and the
concepts used to study new product development. He categorises (p. 17)
“central research approaches in new product development” asfollows:

» resource-based theory of a firm and learning (focusing on
development and utilisation of new product capabilities),

e strategy and strategic management (factors of new product
performance),

e organisational theories (management approaches towards
new products),

* marketing management (market-pull innovation models),
new product success/failure models (factors of success and
failure), and

» adoption/diffusion theories and technology/innovation
management (technology push innovation models).

The competence literature that | will discussin Chapter 3 hasits roots in the
resource-based theory. Lindman has also used the resource-based theory in
his research. Regarding the roots of this approach, he concludes (pp. 68-83)
that the “latest research has indicated that ... to stay ahead, firms have to
develop new [product] platforms at the same time that they complete
products based on the current [product] platform”. | share this opinion, and
have therefore included a section on core products and platforms in Chapter
3. However, Lindman focuses largely on the performance of new product
development, an issue not studied in this research.

[Reger and Schmoch 1996] is a comprehensive study of R&D, carried out
for the needs of strategic policy implications. The authors characterise
research and development as an example of “modern systems of knowledge
production” that is “interdisciplinary, application-oriented, and network-
dominated”. According to Reger and Schmoch, “the most appropriate way
to describe the knowledge transfer between non-industrial institutions and
industry is the so-called network approach” — they refer to several existing
network modelsin this regard, and also present their own approach. | will as
well make an overview of selected network approaches in Chapter 3, since
| have applied the network model to the research.

Direct research contacts, such as contractual projects | have analysed, are
according to Reger and Schmoch the most effective means for knowledge
transfer. On the other hand, they claim that the emergence of “techno-
scientific communities’ affects knowledge transfer, because “the channels
of communication are largely determined by the scientific character of the
examined area’. In my opinion this view omits a business perspective to
R&D, aperspective inherent in contractual R& D services.
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Reger and Schmoch are of the opinion that “basicaly the relationship
between non-industrial research institutions and industry may be described
as interaction”, since the relationship is bi-directional. Furthermore, they
claim that confidence in an R&D relationship based on a contract may not
lead to a balance of interests, but can favour one of the contracting parties. |
have investigated the development of the R&D supplier’s core competence,
which | consider as one possible way for balancing interests.

However, according to Reger and Schmoch the concept of core competence
IS too static, since it has “not been sufficiently operationalised, the process
of identification within the company as well as the allocation of resourcesis
unclear; further research is necessary”. They claim that core competence
thinking can be traced back to the sometimes excessive growth of large
corporations and the unsuccessful diversification that resulted: core
competence thinking fundamentally contrasts with the strategic business
unit concept. In their opinion Leonard-Barton [1992] is “the only author to
build a bridge explicitly towards R& D management”, because she addresses
competence creation and evolution in the context of R& D projects.

| have also investigated this context, to make explicit and understand
competence changes. However, Reger and Schmoch consider that it may
“take ten years or more to build up” core competence, and that “without a
clear vision of core competence and the strategic architecture of the
enterprise, it is not possible to engage meaningfully in co-operation”. In my
opinion this view over-emphasises the idea of building competence inside
the organisation, as opposed to inter-organisational relationships.

Concerning the managerial implications of R&D studies, Reger and
Schmoch claim that “there is no best practice [of R&D], since the use of
tools depends on the specific context and sSituation of the enterprise’.
Moreover, “most models for R&D management are based upon observa-
tionsin large international and multi-divisional enterprises’. | find this view
easy to agree with, for even studies of R&D at VTT have addressed either
the organisation [Tiittula 1994] or its institutes [Leppéda 1995] as a whole.
In this research, | have taken a much narrower view by investigating rather
small organisational groups and project teams, two particular competence
areas, and less than thirty individual projects.

Reger and Schmoch point out that a practical problem involved in
managerial implications in this context is that “R&D management is, like
innovation management, a young sub-discipline in business administration”.
Considering a contract research ingtitute as afocal supplier in this regard, it
Is helpful that certain explicit structures and procedures exist intended for
managing R&D as a business. An interesting remark related to this is that
“only those capable of creating knowledge are capable of absorbing it”,
because R&D collaborators “have to solve problems one of the partnersis
not able to solve alone’. One of my cases indicates the very same: if a
customer considers himself as an exploiter or maybe even an end-user of a
new technical solution developed by the research institute, great difficulties
regarding the use and maintenance of the developed solution may emerge.
However, in the other case former exploiters turned successfully into active
maintainers and developers of the solutions built by VTT.
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Improving R& D services—a marketing practitioner’sview

Sipila[1992] has given several courses at VTT on training researchers and
managers to improve contractual R&D services from a marketing
perspective. To provide an interesting contrast to the scientific views of
R&D discussed above | will finish this section with a brief overview of
some of his key ideas. According to Sipil&, service organisations can be
classified based on their dependence on experts (high/low), and the form of
their capital investment (high/low). The position of VTT in this quadrangle
is high dependence on experts and low capital investment.

In Sipilds opinion, marketing of expert services includes internal and
project marketing, choice of customers, use of customer references, and the
actual service. This is a rather linear and idealised view. In particular, it
neglects both differences in the kinds of project types discussed above, and
co-ordination of interrelated supplier and buyer activities in planning for
and conducting projects, fundamental activitiesat VTT.

The competing factors of an expert service organisation are, according to
Sipil& the customer base, reputation, technical and functional quality of the
services, productisation and product support, specia skills and devel opment
capacity, coverage and versatility of the services, price competitiveness and
productability, distribution capacity, networking, strategic vision and flexi-
bility. These factors are quite abstract and represent the traditional
marketing management perspective (cf. product, price, place adlias
distribution capacity and promotion alias product support) to customers.

Sipila considers relationship marketing viable when the following
conditions are met: the customer frequently requires services, the supplier
has long-term commitment to the market, a few main customers dominate
the market, acquiring new customers is very expensive, there are only afew
service providers, customers themselves wish to create long-term
relationships, quality and reliability are critical competitive factors, and the
supplier’s service development requires deep customer involvement. |
consider the last two issues relevant for VTT, the other being less obvious.

Sipila proposes market segmentation variables based on customers
industry, type (public, private, etc.), size, types of requirements, economic
situation, developmental phase, own expertise, business increase, location,
export trade, and status. In this research | have taken a relationship-based
view of markets. This comes closer to the project-driven core business of
VTT, as has been characterised e.g. by Leppaa[1995].

According to Sipil4, a product strategy in expert services should include the
levels of competence areas, knowledge bases, products, and product
versions. | have approached this question by studying what can core
competence mean in the context of contractual R& D projects, and how does
it develop. The idea of explicit core competence in service business, called
the “core platform” by Hamel and Prahalad [1994] is not similar to the
product strategy proposed by Sipild since a core platform is “an
intermediate [service] product somewhere between core competence and the
end-product” [Hamel and Prahalad 1994].
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1.3 RESEARCH PROBLEM

This research started from a process improvement perspective, as | was
interested in what | called the “maturity” of R&D as a process. The research
then focused on understanding what competence is and how it changes in
inter-organisational project relationships. Understanding and explaining
both competence and interaction in projects was not at all straightforward.
However, looking back over the past years and trying to recapture some of
the success factors and pitfalls in certain projects, | could return to the
problem of competence management as a somewhat wiser man. One of the
best lessons | learnt is that it is overly naive to imagine competence
developing solely within one organisation.

The problem | originaly planned to address changed considerably after my
research had already begun, or maybe it was my view of the problem that
changed. The phenomenon | was interested in, i.e. competence in the
context of contractual R& D, remained much the same. Initially, | addressed
the managerial problem of “How to increase the maturity of R&D” by the
means of competence. The problem was then reformulated to a more
explorative question of “How customer relationships are affected by
competence changes’. Finaly, the problem fell into a reversed problem of
studying how competence changes in R& D projects:

\ How does competence evolve in R&D project relationships? |

To solve the problem it was necessary to answer the following questions:

1. what does competence mean in the context of contractual research
and development (and how to conceptualise both competence and
project-based R& D relationships),

2. how does the competence of the focal organisation change aong
timein R&D projects (and how to make changes explicit),

3. what affects competence evolution in the context of R&D projects
(and how to illustrate it), and

4. how to manage competence evolution in practice within R&D
projects?

Thefirst question is addressed in the second part of my dissertation, through
an analysis of the fault diagnosis case, and using an initial version of the
competence evolution framework. To answer the second and third
guestions, competence changes and their reasons are investigated in the
third part of the dissertation, on the basis of the code generation case. The
case was anaysed by utilising a revised version of the competence
evolution framework. The fourth question concerning what | call strategic
relationship-based competence management, is addressed in the final part of
the dissertation.
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Motivation for solving the resear ch problem

The first question is highly relevant both conceptually and managerially.
There are no uniform competence theories available (cf. [Sanchez et al.
19964a]), not even any widely shared understanding of what competence
means (cf. [Laamanen 1997]). To be able to answer the question, | have
combined, extended and applied existing concepts for contract research and
development, as will be described in the second and the third part of the
dissertation. Leppédla [1995] provides for a conceptualisation of contractual
R&D at VTT and evaluates its success and failure criteria, but does not
investigate causes or effects of changes in competence.

Tiittula[1994] has carried out a longitudinal study of managerial changes at
VTT, but addresses a very high organisational level of research institutes
and VTT as a whole. It is difficult to make explicit individual projects,
specific competence areas and their changes at that level — which would be
needed to answer the second question. For making explicit and studying
how competence had been created and how it had changed in inter-
organisational projects during the past years, | have developed a framework,
summarised at the end of Chapter 6. Miettinen [1996] has conducted a
similar analysis of certain research projects at VTT, but more from a social
than a business perspective.

Regarding the third question, it is obvious that projects per se do not affect
competence evolution, but organisations and people involved in the
projects. It is thus important to analyse why and how people act when
conducting projects. This was one of the main reasons for revising the
initial competence evolution framework | will present in Chapter 4. |
adopted the concept of logic of action (cf. [Eriksson and Rasénen 1998)),
somewhat related to the concept of managerial logic used by Tiittula [1994]
when studying the management of VTT, but applied at a lower level of
organisational groups. By using the concept, | have made explicit several
effects of differing objectives, goals, and actions of groups of people on
certain relationships, and thereby on competence evolution.

| have approached the fourth question by suggesting a relationship-based
model for competence management and evaluating it against the literature
and the two cases of my research. However, strategic management of
competence for the business needs of a contract research organisation, using
the portfolio of its projects, would deserve an additional study. | have only
taken the first steps towards that direction.

| have utilised and extended some of the key concepts of the network
approach to industrial relationships, and the resource-based view to firms. |
have associated them together in the form of a competence evolution
framework. However, the main emphasis of my work has been on the use of
the framework. In other words, the core of my research involves the
empirical investigation of competence evolution in certain projects from the
mid-eighties to the present date. In this respect my research is related to
Michelsen [1993], Tiittula [1994], Leppédla [1995], and Miettinen [1996],
who have all been motivated by gaining a better understanding of what
contract research is all about.
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1.4 DISSERTATION STRUCTURE

This dissertation consists of four parts, not only forming a logical structure,
but also illustrating the research process | have carried out:

e Partl, “Setting the scene”

The background of the study is outlined, the context of contractual R&D
carried out in the form of projects by VTT is described, and the research
problem is discussed. In addition, the research design | have followed is
presented and related research is analysed. Additional pieces of related
research are discussed in subsequent parts of the dissertation, to describe
and evaluate the competence evolution framework.

* Part I1, “Substance of competence”

The second part focuses on studying what competence means in the context
of contractual R&D projects. The initial verson of the competence
evolution framework is presented and applied to analyse the fault diagnosis
case. Preliminary empirical findings, initial theoretical contributions and the
first managerial implications are also provided. How to associate the so-
called inner and outer contexts, a key problem in contextual analysis, is
discussed. The second part is based in part on [ Seppanen et al. 19984].

o Part I, “Competence evolution in focal nets’

The third part is at the core of this research, addressing how does
competence change in R&D projects and what aspects of project
relationships affect the changes. The competence evolution framework is
revised and applied to analyse the code generation case. A cross-case
analysis is also conducted, to compare empirical findings and evaluate the
framework. The third part borrows from [ Seppénen et al. 19994].

* Part |V, “Strategic competence management”

The fourth part discusses experiences related to the findings of my research,
seen from a managerial perspective. The focus is on strategic planning and
management of competence within the context of externa relationships.
The results of the whole research are also summarised and discussed.

* Appendix 1, “Fault diagnosis story”
» Appendix 2, “Code generation stories’

Two appendices are included in the dissertation, to provide for an overview
of the cases analysed. The appendices are included in their original form, as
they were prepared by myself and annotated by some of the interviewees.
The competence evolution framework is used to structure and analyse the
case datain the second and third parts of the dissertation. More detailed data
of the fault diagnosis case can be found in [Seppénen et a. 1998a] and of
the code generation case in [Seppdnen et a. 1999a], both available in
electronic form at www.vtt.fi/inf.
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2 RESEARCH DESIGN

This chapter describes the design of my research, especially addressing the
process through which it proceeded. However, | will begin by shortly
introducing my professional background. | consider this relevant for | am
one of the participating actors in both of the cases studied.

| joined TKO as a researcher in 1983 and continued to work at ELE from
1994, mainly as a group and department manager. Because of this, | have an
insider's managerial view of the phenomena | have studied. From 1994 on
to Spring 2000 my work has involved managing Embedded software, one of
the departments in VTT Electronics. Previously, research groups were
called sections and they were organisational sub-units of VTT research
laboratories. | managed the Software engineering section of TKO from
1987 to 1993, except in 1989 and 1992 when | was on leave.

The roots of this research include also a practical total quality management
project | conducted as part of my executive MBA studies in 1993-1995
[Seppanen 1995]. As| had been an engineering researcher since 1983 and a
middle manager since 1987, | thought of taking a pragmatic view of my
continuing business studies as well. | carried out several Internet searches,
trying to find out relevant questions and information on competence
management in the context of contract R&D, as illustrated in Frame 1.
However, the method proved to be unprofitable.

7 documents match your query.

1. Chapter 2, Section 3: Japanese Technology Commer cialization Efforts

JAPANESE TECHNOLOGY COMMERCIALIZATION EFFORTS. The following four
examples provide unique insights into how Japanese companies successfully bring products.
http: //itri.loyola.edu/ep/c7s3.htm — size 20K — 20-May-97 — English

2. The Weir-Jones Group of Companies

Founded in 1971, the Weir-Jones Group of Companies has extensive capabilitiesin the
design, testing, and analysis of marine and ground transportation...

http: //www.weir-jones.com/ — size 4K — 19-Oct-96 — English

3. Chemistry Related Companies

Chemistry Related Companies. Last updated () 15-May-1997. CONTENTS: Analytical
Services. Chemical Companies. Computers and Software.

Instrument...http: //chpc06.ch.unito.it/chem companies.html — size 38K — 15-May-97 —
English

4. NoTitle

ITI Industry Briefing focuses on public-private partnership. I TI completed its third successful
annual Industry Briefing on 26 September 1995 ...

http: //Aww.iti.gov.sg/iti_ RnD/pub/innovator/issue20/indbrief.html — size 2K — 21-Dec-95

5. Pasu's Personal Information

Isthis a picture of me? Pasu Decharin. Or this!! Date of Birth 15 November 1968. Nationality
Thai. Marital Status Married with two chirdrens. Postal...

http: //phoenix.acc.chula.ac.th/~fcompdc/pinfor.htm — size 5K — 7-Apr-97 — English

6. Keyword list

Keyword list. ABSENTEEISM ACCIDENT AND HEALTH INSURANCE ACCIDENTS
ACCOMMODATION ACCOUNT MANAGEMENT ACCOUNTABILITY ACCOUNTANT
ACCOUNTING ACCOUNTING AND...

http: //www.nijenrode.nl/library/services/keyword.html — size 39K — 20-Jan-97 — English

7. publications—long

Publications by Kari Leppdla 1974-1996. SELECTED ABSTRACTS. A full paper is
available on-line in postscript format, where indicated. VTT's own.

http: //mwww.ele.vit.fi/people/kari.leppal a/kpl -abst.htm — size 29K — 2-Oct-96 — English

Frame 1. Internet search for “ core competence + contract research” .
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2.1 OVERVIEW OF THE RESEARCH PROCESS
In search of the resear ch approach

| produced my first research proposal in Spring 1997 (an extract shown in
Frame 2). The topic of the research was “maturity improvement model for
contract R&D”, involving “the assessment and improvement of maturity, by
identifying (1) measurable elements of maturity, (2) maturity levels based
on the values of these elements, and (3) procedures needed to review and
reach a specific level”. The model would be “implemented as part of a
management information system”. The topic, problem, and research design
have since March 1997 changed considerably. | started from a managerial
problem to be solved by constructing a prescriptive model and ended up
with trying to understand competence changes in project relationships,
analysing two casesin alongitudinal interpretative study.

Even after | had chosen the qualitative and longitudinal research approach,
the method was not unproblematic since for a rather long time it had been
my intention to investigate how competence evolution affects customer
relationships. The titles of my first publications on this research ([ Seppanen
et a. 1998ab], “Competence-based evolution of contractual R&D
relationships’) indicate this quite clearly. Later | focused on a reversed
problem, the evolution of competence due to changing project relationships.

Maturity | mprovement Model for Contract R&D:
The Case of Embedded Software

Research proposal, version 0.1-23, Date 3/31/1997
Veikko Seppénen, VTT Electronics

This is a proposal for doctoral research in economic sciences. The problem that |
address involves the construction, validation, and deployment of a maturity model
for research and development (R&D), based on the identification, utilisation, and
continuous improvement of skills and technologies that, when mature enough,
become the organisation's core competence implemented as core products and
product platforms. The empirical part of this research focuses on contract research
and development. Maturity is defined as the capability of the R&D process to
produce effective and efficient results, in terms of the goals and criteria set by the
R&D organisation itself and its sharehol ders.

The model includes both the assessment and improvement of maturity, by identifying
(1) measurable elements of maturity, (2) maturity levels based on the values of these
elements, and (3) procedures needed to review and reach a specific level. ... The
model aims at helping contract R&D organisations in identifying, maintaining, and
extending their skills and technologies in the form of robust, core product platforms.
... The model is implemented as part of a management information system. Among
other means, the model is validated by an analysis of contractual embedded software
R&D projects carried out by VTT Electronics from 1992 to 1998. |mplementation of
the model is empirically evaluated by a study involving a specific embedded
software R&D case.

Key words: research and technology management, quality improvement, core
competence, product platform, strategic planning, electronics industry, and software
development

Frame 2. Extract from the abstract of my first research proposal.
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Choosing the qualitative per spective

After a while | realised that my study aims at understanding a complex
phenomenon by using a set of unified explanations, or a local theory. |
chose to study three cases, i.e. fault diagnosis systems, code generation, and
software process improvement, since they all involved project chains
several years in length on certain R&D topics. This was a practica
justification for choosing the cases, in addition to accessibility of documents
describing the projects and availability and willingness of people who had
taken part in them to serve as interviewees. From an empirical perspective, |
considered the topics related to the three cases as interesting and illustrative
examples of the R&D activities of the focal organisation.

A case was defined based on the projects dealing with a particular R&D
topic. Genera managerial plans and reports of the focal organisation
provided for additional contextual information. As a participating actor |
had no difficulties in identifying the projects and the personnel involved. |
started to collect case data by analysing documents and conducting the first
interviews. The case data base kept increasing, and | encountered difficulty
in finding an appropriate way of organising the data properly. | tried several
approaches, such as classification based on the persons interviewed and the
projects analysed, but | was not satisfied — the developments taking place
were not to easy to follow.

Ghauri et a. [1995] compare qualitative and quantitative research, claiming
that the main difference between the methods is the procedure, the
techniques used to gather and analyse data. Qualitative methods, such as
historical reviews, group discussions, and case studies, are flexible and
unstructured. In a qualitative approach, research comes before theory and
the main task of the researcher is to identify relevant factors and construct
explanations, or the theory. | would like to argue, however, that the different
procedures are a result from an even more important difference between the
two research approaches, the nature of the data to be investigated. Ghauri et
al. [1995] actualy indicate this by stating that concepts, abstractions
“representing an object, a property of an object or a certain phenomenon”,
are needed to build theories. A theory “may be viewed as a system for
ordering concepts in a way that produces understanding or insight”. |
needed to identify and make use of concepts related to competence and
projects, to understand, interpret and explain the phenomenainvolved in the
three cases. A qualitative approach seemed thus to be well suited to attempt
to solve my research problem.

Struggling with concepts

| spent quite some time with textbooks and writings on qualitative research,
especially [Alasuutari 1994], probably one of the best known and most used
textbooks on qualitative methods in Finland. According to Alasuutari,
qualitative research is not the opposite of quantitative research based on
surveys or statistical interviews. Quantitative analysis can be compared to
classic natural science experiments, where hypotheses on how an
independent factor affects a dependent factor are tested. Qualitative
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research aims at understanding and explaining real-life phenomena — by
applying and/or producing theories.

Alasuutari summarises qualitative research having two man phases:
reducing observations and solving the problem. The former consists of two
different parts. analysis of the research material based on a certain
theoretical and methodological viewpoint, and integration of observations
alias qualitative analysis. My difficulties in organising the case data clearly
involved the first part of qualitative research. | took a predominantly factual
viewpoint to the case data, since | had an extensive collection of documents
available. Although individuals interpreted these facts somewhat differently
in interviews, | approached the key concepts of competence and
relationships using mainly the information acquired from documents.
According to Alasuutari it is appropriate to use typologies to analyse factual
data. | constructed typologies based on the data gathered from the three
cases, as is illustrated in Frame 3 and Figure 2. | even invented graphical
notations to illustrate the concepts, asis shown in Figure 3.

Veikko Seppénen, June 1, 1997

Conceptsin Core Competence R& D and Marketing Networks

The following concepts will be organised into an initial conceptual framework, and then
evaluated and linked to a hypertext database of examples of concepts found by analysing the
real case study research material, consisting of three different cases.

M odelling Concepts

structure: function: dynamics:

entity context lifecycle

atribute information flow (input/output) phase

relationship controlling flow (input/output) state
function transition
resource event (condition/action)
information store time

terminator (information source/sink)

Core Competence Concepts

product process

part sub-process

application process area

product requirement process requirement
product function process task

generic product technique generic process technique
product technology process technol ogy

R& D and M arketing Networks Concepts

actor activity link communication
actor bond norm position

network contract co-ordination

role knowledge business exchange
activity assignment process need

organisation outcome time

goal control context

investment commitment cycle

resource phase resourcetie

Frame 3. Ideas for classifying concepts related to the research.
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CHARACTERISTICS

core competence
deliverable service
core platform

Content:

tacit/explicit
broad/narrow
scarce/common
dominating/supporting

SCOPE personal individuals
projectual project teams
group-related organizational units
organizational organizations
interorganizational networks
Basic level COMPETENCIES RELATIONSHIPS
ELEMENTS applications environment
functions exchange goals and items
generic techniques resources (actors/others)
technologies activities
outcomes (economic/social)
'éT'A'T'E'S """" knowledge/skil | evaluative (follower) |

contractual (project customer)
co-operative (project partner)
pivotal (key customer/partner)
terminated (earlier collaborator)

Interactivity:
capability
mutuality
particularity
inconsistency

Operational level

COMPETENCE MANAGEMENT

RELATIONSHIP MANAGEMENT

PROCESSES

EVENTS

identification&acquisition (D)
structuring&codification (A)
deployment&protection (C)
integration&maintenance (B)
premarket competition
exploitation

networking

extension of market share
relinquishing

competence required/rejected
competence built/lost
competence used/retired

establish
enact
expand
terminate

interest
customership
partnership
commandship
uninterest

activitity started/stopped/finished
resource acquired/allocated/lost
exchange initiated/completed

Strategic level

COMPETENCE STRATEGY

INTERACTION STRATEGY

GOALS

CRITERIA

generalization
specialization
combination
extraction

Contextuality:
generic
relationship-specific
portfolio-specific
platform-specific

competition
dominance
submission
co-operation

Positioning:
competitive
dominated
cooperative
dominating
neutral

Figure 2. An attempt to classify competence and relationship concepts.
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NETWORK OF RELATIONSHIPS

CUSTOMER ‘
\4
Deliverable service | Portfolio-
/ ) specific
Competence f I;r:]gvillfitlilge
building in a and skills

relationship

(€)

] )Relationship-specific
knowledge and skills

Knowledge and skills

Competence
building for

relationships
(D, A, B)

Legend
@activity dominating supporting ——— possession
competence competence
—> exchange - - ->» outcome — — environment O actor

Figure 3. Notations for describing competence and relationships.

Without going into any details regarding the concepts included in Frame 3
and Figures 2 and 3, | wish to point out that the background of the concepts
and notations was the technical topic of my research, software engineering.
Software systems are often described by using concepts related to the
overall context (Scope), the system itself (Basic and Operational levels),
and the quality of the system (Strategic level). These kinds of concepts can
be viewed from structura (Elements, Characteristics), functional
(Processes) and behavioural alias dynamic (States, Life cycle, Events)
perspectives. | therefore approached my case data much as a software
engineering researcher, not as a business scientist.

After some time |, however, had to accept the fact that technically oriented
concepts are far too constrained to describe complex phenomena carried out
by human beings, be they groups or individuals. However, it isinteresting to
point out that [ Seppanen et al. 1998a], published in Summer 1998, includes
typologies of technical concepts, even a figure drawn by using software
systems modelling notations. Moreover, some of the early process-related
concepts shown in Figure 2 eventually became quite central in my research,
although in a different form than | initially had in mind. Furthermore, the
“core competence concepts’ shown in Frame 3 later became very much a
part of atypology of product-related competence elements. In any case, the
“R&D and marketing networks concepts’ shown in Frame 3 illustrate the
difficulty of trying to apply generic concepts to a specific context, such as
R&D, without any theoretical viewpoint tying the concepts together.
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Gathering of both facts and feelings

After | had become somewhat frustrated trying to classify competence and
relationship concepts, | again focused on collecting and analysing the case
data. There are two kinds of material in qualitative research by which the
concepts for study can be identified: the first existing independently of the
researcher, and the second, acquired by the researcher him/herself. The
latter may include material concerning the acquisition situation, such as a
group rehearsal. However, it is important to recognise that the researcher
has to interpret both the naturally occurring data and the purportedly
acquired data. Critical evaluation of data sources is therefore needed to
ensure that the data is usable and reliable enough for qualitative analysis
and problem solving. Crossreferencing between various sources of
information can be used to evaluate the validity of the data.

According to Alasuutari [1994] there are two basic approaches to ensure the
validity of personally acquired data, such as results of interviews. The
mechanistic approach tries to avoid informing the target of the study in
order to obtain objective information. The humanistic approach tries, on the
contrary, to establish a close and confidential relationship with the target of
the study, to better understand various aspects related to the data and the
roles of the people involved. Since data acquired in a confidential
relationship is methodologically no more valuable than any collected in
more indirect ways, | followed a mixture of the two approaches. | told my
informants that | am conducting research on past VTT events. For the VTT
managers and the focal researchers | explained that | was acquiring data to
conduct doctoral research. This was important in the code generation case,
since | knew that the two groups had conflicting viewpoints.

The second phase of qualitative research, problem solving, requires answers
to “why” questions, and sometimes to “how” questions [Alasuutari 1994].
In cases where the target of the study includes abstract and conceptual
matters, such asin mine, it is also necessary to ask “what” questions. One of
the basic means of finding answers to these questions in qualitative research
is to acquire and interpret individuals opinions on the subject matter. |
acquired opinions on my cases by interviews, a reactive method of data
collection. Since interviews aim at acquiring information, they are goal-
oriented and pre-planned activities. An interview can be carried out in a
very structured manner, based for example on a questionnaire. An
unstructured approach leaves more room for variations in the conduct and
content of the interview. Focused alias semi-structured interviews, which |
was mostly using, is an intermediate approach. Hirgarvi and Hurme [1995]
point out that they already originate from the time of Aristotle.

One way to classify questions is a division into questions of fact and
opinion. The former include both commonly known and private facts, the
latter address the feelings, attitudes, and values of the interviewees. | did not
plan for any fixed number of these two question types, but certainly the
former were more common and the latter more revealing — as is clearly
indicated e.g. in Appendix 2, where the feelings of the focal VTT managers
and code generation researchers are contrasted to each other.
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| still realised that the written data was the best source of factual
information, not the interviews. Since my context was contractual R&D
projects, plenty of well-organised documents were available for study. |
tried to organise the “actual” concepts into three broad classes — R&D,
management and strategy (Frame 4). This proved aso to be rather
unfruitful, even though it was useful for identifying the basic facts of the
phenomena on which | was acquiring the data. For example, the project
portfolio of VTT is described by the class of concepts of the type “project”.

Veikko Seppénen, 31.7.1997
ACTUAL PROJECT RELATIONSHIP AND COMPETENCE CONCEPTS AT VTT/ELE

(...) means“isa’ .../... means “and/or”

“research and development”
customer (company, consortium): manager, R& D person, support person

customer’ s customer (company: manager, consumer)

customer’ s sub-contractor (company, research institute: researcher, manager)

partner (customer, research institute)

funding body: representative, consultant

project (VTT’s own strategic project, joint partnership project, and customer project)
project group: project manager, project member

project resource: quality system, information system, library, R&D facility, R&D tool
support person:

cost accountant, librarian, information system specialist, secretary, quality speciaist
support resource: cost accounting system, other support information system

VTT’sline management: research director, department/group/marketing/economic manager

R&D funding: VTT' s budget, public financing, customer’s financing

R&D policy (survey, pre-study, research, product devel opment, consultation)

R& D source (V TT/customer/partner/public, existing product/technical solution)

R& D target (application, function/problem, engineering technique, and electronic technol ogy)
R& D task: information gathering, research, reporting, and information dissemination

organisational R&D result: draft/proposed/accepted report, product/technical solution, patent
organisational financial result: expense, income, and net financial result

organisational associated result: customer/internal feedback, evaluation, project brochure
personal result: dissertation, academic degree

personal financial result: salary raise, bonus salary

“management”

project offer

project proposal

contract

project plan: schedule, budget, task (management, R& D), expected result, resources

project management group:

customer, partner, VTT' s line manager, VTT's project manager (secretary)

project preparation/marketing task

project contracting/re-contracting task

project planning/re-planning task

project management task (control, cost accounting, quality review, and feedback acquisition)
project management group meeting

agenda/minutes of project management group meeting:

technical status, managerial status, decisions

managerial report (intermediate report, final report)

“strategy”
marketing plan (R&D department’s, R&D group’s): project marketing description/reference
annual plan (R&D unit’'s, R& D department’s, R& D group’s):

project planning description/reference

strategic plan: program reference/planning description, project reference/planning description

Frame 4. “ Actual project relationship and competence concepts’ .
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Choosing the theor etical viewpoint

After a while | simply chose a chronological classification for both the
acquired and naturally occurring data as a common sense solution. The main
justification for the choice was that my study was longitudinal. Finaly,
things started to converge. The chronologically organised data helped me to
understand that | had to look for recurring patters over time. In order to find
such patterns, in a rather brute-force manner, | combined the ARA (actor-
resource-activity) network concepts [Hakansson and Snehota 1995], and a
typology of R&D resources and activities based on [Rosenbréijer 1998].

Frame 5 shows an extract of an early plan to adopt the ARA model, with the
key justifications for its use, referring first to a comprehensive analysis of
science and technology studies by Reger and Schmoch [1996], who “refer to
Hakansson and suggest that the relationship model should be used in
modelling and evaluating R& D collaboration”. It was my plan that “Abell’s
extended market model is used as the a priori competence model”, so that
this and the activity-resource-actor model would be “integrated by viewing
the resource dimension of the ARA model as competence (or rigidity, in
some cases) in its various forms’. | also realised that the “other two
dimensions of the network model [activities, actors] ensure that competence
is addressed from the viewpoint of all actors and activitiesinvolved”.

Veikko Seppénen, 12.9.1997, draft
CORE COMPETENCE —NETWORK MODELING

Hakansson’s ARA model is used as the a priori mode! for describing R& D relationships and
networks. Relationships are formed in the ARA model of activity links, resource ties and
actor bonds, networks are formed of activity patterns (which is done jointly), resource
congtellations (which are shared or exchanged), and webs of actors (who are acting together).
A good justification for the choice is [Reger and Schmoch 1996]: ... Reger and Schmoch
refer to Hakansson and suggest that the relationship model should be used in modelling and
evaluating R&D collaboration. Moreover, they discuss core competence and claim that it
should be operationalised in the context of R&D collaboration. Abell’s extended market
model is used as the a priori competence model, so that the original three modelling
dimensions of customer applications, customer functions, and product technologies are
likened to application competence, functional problem solving competence, and technological
competence. |n addition, the fourth dimension of engineering disciplinesis adopted.

Thisismy original idea, but is partly supported by [Bogner and Thomas 1996]: ... According
to Bogner and Thomas, a company must integrate unique product attributes with more
genera, commonly available attributes. Markets can be viewed as Abell, so that competition
is based on which needs the bundles of attributes respond to, and which technologies (or
skills) provide them, in comparison to others on offer. Narrow focus (one dominating
atribute), mixed skill (one dominating and several supporting attributes), and broad
aggregation strategies are possible (evenly important attributes). Elfring and Baven address
two of the dimensions from the capability building viewpoint, functions and applications.
[Elfring and Baven 1996]: ... According to Elfring and Baven, capabilities can be classified
into functional and application capabilities. The former are organisation skills related to its
function, the latter are needed to adapt the functional capabilities for the needs of specific
customers. The two models are integrated by viewing the resource dimension of the ARA
model as competence (or rigidity, in some cases) in its various forms. The other two
dimensions of the network model ensure that competence is addressed from the viewpoint of
all actors and activities involved. For core rigidities, see [Leonard-Barton 1992].

Frame 5. A plan to apply the ARA model in my research.
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| found out that time and changes of competence and project relationships
must somehow also be modelled. This notion brought me to writings on
process-based analysis of industrial relationships, such as [Pettigrew 1997].
It also became apparent that there was very little material available on
process-based analysis of competence. According to Pettigrew, a process is
“a sequence of individua and collective events, actions and activities
unfolding over timein context”. The time quality of process analysis “liesin
linking processes ... to the location and explanation of outcomes’. Pettigrew
claims that “writing a case history can help in getting on top of the data’.

| wrote a history for the cases, by producing summaries of my initial
understanding on what had happened. | tested my analytical vocabulary, as
Pettigrew calls it, in a single case first. Frame 6 illustrates some of my
initial thoughts on this vocabulary, which later resulted in the typology
presented in [Seppanen et al. 1998a]. The fault diagnosis case that |
addressed at first involved a rather compact set of projects and resources
from the viewpoint of VTT, which made it not overly difficult to deal with.

Veikko Seppanen, 12.9.1997
Activity entities:
Activity relations:
Activity attributes and their values: role (dominating/supporting)
Attribute value definition:
Resource entities: knowledge, skills, capabilities, competencies, core platforms, core
products, service specifications, service results, supporting resources, time, money
Resource relations:
Resource attributes and values: form (tacit/explicit), coverage (wide/narrow), avail ability
(scarce/common), role (dominating/supporting), content (application/ function/ discipline/
technology)
Attribute value definition:
Actor entities: own actors, competitors, partners, customers, funding bodies, others
Actor relations:
Actor attributes and values: aggregation (individuals, project teams, organisational units,
organisation), task (devel opment/management/marketing/end use/other)
Attribute value definition:

Frame 6. Early ARA-based analytical vocabulary.

Conducting theresearch —a longitudinal case study

After | had written a working version of areport on the fault diagnosis case
[Seppénen et al. 19984, | realised that in order to create a well-grounded
local theory based on findings from the case data; the egg, | would have
needed to throw away the chicken; the first version of the competence
evolution framework, produced mainly on the basis of related research.
Since the framework had made sense when analysing the case data, | did not
want to demolish it. Therefore, | spent the year 1998 by applying the
framework to the code generation case, by using the case study method, as
will be discussed in more detail in the next section. However, it soon
became obvious that | needed to revise the framework. Moreover, | realised
that it is not the sole amount of empirical case data that matters in
qualitative research, but the understanding and interpretation of the data. |
thus dropped the software process improvement case, it involving the
shortest chains of projects, starting from the early-nineties, and focused my
attention on the other two cases.

32



I managed to revise the framework, by using a kind of abductive reasoning
process of interleaved theory building and experimentation, go through the
code generation case, and publish the results [Seppanen et a. 1999ab]. |
had considered the idea of analysing the fault diagnosis case anew with the
revised framework, but in that option the true evolution of my framework
would have remained less visible. Instead, | decided to follow the approach
used, for example in [Halinen 1994], to present both versions of the
framework and describe how and why the initial framework was changed.

However, Halinen presents an initial model for the development of
professiona service relationships, based on literature and related research,
and an improvement of the same model based on the analysis of a single
case. | present an initial framework based on literature and related research,
and use it to analyse the fault diagnosis case, where the focus is on the
content of competence. Competence evolution in the context of contractual
R&D project relationships is then analysed by the altered framework, using
the code generation case. In this case, competence did not evolve as the
different parties involved would have wished, as opposed to the fault
diagnosis case. However, this enabled the carrying out of a hopefully
insightful cross-case analysis. The analysis compares both the cases and the
successive versions of the framework.

In this research networks of relationships are used to understand
competence evolution. As | pointed out above, they themselves have been
the topic of research. After having read severa dissertations published in
the nineties, it seems that researchers have not changed radically the core
network concepts, but preferred to add new concepts on top of the network
core. [Holmlund 1997] and [Tikkanen 1997] are good examples of such
studies. Holmlund extended the ARA network model by quality concepts,
Tikkanen by process concepts. There is nothing wrong with this kind of
approach, it actualy indicates the increasing maturity of the network
paradigm in business studies. | aso followed the same path by linking
competence and network concepts together via the ARA model. One
example of the extensions | made to the model, as will be explained in the
second part of the dissertation, is the use of colours in relationships to be
able to describe VTT’ s project portfolio. By using the network model as an
analytical tool, | managed to make explicit and understand competence
concepts and their changes in the context of my research, contractual
software engineering related R& D services.

Axelsson [1995] claims that “one of the foremost issues in future work on
this subject [industrial networks] will, in al probability, be a continued
development of the basic concepts and content”. Up till now, researchers
have been focusing mostly on different ways of describing and
characterising networks. According to Axelsson, “research urgently needs
longitudinal descriptions of different industrial networks so as to categorise
them, and also to understand the way they operate in terms of reaction
patterns, the impact of specific actors, propensity to changes, etc.” | started
this research from the categorisation viewpoint, but found it rather limited
and passive. In comparison, the process-based approach that | followed in
the second case study revived the network model that | was applying.
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Easton [1995] points out that “in practice, many if not most industrial
network research studies have adopted, consciously or unconsciously, a case
approach”, because it “allows the detailed study of particular events over
time by different forms of data collection, so that the dynamics of industrial
network processes can be teased out”. Halinen and Tdrnroos [1995]
describe how this could be done, by discussing three different
methodological approaches. historical or retrospective studies, follow-up
studies, and futures studies.

| clearly made a retrospective study, like many other researchers. However,
the revival of networks in my second case did not merely involve a
longitudinal analysis of changes in networks. It also addressed the way that
network activities could be understood as comprehensive business processes
where people and organisations are involved. | owe this view to [Tikkanen
1997], which seemed thoroughly reasonable from the very first reading.
Easton states that “the potential for action research in industrial networks is
not high at this stage of our understanding”. However, | would claim that
the potential of people who participate in everyday industrial networks, such
as myself, has not yet been fully exploited for the purpose.

To summarise, the research approach | followed can be characterised as a
qualitative and longitudinal study of competence changes, where
competence dynamics is investigated in the context of evolving project
relationships. For this reason, | carried out a retrospective analysis of R&D
projects of the focal organisation involved in two different cases. The
analysis was done using the case study method, based on gathering and
interpretation of naturally occurring documentary data and purportedly
acquired interview data, as will be discussed in the next section. Although
the empirical analysis of competence changes is at the heart of my research,
| also build the theoretical framework that was used in the analysis.

2.2 CASE STUDY METHOD

I got my hands on the textbook on case study method written by Yin [1988]
in June 1998, and became convinced that | had found the right method for
my research. Afterwards, | have learnt that what Yin proposes is a rather
mechanistic approach to case study research, as he emphasises the work
procedure at the expense of, for example, methods used to understand and
interpret case data. However, [Yin 1988] suited well for my research,
because | needed a frame especialy for conducting the phase of the
gualitative research process where observations are reduced [Alasuutari
1994]. Such textbooks as [Smith 1981] on business studies appeared as far
too elementary in this regard.

For solving the problem, the other main phase of the qualitative research
process, | was developing the competence evolution framework. This
framework was fitted to the specific context of my research, as opposed to
such general approaches to qualitative data analysis described, for example,
by Bryman and Burgess [1994] and Silverman [1993].



According to Yin [1988], a case study strategy is relevant when the research
question is of the explanatory form “how” or “why” type. In addition the
research does not require control over the behavioural events being studied,
and the focus is on contemporary events. | would like to add that it is
important not only to track behavioural events, but also to understand and
interpret them.

Yin defines a case study as “an empirical inquiry that investigates
contemporary phenomenon within its real-life context; when the boundaries
between the phenomenon and context are not clearly evident, and in which
multiple sources of evidence are used.” | was interested in comprehending
how competence emerges — or withers — and how it is being exploited
within the context of relationships of a contract research organisation. The
boundary between this phenomenon and its context is all but clear-cut. As
an example, from a managerial viewpoint | was also interested in knowing
how to control the context, e.g. how some competence should be managed
to create new relationships. My focus was on understanding events that took
place during the past several years. In other words, | addressed
interpretation of contemporary events. As an investigator there was no need
for me to have any control over the events, but neither was | an outsider — |
was one of the participating actors in both of the casesthat | studied.

Since the conditions for carrying out a case study suited my research, and
participant observation is not excluded from the method, | followed the case
study approach. A longitudinal perspective is necessary to understand and
explain changes in rea-life phenomena. In my two cases chosen from the
three original alternatives as discussed above, | investigated a period of over
ten years, from 1985 to 1998, including several fault diagnosis and al code
generation related projects that had been carried out by VTT. From the
viewpoint of the focal organisation under study, the contemporary events
related to the cases were thus well covered.

A case study research design includes at least the following elements:
research questions, propositions (if any), units of analysis, the logic of
associating case data with the propositions, and the criteria used to interpret
the results. In addition | needed to use some patterns to structure
explanations. To solve the research problem, “How does competence
evolve in R&D project relationships?’, | addressed the four specific
questions listed in Section 1.3.

A research proposition is a means to focus the study on arelevant topic. The
main proposition of this research is that if the skills and capabilities of a
contract research organisation evolve towards core platforms [Hamel and
Prahalad 1994], this enables the organisation to be efficient enough with
regard to its capabilities and flexible in its relationships. A foundation for
the proposition is that competence indeed does emerge, not only for
customer needs within an organisation but as part of inter-organisational
activities. A unit of analysis specifies the elements to be studied, usually on
the basis of how the research question has been formulated. The main units
of analysis in this research are the resources and activities of a contract
research organisation. The main patterns of explanation are projects, whose
actors and relationships | have conceptualised in the form of focal nets.
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According to Yin, the quality of the research design of a case study can be
evaluated by using four tests. The first test is construct validity, for which
multiple sources of evidence, chains of evidence, and informant review of
the case study report can be used. Secondly, internal validity by pattern
matching, explanation building or time-series analysis can be ensured. The
third one is external validity by replication in multiple case studies, and
finaly, reliability based on a documented case study protocol and case data
base. One of the strengths of case studies is that evidence from physical
artefacts and documents to interviews and direct observation can be utilised.
| have used all these sources to pass the construct validity test.

Furthermore, the interviewed key informants reviewed draft case data
summaries. Yin [1988] claims that “for case studies, the most important use
of documents is to corroborate and augment evidence from other sources’.
In this research things happened the other way round. Within the context of
a contract research organisation, managerial and technical documents are
the basic means for professional people to communicate and agree over
technical and manageria issues. Most research results are documented
either as interna papers or as public reports, and many of them are aso
evaluated in written form. Problems in contractual projects are often noted
in managerial documents. Individuals tend to keep personal diaries writing
down, for example, other people's opinions on joint plans, activities and
results. To try to structure this kind of data around interviews, which are
“most commonly, ... of an open-ended nature” in case studies [Yin 1988],
would be difficult, which | personally noticed. Therefore, 1 produced an
initial case data base from a chronological set of organisational and project
documents and corroborated this data with the results of interviews, to
Create a case data base.

| interviewed altogether some fifty people for the two cases. In the code
generation case this included six out of the seven focal researchers, five
line managers of VTT directly involved in code generation related activities,
and seven colleagues associated indirectly with code generation projects. In
addition, ten VTT and industrial people who were end users of the code
generator, a sub-contractor used in its further development, the two
representatives of the funding body Tekes involved in some projects, and
three industrial customers who contracted code generation projects from
VTT. Eleven members of the management team of the biggest code
generation project Sokrates were aso interviewed. The roles of these
groups of people will be made explicit in Section 7.3 (cf. Tables 13 and 14)
and analysed as part of the inner context of the code generation case.

The interviews were conducted both as face-to-face discussions, by phone,
as a group rehearsal for the code generation researchers, and by using
electronic mail. The group rehearsal was carried out in an unstructured
manner. However, my own case summary had been sent to the informants
beforehand. Most of the parties in the two cases were interviewed using a
semi-structured approach, asking them to answer questions organised
around the specific projects in which they were involved. A marketing
student carried out a few interviews as a training assignment. As an
example, Frame 7 illustrates some questions put to the members of the
steering group for the Sokrates project.
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Information was sought on the results expected and the results gained from
the project, as well as about the main features of the project. All informants
answered the questions, some with brief replies, others with quite detailed
additional comments.

Questions for Sokrates steering group members, Spring 1998

1. What skills and results did you expect from the Sokrates project?
2. How was your contact with the project established?
3. What information and experience did you get from the project?
4. Did you utilise any of the results and if so, with what results?
SA/SD-based design method
Coding rules for the C programming language
Code generator prototype
Operating system nucleus
Communication software package

5. What in Sokrates was irrelevant from your viewpoint?

6. Would you have needed code generation for other programming languages than
C, or from other source languages than SA/SD design models?

7. Did you consider the use of code generation after the project, did you buy any
commercia code generators, such as Prosac?

8. What do you think of code generation at the moment?

9. Do you till use the SA/SD method in design?

Frame 7. An example of semi-structured interview questions.

Hirgarvi and Hurme [1995] estimate that the typical time spent on an
interview is from one and a half to two hours, but that no strict guidelines
have been laid down for their length. Some of my interviews only lasted
from fifteen to thirty minutes, and most of the external parties just answered
my electronic mail messages. Therefore, it seems to be the case that
information technology is gradually changing interviews as an interactive
process between the researcher and the interviewees, controlled in real time.

However, the problem of interpreting interview data cannot be overlooked.
Interpreting electronic messages is possibly more difficult than interpreting
interactively gathered observations. | did not use any interview summary
cards or special records, since the problem of organising the case data was
not that of arranging a folder of card files. It was rather a question of the
chicken-and-egg problem. | was supposed to produce structured
explanations based on the analysis of the case data, but the data needed to
be organised into understandable structures to enable the analysis.
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| wrote summaries of the two cases, based on my initial understanding of
developments, and sent them to the key informants. The purpose was
twofold; to help the writing of a more elaborated case history, and to make
explicit my own managerial perspective on the cases as a participating actor,
a manager and “key decision maker in an organisational setting” [Yin
1988]. The benefits of the summaries were considerable, especialy in the
latter sense and in the controversia code generation case. The informants
could see on paper what one manager thought about the case and had the
possibility to tell their own stories. Moreover, although | studied contractual
project-based relationships and had thus no difficulties in recognising them
from the case data, it was useful to learn how different parties considered
the importance of certain projects. As an example, a financially very small
project was mentioned by the focal code generation researchers as one of
the best projects in the whole project portfolio.

My initial case summary helped to trigger extensive additions especially
from the focal code generation researchers (cf. Appendix 2): two
comprehensive, yet divergent written outlines of the same subject, an 18-
page report of a group rehearsal that lasted for three hours, and a 90-minute
interview with a colleague. The summary could be accompanied by the
story of the code generation researchers, the “multiple actor-informants own
constructions of their situation in the context studied” [Tikkanen 1998].

According to Yin [1988] “the most desirable option is to disclose the
identities of both the case and the individuals’. However, if the study has
been on a controversial topic, as is the case with the code generation R&D
where the viewpoints of the key participants clearly conflicted, anonymity
helps to protect the real case or at least its participants. Yin points out that
“the anonymity of the individuals alone may be sufficient, thereby leaving
the case itself to be identified accurately”. | followed this suggestion for
both of the cases, although my initial summary of the fault diagnosis case
(Appendix 1) did not result in considerably conflicting augmentation. Some
minor controversies involved in this case are documented in [ Seppanen et
al. 19984]. They mainly include certain customer opinions, and not as many
internal disagreements within VTT asin the code generation case.

Several thousand pages of documentary data were retrieved on the two
cases, mainly from the archive of the focal organisation. Figure 4 illustrates
the different portions of the case data. In the front there is a row of folders
full of related research publications, in the back a much larger set of
documents, on projects involving the cases and the management of the focal
organisation. The most extensive set of personal notes | studied included
eight 200-page diaries from the mid-eighties to the late nineties, shown in
the uppermost left corner of the figure. All information on the Finnish
electronics and automation industries, related to the outer context of my
research, isincluded in the bag to the left of the related research folders.

Other types of material were also available for investigation, e.g. the VTT
code generator and its commercial counterpart, a small-scale model of an
elevator for which software had been automatically generated, and a
marketing video tape, to mention just afew.
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Figure 4. lllustration of the portions of the documentary data.

The data collection process for the two cases took altogether more than a
year, resulting in atextual case database of about three hundred pages. This
database includes extracts from the analysed documents classified in a
temporal order, the case summaries with additions, the results of the code
generation group rehearsal, as well as the free-formatted data gathered from
the interviews. They “may be considered as the formal part of the database
and not part of the final case study report” [Yin 1988].

The whole portfolio, 23 projects from the mid-eighties to the present date,
of the code generation case was analysed, for fault diagnosis the five main
projects were addressed. Analysis and interpretation of this case study
evidence was done by utilising the competence evolution framework. The
network part of the framework, i.e. conceptual models of contractua R&D
project relationships, were used to build the explanations. | organised
activities chronologically involving different actors and relationships over
time, cf. [Dubois 1994], mostly in tabular form. Since the period of time |
studied was less than twenty years and the archived project materia
included plenty of details, it was easy to extract the chronological relations
of activities from the data.

Explanation building is always an iterative process in multiple case studies,
as shown in Figure 5. | followed this kind of iteration cycle in my research,
publishing two different case reports [Seppanen et al. 1998a, Seppanen et
al. 1999a] as the main results. The basic iteration loop consisted of making
the initial proposition based on relations to former theories, comparing the
findings of the first case study to the proposition, revising the proposition,
and repeating this cycle for the second case. However, | would like to stress
that one of the most difficult aspects of the process was not to revise the
proposition on how competence evolves in project-based relationships, but
to build and revise the theoretical framework — patterns of explanations, as |
have called it above. It was not built based on textbooks of qualitative and
case study research, but on competence and relationship literature.
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Figure 5. Case study method for multiple cases[ Yin 1988] .

According to Yin, it is appropriate to first conduct the analysis of the
embedded units within each case, in order to consider the results as factors
in pattern matching or explanation building at the level of the single case.
Explanation patterns should be compared between cases, rather than
between the results of embedded unit analysis. To explain the evolution of
each respective competence, | followed this advice by analysing individual
fault diagnosis and code generation projects, the most important embedded
units. Explanation patterns in the two cases were preliminarily compared in
[Seppanen et a. 1999a] and will be addressed again in this dissertation, to
analytically generalise explanations of the research proposition.

My third case, software process improvement, was originally intended to
help me to analyse how service products can be created from core plat-
forms, since a specific product concept had been developed by the focal
organisation for this purpose. However, since | did not carry out afull study
of this case, | will not employ it even as an illustration in the fourth part of
the dissertation, where strategic competence management is discussed.

My experiences from the case study method can be summarised as follows:

» identification of cases based on projects was quite easy,
» documents became a backbone of the case data,
» case summaries written early on were useful as stimuli,

* building of the theoretical framework to analyse the case
datawas the most difficult iterative process to manage,

» writing of intermediate case publications was very helpful.

The last item, the writing of altogether four scientific publications on the
cases [ Seppanen et al. 1998a,b, Seppanen et al. 1999a,b], was useful in two
senses. the theoretical framework was exposed to initial peer review, and
considerable portions of the case data could be published as parts of the
reports already during the ongoing research process.
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3 ANALY SIS OF RELATED WORK

One of the difficulties in analysing related work was that competence
studies and network analyses have been conducted to a large extent in
isolation from each other. The few exceptions include, e.g. [Easton and
Araujo 1996, Algjoutsijarvi and Tikkanen 1999a, Rosenbrdijer 1998]. They
have addressed activities used to create and make use of resources in
relationships, which is my perspective to competence in this research.

I will focus on competence studies in this chapter. Networks of industrial
relationships will be discussed in more details in the second and third parts
of the dissertation, where successive versions of the competence evolution
framework are presented, based for the most part on existing research.

In the following, | will first make an overview on competence research from
the viewpoint of this study, starting from the research carried out to
conceptualise and anayse firm resources. | will then discuss how core
competence has been characterised by different authors. Since | am
interested in the evolution of capabilities from implicit skills to explicit
competence, and am addressing a technical domain, | will devote one
section to core products, platforms and product families. In closing, | will
discuss studies of networks of industrial relationships to pave a road for the
definition of the competence evolution framework in the second (Chapter 4)
and third (Chapter 6) parts of the dissertation.

3.1 COMPETENCE STUDIES

Since the publication of Prahalad's and Hamel's Harvard Business Review
article “The core competence of the corporation” [1990], the concept of
competence has attracted a great deal of attention. From the viewpoint of
business studies, the term is related to the so called resource-based view of
companies that had been introduced earlier (cf. [Pfeffer and Saancik
1978]). Within the context of R&D, it has involved e.g. industrial
development of new products. A good example of this stream of research is
[Lindman 1997] that was discussed briefly in Chapter 1.

Despite the fact that the roots of competence thinking are in the well-known
resource-based view to firms, and that for example the textbook of Hamel
and Prahalad [1994] has been extremely popular, it appeared neither to be
straightforward enough to find common elements in competence literature
nor existing meta-theoretical studies on these elements. | was not only
looking for definitions of concepts such as assets, skills, resources,
capabilities and competence, but also interested in how their changes over
time had been made explicit, i.e. on competence dynamics. Sanchez et al.
[19964], titled “Dynamics of competence-based competition”, became a key
piece of related work. Although the word “dynamics’ refers to competition
and not to competence, the textbook includes severa articles addressing
competence changes. Moreover, a meta-theoretical analysis of competence
by Lewis and Gregory [1996] is included, and an evaluation of competence
from a network perspective by Easton and Araujo [1996].
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Lewis and Gregory [1996] make a difference between four views to
competence: economics (cf. [Teece et a. 1992]), corporate strategic
management (cf. [Prahalad and Hamel 1990]), management of technology
and learning (cf. [Leonard-Barton 1992]), and human resource management
(cf. [Sparrow 1992]). Based on the concepts of competence, core
competence, distinctive competence and dynamic capability used by these
authors, Lewis and Gregory provide their own working definitions for the
first three concepts, asis shownin Table 1.

Table 1. Views to competence [ Lewis and Gregory 1996] .

1. Economics. Teece et al. 1992

A. Competence: When firm-specific assets are assembled into integrated clusters
spanning individuals & groups enabling distinctive activities to be performed.

B. Core competence: Those critical to afirm’'s survival. Should be derived with due
reference to opportunities & threats facing the firm.

C. Digtinctive competence: The differentiated skills, assets and organisational routines
allowing afirm to co-ordinate activities that provide the basis for competitive
advantage in particular market (s).

D. Dynamic capability: The capacity of afirm to renew, augment and adapt its core
competence over time. Capabilities thus reflect the firm’ s latent competences.

2. Corporate strategic management: Prahalad & Hamel 1990

A. Competencies: The collective learning in the organisation, especially how to co-
ordinate diverse production skills & integrate multiple streams of technology.

B. Core competencies: Source of competitive advantage. 3 qualifying tests: access to
wide variety of markets; contributes towards perceived customer benefits; is difficult
for competitors to imitate.

3. Management of technology (learning): L eonard-Barton 1992

B. Core capability: The knowledge set that distinguishes and provides competitive
advantage. Identifies 4 dimensions.

4. Human resour ce management: Sparrow 1992

A. Competencies: Should be viewed as behavioural repertoires which some people
carry out better than others.

B. Core competencies: Those that remain important to afirm. It is these competencies
that provide continuity.

D. Transitional competencies: Those not currently important, not implied by the
strategic plan, but change may only be implemented through their greater emphasis.

WORKING DEFINITIONS

A. Competence: Those activities which acompany recognises as containing unique
resources.

B. Core competences: Those competences that management perceive as of central
importance to the company’ s goals and strategy.

C. Distinctive competences. Those competences that are recognised by the market and
hence provide the basis for the organisation’s competitive advantage in a market or
markets.

D. --
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As discussed below, | have adopted a view combining some aspects of
dynamic capability included in the economic viewpoint, as well as
organisational learning related to the technology management view.
However, | consider competence as an ability to create and make use of
resources in contractua R&D, i.e. in the context of a specia task.
Moreover, as Kirjavainen [1997] points out (p. 11), “interest in
organisational learning seems to have arisen in many discourses of business
research simultaneously”. It is thus useful to make the discourse explicit. In
this research the discourse is the network-based approach to industria
relationships, especially as described in [Hakansson and Snehota 1995]. In
this discourse, competence can be associated with activities performed by
network actors to create and use resources.

Although | spent quite some time with Hamel and Prahalad [1994] in the
beginning of the research, it became obvious that the corporate strategic
management view to competence did not fit well with the context of my
research. The strategic competence management approach that | will discuss
in the fourth part of this dissertation is not any corporate-level endeavour,
but geared towards management of small organisational groups and
portfolios of related projects. Similarly, although | discuss knowledge
creation by individuals and organisations based on [Nonaka and Takeuchi
1995] in Chapter 6, my focus is not on human resource management and
learning as a cognitive process (cf. [Kirjavainen 1997]).

3.1.1 Resource-based viewsto competence

The so-called resource-based perspective on companies has resulted in a
number of studies on skills, capabilities, and competence. Foss and
Knudsen [1996] have edited the book “Towards a competence theory of the
firm”, which includes a historical review of the competence perspective by
Knudsen [1996]. According to the review, the three themes central to the
competence-based perspective are viewing of afirm from the perspective of
endogenous growth, sustaining of existing advantages within an industry,
and homogenous understanding of strategy. These themes emphasise the
corporate strategic management view to competence that | have not applied
in this research. For the same reason, [Foss 1997] was not much used in my
research, as“areader in the resource-based perspective’.

Although Christensen [1996] goes a bit further when analysing the
technology base of the firm from “a multi-dimensional resource and
competence perspective’, his taxonomy of scientific research assets,
process-innovative assets, product-innovative assets and aesthetic design
assets does not fit well with the context of my research either. The man
reason, which can be traced back to the landmark of the corporate strategic
management view to competence by Prahalad and Hamel [1990], is that
company resources are defined at an abstract level and in a static manner.
Instead, | have taken the viewpoint of Sanchez et al. [1996b], who describe
capabilities as repeated patterns of action involving certain assets used to
create, produce, and deliver products to the market. In this research |
consider assets to be the resources created and used in relationships.
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Based on this view, competence in contractual R&D can be defined as
activities taken to create and make use of resources by individuals and
organisations in project-based relationships. Hakansson and Snehota
[1995], which | have used as one of the main sources for building the
network part of the competence evolution framework, also point out that
company’s assets, especialy its resources, are too often considered to be
given entities. However, on closer inspection it is the use of an entity that
determines if they are resources or not. A resource can therefore be viewed
as the relation between the provision and usage of an entity, rather than just
the entity itself. Resources are both results of and conditions for some tasks,
such as contractual R&D. In other words, they are variable and not static.
Resources can be changed in two fundamental ways, either by modifying
their features (resource transforming tasks) or by changing the way or
purpose for which they are used (resource transfer tasks).

Analysis and development of competence

The competence analysis process proposed by Lewis and Gregory [1996]
consists of activity and resource analysis and a strategic process review.
Activities are suggested for evaluation by using the following metrics:
importance, performance, imitability, transparency, transferability, and
replicability. Their scarcity, imitability, durability, retention, codification,
embodiment, and importance al measure the uniqueness of the resources.
Competence is identified as a certain combination of activities and
resources and illustrated by using competence maps. However, the analysis
process, as it is described by the authors, lacks conceptualisation of the
context in which the analysed competence would be exploited. In
comparison, in my research certain R&D tasks, projects and organisational
groups form a specific context for competence analysis.

Easton and Araujo [1996] propose several groups of resource dimensions
for study. Existence leads to resource creation, maintenance, and
replacement activities. Evaluation is necessary for resource management.
Relationships with actors concern controllability, accessibility, and
tradebility. Activities ensure integrity, versatility, complementarity, and
understandability. The authors point out that “the general product and
process technologies used in the industry are widely known and available.
They are described in technical journas in articles authored by leading
technol ogists employed by competing companies as a form of promotion”.
Contextuality of resources therefore decreases when the resources become
more general. Also | have adopted this view in my research.

Sanchez et al. [1996a] claim that when competence is built, qualitative
changes of capabilities dominate, and when it is leveraged and maintained,
quantitative changes dominate. Sanchez and Thomas [1996] characterise
competence building as “the process by which a firm creates its strategic
options’ and competence leveraging as the process by which the firm
“exercises its existing strategic options’. They state that managing of
competence building and leverage is fundamentally different. On the basis
of this research, | disagree. Instead of being diverse, the two processes are
highly concurrent, qualitative and quantitative changes are intertwined, and
management of competence changes should be based on a uniform strategy.
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As Bogner and Thomas [1996] correctly point out competence is a market-
driven concept. In addition to the internal development of knowledge and
skills, an externa competitive process exists. Bogner and Thomas view
attributes as traits of companies perceived by their customers. A company
must integrate unique product attributes with more general, commonly
available attributes. Markets can be viewed so that competition is based on
the needs the bundles of company attributes respond to, and with which
technologies (or skills) they are provided, in comparison to other offerings.
Both a narrow focus based on one dominating attribute, mixed skills based
on one dominating and several supporting attributes and broad aggregation
strategies with evenly important attributes are possible.

Bogner and Thomas propose “plus only”, “central” and “threshold” types of
attributes, each of which may be insufficient, sufficient, or distinctive from
the customer’s viewpoint. Distinct multiple attributes may amplify each
other, together forming the core competence of the company. Changes in
attributes and attribute bundles may either enhance or destroy competence.
This may involve a change in the importance of an attribute, and the level of
its offering to a particular customer. | have approached the importance of
competence from a somewhat different angle, by investigating how
competence evolves and is viewed by different parties over time.

Elfring and Baven [1996] propose four stages for the evolution of
knowledge-intensive services, such as engineering design and software
development. Learning and capability development in these stages is
characterised by external exposure (alliances, demanding clients), learning
from clients, leverage of client relationships and development of interna
organisational capabilities. Capabilities are classified into functional and
application capabilities. The former are the skills of the organisation related
to its function, for example software engineering skills in a software house.
The latter are needed to adapt the functional capabilities for the needs of
specific customers. For example, a software house might need knowledge of
discrete parts production, if it serves a car manufacturer.

At stage one, functional capability is used in-house to serve a specific
application. At stage two, the application can be leveraged to several
customers within an industry, and upgraded by learning from the different
applications. Application expertise generated from completed projects will
be pooled. At stage three, the expertise is not limited to the context of a
single industry. At stage four, cross-marketing of combinations of
functional capabilitiesto different industries and applications can be done.

The evolution of the core fault diagnosis platform to be discussed in the
second part of this dissertation largely resembles a process of this kind.
Moreover, the platform is based on a functional view, which is one of the
key aspects of the stages proposed by Elfring and Baven. Based on the
results of my research, this gives a much more useful view of competence
analysis than, for example, the abstract industry-specific competence,
strategy-specific competence, and firm-specific competence classes
proposed by Tallman and Atchison [1996]. These classes are used by the
authors to characterise the evolution of “strategic configurations’, but only
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in a broad context, to identify industrial phases from innovation,
entrepreneurship, growth, and shakeout to maturity.

Study of inter-organisational competencein electronicsindustry

Gressetvold [1998] is discussed here athough it is a piece of ongoing
research, since he investigates competence through the kinds of roles that
different organisations have in the electronics industry to develop and
deploy various innovative technologies including both tangible and
intangible assets. As only afew organisations can by themselves possess all
the necessary technologies in the electronics industry, networking with
others and resource development within networks are usual. In other words,
Gressetvold takes the inter-organisational rather than intra-organisational
view to competence building and leverage.

Gressetvold characterises this himself by stating that “New products are
becoming increasingly complex with combinations of different tech-
nologies, resulting in a need for different areas of knowledge. These general
trends do strongly indicate an increasing need for co-operation in relation to
resource development — and especially in the business areas characterised
by rapid markets, with correspondingly high frequency of resource
development” [Gressetvold 1998]. | do agree, since this was one of the main
motivation factors for me to carry out this research. However, Gressetvold
considers capabilities being the capacity to deploy, i.e. to use, resources. In
my opinion, this perspective is too limited. Deployable resources must
continuously be created. Moreover, critical product-related capabilities need
to be associated with such supporting organisational and process-related
capabilities as project management skills.

Gressetvold classifies deployable resources into tangible (generic,
specialised, or co-specialised), know-how (codified or tacit), and legitimacy
(charter-based or firm-based). The resource taxonomy | have created does
not include legitimacy. Instead, | use the project portfolio of one company-
based (green) and two charter-based (blue, red) projects. Gressetvold
classifies competence-based resources in the VLS| domain further as EDA
(Electronic Design Automation), application, circuit design, and component
manufacturing-related competence. EDA-related competence is associated
with the other three types of competence. One of the basic problems with
this classification, in the context of my research, is that it mixes product-
related competence with process-related competence. Moreover,
Gressetvold sees design competence as company-specific, a view that
cannot be assumed in my research, for many collaborative partners may
very well have quite similar design skills.

Gressetvold mentions the role of lead usersin the devel opment of EDA tool
competence, because such globally significant tool user organisations as
telecommunication product manufacturers may affect the features of tools
long before the tools are commercialy available. This remark is worth
remembering later on when the code generation case will be discussed. The
opportunity of the present active developers and future lead users of code
generators were apparently not utilised by VTT in the turn of the nineties,
because no strategy focusing on telecommunication applications existed.
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L ongitudinal viewsto inter-organisational competence

Anderson’s [1994] dissertation addresses the evolution of a mechanical
engineering company’s competence over 60 years, from the twenties to the
nineties. The company has developed 120 different products. Anderson
combines two theoretical perspectives, interaction and resource
transformation. The former deals with the company’ s business rel ationships
and forms the context of the evolution. The latter involves competence
based on the products developed and delivered by the company. The setting
Is closely related to my research. However, Anderson's goal was to make
explicit the dynamics of the company’s transformation, seen through the
change of its products and affected simultaneously by external and internal
forces and their combined influence. Therefore, athough the research was
carried out as a re-constructive case study similar to my research, its
purpose was somewhat different and the period of time that Anderson
examined was considerably, four times, longer than in my study.

When investigating the reshaping of the focal company over sixty years,
Anderson addresses relationships that are important for the development of
the focal company’s resources, especially the ones involving buyers and
suppliers, and the ones breaking off existing relationships. A company’s
resources represent its technology, organisation, knowledge and relations of
personnel, and financia strength. In all, Anderson describes resources as
core competence, knowledge accumulated by the organisation.

This view explicitly emphasises codified assets the focal company can
produce and make use of through sales to customers. This is understandable
because of the very long period of time that Anderson addresses. For
instance, information on intangible resources created and used in the thirties
or forties may prove to be very difficult indeed to recover in practice.
Apparently for this reason, Anderson focuses on the role of products for
understanding the evolution of a company’s relationships. Products are in
her view “the seller's ability to solve the buyer's problems’.

However, changes that can be identified by studying the change of
individual products are rather specific. Anderson suggests that products “of
major importance for the company” are core products representing core
competence. She analyses networks of relationships built around products,
“product networks’, to identify core products and competence. | have
investigated project relationships for the very same reason. Even though
these relationships involve rather abstract engineering R&D services, in
many cases explicit software products were produced. Therefore, networks
of project relationships could be called “ service product networks’.

Anderson mentions the following core products of her case company:
vehicles, electric motors and welding equipment, mining machines, deck
cranes, and hydraulic motors. Every core product made it possible for the
company to enter markets and industries where the company had little or no
prior knowledge. The growth of the company was thus closely related to the
core products. | also consider core competence to be a means of providing
an expanding market share to its owner.
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However, competence may very well either remain in a certain application
area or be utilised in new areas, depending on the change of industries and
the economy as a whole. For example, process automation applications that
were the original target of the fault diagnosis competence, are still a valid
domain for VTT despite entry into new application domains in the nineties.

Anderson claims that “core competence becomes apparent relatively early
and is retained through the period”. My research indicates the same, because
functional skills that help building core competence are visible early on.
Another observation by Anderson similar to my research deals with the
transformation of resources. According to her, this mainly took place as a
successive expansion of resources in relationships; “the process chiefly
responsible for the industrial transformation is the company's competence
conversion. The resource conversion does not occur in a vacuum but within
the structure that the relationships together form and provide”.

Rosenbrdijer [1998] takes an approach to capability development that is
based on usage and mixture of resources. He considers resources to be the
basic elements of company capability, and points out that they are
heterogeneous and dynamic, i.e. change over time. The levels of company
(internal), relationship (external), and network (external) are used by
Rosenbrdijer to analyse the development and integration of the focal
company’ s capabilities, when interacting with other actors.

He defines competence as “a combination of knowledge and experience in
combination with a specia task”, whereas capability is the “ability and
willingness to organise a mix of resources for productive activities, where
resources are the basic elements of the activities in question”. In my
research, competence involves creation and usage of both tangible and
intangible resources — athough the latter dominate. However, the view of
Rosenbrdijer that competence can be considered as related to certain task is
very relevant in my research, too. | have investigated resource creation and
utilisation activities, i.e. competence, in the context of a specia task:
contractual research and development.

“Directed capability” is a concept used by Rosenbrdijer to study resource
interaction at a relationship level. He uses phases to describe the
development of the focal company’s resources at this level, but it remains
unclear if the phases were defined for the needs of the research only. He
also uses the concept of “connection function”, but does not provide exact
definition of its meaning. Rosenbrdijer shows the development and mixing
of resources in the relationships that he studies as a linear list, classified
according to a resource typology. The actual contents of the resources are,
however, not addressed in detail but described in such genera terms as
“wide product range”, “sharing experiences’, and “new warehouse”.

He identifies seventeen critical investments of the focal company’ s resource
mix over fourteen years, i.e. the grain size of his analysis is only about one
resource item per annum. However, when analysing individual relationships
he takes a closer look and lists more resources. Rosenbroijer uses a typology
based on financial, physical, organisational, human, technological, and
reputation resources.
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| have applied and extended this typology in my research, keeping in mind
the key differences between his and my context. For example, resources
from all the categories are not equally important and do not become evenly
mixed and integrated with other companies’ resources in the R&D projects |
have studied. Furthermore, the focal organisation | have investigated may
make the same resources available in the same way to severa partners in
joint projects, as opposed to Rosenbrdijer’ s context, where thisisrare due to
the unique division of labour between companies belonging to a network.

3.1.2 Characteristics of core competence

Although | have not taken the corporate strategic management view to
competence, | consider the common-sense view taken to core competence
by Hamel and Prahalad [1994] as relevant. According to them core
competence has to be something competitively unique, extendable, and
capable of creating customer-perceived value. Hamel and Prahalad ssimply
characterise “core” as a synonym for “critical”, when discussing
competence. This view makes sense in the context of a contract research
organisation offering R&D services in the form of projects. In particular,
the characterising words of core competence can be interpreted as follows:

» “competitively unique’: since the customers are usually
technical experts themselves, the supplier seeks to offer
customers something new,

* ‘“extendable’: since the supplier cannot serve only the
specific needs of one or very few companies, its
competence must be extendable for many customers, and

» “capable of creating customer-perceived value’: as a
contract research organisation, the supplier must provide
value for its customers, for which they are willing to pay.

Uniqueness vs. codification

An important aspect of core competence related to the first item,
uniqueness, is that distinction can be made between context-specific,
portfolio-specific, and generic competence [Algoutsijarvi and Tikkanen
1999b]. By means of its utility and scarcity, core competence must include
something that is experienced as being simultaneously useful and difficult
to acquire from alternative sources [Boisot et a. 1995].

The company’s strategic architecture should indicate what new benefits or
functionality will be offered to customers during the coming years, to avoid
core rigidities. A strategic architecture is “a high-level blueprint for the
deployment of new functionality, the acquisition of new competence or the
migration of existing competence, and the reconfiguring of the interface
with customers’ [Hamel and Prahalad 1994]. An important issue in this
regard is the level of codification of competence.
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Competence, be it knowledge, skills or capabilities, may be tacit or codified
[Boisot et a. 1995, Sanchez 1997, Nonaka and Takeuchi 1995]. Tacit
knowledge is not articulated. It can usually be transmitted (the term
“diffuse” is often used) only slowly in face-to-face situations and often to a
limited audience, in conditions of trust and shared experience.

In contrast, codified knowledge can be transmitted much more rapidly and
impersonally to larger audiences. By definition, generic competence is well
articulated, while relationship-specific competence is typically tacit. Much
of the current discussion on competence advances the proposition that the
tacit knowledge of a company is more likely to be the source of a
competitive advantage than articulated knowledge.

The argumentation for this notion is the following: if some knowledge is
articulated, it can be understood by anyone, and as a result can be relayed
beyond the individuals and their organisations, which in turn leads to the
loss of any competitive advantage. | do not take this for granted, not
because of barriers of diffusion (cf. [Sanchez 1997]), but because | suggest
that in order to become core competence, skills and knowledge must be
ingtitutionalised. If they are not, their leverage in inter-organisational
relationships may be hampered and ultimately wither.

Extendibility vs. institutionalisation

Regarding the second item related to core competence listed above,
extendibility, individual, team-based, organisational, and inter-
organisational competence can be identified, as has been pointed out by
Eriksson and Ropo [1995]. In addition to individual capabilities, there are
collective knowledge and skills built and used in collaboration. In this
research, | regard these as elements of competence, rather than individual
knowledge and skills. Depending on the context, team-based competencies
may involve informal interest groups, project teams, and operational groups
in the line organisation. In this research | have focused on the last two
groups of individuals.

Companies can aso be seen possessing certain competence as organisations
— this is one of the basic ideas behind the corporate strategic management
view to competence [Prahalad and Hamel 1990]. Furthermore, individuals
and organisations involved in a relationship within an inter-organisational
network can be interpreted as forming quasi-organisations with their own
capabilities [Algoutsijarvi and Tikkanen 19994].

Mainstream management and marketing management literature emphasises
generic “good management practices’, often presented as rather universal
abstract capabilities that can be transferred across companies and industries.
Theoretical studies, such as [Cooper and Kleinschmidt 1996] and practical
surveys [SRI 1996] have been performed to identify good research and
development practices, along the lines of general management literature.
Leppdla [1995] investigates them in the project relationships of VTT.
Tiittula [1994] addresses a broader manageria change at VTT as a contract
research organisation that he characterises as "farewell to bureaucracy".
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Customer perceived value vs. the quality of competence

The value of competence, seen from the customer’s viewpoint, can in the
context of contractual R&D be likened to quality. Remembering the
proposition of this research of competence evolving in inter-organisational
relationships, it is useful to view quality from the relationship perspective.
For this reason | will briefly discuss the research of Holmlund [1997], as
she has conducted a study on relationship quality.

Holmlund claims that “firms quality perceptions are complex, context-
bound and dynamic, and not easily transferred to other relationships and
points in time”. She suggests that service management, relationship and
network perspectives provide for an elaborated enough viewpoint to quality.
She uses the concept “relationship quality”, associated not only with actor
bonds but also with activity links and resource ties, by which | have
conceptualised competence in this research.

Holmlund concludes that actor bonds are related to the social dimension of
quality, whereas activity links and resource ties concern the technical
dimension. The latter includes various process types and characteristics,
such as rdiability, innovativeness, use of competence, speed, use of
physical resources, and flexibility and security, in addition to technical
outcome. When she makes explicit the technical dimension of the quality,
she presents instances of the process and outcome aspects, but fails to
present how the two are interrel ated.

In other words, she does not present the interrelationships of process related
and outcome aspects. They are mixed together so that the interaction
process, the exchange items produced and the characteristics of both the
process and the exchange items are intertwined. Individual items can be
taken apart and related together via the positive, negative and neutral views
to relationship parties, but the interaction process is not made explicit. As a
result, one cannot actually view the evolution of a relationship and see how
different quality aspects were born and developing. In order to avoid this, |
have analysed expected, perceived and historical values of competence over
time, as they were seen by the different parties of the evolving relationships.

3.1.3 Coreproducts, platformsand product families

Core competence has also been addressed from a rather technical
perspective, on the basis of product families and platforms. | will discuss
work on product families, since | am aso addressing a technical domain in
thisresearch. A product platform is based on the idea of afamily of several,
similar derivative products that share parts of the same design. Meyer and
Lehnerd [1997] define a product family as “a set of individual products that
share common technology and address a related set of market applications’,
and a product platform as “a set of subsystems and interfaces that form a
common structure from which a stream of derivative products can be
efficiently developed and produced.”

5l



Companies focusing on designing new products one product at a time may
fail to identify commonality, modularity, and compatibility in their
offerings. Meyer and Lehnerd discuss Black& Decker as an example of the
successful use of product platforms. A Hewlett-Packard ink jet printer
family is discussed as a good example of product families. The platform
architecture of the printer product family consists of mechanical,
electronics, and firmware subsystem architectures and interfaces. The
combination of subsystems and interfaces defines the architecture of any
single product. Some interfaces may be strategic, be they industry standards
or defined in-house. This is quite similar to Anderson's [1994] product-
driven view of core competence, especially as the architecture is based on
technologies and not on functionality. For example, the electronics
subsystem of printer products includes “applications software’, which is not
addressed in any functional details. The core part of the subsystem
architecture includes “ink technology”, whereas in my view it should
preferably be the functionality of "ink-based printing onto paper".

For software product platforms, Meyer and Lehnerd use the concept of
“layers of computing technology”. The concept consists of applications
(general-purpose and vertical), software development tools, operating
systems and computer hardware. The generalised architecture of a software
product platform includes add-in modules for creating derivative products,
the “engine” and operating system services. Single, common interfaces are a
key means to implement the architecture. Although the layers of computing
technology divide the basic functionality of software products into four
areas, they remain as abstract concepts. | have investigated the content of
these kinds of platform layers in my research, using the four dimensions of
applications, functions, techniques and technol ogies.

According to Meyer and Lehnerd, the development process of a product
family, “a thought architecture” for effective product design, includes the
following principles: product family planning and robust product platforms,
simultaneous design for production, global product design and market
development, and the discovery of latent and unperceived customer needs.
The last principle is one of the key ideas in the core competence concept of
Hamel and Prahalad [1994]. The so-called product family map shows the
evolution of the platform and derivative products over time. The generic
tasks involved in the evolution are development of the original product
platform, platform extension, development of derivative products and
development of new platforms, to create a“ power tower”.

The power tower consists of common building blocks for product platforms
(discovered and integrated), successive generations of product platforms,
and market applications (market tiers vs. market segments) for derivative
products. Building blocks of product platforms include customer insights
that may be latent, product technologies for “the implementation of
knowledge with the potential benefits incorporated into a product or
service”, manufacturing technologies, and organisational capabilities that
include distribution, customer support, and information systems.
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This process resembles the evolution of core platforms in my research.
However, Meyer and Lehnerd consider the process as an internal one
affected by general market forces. | am more interested in the kind of ripple
effects of forces and individual project relationships. In practice, the effects
are caused by many distinct relationships between specific actors operating
on the market and inside the company.

According to Meyer and Lehnerd, a platform strategy is “a top-down
planning strategy to maximise market leverage from common technology”.
In one of the cases studied in this research, market leverage could indeed be
maximised by a core platform, but the strategy was more bottom-up than
top-down, since it was based on many individual projects. Strategies include
niche-specific platforms with little sharing of subsystems and
manufacturing processes, horizontal leverage of key platform subsystems
and manufacturing leverage, vertical scaling of key platform subsystems
between high cost/high performance, mid-range and low cost/low
performance levels in different market segments, and the beachhead
strategy of simultaneous horizontal leverage and vertical scaling. None of
these kinds of strategies could be identified in my cases, since the core
platform strategy had clearly not emerged enough.

Sanderson and Uzumeri [1997] is another recent example of research on
product platforms. The authors emphasise identification of design informa-
tion common to a variety of product models or successive changes in their
functionality, and maintaining it at a sufficiently abstract level, to keep
product revisions easy and cost-effective. Thisis apparent in their definition
of aproduct family as “a set of models that a given manufacturer makes and
considers to be related”, not as physical products. They aso base the
evolution of a product family on model changes that have two components,
rate (slow/rapid) and variety (one/many). Using these components, a
model’s life-cycle is simple, variety-intense, change-intense, or dynamic,
depending on how many changes take place and how often. Based on
changes of models, the life cycle of a product family may be simple,
diverse, generational, or turbulent.

From the viewpoint of customer needs, the dynamic change situation means
that customer needs are diverse and change rapidly. Some customers are
knowledgeable and others are confused. Competition is tangled, but intense.
Companies try to respond by providing flexibility based on a balance
between core competence and new products. Marketing aims at anticipating
pending shifts in customer needs. A good example of this kind of situation
is the end of the biggest code generation research project in 1992. VTT
faced competition from a commercial tool vendor company that was its
former collaborator, in trying to balance its activities on maintaining the
existing competence, and to create new code generation-related innovations.

In the change-intensive case, customers are technically knowledgeable and
desire only the latest and best designs. They have minima loyalty and
competitors constantly try to make current offerings obsolete.
Organisationa learning focuses on certain groups that try to make use of
knowledge for the needs of the next product generation. Marketing
concentrates on selling products and guessing what competitors will do.
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In the variety-intensive case, marketing looks for product variants, and
many such variants may be designed simultaneously, companies are aiming
at organising manufacturing effectively. Organisational learning occurs
mainly in groups dealing with certain product variants. In the case of a
commodity, changes are slow and economies of scae dominate
manufacturing. Organisational |earning does not play any central rolein this
matter. This phase has not yet been reached in my two cases, and would
require the development of sufficiently large specialised markets. According
to Sanderson and Uzumeri [1997], from the suppliers viewpoint the
situation is as follows. In the dynamic case there are many suppliers, but
they enter and exit industries relatively often. Supplier certification requires
plenty of time and because technologies are changing rapidly, suppliers
should possess strong technical expertise. Based on the experience from the
code generation case, the number of suppliers may be considerably smaller
if the market isrestricted, but the other characteristics certainly hold true.

In the change-intensive case, there are few suppliers, but they are very
competitive, constantly offering new and improved versions of a few
designs. Customers change suppliers frequently. In the variety-intensive
case, there are many stable suppliers, each of which focuses on a certain
offering. A number of different technologies can be used to provide the
same functionality. The current situation regarding fault diagnosis systems
resembles the variety-intensive case from the viewpoint of VTT, athough
the market has not yet been developed correspondingly. There are only a
few suppliers. However, the suppliers are rather stable. VTT has been able
to focus on a basic offering whose functionality can be implemented by
several different technologies, depending on customer requirements.

According to Sanderson and Uzumeri [1997], model competition leads to
product family competition that can be well illustrated by the increasing
variety of portable computers between 1981-1991. Companies forced to
leave the market misread the technological forces that drove the variety and
change of the portable computer product families. Sony's case, also
discussed by the authors, was more successful.

The combination of product novelty and longevity explains the company's
dominance in Walkman type products, based on the introduction of several
“new model platforms’ and many generational changes. Generational
innovations were designed by the so-called “specia projects’ platform
design teams. Non-platform projects for designing derivative products
addressed both topological (“cosmetic redesigns’) and incremental changes,
and constituted up to 99% of all development projects.

This ratio of innovations and derivative products is considerably smaller
than the one intended at VTT, where over a half of al projects (i.e., green
and blue projects) are meant to be used to create competence and develop it
further. However, for VTT it is certainly true that “little attention has been
paid ... to the opportunity to evolve the management of consecutive design
projects into the development of a product family” [Sanderson and Uzumeri
1997]. This is obvious from the two cases and the discussion of strategic
competence management in Chapter 9.
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3.2 RESEARCH INTO INDUSTRIAL NETWORKS

Various views have been suggested in networks of industrial buyer-seller
relationships (cf. Easton [1992]). | will discuss the rapidly growing
literature on such relationships to the extent relevant to my research, and
return to the subject when introducing the competence evolution framework
in the second and third parts of the dissertation. Mdller [1994] is a good
meta-theoretical review of network approaches, which may be viewed as an
aternative to the so called marketing management research. According to
Moller and Wilson [1995a], atomic markets, singular independent business
transactions, and stimulus-response relationships between buyers and sellers
characterise the marketing management school of thought, and Kotler is one
of the best known representatives of marketing management researchers.

Moller has summarised the marketing traditions of the nineties in an
unpublished piece of work, from which Figure 6 has been taken. As shown
in the figure, he considers the “market strategy” to involve the resource,
competence and learning view of the firm, whereas the “interaction
approach” includes inter-organisationa and “extensive” relationship
marketing. In my research the issues become intertwined. However, my
research proposition of competence evolution in project relationships is in
line with the “multiple modes of marketing” and “integrated marketing”
concepts that Mdller likens to the interaction approach.

Market strategy | Clusters & Resource & Macro networks &
industry competence & focal nets
> recipes learning view
of the firm
Marketin .
manag eng\]ent Market Marketing Firms as nexus
> orientation  capability \ of resources and
' relationships
Services ~ Consumer/limited Managing
o relationship marketing ‘ > resource portfolio
Vg
Interaction T : .
approach ‘ Interorganlzatlonall | Multiple modes
BtoB - extensive RM - > | ofmarketing
+ *micro/local nets j \L
> * partnerships
~ *relationships ‘ Integrated
L | marketing

Figure 6. A view to marketing traditions 1990-2000 [ Mdéller] .

Early research on inter-organisational relationships has relied much on the
social exchange theory [Thibaut and Kelley 1959]. Researchers have
highlighted buyers and sellers' motivational investments in the relationship,
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and their perception of the developing expectations, trust, satisfaction, and
commitment [Anderson and Narus 1984, 1990, Dwyer et a. 1987, Wilson
and Mummalaneni 1986]. From my point of view, this research stream does
not largely involve the competence evolution perspective associated with
the exchange, which | consider to be an important result of the development
of inter-organisational relationships.

Researchers examining the governance structures of dyadic relationships
provide another view of inter-organisational relationships. Based primarily
on transaction cost economics [Williamson 1985] and on the organisational
dependence theory [Pfeffer and Salancik 1978], researchers have shown
how exchange conditions influence the nature of the exchange. The
continuum of changes in conditions ranges from competition-dominated
transactional exchange through co-operative exchange to the dominance of
either party [Anderson and Coughlan 1987, Heide and George 1988].

While providing a contingency-type understanding of dependence of the
relationship, governance structure research is rather static and the factors
related to mutual interaction remain faceless macro forces. This line of
thinking is also apparent in [Halinen 1994], which addresses a dyadic
relationship between a producer and buyer of professional services, as |
pointed out above. In other words, the study focuses on the outer context.

Within the Industrial Marketing and Purchasing (IMP) group and based
primarily on the resource inter-dependency notion, [Campbell 1985] and
[Moller and Wilson 1988, 1995b,c] subscribe to the contingency of business
relationships. They argue that the mode of a relationship depends on a
complex set of variables, including product-related, actor-related,
organisational and industry-related factors. Compared with the rather
deterministic transaction cost analysis inspired work, these authors assume a
more enacted view of the business environment, incorporating experience-
based differences in the environment. However, the contingency perspective
is quite static and does not highlight the business dyad beyond the dyad's
type or state. Competence is not addressed in any depth in this stream of
research. For example, Halinen [1994] sees competence much as self-
evident for aprofessional service firm.

A well-known conceptualisation of the evolution of industrial relationships
Is presented in [Ford et a. 1986]. In the classic article “How do companies
interact”, Ford and others argue that an inter-company relationship is
basically ambiguous rather than clear-cut. They propose four interrelated
factors for characterising relationship changes. capability, mutuality,
particularity, and inconsistency. Capability describes the relationship
between the interacting parties, be they organisations or individuals, in
terms of what they can do for each other by using their resources. | have
taken this view to capability in my research, as will be explained in Part IlI.
In the case of the monopoly of a supplier or a monopsonistic buyer, ether
party bases the relationship on a single capability, while only one
organisation possesses the capability.

In perfect competition, the relationship is a'so based on a single capability,
but that capability is a commodity. If broader resources are required in
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relationships, they tend to move in a direction where the differences
between aternative actors are greater. This may lead to relationships based
on broad resources and small differences between actors, which is rather
common in industrial networks.

Mutuality is a measure of the degree to which an organisation is prepared to
give up its goals or intentions in order to increase its own ultimate well-
being. This factor involves a trade-off between short-term opportunism and
long-term gains. Mutuality can only be demonstrated over time and critical
situations — the existence of conflicts presumes a certain level of mutuality.
It is common for industrial organisations to have an overall idea of mutual
interests, while simultaneously being in conflict over what should be their
respective contributions towards the joint achievement.

Particularity characterises the relationship in terms of its direction and
uniqueness. In extreme cases, where the relationship between the parties is
unique and directed solely towards each other, particularity is very high.

Inconsistency refers to ambiguity. The relationship may be inconsistent over
time, or there may be inconsistency between different relationships of the
same partners undertaken by different organisational units or persons. This
concept focuses not only on relationships between parties with conflicting
interests, but also between parties having common interests.

Inconsistency implies the opportunity for short-term expediency or changes
in individual activities (cf. the project cycle in [Algoutsijarvi 1996]), with-
out changes in principal relationship policies (cf. the long cycle in
[Algoutsijarvi 1996]). In such a way, inconsistency captures the dynamic
nature of relationships and characterises the activities of an organisation
with respect to the other three factors. | have applied these four factors in
my research, and will discuss them more thoroughly in the second and third
parts, where the competence evolution framework is presented and revised.

As | understand, one of the main differences between various concepts of
relationships is related to how [Ford et al. 1986] considers inconsistency,
and could be called the transactional vs. the relational viewpoint. The latter
assumes that no single transaction can be understood without considering
how it relates both to past transactions and the “surroundings’ of ongoing
transactions. This also became clear in my own research, if individua
projects are viewed as the main type of transactions.

Moller and Wilson [1995b] present a taxonomy of buyer-seller interaction
factors including the environmental context, supplier and buyer
characteristics, task characteristics, and outcome characteristics. The
exchange process consists of the exchange of physical and immaterial
resources and social resources. Exchange processes can be captured by
describing them as episodes. Monitoring of performance and conflict
resolution are typical co-ordination process tasks. The authors list as many
asthirty-five organisational characteristics affecting relationships.

The outcome factors include states of interacting factors and processes, as
well as changes in the environmental context. The taxonomy of interaction
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factorsis considered as “useful mainly for presentational purposes’. | found
the notion interesting, and tried to apply it at an early phase of my research.
However, | learnt that one of the basic difficulties of generic taxonomies is
their abstract nature. Instead of using tens of factors | decided, after some
time and struggle, to choose only three main concepts: actors, resources, and
activities. Obvioudly | then needed to extend these concepts towards the
kinds of factors proposed by Mdller and Wilson. However, the fixing of the
few core concepts facilitated the matter considerably. For finding the
factors, | relied heavily on [Algoutsijarvi 1996], not only because the
author was the supervisor of my doctoral studies, but also because the
research carried the idea of studying reciprocal network phenomena further
by analysing successive episodes consisting of development projects.

Algoutsijarvi focuses on very long-term relationships, sometimes over forty
years, within the context of customised investment goods. The seller he
studies is a paper machine manufacturer and its customers are a few paper
mills. A dyadic relationship model is developed and evaluated by
Algjoutsijarvi in two phases, along the lines of Halinen [1994]. His a priori
model is based on literature, the model is revised on the basis of a study of
three cases. The model includes four states of relationships, co-operation,
customer’s dominance, producer’s dominance, and competition. | have
utilised the same states as a part of my competence evolution framework.

One of Algoutsijarvi’s key ideas is to view the relationship states as a
continuum, so that at some point the state may include aspects of all four
states. The state space is illustrated as a diamond-shaped surface, known as
a“sal ammoniac” candy in Finnish. A state may be seen as an attribute of a
relationship. It can have one of the four extreme values or some other value
in between. In order to recognise the value, the state of the relationship must
be defined operationally.

Conditions causing changes of a state include the results of the relationship,
the parties involved, the local network —which is called the focal net in my
research — and the macro forces of the environment. Combinations of these
conditions are not much discussed by Algoutsijarvi, which means that he
does not view the conditions an integrated system. In a longitudinal study
involving intangible resources this kind of a system would, indeed, be
difficult to create and maintain. Therefore in this research, | only provide a
rough characterisation of the nature of relationships during certain periods
of time, with an analysis of the main conditions having affected them.

On the basis of [Mdller and Wilson 1995b], Algoutsijarvi considers
relationships to involve technical-economical and psycho-social outcomes
on the customer and producer sides, both at group and persona levels. |
address both types of outcome as a part of the competence evolution
framework, but mainly at the level of research groups and project teams.
Algjoutsijarvi investigates how the outcome of a successful or an
unsuccessful project affects the relationship.

Since the period of time that | investigated was fifteen years and most of the
individual project relationships lasted only for afew years, it was difficult to
record such changes by any other means than the historical value of a
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relationship, as seen by different parties. On the other hand, successful and
unsuccessful projects certainly affected the continuity and type of the
relationships that | was studying.

The forces that Algoutsijarvi lists as affecting the success of a single
project include forces in each phase of the project, crises and personal
conflicts, the project contract and plan, and the effects of top management
of the parties. Nevertheless, Algoutsijarvi does not classify successful or
unsuccessful projects in terms of the solutions that were provided by the
seller to the buyer, i.e. the effects of the machine manufacturer's
competence in providing paper mills to its customers. In my research, the
success of a relationship in terms of continuing projects depends first of all
on the capability of the seller to actually create and deliver the competence
bought by the customer, which can not be taken for granted.

According to Algjoutsijarvi, the characteristics of the parties affecting the
state of a relationship include the relative size of each party, the preferred
interaction style, the familiarity of the partners, and the centralisation of the
purchasing function of the customer. Again, the classification takes the
technical capability of the machine manufacturer pretty much for granted
and vice versa, it presupposes the buyer’s ability to specify the requirements
of a new or an improved paper machine in a successful manner. In
Algjoutsijarvi’s research, the mutual roles of a machine manufacturer and
paper mills are correspondingly seen as quite distinct. In this kind of setting,
the competition faced by the seller in arelationship is directed towards third
parties, not towards the buyer's own resources. In my research, the
competitive advantage of the buyer himself is often quite considerable.

In order for arelationship to change, the parties have to behave accordingly.
According to Algjoutsijarvi, the behavioural modes on which changes of
relationships are based include the following: number of alternative parties,
construction of the relationship infrastructure, transferability of behavioural
styles, mutual rules for interaction, expectations concerning the relationship,
and the use of power. However, Algoutsijarvi does not address the roles of
certain behavioural modes in certain changes. In my research context, the
basic atmosphere of a project relationship depends mainly on the economic
setting; as the techno-economical outcome of the relationship, the customer
may pay less than one half or the full market price for the service provided.

The relationship factors Algjoutsijarvi proposes are motivation to invest in
the relationship, particularity, mutuality, inconsistency, experience of the
other party, distance, commitment, dependence, exchange processes and
business communication, interaction style, evolving relationa infra-
structure, and connectivity to alternative partners. | have chosen a ssimpler
set of factors based on [Ford et al. 1986], including three of these factors:
particularity, mutuality, and inconsistency, in addition to capability.

The directions of further research Algoutsijérvi points out include aspects
of “long cycles’ of relationships, and “project cycles’ of which long cycles
consist, as well as a study of the project typology made explicit in the
analysis of the case example. These are all addressed in my research, even
though the long cycles | studied were, as a matter of fact, quite short.
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According to Hakansson and Snehota [1995], using the activity-resource-
actor (ARA) model is based on three layers of the “substance” of a business
relationship: activities, resources, and actors. The effects of a relationship
based on the three layers are called functions. They can be identified for an
individual company, for a dyadic relationship, and for a network of several
actors. Activity structures, resource collections, and organisational
structures can be formed at company level. At the relationship level, there
are activity links, resource ties, and actor bonds. Networks consist of
activity patterns, resource constellations, and webs of actors. From the
viewpoint of company resource development, the main problem is how to
bal ance these functions in evolving relationships and networks.

Hakansson and Snehota claim that the type and strength of activity links are
critical for the success of a relationship, that resources are brought together,
confronted, and combined in resource ties, and that commitment, identity,
and trust affect actor bonds. They identify normative, managerial
implications of the effects of relationships in three areas. capability
development, marketing and purchasing, and strategy development. The
main management task is “to keep the customer and supplier relationships
productive’, with which, on the basis of this research, | absolutely agree.

Hakansson and Snehota state that the activity dimension creating and
making use of resources is not easy to treat analytically. However, | have
addressed the issue, not to mention Dubois [1994], whose dissertation is
titted to “Organising industrial activities — An analytical framework”.
Although Hakansson and Snehota claim that “to what extent the design of
the activity structure [of a company] has been conscious can be debated”,
they consider the following managerial questions concerning activity links:
How to develop and handle activity links in a single relationship? How to
simultaneously exploit the set of the company’s relationships and activity
links?, and How to develop the company’s position in the overall activity
pattern? Two other questions arise from the viewpoint of capability
development: How to relate relationships systematically to the activity
structure?, and How to combine or connect relationships with each other?
All these questions are relevant from the strategic competence management
perspective that is discussed in the fourth part of this dissertation.

Hakansson and Snehota argue that it is possible to study forces which cause
relationship changes, and that an understanding of the mechanisms and
processes of change is more important than an effort of trying to foresee
them. “To put it somewhat awkwardly, it seems useful to analyse the effects
after the fact rather than before”. They suggest three pairs of change vectors
for relationships. structure — make heterogeneous, specialise — generalise,
and hierarchize — heterarchize. In this research | have used the portfolio of
green, blue, and red project relationships instead, since it implements the
basic relationship strategy of the focal organisation.

[Halinen 1994] is one of the few relationship studies carried out within the
context of professiona services. Halinen claims that “as far as service
marketing is concerned, there is only a handful of studies that even consider
the dynamics of exchange relationships (...) no attempt has been made to
describe the development of exchange relationships conceptually”. The
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analytical framework she uses for studying process phenomena includes the
viewpoints of context (why), content (what), and process (how). Halinen
addresses all these viewpoints in the relationship of an advertisement
agency and its client. What concepts can be used to describe the
relationship, what processes change it, and which contextual factors affect
the changes? In my research, the views of interacting parties are also studied
with respect to relationship changes, not only to contextual factors.

The customers of an advertising agency “purchase knowledge and creativity
embodied in individual peopl€e’. In my research, the situation is similar, but
at the same time completely different. The customers of VTT purchase
knowledge, skills, and competence embodied and shared by individuals, but
controlled by the organisation. The exchange processes that are the core of
interaction in both Halinen's and my own work include planning, production
and delivery of services. However, contractual R&D projects are usually

conducted more formally than the exchange processes studied by Halinen.

The perceived outcome of a relationship in Halinen's research includes
performance of the exchange process, performance of the exchange
relationship, and a psycho-social outcome of the exchange relationship.
Instead of this, | address product-related, process-related, and organisational
competence as the most important types of outcome of relationships —
which is, of course, the question of what viewpoint is taken to relationships.
| have also studied interaction between groups of actors, in order to analyse
views to psycho-social outcomes of relationships.

Halinen identifies three recurring devel opmental phases of relationships that
she calls cycles of development: cycle of growth, cycle of decline, and cycle
of maintenance. | am more interested in the change of competence, which
depends on the development of project relationships. The phase of the
whole portfolio of project relationships involving certain competence is
important in this regard, i.e. the set of green, blue and red projects.

This is related to the fact that the “width” of the portfolio of project
relationships is important, not necessarily the length of customer
relationships based on successive projects. The reason is that width is, in
practice, needed for developing core competence. Interestingly, this is also
shown in [Ford et a. 1998], on the basis of a study carried out among 123
Swedish companies. Technological relationships with horizontal units, e.g.
external research partners, were the shortest when compared to relationships
with customers and vertical suppliers. In 55% of the cases surveyed, their
duration was less than four years. The weighted average of technological
relationships with horizontal units was eight years. Ford and the others
conclude that with respect to technological relationships, the most common
type of companies were “broad co-operators’; 48 of the 123 companies had
a versatile portfolio of relationships with customers, suppliers, and
horizontal units. Thirteen of those 28 “focused companies’ interested only
in certain types of partners, dealt with horizontal units.

61



3.3 SUMMARY

In thefirst part of the dissertation | have outlined the purpose and context of
my study, as well as defined the research problem and the approach | chose
in order to solve the problem. Some of the difficulties | encountered in
defining the problem and developing the research design may be related to
the fact that network researchers have most often not investigated resources
and activities in many details (exceptions do exist, e.g. Anderson [1994]
regarding resources and Dubois [1994] regarding activities). Vice versa, the
resource-based view to firms seems to have followed mostly the intra-
organisational rather than inter-organisational approach. For example,
Easton and Araujo [1996], who address firm resources explicitly in the
context of external relationships, can be considered rather as an exception
than arulein [Sanchez et al. 19964].

Fortunately, however, one of the best known models of networks of
industrial relationships — the ARA model [Hakansson and Snehota 1995],
includes activities and resources as its key concepts. Following the idea
made explicit, for example, by Rosenbroijer [1998], | decided to consider
competence as the creation and use of resources by relationship actors. This
view seemed to fit well with the context of my research, since VTT as a
contract research organisation offers services based on intangible and
physical resources it creates and makes available to customers as part of
R&D. These activities are almost invariably conducted in close co-operation
with customers, usually in projects with both parties working together.

| therefore started to build a framework to investigate competence evolution
in R&D projects based on the ARA model, as will be discussed in the next
chapter. The original idea was simply to associate the elements of
contractual project-based R&D services to activity, resource and actor
concepts. However, this was only the beginning. Although Hakansson and
Snehota [1995], for example, address resource transformation and transfer
types of activities, the ARA model does not as a framework provide much
support to make explicit how activities, resources and actors may change
over time. This is well illustrated by Anderson [1994] and Dubois [1994],
who devote their dissertations to show and analyse changes of resources and
activities, respectively. | also needed to develop concepts for understanding
changesin R&D projects.

The change-driven view to both competence and relationships became even
more important when | addressed the code generation case. | had to revise
the initial framework, not only by associating changes of activities and
resources more tightly together by using process-related concepts, but also
by showing how the objectives and logic of action of groups of actors
changed over time.

I will now present the initial competence evolution framework, built based
on the ARA model, and use it then to analyse the fault diagnosis case.
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PART II: SUBSTANCE OF COMPETENCE

The second part of the dissertation focuses on competence in the context of
engineering research and development. An initial version of aframework to
understand the substance of competence is presented, based not only on my
pre-understanding formed during the period of over sixteen years spent in
conducting contract R&D at VTT, but also on an analysis of literature of
both competence and networks of industrial relationships. The framework is
used to investigate the fault diagnosis case. This part of the dissertation isin
part based on [Seppanen et al. 1998a,b], although certain matters are not
discussed in as many details as in the two referred publications.

4 INITIAL FRAMEWORK

The competence evolution framework presented in this chapter consists of
two layers. One of the layers used to explain the basic elements in
contractual R&D is caled the substance layer of competence (cf.
[Hakansson and Snehota 1995]). The other is called the dynamic layer, and
it describes changes of the elements of the substance layer over time.

4.1 SUBSTANCE LAYER OF THE FRAMEWORK

The substance layer of the competence evolution framework is based on the
ARA model (cf. [Hakansson and Snehota 1995] for a detailed discussion of
the model), Table 2. It describes activities carried out to create and make
use of R&D resources internally and together with external parties. The
framework includes a typology of competence concepts, developed by
extending and reformulating the resource typology given in [Rosenbroijer
1998], and by associating it with a typology of activities. Firms,
relationships and networks form the interaction dimension of the substance
layer. The layer also addresses the main characteristics (cf. attributes in
[Easton and Araujo 1996]) of the concepts.

Typologies are used to define classes and types of concepts and values to
define their attributes. The existence of certain types of concepts and the
values of their attributes depend on time, which is also made explicit.
Rosenbrdijer [1998] uses a resource typology based on financial, physical,
organisational, human, technological and reputation resources. | have
modified the typology and associated it with another typology of activities,
actors and relationships. These typologies are by no means comprehensive,
still they were sufficient for understanding and explaining the fault
diagnosis case that | studied by using the initial framework. The classes,
types and attributes of the concepts form a hierarchy, a matter quite critica
for ensuring the usability of this kind of a conceptual framework.
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Table 2. The substance layer of the framework (with examples).

INTERACTION/ | FIRM RELATION- NETWORKS
SUBSTANCE SHIPS
COMPETENCE
Activities Activity Activity links: Activity
structures: patterns:
Interna pre- Contractual Joint research
study done devel opment carried out in a
based on conducted for national research
literature one customer program
Resour ces Resource Resource ties: Resource
collections: constellations:
Use of Creation of fault | Knowledge
embedded diagnosis acquired by
systems featuresfor an VTT'sanda
modelling automation customer’s
techniquesand | system built by a | experts from
toolsin the customer the customer’s
development of | company application
fault diagnosis engineers
systems
ACTORS
Parties Organisational | Actor bonds: Actor webs:
structures:
Internal quality | Project Joint project
review board management teamof VTT
group and its research
partners

Table 3 summarises the activity and resource concepts of the framework as
they have been used in this research. The attributes included in [ Seppénen et
al. 1998a] will only be mentioned here. Their practical usefulness was not
obvious, aswill be discussed later.

The engineering R&D service, for example software design, implemen-
tation and testing, is the main technological resource utilised in project
relationships. Possession of some knowledge, skills and capabilities, i.e.
human resources, are required from individuals to be able to carry out the
service. Physical resources are smply considered to be either products,
documents or system development tools. Human, technological and physical
resources become often tightly intertwined in R&D projects. Even though
Temporal resources are crucial for project-based research and development
they are missing from the typology used in [Rosenbroéijer 1998]. The basic
types of temporal resources planned for and controlled in projects,
schedules, efforts and calendar time, are therefore included in Table 3. The
project management system is one of the most important organisational
resources of VTT, reputation is used e.g. in marketing. Financial resources
are usually exchanged in contractual research and development, be it
internal or involve external parties.
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Table 3. Typology of R&D resource and activity concepts.

Elements Classes Examples of types
Resour ce
Human Knowledge, Skills, Capability
Technological | Engineering R& D service
Physical Product, Document, Tool
Temporal Calendar time, Schedule, Effort
Financial Expense, Income
Organisational | Project management system
Reputation Professional reputation
Activity
Human Learning, Doing, Management,
Evaluation
Technological | Tracking, Acquisition, Planning, Use,
Transfer, Integration, Evaluation
Physical Tracking, Acquisition, Use, Transfer,
Integration, Evaluation
Temporal Planning, Use, Evaluation
Financia Planning, Use, Evaluation
Organisational | Project management
Reputation Professional activities in the community

As shown in the table, activities are needed for acquiring resources,
planning for, carrying out, evaluating and utilising the results of research
and development, supporting individuals in developing and extending their
expertise, taking care of project management, planning and controlling
financial matters, following general technical developments, acting as a
member of the professional community, etc. In [Seppanen et al. 19984,
different attributes were used to indicate the characteristics of competence
(cf. [Easton and Araujo 1996]). | will focus on one characteristic of
technical competence; the content of research and development services. It
IS viewed, as one of the original contributions of this research, through four
dimensions derived from the strategic market model of Abell [1980]:

» theapplication domain and particular products involved,
 thefunctions accomplished by products,

» thetechniques on which the functions are based, and

» theimplementation technologies used to realise products.

The dimensions become intertwined in R&D services and products.
Therefore, they must be defined for both types of resource concepts.
“Maturity” can be used to describe the codification of the concepts. For
physical resources of the types “Document” and “Tool”, the attribute
“Existence” can be defined instead, because their form of appearance may
not be interesting [ Seppéanen et a. 19983)].
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In the fault diagnosis case to be analysed in Chapter 5, the functiona
dimension of R&D service and product resources includes the so called
generic fault diagnosis tasks, around which the functionality of fault
diagnosis systems was developed. The fault diagnosis applications
developed by VTT range from machine automation to telecommunication,
involving different types of products, such as elevators, rock drilling
machines and GSM network equipment. Severa software and knowledge
engineering techniques have been used to design the systems and various
technologies applied in their implementation (cf. [Kurki 1995]).

Elfring and Baven [1996] separate functional capabilities from application
capabilities, as discussed in Chapter 3, which fits with two of the
dimensions listed above. Abell [1980] suggests three of the dimensions, i.e.
applications, functions and technologies, both as a means for structuring
markets and choosing the competitive foci of afirm.

However, both authors miss the “techniques’ dimension, which is central in
engineering research and devel opment. Another well-known term that could
be used instead of "technique" is "discipline”. The whole engineering
education is based on different disciplines, which illustrates the importance
of this dimension. The basic technique needed in the two cases of this
research is software engineering. In the fault diagnosis case one of its sub-
disciplines, knowledge engineering, was heavily utilised. This technique
was actually the starting point of the fault diagnosis research in the focal
organisation. | will use the four dimensions to analyse how implicit
individual skills reverse to explicit organisational competence, which may
ultimately appear in such tangible form as afault diagnosis platform of VTT
or the fault diagnosis system of the paper winder of a paper machine.

A typology of actors and relationships for the needs of this research is
shown in Table 4. Industrial segments are clusters of organisations active in
certain application domains, such as machine automation and
telecommunication. Research institutes, universities, public funding bodies,
government authorities and companies are typical brands of firms involved
in research and development. Tool vendors are a special type of companies.
Organisational units include both permanent and temporal groups, such as
departments and project teams. To put it simply, the main types of persons
involved in research and development are managers, researchers, product
developers and end users.

Inter-actor relationships between firms are often heavily project-based in
contract R&D. Projects could also be considered as a special type of actors.
Nevertheless, in this research | wish to study individual project parties. In
addition to projects, specia business transactions and broad professional
collaboration schemes exist. The former are events taking place in a short
period of time compared to projects — consider purchasing of equipment or
invoicing as examples. The latter are needed for people and organisations to
co-operate in professional communities. Relationships can be characterised,
for example, by attributes like “volume”, “type” (c.f. green, blue and red in
the case of VTT) and “state” (c.f. competitive, co-operative, dominating,
submissivein [Algoutsijarvi 1996]).
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Table 4. Typology of actors and relationships involved in R&D.

ELEMENT Classes Examples of types
ACTORS
R&D party Industry Industrial segment

Firm Research institute, University,

Funding body, Authority,
Company, Tool vendor
Organisational unit | Permanent group, Temporal group
Individual Researcher, Product devel oper,
Manager, End-user

RELATIONSHIPS

R&D Transaction Meeting, Purchase, Invoicing
relationship Firm Internal green project
Relationship External dyadic or joint red project
Network External joint blue project
Environmental Professional collaboration

4.2 DYNAMIC LAYER OF THE FRAMEWORK

The dynamic layer of the framework makes explicit how and why the
concepts of the substance layer change over time. The substance layer is
based on two dimensions. substance concepts consisting of resources,
activities and actors, and the interaction of actors. By using the dynamic
layer, 1 will approach the question of how the evolution of competence,
activities carried out by actors to develop and use resources, is affected by
the relationships of the focal organisation. Therefore, | will start the
discussion of the dynamic layer from changes among project relationships.

4.2.1 Changesamong relationships

I will address changes among projects rather than in the other types of
relationships shown in Table 4. The basic kinds of changes that may occur
in project relationships are rather simple, as shown in Figure 7:
establishment, dissolution or continuation of a project (“start, finish,
continue”), changing of a relationship to a network (“expand”’), and vice
versa (“specialise’), and changing of an internal project to externa
(“explait”), or vice versa (“research”). Figure 1 indicates how the number
and role of external parties usually varies in these changes. Although, in
principle, each type of a project relationship may change into any other type,
the strategic goal of VTT is first to extend its internal self-funded green
activities to joint blue projects, and then to speciaise them on severa red
contractual relationships, or if possible, to expand them to red networks.
Shortcuts to red contractual projects from internal green activities are
possible, although risky, whereas reverse changes are more rare.
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The finishing of internal activities without any continuing externa
relationships is usually considered as a failure, whereas the possible
negative effects of the ending a relationship or dissolving a network depend
on the financia and technical resources involved. A relationship may
continue, sometimes for several years, in the form of successive projects.

Start

Continue

INTERNAL
PROJECT

Start

Exploit Research /Start

Exploit e

Research

Finish Expand Finish
EXTERNAL “|EXTERNAL
TWO-PARTY /< OINT PROJEC
PROJECT Specialise

Figure 7. Changes among project relationships.

The changes are affected not only by the participating actors, but also by
broader macro forces (cf. [Algoutsijarvi 1996]). For example, the readiness
of firms and industries to use certain technologies, produce macro forces
that affect relationships (cf. [Uusitalo 1995]). | will discuss the effects of
macro forces in the context of this research in Section 7.2.

4.2.2 Changeswithin relationships

Since most projects involve external actors, one of the main relationship
management tasks is the control of resource exchange and sharing between
the participating actors. In contractual research and development the source
of financial resources is usualy explicitly defined, whereas the ownership
of technical resources may be a much more controversial issue. In the case
of VTT, the portfolio of green, blue and red projects based on different
sources of financial resources affects the ownership of technical resources
acquired or developed in connection with R&D activities. Changes between
and within the firm, relationship and network levels must therefore be
analysed in terms of the change of colours of projects. For example,
networks may exist both as joint red customer consortium projects and joint
blue research projects, while the different sources of financial resources
make the networks completely different as far as the roles of participating
actors and the ownership of technical resources are concerned.
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These phenomena affect relationships in a complex manner over time. | will
use the four relationship attributes discussed in [Ford et al. 1986], i.e.
capability, mutuality, particularity and inconsistency, to analyse changes in
relationships. Table 5 shows examples of the attributes, and how they affect
each other. Viewed from the perspective of the ARA model, particularity
and inconsistency involve actor bonds and webs in externa relationships
and networks, capability concerns resource ties and constellations, and
mutuality deals with activity links and patterns.

Table 5. Interrelationships between the relationship attributes.

Attributes | Particularity Inconsistency

(Actor bonds, webs) (Actor bonds, webs)
Capability [1] Example: specidisationin |[3] Example: only afew
(Resource acertain customer application | persons possess knowledge

ties, cons- of atechnology important to
tellations) many customers

Mutuality [2] Example: a contractual [4] Example: inexperience
(Activity consortium concerning anew |in the development of a
links, technology or an emerging customer’ s application
patterns) engineering technique

Four change management functions involving the six basic ARA
relationship functions shown in Table 5 can be identified on the basis of the
interrelationships (cf. [Algjoutsijarvi and Tikkanen 1999q)):

 [1] Balancing the particularity of resources (capability vs. particularity)
 [2] Balancing the mutuality of activities (mutuality vs. particularity)

* [3] Assuring the desired level of capability (capability vs. inconsistency)
» [4] Assuring the desired level of mutuality (mutuality vs. inconsistency).

“Balancing of the particularity of resources’ concerns the question about
the extent to which an actor should tailor its resources towards relationships
with particular parties, i.e. how to deal with resource ties and constellations.
The particularity of an organisation’s resources has long-term strategic
implications because of the possible non-transferability of investments
made in certain relationships. Highly relationship-specific resources, e.g.
skills serving only one customer, may prove hazardous in the long run. An
example would be specidisation in the contractua development of the
applications of one big customer only. Overly general resources, such as
knowledge available from software engineering textbooks, may, on the
other hand, not facilitate establishing and maintaining specific relationships.
In the fault diagnosis case avoiding of this kind of a situation paved the way
for the focal organisation to create and deploy competence in fault diagnosis
of automation applications. Some early competitors lagged behind, because
they wished to continue building expertise in generic knowledge
engineering techniques used in fault diagnosis systems.
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Because of the risks involved in the lack or excess of particularity, actors
must be concerned about the extent to which the mutuality of their activities
is related to the particularity of their resources. The corresponding change
management function involving activity links and patterns is caled the
"balancing of the mutuality of activities'. For example, if the level of
mutuality within a particular contractual consortium is perceived as high,
the participating organisations may decide to make expensive relationship-
specific investments or hire personnel experienced in a specific common
technique, to facilitate the co-operation. In the early phase of fault diagnosis
research at VTT — and in Finland in more general terms, such investments
were made in special design tools, as part of joint projects between industry
and research institutes interested in knowledge engineering techniques.

The management of inconsistencies involves "assuring the desired level of
capability" and "assuring the desired level of mutuality" in actor bonds and
webs. Gaining the desired level of capability concerns, for example, the
development of skills among those individuals in the organisation involved
in certain relationships. Seen from the customer’ s perspective, there may be
not enough human resources with the necessary skills available in the
organisation, or the skills may vary over time. It may be wiser for a contract
research organisation to have full human resource alocation rights for its
relationships, in order to be able to manage capabilities as an institution. On
the other hand, it is possible that customers like to be served by persons who
they know personally (cf. [Halinen 1994]).

Assuring the desired level of mutuality relates to consistency in the
activities of interacting persons. For example, inexperienced persons may be
allocated to projects where application understanding is crucial. Thisis very
well illustrated in the fault diagnosis case. After several years of
collaboration with automation firms, VTT addressed a new application
domain for fault diagnosis, telecommunication network equipment. This
domain was quite new to the focal research group as a whole. Remarkable
difficulties emerged, and the attempt to transfer existing competence to the
customer failed in the first project. The customer consortium established for
the project was dissolved, but fortunately one of the participants wished to
continue the work as a contractual dyadic project. VTT invested in learning
the application domain, became a strategic partner of the customer and even
broadened its work to the customer's customer.

4.2.3 Managing of competence changes

As indicated above, changes in project relationships and activities carried
out on resources can be related to each other via the four change
management functions, by which the desired level of particularity and
capability of resources and mutuality of activities are ensured and
maintained. Competence changes involve yet another functions creating and
changing the codification and life cycle of resources and institutionalisation
of activities. | will use five such functions. problem-solving, diffusion,
absorption, scanning and life-cycle evolution (cf. [Boisot 1994]).
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Managing of particularity changes— problem solving and absor ption

Particularity of a resource depends on codification, which can be tacit,
portfolio-specific or generic. From the relationship perspective, the
codification involves contextuality. Certain relationships result often in tacit
knowledge specific to the relationship. VTT persons gained specia mine
related expertise from the development of fault diagnosis systems for rock
drilling machines in projects carried out for a company manufacturing such
machines in Finland. Portfolio-specific capabilities could, on the other hand,
be reused in the development of fault diagnosis systems for other
automation applications, such as hot strip steel mills and paper machines. A
portfolio of alarge number of relationships with automation firms emerged
in the focal organisation in the mid-nineties. Certain generic knowledge
engineering skills were used in the new application domain for fault
diagnosis, telecommunication networks, in the late nineties.

Problem solving refers to the task of codifying and giving a structure to tacit
knowledge possessed by individuals. | see problem solving as a key
competence evolution function, regarding the creation of core products and
platforms from tacit skills and portfolio-specific capabilities.

Absorption denotes a reversed task of applying codified knowledge to
different situations in a "learning by doing" or "learning by using" fashion.
For example, the use of an existing fault diagnosis platform in a new
relationship, if successful, is based on the absorption of codified fault
diagnosis knowledge in the context of a new customer application.

Diffusion refers to the ingtitutionalisation of knowledge within a larger
community of people. Diffusion of well-codified and generic information is
less problematic than diffusion of data which is implicit and relationship-
specific. This was one of the reasons for knowledge engineering related
professional collaboration in Finland in the late eighties.

Scanning, a reversed function, refers to the identification of the threats and
opportunities that exist but are hidden in some data. Scanning transforms
the data into unique or idiosyncratic insights that come into the possession
of groups or individuals. Scanning can be rapid when the data is well
codified and abstract, but very slow and random if the data is implicit and
rel ationship-specific.

Capability changes— life-cycle of resour ces

The content of a resource affects capability, but the effects of the content on
particularity and mutuality depend on the life cycle of a resource — which |
consider to be the change of the content of the resource over time. | will use
the concept dominant design (cf. [Uusitalo 1995], who analyses this
concept, originally proposed by Tushman) for identifying the life cycle.
According to Uusitalo, evolution of industrial designs includes the
following phases: era of incremental change, discontinuity, era of ferment,
era of substitution, threshold of substitution, era of design competition and
dominant design.
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A simplified life cycle of the content of a resource consists of the phases
incremental changes, discontinuity, substitution, competition and
dominance. | have identified these phases for each of the four dimensions of
the content of competence in the two cases | have studied.

One could claim that e.g. generic engineering disciplines are less specific
for a certain relationship than some application-specific knowledge.
However, this is not necessarily the case. For example, although the initial
fault diagnosis relationships of VTT were highly particular, they were based
on a mutual interest of highly generic knowledge engineering techniques.
The techniques dominated fault diagnosis related resources at the end of the
eighties. High particularity of the resources presupposed the use of these
techniques, and high mutuality meant seeking contacts only with knowledge
engineers, rather than also with application experts or end users.

The relationships of the focal organisation with other parties may help
maintaining or changing the life-cycle phase of a specific dimension. This
may affect the particularity of the resource to be exchanged or the mutuality
of the activities performed in connection with the relationship. Codification
and ingtitutionalisation of a resource are aso related to the life cycle. For
example, if an organisation wants to exploit a common core technology, it
must have access to explicitly codified information of that technology.

The evolution of the life cycle of a resource involves both the relevant
dimensions of the content (cf. [Abell 1980]) and the life-cycle phase of
these dimensions. A company may, for example, focus on one or more of
the dimensions itself and take care of the other dimensions through the
external relationships. Depending on the scope of the resources in question,
the company may need to manage the content of severa interrelated
resources, so that they are combined for the strategic goals of the
organisation. If the combination involves the resources of any external
parties, absorption and diffusion of the content of the own resources must
be controlled. A contract research organisation may possess knowledge of
hundreds of techniques and technologies, deal with tens of applications and
focus on many functiona problems. When establishing and maintaining its
relationships, the company must manage the life cycle of at least the most
critical resources that it creates or exploitsin certain relationships.

Since | consider competence involving resource creation and usage
activities, the dynamic layer of the competence evolution framework should
also address changes in R&D activities. One of the most important ways of
managing activities in a contract research organisation is a project
management system, which | have modelled as an organisational resource.
However, the initial version of the framework presented in this chapter
addresses changes of activities only through changes of resources. If, for
example, the codification of a resource is increased through problem-
solving, the activities of the focal organisation would change from
individual learning to group-related transfer and combination of explicit
technological skills. | will revise the initial framework by some process-
related concepts to address changes of activities in a more rigorous manner
in Chapter 6, where the framework as awhole is reconsidered to analyse the
code generation case.
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Figure 8 illustrates the dynamic layer of the framework. Assuring of
capability by life-cycle changes, balancing and assuring of mutuality by
diffusion and scanning, and balancing of particularity by problem solving
and absorption are illustrated in the figure as orthogona dimensions
interrelated to each other through the four relationship attributes, and
thereby to the activity, resource and actor functions of the substance layer.
For example, inter-personal activity links result usually in tacit relationship-
specific skills of individuals, whereas collaborative inter-organisational
activity patters involve generic well-codified knowledge. Similarly,
individuals are often behind resource ties that may lead to radically new
capabilities, but organisations and formal collaboration networks are needed
to establish resource constellations for well-established competence.
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Figure 8. Concepts of the dynamic layer of the framework.

To summarise the key concepts of the framework concisely:

» competence was associated with activities used to create and
utilise resources within the context of R&D, using the ARA
model,

* R&D projects were likened to relationships using the ARA
model, so that actors may be individuals or organisations,

» change of R&D projects was modelled as relationship
changes, and

» evolution of competence in R&D projects was modelled
using four relationship attributes (Table 5) and four resource
and activity change management functions (Figure 8).
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5 THE FAULT DIAGNOSIS CASE

Appendix 1 includes a chronological description of the fault diagnosis case,
written by myself. In the following | will first discuss the substance of the
fault diagnosis project relationships and competence, and then address their
change, analysed using the dynamic layer of the competence evolution
framework. [ Seppanen et a. 19983, b] include rather detailed discussions of
the substance of the fault diagnosis case, where the case data was used to
demonstrate the initial competence evolution framework. | will return to the
main fault diagnosis substance elements in Chapter 8 for a cross-case
analysis, using the modified framework.

5.1 THE FAULT DIAGNOSIS SUBSTANCE

Table 6 and Figure 9 illustrate the main periods and aspects of fault
diagnosis research and development in the focal organisation from 1986 to
1997. Changes in fault diagnosis R&D, as they were identified from the
case data and are depicted in Figure 9, will then be analysed by using the

initial competence evolution framework.

Table 6. Overview of fault diagnosis R&D in between 1986 and 1997.

Period | Main Activities Actors Relationships
r esour ces
1986— Knowledge Literature VTT Green projects
1988 engineering surveys, pre-
techniques studies
1989 Knowledge Research of | Processand | Blueandred
1991 engineering fault machine projects:
techniques, diagnosis automation interaction of
Expert system | features firms, VTT knowledge
technologies engineers
1992— Diagnosis Development | Processand | Red and blue
1994 functions, of fault machine projects:
Automation diagnosis automation interaction of
applications | systemsfor firms, public | diagnosis and
automation funding automation
applications | bodies, VTT | experts
1995- Corefault Development | Automation | Green, blue
1997 diagnosis of acore and telecom | andred
platform, platform, firms, public | projects:
case-based development | funding interaction of
reasoning, of fault bodies, VTT, | diagnosisand
modelling diagnosis other research | application
techniques systemsand | institutes experts and
prototypes end users
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Figure 9. Changesin fault diagnosis R&D in 1989-1997.
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5.2 CHANGES IN PROJECT RELATIONSHIPS

When analysing the archives of the focal organisation, | found only one
document including an explicit analysis of what had been considered as key
changes in fault diagnosis research and development. Figure 10 shows a
part of this document. It illustrates how the focal organisation viewed the
past and possible future evolution of its fault diagnosis relationships and
skillsin Spring 1993. The former are indicated by the names of the projects
(e.g. “CORTEX") and the interacting parties (e.g. “CERN"), the latter
include different technologies (“distributed expert systems’), knowledge
engineering and computer system techniques (“rule-based techniques,
control system techniques’), applications (“energy management”) and
indications of a problem solving process to be followed ("model-based
approach"). Interestingly, the functional dimension that later was considered
to be crucial for the fault diagnosis competence, is not mentioned at all.

Rule-based and hybrid expert systems

'

Embedded rule-based systems 86-87
R e system techniques

* algorithmic/heuristic solutions

Distributed /

expert systems

¥ objectmodeng Dlagnoshcs or energy
managemem

* model-based approach
i Autonomous Autonomous machines
machines
Process automation applications * model-based
* diagnostics, use of design knowledge diagnostics
Researcher visit to the

91-93 /

Condition monitoring ETL in Japan

for machines and equipment
* applications  93-95
* FMSMAINT project (EUREKA)
* TEKES project

Semi-automated machines
Intelligent control system nucleus * applications 93-96

* real-time capabilities * TEKES, firms, VTT

* EUREKA project 92-94

La Trobe University

Commercialization study
/ ? / /
?

CORTEX project at /CERN  93-94
* diagnostics

Industrial application 92

¥

Figure 10. Illustration of the evolution of fault diagnosis R&D.

I will first analyse the change of fault diagnosis project relationships from
1989 to 1997, using the concepts of the substance and dynamic layers of the
competence evolution framework. The initial period of 1986-1988
discussed briefly in [Seppanen et al. 1998a] is omitted, since it did not
notably involve any external relationships concerning fault diagnosis. In the
late eighties, the national funding body Tekes had established a research
program on knowledge engineering techniques, however, VTT did not
participate in the fault diagnosis projects carried out in that program. Most
of the knowledge engineering related activities of the focal organisation at
the time were joint blue research projects addressing intelligent software
development tools. The initial red fault diagnosis projects could not be
specialised from the blue project networks, but were started separately (cf.
Figure 7).
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1989-1991: Balancing of particularity and mutuality in blue projects

The focal researchers established bonds with knowledge engineers of
process and machine automation companies, in order to acquire application
knowledge and deploy knowledge engineering skills together with the
customers experts. Creation and exploitation of fault diagnosis skills was
not a specific focus of the projects. The VTT personnel were neither closely
associated with the customers’ automation engineers nor with the end users,
machine and process operators and maintenance people. Instead, application
and system usage related knowledge was "acquired" from the end users
together with the customers knowledge engineers. Specia knowledge
engineering techniques and expert system technologies were then applied to
make this knowledge explicit via computer systems.

As far as VTT was concerned, the relationships featured a high degree of
mutuality and particularity at the same time (cf. cell 2in Table 5). The focal
organisation aimed at creating expert-to-expert bonds with industrial
knowledge engineers, some of whom were former university and VTT
researchers. The customers knowledge engineers were often affiliated with
research departments. Similar organisational structures helped to increase
mutuality, which was necessary to enable the co-operation of people who
were speciaists in the same field of engineering. Some very close persona
bonds were established between the collaborating experts. High mutuality
was necessary to approach jointly the customers' application engineers and
end users, i.e. the internal organisational customer structures of VTT's
customers. Since the customers knowledge engineers were a minority in
their own organisations, collaboration with VTT may have increased their
visibility and prestige, al'so on the organisational level.

Relationships involved during the period from 1989 to 1991.

 Strong bonds between industrial expertsand VTT researchers,

» Many activity links and patterns, mostly in joint blue research projects,

» High particularity of resource collections and ties (e.g., expert systems),

» High capability due to focus on afew knowledge engineering techniques,
» High mutuality of activities due to bonds and webs between experts, and
» No considerable inconsistencies in mutuality, due to similar backgrounds.

The relationships can be characterised as research project networks. Blue
projects were created from scratch rather than by exploiting (cf. Figure 7)
green projects. Since the collaboration was based on interest in knowledge
engineering techniques and expert system technologies, a novel approach to
building industrial software applications, the purpose of both VTT
researchers and the customers' knowledge engineers was to cause technical
discontinuity. This ensured high mutuality of activities and particularity of
resources involved in the collaboration. There were several successive
projects with some firms and the parties co-ordinated mutually their
interaction towards the customers' application engineers.
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1992-1994: From blue actor bondsto red activity links

From 1992 to 1994 relationships stayed in cell 2 in terms of Table 5.
Mutuality of activities and particularity of resources were rather high.
Mutuality and particularity decreased, however, since many of the former
persona bonds with industrial knowledge engineers came to an end, and
organisational activity links involving customers automation and
application engineers emerged instead.

This was not only due to the economic recession hitting Finland in the turn
of the nineties, but also a consequence of a disappointment over the lack of
practical applications of early expert systems [Husso 1993]. The focal
organisation needed to build completely new relationships in terms of
customer representatives and collaboration schemes. Customers customers
caused a pressure for automation firms to address fault diagnosis. VTT
considered automation as one of the key embedded systems research and
development target, and was keen on offering services. The role of public
funding bodies was rather distant, yet important. They financed a few blue
research projects, but were not deeply involved in co-ordinating them. Blue
networks became thus actually pseudo-red dyadic relationships.

Although most of the customers were still automation firms, the people
involved in the projects were professionals in other fields, not in knowledge
engineering. Even more significantly, they were product developers and not
industrial researchers. Many of them had no persona ties to the focal
researchers. VTT hired a few automation engineers to participate in the
projects. This helped to deepen relationships with the firms that considered
the basic knowledge of automation systems and applications a prerequisite
for contractual co-operation. The research group responsible for fault
diagnosis R&D activities reached a dominating state in some relationships,
through a series of projects that led to solutions used in new products.

The relationships of the period from 1992 to 1994 involved:

* Red product development projects, as opposed to researcher bonds,
 Inter-organisational activity linksto utilise application knowledge,

» Rather high particularity of resource ties (e.g., fault diagnosis solutions),
» Rather high capability in order to develop commercia products,

» Decreased mutuality of activities (mostly firm-level interaction), and

» A few inconsistencies in mutuality (automation engineers hired to help).

The relationships involved team-based and organisational collaboration
between VTT and automation firms. Some relationships continued several
times (cf. Figure 7), because the customers wished to improve the
competitiveness of their products by using fault diagnosis functions VTT
had developed in fully contractual projects. However, the mutuality of
activities decreased since organisational activity links were emphasised
instead of personal bonds between VTT and the customers' researchers.
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1995-1997: Encountering inconsistency in a new red network

By 1994, VTT can be said to have started to move away from cell 2 of
Table 5. The organisation had generic capabilities for solving fault
diagnosis problems. The first considerable green projects were carried out.
The profile of the focal organisation was different comparing to the profile
of some other parties that had become interested in the same area. The roles
and organisationa structures of VTT and its customers fit well together.
Some universities, other VTT institutes and researchers of the foca
organisation also participated in projects. However, universities lacked the
managerial practices of VTT, and the other VTT people were not expertsin
fault diagnosis. End users, machine operators and maintenance personnel,
were involved in some projects. The customers were on the whole satisfied
with the projects, with the exception of one firm (cf. [Seppénen et a.
19984]), in whose opinion VTT did not understand the customer's needs.

A red customer consortium project on GSM network diagnosis was
initiated, since VTT wished to exploit the fault diagnosis competence in a
very rapidly growing application domain. Customers customers, i.e.
telecommuni cation operators, were not involved. A situation similar to most
of the earlier fault diagnosis projects. A funding body was involved by
financing the industrial partners of the project, as a part of a nationa
research program. The mutuality of activities and particularity of resources
of VTT were quite low and inconsistency high, due to the lack of
application knowledge that appeared to be very difficult to acquire.

The relationships established from 1995 to 1997 involved:

* VTT, research partners, automation and telecommunication firms and a
funding body, interacting as webs of organisational actors,

* New inter-organisational activity patters and extended existing patterns,
built in part by utilising new activity structures within VTT,

» Rather high particularity of resource constellations in automation related
projects, low particularity of the resource collection of the GSM network
diagnosis project (a distinct prototype was built for demonstration),

» High capability in automation related projects due to portfolio-specific
competence, low capability in the GSM network diagnosis project (no
commercia use of the devel oped solutions),

« High mutuality of activities in automation related projects, low mutuality
in the GSM network diagnosis project (a consortium project), and

* Inconsistencies in mutuality in the GSM network diagnosis project
(mastering the new application domain was slow and demanding).

The differences between the relationships established with automation and
telecommunication firms are rather obvious. The former included severa
red projects, occasionally expanded (cf. Figure 7) to red networks involving
many parties. The latter aimed at capturing new customers, by exploiting
(cf. Figure 7) internal green activitiesto a contractual red network.
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5.3 EVOLUTION OF THE FAULT DIAGNOSIS COMPETENCE

The fault diagnosis competence evolved considerably within the project
relationships. Thiswill be demonstrated in the following.

1989-1991: Absorbing knowledge engineering skills

Fault diagnosis was regarded in the focal organisation as one possible
problem area for deploying generic knowledge engineering techniques. A
lot of the related knowledge was explicitly coded and generic. Relationships
established with knowledge engineers of process and machine automation
companies resulted in the combination of the new knowledge with the
formerly tacit application knowledge (“expertise’). Knowledge of the
implementation technologies of automation systems was not of significant
importance, while the so called expert system technologies, including
specia expensive system design tools, were emphasised. Knowledge
engineering techniques and expert system technologies were believed to
become the dominant computing paradigm of the nineties. At the time they
were in the substitution phase, and needed to be "embedded" into more
traditional computer technologies (cf. Appendix 1).

VTT aimed at absorbing skills in knowledge engineering techniques and
expert system technologies to build fault diagnosis features into research
prototypes of new automation systems. Tacit application knowledge was
scanned from the customers automation engineers and end users together
with the customers’ knowledge engineers. Its explicit representation and
utilisation required specia tools, since the computer technologies on which
automation systems were based changed only incrementaly. In 1990, the
annual report of the focal organisation described the situation as follows:

“Our research in embedded knowledge based systems expanded. Both
knowledge based control and diagnostics systems were developed for
companies in machine automation and process industries.”

The fault diagnosis competence evolved in 1989-1991 as follows:

» KE techniques were absorbed to prototypes of automation systems,

» Tacit application knowledge was scanned from customers' experts,

» Expert system technologies were used to cause technical discontinuity,
» Incrementally changing computer system technol ogies were used, and
 Fault diagnosis functions were developed for the system prototypes.

The competence can be characterised as project-team based, mostly tacit
and context-specific skills to solve fault diagnosis problems by using
generic knowledge engineering techniques and expert system technologies.
Tacit application knowledge was acquired, made explicit and combined
with technical knowledge. They were used to investigate solutions to fault
diagnosis problems. VTT researchers could also utilise their knowledge on
the incrementally developing computer system technologies.
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1992-1994: Creating portfolio-specific skills through problem solving

The competence of VTT moved towards a much wider engineering area
compared to a prior clam to knowledge engineering techniques and expert
system technologies. The former were still used, but now in a supporting
rather than a central role. VTT wished to extend it capabilities in building
the so caled embedded expert systems. The customers knowledge
engineering skills had not increased, due to the rapid fall of industrial
interest in the techniques. At this point VTT had aready made explicit,
through problem solving in successive projects, some knowledge of
automation applications, fault diagnosis functions and computer system
technologies, which can be considered as a portfolio-specific resource
collection. This may have created a barrier to competitors (cf. [ Seppénen et
al. 19984)), e.g. to the customers themselves, who possessed mostly special
application knowledge, and to universities, whose knowledge involved
mostly generic engineering and scientific techniques.

Regarding knowledge engineering techniques, the increasing number of
distinct projects meant that VTT was still absorbing application knowledge,
although explicit information, e.g. design documents, were becoming more
important than tacit human knowledge. The expert system tools used in
establishing and carrying out some of the earlier projects became obsol ete,
they did not cause any technological discontinuity [Husso 1993]. They were
instead substituted by — or lost competition to — the computer system
technologies routinely utilised by industrial automation system designers.
These technol ogies were changing, but only incrementally.

The fault diagnosis knowledge had clearly been diffused to the foca
research group and not only to individual project teams. The organisational
knowledge started to further develop in new projects established with
automation firms. The resulting solutions can be viewed as fault diagnosis
systems, as opposed to fault diagnosis features of automation systems. The
solutionsinvolved commercia products instead of research prototypes.

The competence evolved in 1992-1994 as follows:

» Knowledge engineering techniques lost their central position,

» Explicit application knowledge was absorbed for fault diagnosis,

» Computer system technologies replaced expert system technologies,

» These technologies remained in their incrementally changing state, and

» Fault diagnosis systems were devel oped as parts of commercial products.

The competence can be characterised as portfolio-specific combination of
skills of an organisational team to create and use resource collections
consisting of computer system technologies and knowledge engineering
techniques. Concrete fault diagnosis systems were built with the help of
customers automation engineers. Explicit resource ties and activity links
based on joint product development thus replaced most of the former actor
bonds with industrial knowledge engineers built in joint research projects.
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1995-1997: Building and using of a core fault diagnosis platform

The portfolio-specific fault diagnosis competence helped VTT in extending
its relationships. The focal research group indicated that it offered a
comprehensive process to solve industrial fault diagnosis problems. A core
fault diagnosis platform emerged gradually as a resource collection of VTT,
around a set of system design tasks including modelling of the application,
design of the fault diagnosis functions, testing of the functionality by actual
data, and implementing the system. The platform was documented in [Kurki
1995], by a group manager involved in many fault diagnosis projects.

Problem solving based on the core platform became important, in addition
to the absorption of application knowledge used to built fault diagnosis
systems. Thiswas described in a project proposal in 1992 as follows:

"A project has been carried out together with [...], funded by
TyoOsuojelurahasto, on fault diagnosis of a mechatronic [...] machine.
From the results of this project it has been seen that a system based on
generic notations can be developed, to be applied as such or at least
in part in different types of mechatronic machines and equipment.”

The core fault diagnosis competence was made explicit through a set of
functions, in order to separate the platform from specific automation
applications and their implementation technologies. A pool of generic
knowledge engineering techniques was used to support these functions. It
could be updated on the basis of the incrementally changing life cycle of the
techniques. For example, fuzzy logic, case-based reasoning and neura
network techniques were learnt by absorbing, to update the pool. Even more
importantly, generic computer system modelling techniques helped to link
fault diagnosis functions to applications and implementation technologies.
Customers experts were used to ad in application modelling and
understanding implementation constraints. A set of system design tasks
created a problem solving frame that combined the different areas of skills.
The tasks are summarised in [Kurki 1995] (page 207, Figure 28): modelling,
configuration and adjustment of fault detection, representation of the
diagnostic knowledge, and learning, evaluation and testing of the system.

Even though there were other people from VTT and universities
participating in some projects, the functional fault diagnosis problem
solving skills did not diffuse outside, but remained within the focal research
group. The focal researchers and managers had learned through practice, the
meaning of solving fault diagnosis problems for industrial products. The
generic fault diagnosis functions that were a heart of the platform,
represented an abstraction of these skills and were difficult to diffuse to
outsiders. Even though Figure 11, taken from [Kurki 1995], is rather
technical, | decided to include it in the dissertation. It illustrates the model-
based approach to fault diagnosis that emerged as a basis for the core fault
diagnosis platform, using the concepts of the subject matter. The
competence evolution framework, as presented above, makes it possible to
model aspects of competence in similar details, an issue | consider to be
important when analysing changes taking place in small organisational and
project teams as key actors.
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Figure 11. The model-based approach to fault diagnosis [ Kurki 1995] .

The “models’ of the system to be diagnosed ("mechatronic machine")
include so called structural, behavioural and control models. The former are
based on the design methods and concepts used in the application domain,
the two latter ones on embedded computer systems design methods and
concepts. The "diagnostic tasks', as they are called in the figure, form the
functional core of the approach. The "user interface" illustrates the fact that
the developed fault diagnosis systems became parts of larger products used
by machine operators and other end-users, rather than technical experts. The
label “history” in “databases’ shows that instead of mere expert knowledge,
data acquired continuously from the operational machine is used to
diagnose faults, by associating it with the models of the expected operation.
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The first GSM telecommunication network diagnosis project was based on
the idea of specialising the developed approach and core platform for a new
application domain. This idea was sold to a few interrelated business units
of a single customer company. One of the customer representatives
described the initiating of the project in an interview as follows:

"Alarm management and diagnosis had been identified as an area
where new ideas, techniques and perhaps skills that we do not
possessed were needed. This was also an area that crossed the
boundaries of the product lines [ of the company] . VTT, especially [the
focal group manager] succeeded in presenting convincingly new ideas
and the existing competence of VTT."

However, the application knowledge appeared to be highly tacit, difficult to
absorb from documents and acquire by scanning from experts. Problems
arose even concerning the notations through which it could perhaps be
made explicit, not to mention the content itself. The new knowledge
engineering technique, case-based reasoning (CBR), was absorbed from the
literature. CBR was supported by special development tools, which did not
fit with the implementation technologies and tools used to design the
network equipment. The situation was thus much similar to the early phase
of the fault diagnosis research, with the exception of the customers not
having any knowledge engineers with whom to associate. It seems that too
many things were changing at the same time: not only the application, but
also the pool of generic knowledge engineering techniques and to some
extent the computer system implementation technologies were changed,
from VTT's viewpoint. It was difficult to model the application that
consisted of many equipment, although VTT had gained experience from
the model-based approach to solving fault diagnosis problems, and was
following it in other projects being carried out for automation firms.

The types of system models produced for automation applications (cf.
[Kurki 1995]) were not feasible in the new application domain. Therefore
new modelling techniques needed to be invented. In any case, the customers
were happy with the new techniques, since they provided for a
comprehensive but yet compact view to GSM networks. However, the
customers were questioning the importance of the CBR technique. The
focal researchers were not familiar with the technique, and thus had to
spend a lot of time for absorbing explicit knowledge related to it. Only a
simple prototype for demonstration purposes could be built based on the
technique and the acquired application knowledge. The core fault diagnosis
platform could not be utilised in the new domain, although it was being
heavily used in several projects being carried out for automation firms.

By conquering the new application domain, VTT had been aiming a an
incremental change in fault diagnosis competence. VTT fell back into an
early substitution state — fighting against dominant but partial GSM network
equipment monitoring solutions by using the model-based fault diagnosis
approach and the CBR technique. The intended organisational competence
building in the red consortium project failed and was replaced by extensive
knowledge absorption, mainly carried out on an individual basis.
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In an interview, one of the VTT managers compared the automation and
GSM telecommunication network diagnosis projects to each other:

"Speaking of [the GSM network diagnosis project], something was
tried to be done for many several business units, concerning products
that had existed already for a long time. It is a very hard job. The
topic itself is still valid, but it is a different question what can be done
for it. It is easier to do something to new single products that have no
similar solutions yet, and are managed by one company.”

The fault diagnosis competence evolved in 1995-1997 as follows:

» The CBR knowledge engineering technique was taken in use,

» Special system design tool technologies were taken in use,

« Explicit and implicit GSM network application knowledge was acquired,
» New application modelling techniques needed to be invented,

» A prototype was built for demonstrating GSM network diagnosis, and

» Platform-based fault diagnosis systems were built for automation firms,
using the dominant model-based approach.

The core fault diagnosis competence was utilised in several projects carried
out for automation firms, to a great extent along the earlier lines.
Knowledge on the new GSM network application domain, its modelling
techniques and the CBR technique were created on an individua basis. The
existing resource collection of VTT, the core platform, could not be reused.
Only a prototype was built to demonstrate elementary fault diagnosis
features. It could not compete against the dominant but partial functional
solutions developed by the customers themselves. The activity links and
patterns established with the customer consortium remained very weak.

5.4 PRELIMINARY EMPIRICAL FINDINGS

In this chapter | have anaysed the evolution of the fault diagnosis
competence of the focal organisation in project-based research and
development relationships. The problem is reciprocal, since relationships
will not, in practice, evolve without changes of competence. This can be
seen, for example, in the evolution of bonds between VTT researchers and
customers knowledge engineers to bonds between automation and process
engineers. The main reason for this development was the change of the use
of knowledge engineering skillsin fault diagnosis. A preliminary version of
the layered competence evolution framework presented in Chapter 4 was
applied to study the evolution of the competence in relationships. The
framework was used both to model and analyse the fault diagnosis case. A
few additional models can be found in [ Seppénen et al. 1998a]. They are not
included here, since their purpose was rather to illustrate the competence
evolution framework than to analyse the case.
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During the analysis of the fault diagnosis case, a number of empirical,
theoretical and managerial issues concerning the case, as well as the
framework and its further development, arose. These will now be discussed,
in addition to the problem concerning contexts, related to the process of
studying industrial networks.

The analysis of the fault diagnosis case was largely based on a summary put
together by myself and commented by a few key informants (cf. Appendix
1). In [Seppénen et al. 1998a] the summary was augmented with texts
illustrating aspects related to individual actors, activities and resources. This
kind of augmentation was workable, since it resembles a real life situation
in the sense that the organisation's understanding of the past forms a
backbone for distinct episodes. Although the augmentation was in part
based on interviews of the involved people, | mainly used documentary data
to construct the case summary. This was necessary to address individual
projects and the resources created and utilised in them.

The case data was organised into a few three year phases. The first and the
last phase were strongly affected by generic knowledge engineering
techniques. In between, VTT focused on creating and applying fault
diagnosis skills in connection with a growing portfolio of projectsinvolving
industrial automation systems. One of the reasons facilitating the expanding
of relationships in this phase was the increasing automation of processes
and machines. Moreover, the needs of some end users to better utilise their
expensive machine investments affected the developments. This was
described by two VTT managers in interviews as follows:

"Yes, the first concrete diagnosis efforts were certainly the ones done
for [...]. 1 talked to[...], the R&D manager of [the customer], which is
still an organisation that must be pushed by their customers. They will
not develop any automation voluntarily. They are hardware twisters,
they still talk about bird-houses: automation engineers come and spoil
their good solid hardware by installing some bird-houses [ embedded
computers] to their products. The number of advanced customers that
would request more automated featuresis, however, not high."

"The customers may have pushed them. Themselves they of course did
not have any expertise on knowledge engineering or diagnosis'.

A fault diagnosis platform, an explicitly codified piece of the foca
organisation’s competence, resulted from carrying out several successive
projects. The strategic plan of the focal organisation written in 1992
includes a brief section on the evolution, present status and future outlook
of knowledge-based fault diagnosis research and development activities:

Srategic plan of VIT Computer Technology Laboratory 1992, H.
Hakalahti, 5.5.1992. "Research on embedded knowledge-based
systems was started at the laboratory in 1986. The first practical
result was achieved in the machine control application in 1989. This
line of research was continued in a large machine automation related
project that will end in 1993. Development of diagnostic systems for
machine automation started in 1990.”
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The core of the platform consists of certain diagnosis functions. Specific
applications, implementation technologies and knowledge engineering
techniques could be associated with the functions by certain system design
tasks forming a systematic problem solving process. One of the above
mentioned managers characterised the competitive advantages of VTT in
automation related fault diagnosis projects as follows:

"We had superior knowledge of expert systems and other techniques
that could be used to solve this kind of problems. Although we did not
have the application knowledge, this [automation] was an area were
Al [artificial intelligence] was not day-dreaming. Moreover, there
were practical technologies available, supercomputers and hundreds
of man-years of work were not needed. We had the generic knowledge
of methods and tools that could be used when diagnosis problems
emerged. Application problems were concrete and simple enough. It
was possible to proceed through small steps.”

Application knowledge was utilised together with customers experts based
on models created from design documents, using methods and tools familiar
to these experts. This was a remarkable improvement:

Final project report, 1993: "The existing diagnosis systems can be
roughly divided into first and second generation systems. First
generation systems are usually rule-based [expert system|
implementations, which contain only shallow knowledge of the
machine and its operation. The design process is laborious and
systems are difficult to maintain, a minor change in the structure of
the machine may require a total redesign of the diagnostic software.”

The rapid emergence of telecommunication applications in the late nineties
seemed to offer an excellent opportunity for creating new relationships by
reusing the core fault diagnosis competence. The difficulties that were
encountered in this domain were mostly due to the lack of application-
specific knowledge scattered over the customer’ s business units. These units
had existing partial solutions competing against the proposed model-based
approach. Since problems arose with modelling of the application and
associating the CBR technique with the models, it is no wonder that
competence evolution seemed to stall in this domain.

Focus on generic knowledge engineering techniques was useful especially
in the first phase, but corrupted rather rapidly due to the decreasing
industrial interest. At the beginning, the knowledge engineering skills
depended on special tool technologies and close interaction with customers
fellow experts. A group manager of the focal organisation evaluated the
situation of one of the former key customers as follows in March 1992:

“Organisation [of the customer company] has changed at the
beginning of 1992 so that R&D is not a profit centre. This means that
corporate funding will be reduced, which will affect considerably the
previously loose research and development policy. Possibility to
develop products together with end users. Al programs developed for
several yearswill become useless, if PC platforms are taken in use.”
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Focusing on fault diagnosis functions and employing the application
engineers helped VTT to build a dominant fault diagnosis system design for
automation applications. The role of customers application experts matched
with the role of the VTT researchers in mutua actor bonds. The model-
based approach that the customers could understand was of great help in
creating strong activity links. However, one customer firm did not consider
the approach as useful for its needs. The firm would have been interested in
trying new knowledge engineering techniques. [ Seppanen et a. 1998a] also
indicates that some firms were not interested in fault diagnosis because of
the technological immaturity of their products. There were some harsh
comments even from firms that later on became key customers, indicating
that they suspected the skills of VTT and the need for fault diagnosis:

Jukka Karjalainen's R&D diary notes, 12.5.1993. Visit at a potential
customer firm: "There is no use to start co-operation, because
communication and learning of things takes so much time. They have
themselves top-level expertise and strong self-respect, how external
parties could know things better. A state organisation does not
under stand anything of what it isto carry out real businessin the time
of a recession. Diagnostics: a new generation of diagnostics is under
consideration, but he [the customer's R&D manager] is somewhat
pessimistic, because condition monitoring has no importance.”

The fault diagnosis platform, a product concept, resulted from the problem
solving process being carried out in severa projects. Interestingly, Tekes,
having funded most of the focal organisation’s blue research projects,
financed hardly any fault diagnosis research. Instead, the Finnish Work
Environmental Fund was used — diagnosis was motivated by safety-related
reasons. The projects were not much controlled by the funding body, the
competence could be developed quite freely in several successive projects.

New implementation technologies were used in amost all projects.
Technology, as a means of implementing fault diagnosis functions, was thus
not unimportant, but did not play any central role either, after the fall of
special expert system technologies. This is certainly one of the most
interesting empirical findings in the case. Fault diagnosis systems were after
al implemented by using incrementally changing rather than revolutionary
technologies, and this was useful for close resource ties. New knowledge
engineering techniques were absorbed for their possible utilisation.

On the whole, one of the main reasons for change has been the evolving of
project relationships from joint blue knowledge engineering research
projects to red fault diagnosis system development projects carried out
especially for automation companies. Matching of the roles of VTT as a
contract research organisation with the roles of other actors in actor bonds
has also been important. Weak actor bonds and activity links, as well as
resource ties based on entirely new techniques and technologies have
proven to be problematic. In thisregard it is interesting to point out that the
ideal technology push pipeline from green and blue to red projects has not
been obvious. For example, there were hardly any self-funded green
projects until in the late nineties, and the fault diagnosis platform emerged
largely as a spin-off of blue (pseudo-red) and red projects.
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5.5 INITIAL THEORETICAL CONTRIBUTIONS

The main theoretical contribution of this part of the thesis is the initia
competence evolution framework. Although longitudinal analyses of
industrial relationships are not any more uncommon, they often do not
address competence in depth. Even Rosenbrdijer [1998] investigating the
problem thoroughly remains at a rather abstract level with regard to
competence. Moreover, he focuses on certain relationships of the focal
organisation rather than on its competence. The reversed approach |
employed by analysing the relationships of the focal organisation
concerning specific competence, is oriented towards the basic business
strategy of contract research organisations. The goal of VTT, for example,
is to create, maintain and extend relationships for making use of its
competence. The number of such competence is nearly invariably smaller
than the number of relationships, because of the need to transfer new
technical expertise to industry as awhole and not only to few specific firms.

Although the substance layer of the framework is based on the well-known
ARA modedl, it contributes to the model by including a conceptualisation of
the resource dimension. The R&D resource typology | used to analyse the
fault diagnosis case is based on an earlier work. All the same, | revised and
extended the work and associated it with the concepts of R&D actors and
relationships. In particular, the four-dimensional model of the content of
competence related to the creation and use of human, technological and
physical resources — applications, functions, techniques and technologies —
proved to be useful. Even though this model is based on [Abell 1980], its
use in the context of competence of contractual R&D is quite novel. Elfring
and Baven [1996], for example, miss two of the four dimensions. The
dimension of generic techniques not included in Abell’s original market
model played acrucia role in the developments of the fault diagnosis case.

After all, the substance layer of the framework is still a yet another
deployment of the ARA model. Although it isinteresting as such at least for
the needs of better understanding contract research and development, the
main contribution of the framework is the dynamic layer. Using [Ford et al.
1986] as a starting point, | identified a number of possible changes in
relationships and four functions to manage the changes. Earlier research has
addressed changes of relationships and networks, as well as investigated
their reasons and results. However, | have provided a relationship-based
view to competence evolution in the context of contract R&D that is still
very rare, as pointed out by Reger and Schmoch [1996].

Although the typologies of the substance layer of the framework are
hierarchical, there is a need to develop a more elaborated structure in order
to focus on truly critical elements of relationships and competence. Too
broad a categorisation of a large number of concepts involved in red-life
rel ationships makes the analysis complicated. The kind of a problem solving
process that was developed in the fault diagnosis case can be used to
structure the substance of competence and relationships. | will propose a
process frame to be included in the framework in Chapter 6.
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5.6 FIRST MANAGERIAL IMPLICATIONS

One of the basic managerial problems of a contract research organisation is
to know how to employ its knowledge and skillsin a*correct” way in order
to open up and manage its position in a complex portfolio of projects.
Competence should be actively developed and exploited, and at the same
time the dangers of core rigidities should be avoided [Leonard-Barton
1992]. This depends on the particularity of resources and mutuality of
activities: "appropriately" strong, neither too loose nor too tight, resource
ties and activity links are required.

The fault diagnosis case indicates that the development and deployment of
the focal organisation’s competence was a highly concurrent process. There
were no clearly distinct development and exploitation phases, as opposed to
the view of e.g. Sanchez and Thomas [1996]. On the contrary, it seems that
although the ideal project portfolio of the focal organisation separates
competence building for red relationships in green and blue projects from
competence leveraging in red projects, such important devel opments as the
emergence of the fault diagnosis problem solving process and the core
platform resulted from simultaneous competence exploitation and
development activities. The activities were mainly employed in red projects.

Concurrent management of present and future competence would thus be
needed. The managers of a contract research organisation should be able to
navigate in the space of current and new competence, in terms of evolving
relationships. An effort to illustrate this is shown in Figure 12. The fourth
“mass-customised R&D” cell, in which the organisation takes an advantage
of its existing competence, while being simultaneously active in the
development of new competence, is a good target state. The path to that
state depends on how the organisation and its customers view and develop
their relationships and how their competence blend in and evolve together.

Competence reuse

S - >
3. Needs-driven 4. Mass-custo-

. R&D (red mised R&D

high | aAprojects based (portfolio-specific
~on dominant blue/red projects
‘technlque_s or based on core
'technologies) competence).
2. Incremental 1. Breakthrough
technology R&D (green/blue

low improvement research projects
R&D (blue/red on new techniques
projects) and technologies)

Competence creation

Figure 12. Competence management in contract research and devel opment.
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The evolution of the four dimensions of the content of competence,
applications, functions, techniques and technologies, is crucial for the
change, as the fault diagnosis case clearly illustrates. The use of the four
functions by which desired changes of competence can be co-ordinated
should be analysed in more detail. They can be expected to result in an
increased “maturity” of competence, depending on changes of the life
cycles of the four dimensions (cf. [Elfring and Baven 1996)):

* in an "early" phase, competence is based on knowledge of
radically new (cell 1, “breakthrough R&D”) or incrementally
improved technologies (cell 2), or on the understanding of
techniques not yet applied to solve certain problems or not
yet implemented as some commercia technologies, whereas

* in a more “mature” phase competence has evolved to core
platforms (cell 4), resulting from the understanding of the
problem solving process, i.e. reuse of core functions, use of
dominant techniques and implementation technologies, and
better understanding of certain customer applications (cell 3,
“needs-driven R&D").

This would mean that the increase in the maturity of competence builds on
the top of technologies and generic techniques, nevertheless focusing on
functional skills and processes needed to solve certain problems for the
current key customers, by means of actively investigating possible new
applications for those skills. In this process, technologies and generic
techniques are used for ensuring technical methods flexible enough for
solving problems. If techniques or technologies are new, they and the
supplier's functional skills must be accepted by customers (cf. automation
firmsin the mid-nineties).

If the customer has already developed functional solutions for the problem
(cf. the GSM network diagnosis project), the situation is more difficult. If
the solutions are based on well-established techniques and technologies in
which the customer is an expert, the challenge the supplier faces is indeed
notable. The supplier can adapt to the situation, as in the automation related
fault diagnosis projects in the nineties, or try to cause a technica
discontinuity, as happened in the early automation related and in the first
GSM network diagnosis project. In terms of [Gallon et a. 1995] techniques
and technologies could be called primary capabilities, whereas critical
capabilities would be the ones used to develop and exploit core competence
for solving problems on which the supplier wishes to focus. The knowledge
of the customers’ applications and end-user needs would be either critical or
primary, depending on the importance of a specific customer account and
the rel ationships between the customer and its own customers.

In order to manage change paths in the competence evolution space in
practice, the supplier organisation needs to carry out its strategic and
operational planning based on a vision of which new elements could be
incorporated into the content of its competence within the emerging
portfolio of relationships. Table 7 illustrates such planning, by showing the
plans and results of recent fault diagnosis competence evolution.
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Table 7. Planning and realisation of competence evolution.

Fault New New New New
diagnosis applications | functions techniques | technologies
competence
1998-1999 | Electronics | Datamining, | Neural Assembly
assembly optimisation: | networks, automation,
lines: tried | arebeing SPC, neural
inablue integrated genetic networks,
project with fault algorithms: | data bases:
Network diagnosis not yet been | only data
operating: a | functionsin utilised bases are
red project | blue projects being utilised
IS ongoing
2000-2001 | Intelligent Explanation, | Usability Multimedia,
electronic visualisation: | engineering, | visual user
instruments. | several blue | multimedia | interfaces,
aredproject | projectsare | engineering: | virtual reality,
isongoing | ongoing green, blue | WWW: used
projectsare | in several
ongoing projects

Despite the problems, VTT managed to continue industrial co-operation in
GSM network diagnosis, but only with one of the network equipment
manufacturers. VTT is now heavily utilising its core fault diagnosis
competence based on the model-based approach — for a new generation of
equipment in which alarm handling and monitoring can be designed much
anew. Furthermore, VTT has also carried out the first red fault diagnosis
project for a network operator — the customer's customer.

In 1998 a market study was carried out on intelligent instruments, where
fault diagnosis functions could be included. The study was performed to
continue and extend the work carried out in a green project for a case
provided by a small company. About fifty companies were contacted, ten of
which were interested in the topic. However, none of them could finally
take part in the planned blue research project. Nevertheless, opening of this
new application domain of model-based fault diagnosis continues as a rather
large red project contracted by the above mentioned company from VTT.

In addition to the planning of competence evolution, it should be known
how to evaluate the “maturity” of certain competence. Maturity assessments
have become an industrial practice in some fields, e.g. software industry.
They have aso been analysed from the viewpoint of research and
development (see, for example, [Miller 1995]). However, the existing
models focus on internal activities rather than on external relationships. For
this reason they do not take the changing context of the organisation into
account. Such approaches as [Lewis and Gregory 1996] could perhaps be
used as a better starting point for developing a context-sensitive competence
maturity assessment framework for research and development.
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5.7 PROBLEM OF CONTEXTUAL ANALYSIS

The importance of contexts for understanding firms and business
relationships is generaly accepted (see, for example, [Lundgren 1992,
Hakansson and Snehota 1995, Halinen and Térnroos 1995, Algjoutsijarvi
and Eriksson 1998]). To name afew, studies that have addressed contexts as
part of industria relationships include [Anderson and Narus 1994, Halinen
1994, Algoutsijarvi 1996, Rosenbroijer 1998]. In this chapter | have used
the ARA model to make explicit a specific context of contractual research
and development, while not analysing contexts more thoroughly. However,
in order to prepare for addressing contexts in greater detail in the third part
of the dissertation by using the revised competence evolution framework, |
will include a brief discussion on contexts below.

Contexts are central in process-based approaches to industrial management
[Pettigrew 1985, 1987, 1989 and 1992, Pettigrew et al. 1989 and 1992]. In
these approaches, contexts usually describe a broader area of connectedness
or embeddedness, compared to business networks surrounding the focal
firm. Pettigrew [1987] considers contexts to be composed of economic,
social and political forces and developments (the external or outer context)
and a company’s resources, capabilities, culture and politics (the internal or
inner context). However, the authors do not provide any extensive
discussion especially on what the inner context is, which has been pointed
out in [Algoutsijarvi and Eriksson 1998].

Different aspects of the inner context can be found in the existing
relationship models. For example, notions of situational features of
individuals, the social system and the atmosphere of relationship models can
certainly be seen as elements of the inner context. Such relationship models
are provided e.g. in [Mdller and Wilson 19953, Halinen 1994]. From my
point of view, one of the basic problems with these modelsis that they try to
make an a priori definition of what the relevant inner context is.
Furthermore, their definition of the context is rather narrow. The complexity
of the context is often used as an excuse, which leaves little room for case-
specific variations [Algjoutsijarvi and Eriksson 1998].

Concerning the in-depth analyses of outer contexts, severa macro forces
affecting certain industrial relationships are identified in [Algoutsijarvi
1996]. Halinen [1994] proposes “general social, political and technological
forces’ asthe outer context of professional services.

I will use the results of the fault diagnosis case study discussed in this
chapter as a starting point for making inner and outer contexts of contract
R& D explicit, and for analysing how the two are interrelated. | will return to
this question in the next chapter, when introducing the revised version of
the competence evolution framework. The so called logic of action will be
added to the framework, in order to describe the goals, means and
justifications of activities carried out by actors, be they individuals, groups,
organisations or industries as a whole. In particular, different logic may be
aligned or conflicted with each other, which contributes to the basic
dynamics of especially the inner context.

93



PART IIl: COMPETENCE EVOLUTION
IN FOCAL NETS

The original purpose of the third part of the dissertation was to apply the
competence evolution framework presented in Part |1 again to anayse the
code generation case, an "unsuccessful" attempt to create and deploy core
competence. Soon after | had started to work for the code generation case, it
became clear that the chicken-and-egg problem had hit me once again. |
could not analyse the code generation case by using the initial framework.
However, the case data had to be used to justify changes of the framework.

6 REVISED FRAMEWORK

The initial competence evolution framework seemed, on one hand, to lack
concepts to make explicit and analyse controversies among the individuals
and organisations involved in code generation related activities. On the
other hand, | ran into difficulties with the detailed typologies of competence
and relationship concepts that | had developed for the initial framework (cf.
[Seppénen et a. 1998a]). The code generation case involved a very large
variety of aspects that could not be easily managed by the typologies.
Therefore, | needed both to extend and simplify the initial framework.

For the latter cause, | took in use a process-based approach based in part on
[Tikkanen 1997]. The approach facilitated considerably the tying of the key
competence and relationship concepts together in a manner that supported
the analysis of changes rather than static structures built by using
typologies. To extend the initial framework, | adopted the idea of logic of
action. | studied some other approaches, such as the actor-oriented
viewpoint to innovation networks [Miettinen 1998] that has been used to
anayse R&D projects carried out at VTT. However, in my opinion, the
logic of action suited very well the ARA concepts that are the foundation of
the competence evolution framework. Moreover, the logic of action had
already been successfully used in business studies (e.g. [Eriksson and
Rasdnen 1998]). For these reasons | chose to employ it in the revised
framework. | introduced this idea in the annual IMP conference [ Seppanen
et al. 1999b], to gain some initial feedback from fellow researchers.

6.1 PROCESS-BASED VIEWPOINT TO CONTRACT R&D

The substance layer of the framework presented in Chapter 4 makes the
governance structure of relationships explicit through the actors and
relationships of focal nets. In addition to this organisational viewpoint, the
product-based viewpoint is included through certain types of resources.
Although activity types are associated with resource types, the process-
based viewpoint is not emphasised. The ARA-based model makes the basic
competence-related concepts of activities and resources explicit, but it
seemed to me that processes would help to link them closer together.
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Processes would also facilitate viewing of relationships through the roles
played by different parties in carrying out activities on resources. For
example, a steering group of a project typically controls the use of the
financial and temporal resources of the project. The steering group also
accepts the technical results produced by the project team. Networks of
relationships related to processes can be seen as process nets, as in
Tikkanen [1997], i.e. the networks revolve around the processes being
carried out by the participants.

6.1.1 Business processes and networ ks

I will use Tikkanen [1997] as a basis in introducing processes at the
substance layer of the competence evolution framework. His work is one of
the most recent and comprehensive studies involving a process-based
viewpoint to industrial relationships: “the main idea explored in this book is
whether it would be fruitful to study business processes through the
increasingly rich conceptual arsenal offered by the industrial networks
research tradition”. Tikkanen proposes the ARA model as a means of
making explicit and analysing business processes, as shown in Figure 13.
The business process, consisting of activities and resources, is viewed as a
"production system" for the focal net of actors and their relationships.

At VTT both the R&D and business processes revolve around projects.
Tikkanen [1998] points out three typical features to separate project
marketing from other kinds of business marketing: discontinuity of demands
for projects (emphasising long-term supplier-buyer relationships),
complexity of individual projects in terms of the number of actors, and the
uniqueness of each project with regard to technical, financial and socio-
political aspects. According to Tikkanen “future projects are actively
anticipated and constructed primarily trough social exchange within the
relevant network during the ‘sleeping’ phase of the focal supplier-buyer
relationship”. After having worked in an R&D project organisation for over
fifteen years, | would like to add that although project marketing involves
active social exchange, it is also a serious business endeavour at least for the
supplier. Therefore, many organisational arrangements are also utilised,
such as key customer accounts and strategic alliances.

Tikkanen sees project business becoming more specialised than earlier, “the
nature of contemporary project business is characterised by an increasing
uniqueness of individual, highly differentiated project deliveries... Thus, the
potential for replication might be diminishing [as opposed to project
replication]”. | doubt this view. For example, in the electronics industry not
only small suppliers, but also big buyers aim at establishing strategic
partnerships to agree on certain foci areas of co-operation. As an example,
in the eighties VTT was selling projects to many different industrial fields
and customer companies. In the nineties it has created aliances concerning
specia competence areas, so that a far more larger portfolios of projects
could have been planned together with key customers.
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Figure 13. A hypothetical focal process net [ Tikkanen 1997] .

Tikkanen identifies four phases in the project-based business process of one
of his case organisations. bidding or negotiation, planning, design and
implementation. He studies actor involvement and activities performed on
resources in each of these phases, and actually also in a fifth phase,
transition. These phases represent the seller’s point of view, i.e. the project
marketing cycle (cf. [Tikkanen 1998], based on Holstius). From a dightly
different perspective, Matikainen [1998] has studied the problem of
governing different types of relationships efficiently. He approaches
relationships from a contractual perspective and studies their efficiency.
Three levels of efficient governance are identified for eight governance
processes. screening, signalling, dependence balancing, bargaining,
incentive planning, adaptation, monitoring and enforcement. They can be
considered as particular types of co-ordination and control activities (cf.
Figure 13) in interrelated business processes, viewed from the perspective
of the efficiency of the relationships in which the processes are involved.
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Tikkanen's [1997] claim that “individual project deliveries could be
characterised as more or less unique” may be correct for his case company,
but for VTT thisis not true. The organisation ams at increasing its skills by
utilising knowledge gained from the past projects to be used in subsequent
projects. If al projects were seen as unique and no means could be
established for learning something from successive projects, the
organisation would soon become dominated by other network parties.
However, as indicated in the fourth part of the dissertation, the matter may
conceptually be quite complicated, even though it is managerially self-
evident.

Tikkanen’s analysis of focal nets was based on interviews, in which “it
proved to be impossible to track any more specific sequential activity chains
[in one of the case organisations] than the rather genera ones’.
Furthermore, in “neither of the cases described and analysed in the focal net
study was it possible to relate the resource dimension exactly to the specific
activity structure of the focal process net”, concerning especialy “the more
abstract intangible resources, such as technical know-how and personnel
capabilities.” In the code generation case discussed in the next chapter | also
found it very difficult to acquire facts related to individual activities and
their results. It was especidly difficult for managers to remember factua
information, possibly due to their wide sphere of responsibilities. In
Tikkanen’s study, three of the five interviewed persons in the project
delivery case were managers. Even the two interviewed experts were
managers of some kind: a project foreman and a chief engineer of planning.

However, by first analysing documentary data and then interviewing not
only the supplier's and the customers managers, but also the code
generation researchers and their industrial counterparts, | found it relatively
easy to identify the evolutionary path of the focal phenomenon: the starting
point of code generation research, the emergence of individual skills
towards team-based competence, and the fading of the competence in the
sense of a remarkably decreased volume of activities. Other facts, such as
times, persons, projects, technical results and financial figures could aso be
traced. Despite, | wish to point out that interpreting an evolutionary process,
even when based on explicit data, is a hard problem to solve. At the end of
this dissertation | will propose that scientists would be encouraged to carry
out action research on industrial networks. This would help to acquire
factual data in real time. Furthermore, it would make possible the studying
of how the involved persons interpret the data in the view of historical data
on events having led to the present situation.

Considering the managerial implications of his research, it would have been
interesting if Tikkanen had discussed the emerging process maturity models
(cf. [Miller 1995]). The models are frameworks used to assess and improve
an organisation's core processes, such as the product development and
project management processes of software producing organisations.
Because maturity models are based on the idea of comparing the company's
processes to the perceived best practices, they could strengthen managerial
implications of process studies from the focal company's point of view.
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6.1.2 Process-based extensions of the framewor k

| have included processes into the competence evolution framework by
defining certain activities and resources to form a process, and the
corresponding focal net to form a governance structure for the process. |
have used sequential phases to structure the processes further, and the
portfolio of green, blue and red projects to structure the focal nets. Five
types of processes have been defined based on the context of contract R& D
a VTT, as indicated in Figure 14. Two of them are carried out at the
supplier side and two at the purchaser side, so that they form pairs:
competence marketing (supplier) — competence purchasing (customer), and
research and development (supplier) — competence exploitation (customer).
At the supplier side, competence marketing aims at establishing projects to
carry out the R&D process. At the customer side, the competence
purchasing process seeks to exploit the supplier's skills, usualy for the
development of new products or production processes.

CUSTOMER SUPPLIER (VTT)
Competence Competence Competence Research and
exploitation purchasing marketing development

Technology . = Follow - Plan for ;
screening green green -~ Innovation
' g H
o project
?
o 1
Technology - - - 2 Y
. o
evaluation = Prepare - Development
o for blue ‘
‘ projects & project ‘
| = |
Y S Y
S Market
Product/ C%ntract <= Y - Leverage
process red = .
development projects i project ‘
, o !
| = Y
Y o Buy < S (Commer-
Product IPRs cialisation)
marketing

Y CUSTOMER'S CUSTOMER

Figure 14. Interplay of the supplier and customer processes.

The processes are associated by the fifth process; co-ordination and control.
Phases are defined for each of the four competence related processes, based
on the portfolio of green, blue and red projects. At the supplier side, they
correspond to the evolution of innovations to commercia solutions, at the
purchaser side the change of interest from technology observing to selling
of products. Correspondingly, the customers "follow", "take part in",
"contract” or "buy" competence from the supplier, which "plans’,
“prepares’, or "markets’ projects or "sells" intellectual property rights.

98



Basically no changes were required because of processes in the focal net
part of the framework. Instead of the focal net, the phrase project net was
taken in use to emphasise the form of focal nets. In one of histwo industrial
case studies Tikkanen [1998] uses the concepts of focal business process
and focal project interchangeably, because “project supplies can also be
regarded as meaningful business processes for certain organisations’.
Process nets can thus be called project nets, if core activities of the
organisation are carried out as projects. In the case of VTT, project nets are
usually closely tied with the project nets of customers. Ancther, less tightly
coupled form of interaction is delivery of competence as intellectual
property rights (IPR) purchased by customers. This was attempted in the
code generation case, as will be discussed in the next chapter.

I will adopt the concept of project nets, pointing out that they may also
involve people and organisational units other than members of project teams
carrying out the R&D process. For example, higher-level line managers,
marketing managers and marketing secretaries may be involved in initiating
and planning of new projects, whereas researchers, lower-level line
managers and project secretaries may work in the project teams established
as aresult of such planning activities. The concept of the project marketing
horizon (cf. Tikkanen [1998]) is aso taken in use, to describe the project
nets planned to be established by VTT as an R&D supplier organisation.
From the customers viewpoint, the projects planned to be contracted from
suppliers represent the project purchasing horizon.

6.1.3 Discussion

In a recent textbook Lowendahl [1997] proposes two dimensions, strategic
focus and resource base, for classifying professional service companies, as
shown in Table 8. These can be considered as a proposal of a strategic view
to focal nets and core business processes, since the former concerns actors
and their relationships and the latter the utilisation of resources. One
diagonal of the positioning consists of A, B and C types of firms.

Table 8. Positioning of professional service firms [ Lowendahl 1997] .

Strategic focus/ Client Creative Adaptation of

Resour ce base relations problem ready solutions
solving

Organisationally (D) Insufficient | * (B) Efficient

controlled resources adaptability l

Team-based, * (C) Both 1

individual and l - *

collective resources

Individually controlled | (A) Flexible ? (E) Lack of

resources (Effective) - * co-ordination,

discipline
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The resource base can be controlled by the organisation as a whole (B),
independently by the professionals themselves (A), or as a mixture of the
two approaches (C). The choice between A, B and C affects considerably
what processes would be conducted by the organisation and how would the
processes be carried out. Along the other dimension, strategic focus on
customers or customer groups aims at continuing interaction (D), whereas
problem-solving based strategies involve a high degree of innovation and
solution-based strategies seek to extend markets for uniform services (E).
Considerably differing focal nets are required to follow these strategies.

At VTT problem-solving dominates green and blue projects, whereas red
projects are either customer driven or solution based. During the
competence innovation and development phases, resources are largely
controlled by individual researchers. Competence leverage is, on the other
hand, most often controlled by the organisation. The competence marketing
process follows a similar pattern. Green and blue projects are predominantly
initiated and prepared by researchers, whereas line managers are often
extensively involved in marketing the red projects. Pressures for the change
of a position include, according to Lowendahl, moving away from the
“stuck-in-the-middle” position for C types of firms, and moving towards the
upper left (D) and lower right corners (E) for B and A types of firms.
Contrary to Lowendahl, | believe that it would be beneficial to be stuck in
the middle with core platforms, to be efficient with regard to competence
and effective in managing the portfolio of customer relationships.

6.2 KNOWLEDGE CREATION VERSUS COMPETENCE

Figure 12 at the end of the second part of this dissertation indicates that
competence creation and reuse are important dimensions in managing
contract research and development. From the viewpoint of competence
creation, especially important in the code generation case due to its
innovation-related characteristics, competence changes can be relatively
straightforwardly associated with the socialisation, externalisation,
internalisation and combination functions proposed by Nonaka and
Takeuchi [1995], Figure 15.

Tacitness and explicitness of knowledge, i.e. codification/contextuality,
constitutes the epistemological dimension of the knowledge creation model
of the authors. Externdlisation that transforms tacit to explicit
(“conceptual” /generic) knowledge can be likened to problem solving and
the reversed change (“operational”/context-specific knowledge) called
internalisation to absorption. The ontological dimension of the knowledge
creation model can be likened to institutionalisation, as it involves social
interaction between the people creating and sharing knowledge. Conversion
from tacit to tacit knowledge is called socialisation (“symphatised” /personal
knowledge). Explicit knowledge can be turned into other explicit
knowledge through combination (“ systematic”/organisational knowledge).
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Figure 15. Content of knowledge (cf. [ Nonaka and Takeuchi 1995]).

Scanning and diffusion, as they were presented in the initial competence
evolution framework, do not make any clear difference between tacitness
and explicitness of knowledge with regard to its institutionalisation.
However, for example much of the tacit code generation knowledge was not
externalised into organisational competence, as opposed to the fault
diagnosis case, where an explicit core platform emerged. To be able to
study this phenomenon, | will redefine diffusion and scanning as diffusion
by socialisation or combination and scanning by socialisation or
combination. They facilitate the associating of the codification/contextuality
and institutionalisation of competence, and thereby provide certain side-
support to the analysis of different logic of action.

Knowledge creation is interesting also in more general terms. Competence
does not evolve only by becoming more explicit. New knowledge must be
incorporated continuously to existing skills and capabilities. Nonaka [ 1994]
points this out by stating that organisations must not only process efficiently
but also create information. Innovation cannot thus be explained solely as
information processing or problem solving, it involves both problem
definition and knowledge creation. Nonaka defines knowledge as “justified
true belief” and information as “a flow of messages or meanings which
might add to, restructure or change knowledge”. A theory of knowledge
must describe the content of messages, not only their form. Tacitness and
explicitness of knowledge constitutes the epistemological dimension of
knowledge creation, the ontological dimension involves interaction of
people that create and share knowledge.

The three basic factors of the commitment to create knowledge by an
individual, a group, an organisation or several interacting organisations are
according to Nonaka intention, autonomy and fluctuation. When the four
conversion modes between tacit and explicit knowledge are added to this,
the “spiral of knowledge” is achieved.

101



Within an organisation, Nonaka views knowledge creation as consisting of
the sub-processes of enlarging individuals knowledge, sharing tacit
knowledge (socialisation), parallel conceptualisation (through ex-
ternalisation) and crystallisation (through internalisation) of the knowledge,
judtification for the use of the knowledge within and outside the
organisation, and networking of the knowledge to the organisational
knowledge base. In [Nonaka and Takeuchi 1995] these five phases are
called sharing of tacit knowledge, creating concepts, justifying concepts,
building of an archetype and cross-levelling knowledge. These would
provide for an alternative to the problem solving, absorption, scanning and
diffusion functions that | have applied in this research.

Tacit knowledge can be segmented into two dimensions, technical (know-
how) and cognitive (know-what, know what ought to be alias why). The
core activity of knowledge creation is “the conversion of tacit knowledge to
explicit knowledge”, which is related to core competence thinking.
However, Nonaka and Takeuchi claim that core competence literature
emphasises the behavioural aspects of strategy (how to compete), as
opposed to the question of where companies want to compete. Kirjavainen
[1997] (pp. 46-52), characterises the view of Nonaka to learning as a
process for acquiring, organising and refining knowledge.

There are some fundamental differences between competence-based
theories and the process forming a basis for the knowledge creation theory
proposed by Nonaka and Takeuchi. First of all, the knowledge creation
theory focuses on knowledge explicitly rather than implicitly, concerns
knowledge creation as opposed to knowledge processing or management,
views middle managers as key “knowledge engineers’ in organisations and
not as obstacles to competence building, and defines a theory for knowledge
creation instead of related but non-coherent principles. The role of middle
managers is an interesting issue visible in both of my case studies. In
[Nonaka and Takeuchi 1995] the role of middle managers as knowledge
engineers is described as follows: “Simply put, knowledge is created by
middle managers, who are often leaders of a team or task force, through a
spiral of conversion process involving both the top and the front-line
employees (i.e., bottom). ... In remaking reality, knowledge engineers take
the lead in converting knowledge.” A middle manager played a central role
in the evolution of the fault diagnosis competence, along the lines described
by Nonaka and Takeuchi — not to speak of my personal and other managers
roles in the ultimate devel opments of code generation matters.

When it comes to practical means for knowledge creation, Nonaka and
Takeuchi remain at arather abstract level. Socialisation can be associated to
externalisation by "dialogue”, externalisation to combination by "linking of
explicit knowledge", combination to internalisation by "learning by doing",
and internalisation to socialisation by "field building”. For the same reason,
it is difficult to say what shared tacit alias sympathised knowledge,
externalised alias conceptualised knowledge, combined alias systematic
knowledge, and internalised alias operational knowledge actualy mean. In
this research | had to delve into the changing competence, i.e. in the content
of knowledge and the processes shaping it.
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6.3 EXPLAINING THE LOGIC OF ACTION

A few quite simple concepts were proposed in Chapter 4 for characterising
actors involved in focal nets, e.g. the role of an individual either as a
manager or a researcher, and an organisation as a research institute or an
industrial company. The code generation case indicated various differences
in the interests and several conflicts in the viewpoints of different actors.
This kind of social embeddedness of networks (cf. [Holmlund and Térnroos
1997]), could not be explained by the simple concept of roles. Miettinen
[1993] points out that in innovation-related networks, voices of actors
should be made explicit for studying, e.g.:

1. different interests of the institutions and individuals involved in
innovation networks, such as the researchers, product developers and
end-users, because of different roles, network participants usually see
and interpret each other’ sinterests from different viewpoints.

2. the educational background, job history and personal interaction network
of individuas, which depend on the views to the roles and positions of
the participants of the innovation network, and historically, illustrate how
a view has been formed from a person’s consideration, opinions and
experience from items that originate from various sources and have been
affected by other persons views,

3. the position of an individual in his’her organisation, and the division of
labour in the organisation; depending on the position of the person,
contradictory concepts may be pointed out from the same network,
depending in part aso on the relations of power, competition and career
ambitions of the involved individuals.

Eriksson and Résanen [1998] use the concept logic of action for reasoning
about the goals, means and justifications of groups of people. The content
of certain logic of action was constructed by the authors from case data,
based on the projects and actions each group of actors actually proposed,
championed or objected. The case data was also used to make explicit three
types of interactions by which groups responded to the actions of other
groups over time, called dominance, compromise and integration.

A good characterisation of the concept of logic of action is given in
[Bacharach et a. 1996]: “Thus our first assumption is that each party brings
to the exchange relationship his or her own specific ends and his or her own
specific means for achieving them and that underlying these specific means
and ends is some general logic or cognitive framework that guides each
party’s behaviour. | refer to this framework as a party’s logic of action”.
Bacharach and the others point out the importance of aligning different
logic of action, which is one of the central questions in this research: “Our
second assumption is that no exchange is possible unless the logics of action
of two or more parties involved in the exchange are aligned. In this context,
micropolitics may be defined as those strategies and tactics that
organisational actors use in negotiating the alignments of logics of action.”
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However, “the alignment of logics does not mean that there is no conflict
between the parties, it ssimply means that the means and ends of parties
across al levels are not inconsistent.” An interesting remark is that if a
group shares some logic of action, "it is likely that they will also experience
acommon sense of dissonance whenever that logic is threatened.”

I will use logic of action to make explicit multivoicedness especialy in
project nets. | will analyse the logic of action of groups of people involved
in certain roles in the nets, such as line managers and focal researchers. The
logic of external actors is described only for certain types of organisations,
such as funding bodies, other research institutes than VTT and industrial
customers. My approach is compared with the one of Eriksson and Rasanen
in Table 9. The concepts can be associated to actors, relationships, resources
and activities, asis shown in the table and explained below.

Groups of actors with various objectives and goals to pursue interact within
focal nets. Different forms of interaction in industrial relationships have
been studied by many researchers (cf. [Algjoutsijérvi 1996] as an example).
I will use the very basic notions of dominance or submission, co-operation
and competition to characterise interaction, in addition to the don't care
situation that denotes a lack of any considerable interaction.

The logic of action of a group can be identified by analysing how its goals
are associated with some means, which | will associate with resource
creation, possession and mobilisation activities in the context of focal nets.

Table 9. Making logic of action explicit in project nets.

[Eriksson and Rasanen 1998]

Project nets

Manager groups

Groups of certain types of actors

Relationships between managers

Relationships of groups of actors

Form of interaction (dominance,
compromise, integration)

Form of interaction in arelationship
(co-operation, competition,
dominance/submission, don't care)

Objectives and goals

Objectives and goals of actors

Means

Resource-related activities

Justification of the logic of action

Background, interest and position of
actors

Source of influence

Importance (value) of competence,
control over certain resources

Confectionery products

Competence

Product mix changes

Evolution of competence

Management of product mixes

Management of competence
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The actual content of some logic of action consists of the projects and other
activities carried out by a certain group of actors. In [Eriksson and Ré&sénen
1998] these involve the management of changes of product mixes, in my
case the management of competence. The background, interest and network
position of actors can be used to justify their logic of action. The
background of actors in terms of the history of their relationships can be
made explicit by alongitudinal analysis of project nets. | will provide such a
history for the code generation projects. However, backgrounds include also
histories of many other relationships, as well as other developments not
involving relationships. For example, the company for which the very first
code generation project was carried out, had a long co-operation history
with VTT. The R&D manager of the company, responsible for the strategic
alliance between the two parties, used to work as a line manager at VTT. |
will make explicit these kinds of backgrounds, when it is beneficia to
understand the code generation case.

Miettinen [1998] suggests three types of artefacts, which in the context of
this research can be likened to product-related resources, in order to
characterise the interests of actors. | will use his typology here to illustrate
interests as ajustification of certain logic of action. “What” type of primary
artefacts denote tools that are used for carrying out some activities. The
VTT code generators are a good example of such artefacts. Secondary
“how” type artefacts describe the use of tools in textbooks, journals and
papers. A design method devel oped by the code generation researchersis an
example of this: the researchers showed a great dea of interest in
transferring the method to industry. “Why” type of secondary artefacts
explain reasons for certain phenomena. The focal researchers justified their
interest by benefits that would be gained from code generator tools.

Tertiary “where t0” artefacts describe the future developments of primary
and secondary artefacts, typically as a vison. The software design
automation vision presented by the focal researchers is reprinted in Figure
16 to illustrate this. Some people whom | interviewed had a very vivid
picture of thisvision even after ten years of its presentation.

Another aspect when justifying the logic of action of certain groups of
actorsis their position in focal nets. Johanson and Mattson [1997] define it
as follows: “Thus, according to the extended definition, the position of an
actor includes also the productive process — in a broad sense —in which it is
involved and its direct and indirect network interdependencies. The
production role has two dimensions ... The qualitative dimension describes
which function the actor has in the production system. ... The quantitative
dimension characterises the relative importance that the resources of the
actor have in relation to the resources of the other actors, i.e. how much of
the total quantity of sustainable resources are controlled by the actor”. The
position of a group of actors within a project net can thus be characterised,
according to the extended definition, by its activities on certain resources
having some relative importance. This is related to the source of influence
of a group of actors, which depends on the importance or vaue of its
resources and its possibilities to control their creation and usage.
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Figure 16. The Sokrates vision, shown as a “ guiding star” .

Based on the case data, | will view the value of competence from the
supplier and purchaser viewpoints, using the concepts of expected (before),
perceived (during) and historical (afterwards) value or importance.

The expected value of competence is usually documented in various kinds
of plans describing how some resources will be developed or utilised, e.g. in
contracts, project plans and minutes of the first project management group
meeting. The expected value may also be evaluated by some external
parties, before the project starts. The perceived value of competence evolves
during the project and is documented e.g. in the minutes of project
management meetings and in the feedback of the parties or some external
evaluators given during or immediately after the work. Customer feedback
forms are a routine means to collect opinions on perceived value of
competence at VTT. The historical value of competence can be evaluated
after some time. In this research the opinions of the interviewed parties
indicate the historical value of competence (cf. [Halinen 1994]), after afew
or as many as ten years.
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One of the best examples of the change of the importance of competence
from expected via perceived to historical value is provided by a project in
which VTT developed and transferred in use a code generator for a
customer company, the firm Nm. The customer's views to the value of the
planned and realised results of the project were asfollows:

Expected value (1993, before the project): “ The purpose of the
contracted work is to build a real-time software development
environment for the MCS project of the customer. The starting point of
the project includes the Finsoft/Sokrates technology taken in use and
developed further in the RHU project [ of the firm Nm] ."

Perceived value (1994, end of the project):“ The specification of the
project succeeded well and its implementation corresponds to the
specification. VTT's attitude has been positive during the whole
project, and problems have been solved fast.”

Historical value (1998, interview):” Thank you for the questions. |
have waited for a possibility to give some feedback. ... Technically, the
contribution of VTT was good. From the viewpoint of the business [ of
the firm Nm)] it was fatal."

6.4 SUMMARY

Figure 17 summarises the main concepts of the revised competence
evolution framework, to be used to analyse the code generation case in the
next chapter. Notice that the framework does not suggest any specific
competence evolution paths, but only associates together concepts that can
be used to model such paths. The boldfaced concepts on the left-most side
of the figure depict the substance layer: the outer context, groups of actors,
relationships, processes that consist of certain phases, and creation and
usage of product-related, process-related and organisational resources,
which constitute competence. The content of the logic of action of a certain
group of actors can be identified by investigating the activities that they
have actually been carrying out in the project nets that were realised.
Correspondingly, owners of processes and competence can be identified.

| have not presented any explicit model of the outer context and the macro
forces that affect competence evolution, as this would have been difficult
and somewhat outside the scope of this research. The outer context of the
cases, embedded software engineering for the needs of the electronics
industry, will be discussed in the next chapter to the extent that is useful to
understand the effects of most important macro forces.

The concepts of the dynamic layer of the framework are depicted in the
right-most side of the figure. They are the key means to understand and
interpret the evolution of the code generation competence, to be discussed
in the next chapter. The various kinds of tabular formats applied to make
use of the concepts will be explained in detail in the next chapter, since they
are used more as representational forms than essential parts of the
framework itself.

107



|Outer context [ Macro forces (e.g., economy, technology)

... surrounds

Groups of O Objectives/goas: backgrounds, interests
actors and intra/inter-organisational positions
O Alignment of objectives/goals

[0 ... who follow certain

L ogic of action

... within

Project nets [ Project marketing and purchasing horizons
O Assuring and balancing of mutuality through
- Formsof interaction
- Scanning and diffusion by socialisation or
combination
[0 Planned versus realised project nets

0 ... asthe inner context that enact

Processes

Customer processes: purchasing, exploitation

Supplier processes. marketing, research and development
Co-operation process: control and co-ordination

O ... which form

Content of logic
of action

[ ... that consists of

Activitieson O Assuring of capability: life-cycle management
resour ces O Balancing of particularity: absorption, problem
solving
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Figure 17. Overview of the revised competence evolution framework.
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7/ THE CODE GENERATION CASE

The code generation case will be analysed in this chapter by using the
revised competence evolution framework. The analysis is carried out
chronologically, based on three main periods that | will call Speco (1985—
1987), Sokrates (1988—-1991) and Reagenix (1992-1998). They involve the
competence innovation, development and exploitation phases of the R&D
process carried out by VTT during thirteen years. The case data was
organised for analysis (cf. Appendix 2 of [Seppénen et al. 1999a]) around
two closely related processes of VTT as an R&D supplier: competence
marketing, with a focus on the project marketing horizon, and competence
building in the form of research and development. Competence purchasing
and exploitation processes were addressed at the customer side. The four
processes were associated together by a fifth process, the control and co-
ordination of co-operation, as was shown in Figure 14 in Chapter 6.

I will first analyse the outer context of the case and then proceed to the
inner context consisting of the actually realised projects. Six groups of key
actors involved in the case are then addressed: the managers of the focal
organisation, the focal code generation researchers, their colleagues,
industrial customers, research customers and Tekes. The goals and logic of
action of these actors, which affected the code generation project nets and
processes and thereby the code generation competence, are analysed. The
actual project nets are compared with the planned nets, i.e. the intended
project marketing horizon. The project nets are also compared with the
project purchasing horizon, to the extent that the intended purchasing of the
code generation competence could be made explicit from the case data. The
nets are structured according to the phases of the R& D process.

The forms and means of interaction of the parties within the project nets are
first addressed by evaluating the balancing and assuring of the mutuality of
VTT’ s activities, based on diffusion and scanning. Then, the content of the
logic of action is discussed by evaluating the balancing of particularity and
assuring of capability of code generation resources, based on life-cycle
management, problem solving and absorption. Finally, the evolution and
valuation of competence are analysed, concerning product-related, process-
related and organisational competence. Finally, the results of the analysis
are summarised from the viewpoint of building and exploiting competence.

7.1 INTRODUCTION

In the code generation case VTT managers aimed at creating a growing
portfolio of fully contractual red projects, involving in particular machine
automation companies. The focal researchers favoured marketing generic
code generator techniques and tools. The customers of VTT had difficulties
in coping with these two logic of action, in arapidly and radically changing
business environment. This may have been the reason for the competence,
in the end, being utilised mainly by VTT itself. This did neither benefit its
developers nor advance the evolution of the competence.
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The differing logic of action of the two key parties, which resulted in the
lack of any considerable portfolio of external customer relationships, lead to
arather rapid withering of the competence at VTT. However, the devel oped
code generation technology has recently been sold to the former researchers,
who have established a company based on their own logic of action. This
kind of competence survival through many years and despite conflicting
viewpointsis, after all, akey factor in making business out of research.

Early eighties—emerging industrial interest

Industrial software development emerged as early as in the sixties. The
phrase software engineering was taken in use in the seventies to denote a
systematic approach to organising, managing and performing software
design as part of product development. The need for embedded systems
software development originates also from the seventies, when
microprocessors became commercially available. At first, embedded
software was mainly developed by hardware designers.

In the early eighties, VTT Computer technology laboratory (TKO) was one
of the main contributors in Finland to bringing embedded software
engineering principles, methods and tools to the attention of industry. It
even proposed and made popular the Finnish trandation of the term
embedded software, “ sulautettu ohjelmisto”. TKO’s persons took part in the
development of a number of very successful electronic products, as
embedded software engineering experts. Moreover, the roots of some early
Finnish software development tools are to be found at TKO.

Embedded software engineering research started to flourish in Finland in
the mid-eighties. Tekes, the national technology agency, organised two
quite extensive software-related research programs. Companies that had
started to utilise microprocessors realised that the size of software
incorporated in their products was rapidly growing and that they needed
better means for managing software development. They also found out that
the features used for arousing the customers' interest in products were often
based on software. Industry was, for these reasons, quite eager to join the
steering groups of public research projects dealing with software. Only
modest fees, compared to the total budgets of the projects, needed to be paid
for joining the groups.

At the same time, industry started to hire experts to facilitate the use and
development of new software engineering methods and tools. Quite many of
the experts had previously been working at universities and at VTT, which
would contribute to industrial interest in public research projects. While
product development engineers were playing a major role, other people
from industry, such as marketing and customer support professionals, were
seldom involved. Most of the representatives in funding bodies, such as
Tekes, were technology experts as well.
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Turn of the nineties—joint national research

Tekes established the first national software-related research program called
Finprit in the mid-eighties. TKO carried out several Finprit projects and
produced prototypes of embedded software development tools. The second
software engineering research program, called Finsoft, was launched by
Tekes in the late eighties [Karjalainen 1991]. TKO prepared and carried out
the biggest project within the Finsoft program, called Sokrates. Over ten
companies took part in this project. | will use acronyms to denote these and
other firms involved in the code generation case, in order to preserve
anonymity, required by some of the interviewed persons. Anonymity is aso
justified by the fact that the case includes several controversial aspects, as
was pointed out in Chapter 2.

The aim of this project was to produce a design method and to build a code
generator prototype, which would provide for a systematic, seamless and
automated embedded software development approach. The general goa of
the project was characterised as creating design automation for embedded
systems. The intention was to turn embedded software development from
art to an engineering discipline, relying on rigorous methods and tools.

Conflicting viewpoints arose around code generation at VTT as early asin
the early nineties. One of the very basic controversies involved line
managers and focal researchers. The conflict was related to the basic R&D
strategy of VTT based on a portfolio of green, blue and red projects.

As shown on the left-hand side of Figure 18, code generation research
started "backwards’, in the red Speco project paid by the firm K, a key
customer of TKO in the area of software engineering. The subsequent
Sokrates project was a very large blue project, in which VTT's own
financing was quite limited, due to the as high as 70% funding by Tekes and
the fees paid by the companies taking part in the project.

Although the expectations for a number of subsequent red projects were
high, after Sokrates both public and industrial investments on code
generation related activities decreased. Four rather small red projects were
carried out for three industrial members of the Sokrates steering group, and
two additional projects for other companies.

Despite the efforts alocated to the project, neither a breakthrough in code
generation succeeded, nor did any vendor commercialise the code generator
prototype developed in the project. The rights to the code generator have
recently been sold by VTT to a small company owned by some of the
original researchers. Therefore, there still is a possibility for the venture to
succeed. However, in this research | am mainly interested in investigating
why the code generation competence could not be more extensively
exploited earlier, to allow VTT to make use of its research results.
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L ate nineties— declining R& D activities

Although some licenses of the code generator were sold to industry, the
generator was mostly used in blue projects a VTT. On one hand, the code
generation researchers felt that managers were preventing them from
making a practical tool out of the research results. They were not alowed to
continue their work by any considerable interna funding, while the
managers were hoping to establish red projects paid by industrial customers.
On the other hand, the managers patience for expanding industrial income
from red projects was gradually exhausted:

Code generation researcher: “ The management of TKO said that this
[the code generator] is not good, thisis a prototype, a hack-hack, and
we cannot serioudly offer this to industry. Now, having been in
industry for four years, | have seen what kind of tools are being used,
for example in the telecommunication area: tools developed by
ourselves and by universities, public domain tools, and our
competitors’ tools. | must say that Reagenix was, after all, a very
reasonable tool. The impression that was given by the management of
TKO was that industry uses only top-quality, well-packaged tools
offered by reliable parties. Thisisthe point, VTT did not see itself asa
reliable tool developer.”

Manager: “Well, it might be that there was a belief that something
would come out, but that belief gradually vanished. In closing, [ of the
Sokrates project] ... [the focal researchers] took it for granted that
about six companies would take the results in use right away. They
already wrote down ready-made contracts, but the fact was that there
were no real deals at all. They told ... that everything would have been
agreed, but the reality was completely different. We lost confidence in
their judgement.”

As an organisation, VTT gave up code generation as an R&D topic quite
soon after the blue Sokrates research project had been finished in 1991.
Figure 19 taken from the strategic plan of the focal Software engineering
section does not include code generation in the "develop systematically"
phase of software engineering technologies. The SA/SD (called "SA/RT" in
the figure) methods and CA SE tools, which were utilised as part of the code
generation techniques developed by VTT, are considered to belong to the
"give up" life-cycle phase. Code generation has not yet become a notable
approach to embedded systems devel opment in more general terms either.

However, one third of the industrial representatives participating in a global
survey concerning the strategic needs and future trends of embedded
software technologies carried out in 1996 [ Seppénen et a. 1996] indicated
that code generation techniques will be needed in the future. At the time of
writing this dissertation, VTT has subcontracted expert work from the small
company established by the former code generation researchers, to conduct
a strategic assessment of code generation technologies for one of its key
customers. It is aready confirmed that the customer will use some code
generator in the development of software embedded into its future products.
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Figure 19. Software engineering maturity life cycle (as of 1993).

7.2 MACRO FORCES OF THE OUTER CONTEXT

Tikkanen and Algoutsijarvi [1998] define the outer context of industrial
relationships as “an extension of the connected network directly relevant to
a customer-supplier relationship and its inner context”, where the connected
network focuses on “whole organisations as collective actors’. The context
in which the code generation projects of VTT were conducted can be
characterised asindustrial embedded software engineering.

As indicated above, the developments started in the seventies, with
microprocessors becoming incorporated in products of a different type than
general-purpose computers. Software development was at first carried out to
a large extent as a side-job of hardware design. By the mid-eighties it was
emerging as a new profession. As part of the development, Tekes started to
actively support national research and development of embedded software
engineering in Finland. The firm Is started the Finnish business on
embedded software engineering methods and CA SE toolsin 1985.

I will first outline changes in the industries developing and applying
embedded software in Finland, focusing on the electronics industry. The
case data is used for discussing the position of the focal organisation in this
context. The technological changes which have shaped industrial embedded
software engineering are then summarised. The role of the foca
organisation in regard to these changes is briefly evaluated. Frame 8 lists the
data sources | have used in tracing the changes related to industrial
embedded software engineering from 1985 to 1998.
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Frame 8. Sources of data on the outer context from 1985 to 1998.
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A considerable hardship for this analysis was caused by the fact that
embedded software can be incorporated in amost any kind of electronic
products. No studies have yet been carried out on the role of embedded
software in even the best-known Finnish electronic products. The nineteen
data sources listed in the frame provide thus only an overview of the
subject. One of the most thorough analyses of the evolution of the Finnish
electronics industry is given in [Lovio 1993]. However, the study only
concerns events to the year 1989. | have aso used [Kivisaari and Lovio
1993, Martenson et al. 1985] and a few reports of the local activities in the
Oulu region to provide some insights in the industrial context at the time
code generation related activities were initiated at TKO. Hannu Hakalahti,
the director of TKO, was involved in carrying out some of the local studies.

Several national information technology studies and strategic plans are
available from the early nineties. | selected the ones acquired by the
managers of the focal organisation and used by them to support strategic
organisational planning. Later on in the nineties, both Tekes and the
Association of the Finnish Electronics and Electrical Engineering Industries
have published severa surveys and forecasts, as indicated in Frame 8.
Embedded software was, however, included as a distinct section in the
forecasts as late as 1995 by Jukka Karjalainen, the former vice laboratory
director of TKO. The corresponding section in [Hienonen 1997] which |
have used in this research was authored by myself.

7.2.1 Economy — Finnish electronicsindustry 1985-1998
Vision —towardsintelligent machines

A famous Finnish technology expert Matiti Otala wrote the chapter
“Information technology in products’ in the forecast [Martenson et al.
1985]. He chose microprocessors used in cars as an example of embedded
systems, but also pointed out other automation applications, such as
elevators, cranes, heavy-duty machines, public and industrial transportation
equipment, as well as robots. The section “Software production” (pp. 60—
61) indicates that embedded software would be applied especidly in
machines and equipment and developed “semi-automatically” by using
specia software engineering environments based in part on “artificial
intelligence techniques’.

Otala was expecting the automation in the development of embedded
software to increase “slower than [in] the design of other electronics
[technologies]”, three to four times by 1990. This was to a great extent the
view of the firm K, when it contracted the initial code generation project
Speco from TKO in 1985. In reality, embedded software did become crucial
in telecommunication, but only ten years later. The size of software in such
products increased by the factor of four in 1994-1998, the productivity of
software design only by the factor of two.
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Reality —automation and telecommunication as key clusters

[Lovio 1993] analyses the growth of the Finnish electronics industry from
1961 to 1989. After a remarkable decrease in growth in 1981, the level of
15% annual increase was reached in 1985. After that, the growth stagnated
again and was well under ten percent in 1989. Lovio views the period
between 1975 and 1989 a competence enhancing phase of the Finnish
electronics industry, comprising the era of ferment based on micro-
electronics from 1975 to 1984 and the era of incremental change from 1985
to 1989, with “new products in all old product groups’ being introduced,
and both exports and internationalisation increasing.

Considering the companies involved in the code generation case, N, Nm, Nr
and Nt as parts of alarger corporation and the firm V were among the top
five, when ranked by the number of employees in 1985. The firm K was
among the top ten and the firm W among the top twenty. In 1989, the top
five companies had remained the same, but the firm K had dropped down as
many as nineteen positions. The firm W had risen among the top fifteen and
the firm Th among the top twenty.

Kivisaari and Lovio [1993] anayse “innovative businesses’ of the Finnish
electronics industry between 1986 and 1992, including some of the
companies involved in the code generation case:

 in the product group “industrial automation and measurement
devices’, thefirms K and V are “large innovative companies’,
— the annual turnover of the automation sector was FIM 4.8
billion in 1992, (14% of the total production), decrease of 4%
from 1986,

* in the product group “telecommunication equipment”, the firms N
and Nt are “large companies”’,
— the annual turnover of the telecommunication sector in 1992
was FIM 7.2 billion (as much as 43% of the total production),
increase of 6% from 1986,

* inthe product group “consumer electronics’, the firm Sis a“large
company”, and
— the annual turnover of consumer electronics was FIM 3.2
billion in 1992 (only 6% of the total production), decrease of
14% from 1986,

 in the product group “medical electronics’, the firm W is a
“medium-size company”.
— the annual turnover of medical electronics was FIM 1.2
billion in 1992 (only 2% of the total production), decrease of
2% from 1986.

The firm Nm had grown by 25% between 1986 and 1992, the firm Nt by
21% and even the firm K by 17%. The turnover of the firm S had increased
by 9% and that of the firm W by 5%. The turnover of the firm V had
decreased by 4% and it had laid off 900 employees.
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TKO had three key customers at the time of the preparation of the biggest
code generation project Sokratesin 1987:

« firm K was seen as a “lowering customer” in terms of the income
form the co-operation, which had increased greatly from FIM
500 000 in 1984 to 2.3 million in 1985, but then decreased to 1.9
million in 1987, and

« firm N, where the income from the co-operation had increased
rapidly from FIM 500 000 in 1983 to 1.5 million in 1984, but then
settled at the level of 1 million by 1987, and

o Tekes, whose financing for TKO had increased from FIM 0.8
million in 1984 to 1.5 million in 1985 and to 3.2 million in 1987.

The total volume of the industrial income of TKO had increased from 4.9
million in 1984 to 6.8 million in 1985 and to 7.4 million in 1987. It was thus
more than twice as much as the income TKO received from Tekes.

TKO —investing in automation applications

Two years later in 1989 TKO had about 25 industrial customers. The
industrial income was approximately FIM 6 million, i.e. it had started to
decrease due to the extensive involvement of the institute in Tekes-funded
research. The estimated total of annual R&D driven subcontracting volume
in the electronics industry was 120 man-years. In the machine and
equipment manufacturing industry the estimated annual embedded systems
development volume was about 500 man-years. Nevertheless the volume
was annually increasing by 25%, especially in software development.
However, R&D driven subcontracting was estimated at only 25 man-years
annually. The share of TKO of the total annual R& D subcontracting market
of the two sectors, 145 man-years, was approximately 14% in 1989.

Two years later, in 1991, when the Sokrates project was finished, 37% of
the financing of TKO came from public funding bodies, mainly from Tekes.
Another 37% came from industry. The situation had thus changed
considerably from the one of 1987. The number of the industrial customers
of the laboratory had remained the same, but in addition to some fifteen
electronics companies TKO had as many as ten machine and equipment
manufacturing companies as customers. In 1987 it had had three contractual
customers from the machine automation industry.

Comparing the customer related data of TKO from the mid-eighties to the
early nineties with the data on the evolution of the electronics industry, it is
likely that the increase of the telecommunication sector was not foreseen —
granting that the increase was missed also by many others. The increase of
the co-operation with the firm N was not comparable to the 25% annual
increase of its turnover. As an example, co-operation concerning the
company’s in-house code generator did not materialise. The fal of the
consumer electronics segment had been rather dramatic between 1986 and
1992, as much as 14%. However, the firm S, for example, was till
considered an important customer for code generation by TKO.

118



One of the strategic visions followed by TKO at the turn of the nineties was
that computers would be embedded in machines and industrial equipment,
as envisioned aready in the eighties by Matti Otala, among others.
However, according to [Klus et al. 1985] the change of the importance of
electronics and real-time production control technologies in the metal
industry, as seen by executives, had been estimated to remain less than 3 on
the scale 1-4. In the contrary case, the importance of software technologies
in the electronics industry had been estimated to increase from 3 to 3,5 by
both executives and engineers. This kind of an evolution had indeed begun
already in 1989. In contrast, the annual R& D subcontracting value of the
machine and equipment industry was estimated to be only one fifth of the
corresponding value of the electronics industry in 1989. Still, TKO had
increased the volume of its machine and equipment manufacturing
customersto as high as 40% of itsindustrial customer base by 1992.

There was also a clear difference in public funding for electronics and
information technology research, compared with machine automation
[Anon. 1990b]. Tekes had spent FIM 70 million in addition to the other
organisations 45 million on the Finprit program during the period 1984—
1988. For the subsequent Finsoft program the corresponding figures were
40 and 15 million between 1988 and 1990, when the program was ongoing.
The total sum of the two programs was well over FIM 150 million. The
funding of Tekes for the mechatronics research program between 1987 and
1989 was only FIM 20 million, and an additional FIM 10 million was
received from other sources. This was altogether less than one fifth of the
two software-related research programs.

At the end of the eighties VTT had established a Machine automation
laboratory in Tampere. The laboratory was utilised for researching and
developing machine control solutions based in part on electronics and
embedded systems. The laboratory had the advantages of being located at
the heart of the Finnish machine industry and employing a considerable
number of automation and control system experts. The VTT Electronics
laboratory had also been carrying out R&D on mechatronics for several
years. [Anon. 1987a] includes a piece of news (Insindoriuutiset, 13.4.1987)
titted “VTT [Electronics laboratory in] Oulu leads research. Electronics to
machine parts according to the conditions of mechatronics’. Mechatronics
is mentioned as one of the foci in the Oulu region in [Anon. 1987c], which
states that “the Electronics laboratory of VTT located in Oulu carries out
research that fallsin part in the area of information technology” .

Telecommunication — miraculous success despite the recession

The overall situation in the outer context during the birth of the Reagenix
code generator in 1991 was such that TKO was extensively involved in an
industrial segment that was small, had increased quite slowly and was not
keen on using external R&D services. Moreover, there were competing
offerings for this segment even inside VTT. In comparison, the electronics
industry had rapidly increased (in the Oulu region even faster than
elsewhere in Finland [Anon. 1989]), was using external R& D services more
extensively and had started to consider software as a core technology.
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In addition, TKO had become largely dependent on external income, not
only from the machine industry, but also from Tekes, when a very deep
economic recession hit Finland at the turn of the nineties. VTT was not only
competing against the commercial code generator launched by the firm Is
during the deepest recession, but the tool was also marketed especially to
the machine and equipment industry and to consumer electronics and
instrumentation companies suffering considerably from the recession.
[Anon. 1993b] points out that “many indicators show that the technological
development of industry [in Finland] seems to have become Slower.
Investments in research have increased less than earlier. The increase of
exports rested almost entirely on a few large companies. The role of new
innovative small enterprises has been too small”.

The telecommunication sector was estimated to “consist of a functiona
whole which has yet only weak cluster structures’, but it was “strongly
oriented towards exports and has increased rapidly aso during the
recession” at the beginning of the nineties:

* in 1991 the value of the production of the electronics industry was
FIM 12 billion, of which:
— 24% came from telecommunication,
— 11% from industrial automation and instrumentation, and
- 6% from consumer electronics

 in 1992, the value of the production had increased to FIM 15
billion, of which
- 29% came from telecommunication,
- 9% from automation and instruments, and
- 4% from consumer €l ectronics.

By 1997, the technology review 1993 of Tekes estimates that the foci of
development in automation include “hardware and software engineering”,
but a weakness is “the lack of companies that develop production
automation systems’ [Anon. 1993a]. Concerning telecommunications, it
was estimated that “the great importance and hard competition in the field
mean that Finland cannot be a forerunner in critical issues. Big competitors
can take in use standards that differ from the ones used by the Finnish
companies.” Of course this vision was thoroughly false.

According to the competence strategy of the electronics and electrica
engineering industries written only a year later in 1994, development of
automation systems “is based strongly on the familiarity with the sector|s]
using the systems’[Anon 1994b]. “System design tools have become a
central part of product design, because the efficiency and competitiveness
of products depend critically on ... tools’. However, the telecommunication
sector had “reached the World Class level ... and become involved in the
creation of new standards’. In addition, the Tekes technology review
written in 1996 states that Finnish “companies must be involved in affecting
and specifying new standards for the field” [Anon. 1996].
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Furthermore, the “most important technical competence areas’ of the
telecommunication sector are presented to be “embedded rea-time
software, signal processing, ASIC design, radio engineering,
telecommunication systems and system-level software’. The review
includes for the first time a special section on embedded software (pp. 31—
32). Between 1994 and 1997, 24 000 new jobs had been created in the
electronics and electrical engineering industries, in 1997 44% percent of all
new employees held a Master's degree in engineering and 33% an
engineering college degree. During 1989-1993 the labour of the electronics
and electrical engineering industries decreased to 34 400 persons, but
aready in 1996 it had risen to 51 000 persons [Hienonen 1997].

In 1996 the value of the production of the electronics and electrical
engineering industries was FIM 54 billion, of which the share of:

» theelectronicsindustry was 41 billion,

» the telecommunication sector 46%,
— theincrease of production had been over 30% in 1996

» the automation sector 7%, and
— theincrease of production had been approximately 15% in 1996

» the consumer electronics sector 2%.
— the production had decreased by 20% in 1996.

About 31% of the personnel of the electronics industry was involved in
R&D in 1996, but in the telecommunication sector as much as 47%. In 1987
the corresponding values had been 19% and 28%. In industrial automation
and instrumentation, the volume of R&D personnel was 15% in 1987 and
16% in 1996, in consumer electronics the volumes were 7% and 14%.
[Hienonen 1997] includes an estimate of the volume of personnel in
electronics industry involved in software development. The estimate shows
that the telecommunication sector employed over 30 times more software
engineers in 1996 than the second biggest sector, industrial automation and
instrumentation. In 1997 the value of the R&D spending in the electronics
industry was almost FIM 17 hillion, 61% of the total national R&D
spending [Anon. 1998]. “ Software playged] a key role” in the electronics
industry, and almost one fifth of the personnel of electronics and electrical
engineering companies was carrying out software development — in
telecommunication companies as much as one fourth.

VTT —restructuring after therecession

VTT was restructured in 1994, presumably, at least in part, due to the
recession. The former small independent |aboratories were integrated into
nine large units. The mechatronics section of the Electronics laboratory was
incorporated with the Machine automation laboratory and some other
laboratories with VTT Automation. The Computer technology laboratory
became a part of VTT Electronics, together with the rest of the former
Electronics laboratory and two other laboratories.
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The hardware engineering related research groups of the new unit ELE
started to specialise in telecommunication electronics. The software
engineering groups had a wider technology portfolio and customer base, but
were aso deeply involved in the R&D of embedded telecommunication
software and the methods and tools used in software development. By 1998,
the annual volume of embedded software R&D at ELE had risen to over 70
man-years, of which amost 40% involved confidential customer projects.
50 to 70% of these projects were carried out for telecommunication
companies. The annual size of the biggest project portfolio contracted by a
single customer was about 15 man-years. It included activities concerning
software method and tool development, as well as technology transfer.

The machine and equipment industry had become one of the key sectors for
fault diagnosis and intelligent systems R&D at ELE [Seppanen et al.
1998a], but not for R&D on embedded software engineering. Only
occasional customers had been gained from the consumer electronics sector.
Comparing the dramatic increase of the telecommunication sector between
1993 and 1997, dso in terms of the number of software engineers, with the
evolution of the other sectors, it is very likely that there could have been a
strategic market for the code generator. The right door for stepping into the
rapidly moving telecommunication sector might have been offered as early
asin 1991, or during 19921993 at latest. However, at that time TKO was
busily further developing the code generation technologies for the needs of
machine and equipment manufacturers (e.g. the firm Nm), as well as for the
consumer electronics sector (e.g. thefirm S).

7.2.2 Technology — embedded softwar e engineering

Tables 10 and 11 taken from [Seppdnen et a. 1996] present the
technological developments in embedded software engineering in the
nineties, from the viewpoints of system solutions and design methods and
tools. The road maps shown in the tables are based on a survey conducted
by the authors of the report including some 150 professionals around the
world. The purpose of the survey project, managed by myself, was to
support the planning of embedded software related R&D activities in an
electronics research program launched by Tekesin the late nineties.

Table 10 indicates that embedded software solutions have evolved in the
nineties from small, dedicated device control programs to large,
heterogeneous and networked software systems. At the same time, many
specia in-house solutions have been replaced by commercial or at the
fewest standardised solutions. Interfaces that did not exist or were “closed”
for internal use only, have become publicly defined and “open”. Embedded
software solutions have been integrated with new hardware solutions, such
as ASICs, to form deeply embedded systems.
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Table 10. Overview of an embedded softwar e solutions road map.

Road map area | 1991 1996 2001
System Device Mass customisation, Networked
characteristics Control portable products systems
User interfaces Alpha-numeric | Graphical, customisable | Virtual, COTS
System softwareand | In-house PC-compatible software | Open system
hardware software and and hardware vs. ASIC- | platformsyvs.
COTS hardware | based co-designs COTS designs
Data access, Dedicated local | Data management Real-time
management data storage Systems networked
multimedia
Associated IT Local Client-server system Embedded and
systems information interconnections IT system
processing networks
Communication Closed, local Open local areaand Heterogeneous,
infrastructure area Glaobal networks Wireless

From the business perspective, these developments mean that the earlier
focus on special-purpose technological solutions has been re-directed to
applications of electronic products and services provided by the solutions.
Many companies use standard software-hardware platforms and concentrate
on delivering customer value for certain applications. Others still compete
by using special technological solutionsif the markets are large enough or if
there is a need ether for protecting company-specific technological
innovations or devel oping one-of-a-kind systems, such as space devices.

Considering the system solutions developed in the Sokrates project, such as
a communication protocol package and an operating system kernel, the
developments would have required focusing either on special solutions or
accommodating to some standards. The use of the operating system kernel
solution by the firm N and the communication protocol package in a space
instrument represent the former. No serious attempts were made regarding
the latter. An example could have been provided by developing a software
bus concept starting from the protocol package, nevertheless aiming at a
solution that would be compatible with an emerging object-oriented
communication standard. The evolution of embedded software development
methods and tools has led from structured techniques, such as SA/SD, first
to object-oriented and then to component-based techniques (Table 11).

One of the main reasons for the development is the increase in the use of
standard software and hardware platforms and open system interfaces.
Software engineering environments have changed from isolated and site-
specific to heterogeneous and inter-operating support systems that sustain a
process-based viewpoint to software production. A good example of thisis
provided by the Capability Maturity Model (CMM), which is an incremental
process improvement framework, as opposed to the “quantum leap” in
industrial software engineering envisioned in the Sokrates project.
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Table 11. Overview of an embedded software process road map.

Road map | 1991 1996 2001
area
Development | Structured Early object-oriented | Component-based
methods development, devel opment, devel opment,
CMM/1 CMM/2 CMM/34
Development | Structured CASE | Object-oriented Application-specific and
tools tools CASE tools simulation CASE tools
Environments | Isolated Site-specific Interoperable local &
environments environments global environments

The process perspective has not resulted in such an integration of methods
and tools as was forecasted in Sokrates. Instead, for example the CMM
model was built mostly by software quality professionals, more interested in
the management of software development than in specific methods and
tools. The evolution of embedded software engineering technologies shown
in the two tables has been extended and reformulated in Table 12, by using
the elements of software engineering competence. The periods of art, craft,
standstill and engineering shown in the table illustrate changes in embedded
software development practices in Finland. These phases have been defined
by myself for the needs of this research, based on the information discussed
earlier in this chapter. In the mid-eighties, the field involved few hundred
hardware-oriented system engineers. In the late nineties, thousands of
professionals work with embedded software, possibly involving millions of
lines of program code.

| have indicated dominating elements of each period, if there are any, in
italics in the table, competing elements as ordinary text and emerging
substitutive elements in parentheses. These characterisations are based not
only on information about the outer context, but also on the code generation
case data, where e.g. the substitution of the SA/SD design technique with
object-oriented (OO) techniques is clearly visible. | will indicate the
direction of industrial interest in certain embedded software applications by
using four symbols: rapid growth (“>>"), growth (“>"), steady state (“+/—")
and decrease (“<"). For example, device control applications prevailing
earlier, have given way to telecommunication applications with regard to
interest. Automation applications have grown, but considerably lesser than
expected in the eighties. Applications of electronic instruments have
remained the same or decreased in the nineties.

It is worth noticing that there has been no considerable growth in the
Finnish CASE tool business either, although the firm Is, for example, has
played a key role in providing embedded system design methods and tools
for industry. Many companies have given up the building of in-house
methods and tools, with an exception of some large telecommunication
companies. However, in the view of the table, and as pointed out by many
of the interviewees of this research, the Sokrates project was carried out at
the right time. The goa was to transform the craft of program design to a
software engineering discipline.
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Table 12. Elements of embedded software engineering during 1985-1998.

Period | Applications Techniques | Technologies | Functions

Art >> Control Program Compilers Caoding,

(—1985) design Debuggers Testing
(SA/SD)

Craft > Control SA/SD Programming System design,

(1986 > Automation Program Environments System testing,

—1991) | > Telecom design (CASE tools) Documentation
+/— Instruments (Co-design)
+/— EDA (OO design)

(Testing)

Stand- +/— Control CASE tools

still > Automation —'— Visual —'—

(1992 > Telecom programming (Quality

—1993) | +/—Instruments environments engineering)
+/— EDA

Engin- | < Control OO0 design Visual CASE (Simulation)

eering > Automation SA design? OO CASE Multi-paradigm

(1994 >> Telecom Co-design (System design | design,

—1998) | +/—Instruments (Simulation) tools) Concurrent
+/— EDA (SDL) (ASIC toals) engineering
+/—Multimedia (TTCN) (Web tools)

7.3 GROUPS OF ACTORS INVOLVED IN PROJECT NETS

On the basis of Figure 17, | will start the analysis of the code generation
case from the inner context of project nets. The objectives, goals and logic
of action of the six groups of actors involved in the code generation case are
made explicit. The code generation project nets are then compared with the
project marketing and purchasing horizons.

7.3.1 Objectives, goalsand logic of action

Table 13 shows the goals and Table 14 the logic of action of the groups of
actors involved in the code generation, as they were identified in the case
data. Four of the six groups of actors are further classified in the table:

VTT managers into directors and sections heads (i.e. high-level
general managers and low-level technical managers),

Code generation researchers into two teams, called Sokrates and
Reagenix according to the names of two generators,

Industrial customers into the Sokrates project participants, broad
co-operators, focused buyers and tool vendors, and

Research customers into the focal organisation itself and other
research organisations.
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Table 13. Goals of actor groups between 1985 and 1998.

Groups | Actors Goals of actor groups
Speco Sokrates Reagenix
1985-1987 | 19881991 1992-1998
A:VTT Directors Servefirm K | Follow research | Don't care
Managers | Sectionheads | Nurture R&D | Market new red | Control human
projects projects resources
B: Focd Sokratesteam | Implement Carry out world- | Create new type
Resear- Reagenix team | technological | classresearchin | of product
chers Innovations adifferentway | busnessa VTT
C: Funding | (KTM) Finance the Finance generic | Finance applied
Bodies Tekes screening of researchand aid | research based
technological | inthetransfer of | on explicit
limits technologies industrial needs
D: Sokrates parties | — Follow ongoing | —
Industrial novel research
Customers | Broad co-ops - Gain new ideas | Buy solutions
Tool vendors - Consider using | Be alerted
the technology
Focused buyers | Try new Try new Buy certain new
technologies | technologies technologies
E: TKO/ELE - Make use of Solve design-
Research Other institutes | — research results | related problems
Customers cheaper or faster
F: VTT research Discusson Argue about Usein projects,
Colleagues | scientists technologies | goalsand results | if not too risky

Alignment of the objectives and goals

One of the main objectives of the VTT managers was to increase the volume
of contract R& D, while minimising financial risks and earning small profits
as a national government-owned research organisation. The focal
researchers wished to make a paradigm shift in the design of embedded
software, by building and transferring in use innovative design methods and
tools. In principle, the goals of the groups should have been well-aligned,
actually similar. Nevertheless, they appeared to be quite diverse.

Industrial customers were keen on following and evaluating new
technologies, but mainly by making rather moderate investments and taking
only limited technical risks. The sooner this kind of technology screening
would result in direct business benefits, the better. Research customers were
aiming at certain project goals not usually related to code generation. They
were looking for free or inexpensive use of effective technologies, which
tended to irritate the focal researchers. The research customers and VTT
managers did not recognise this, though.

The strategy of Tekes involved starting and co-ordinating national research
initiatives as a funding body, to "investigate the limits of new technologies®,
as the dstrategy was described by one of the interviewed Tekes
representatives. VTT colleagues, mostly informally related to the focal
researchers, also had their own professional and personal objectives.
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Table 14. Logic of code generation action during 1985-1998.
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Overview of the logic of action

The logic of action of a group of actors does not merely combine of the
goals and means of the group. It aso includes the justifications and
arguments supporting the viewpoints of the group, based on the
backgrounds, interests and positions of the actors.

The logic of action of the VTT managers has been described in the table as
"Contractual R&D". This means the project business based on the control of
human and organisational resources. The focal researchers emphasised
"Small entrepreneurship”, in the form of pioneering research during the
Speco and Sokrates periods and product-based business during the
Reagenix period. The logic of action of the industrial customers can be
characterised as "Technology testing”. The Sokrates steering group was a
suitable audience for innovative research. Broad industrial co-operators
wished to exploit comprehensive solutions, whereas focused buyers were
interested in specific technologies. Tool vendors followed the work during
and immediately after Sokrates, while not actually participating in the work.
The logic of action of the research customers was "Problem solving", by
using inexpensive or faster technical solutions.

Tekes wished to make "Investments in the future”, by financing R&D of
new technologies. VTT colleagues expressed "Professional interest” in the
work, but were not directly involved.

Focal researchers

The focal researchers, whose professional background involved rather
small-scale R&D, were interested in making innovations as technology
experts, not as project or organisational managers. Technological
innovations, as understood by the focal researchers, were in the Sokrates
project produced by conducting world-class research in a different way
from al the other projects of TKO. The different approach caused problems
with the VTT managers and colleagues.

During the Reagenix period, a related novel aim was to create product-
based business at VTT. For this reason the goals of the VTT managers
started to differentiate remarkably from the goals of the focal researchers by
the mid-nineties.

Appendix 2 illustrates some of the roots of the logic. The researchers were
stressing in the interviews that some of them had "run real companies'
before joining VTT. However, e.g. the complaints of the Sokrates steering
group regarding the preparation and delivery of plans, status reports and
documents point towards the logic of small-scale business. paperwork was
done after the more interesting technical questions had been answered.

Still, the logic was quite appropriate during Sokrates. According to Tekes,
the Finsoft evaluators and the steering group, the project succeeded in
reaching its goals. The disagreements between the focal researchers and
some of their colleagues regarding the way of carrying out innovative
research were not considered a problem either.
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The logic run into difficulties during the Reagenix period. The foca
researchers were then left with practically no project resources at all at their
disposal, while the managers who controlled the process-related and
organisational resources continued to follow their own logic. However, it
was as late as 1998 when the managers did sell rights to the code generation
technology. One may well ask, why did this not happen earlier. One
possible answer is that the generator was used in quite a number of blue
projects during the whole of the nineties. A more likely reason is, however,
the project-based business logic of the managers. They were neither keen on
selling licenses, nor of making money by selling the IPRs of VTT for good.

VTT managers

The background of VTT managers can be characterised as collective R&D,
as opposed to focused individual specialists. One of their main interests was
to increase the volume of R&D as organisational decision makers. They
focused on launching and nurturing projects. As an example, they took to a
great extent the side of the key customer, the firm K, in a dispute over the
Speco project. However, only after project-based exploitation of the
Sokrates results had in their view failed, started their goals to differentiate
from the goals of the focal researchers. They were not any more actively
marketing red code generation projects in the late nineties, even though they
did not oppose the use of Reagenix in blue projects.

The driving force behind the logic of action of the VTT managers was the
goal to increase the volume of R&D. As an example, TKO grew from about
twenty to almost a hundred people in ten years, during the period 1983—
1993. The close to non-profit nature of the services provided by VTT
meant, according to the logic of the managers, that green and blue research
topics should move to the red portion of the project portfolio after quite a
short while. In other words, industrial customers should have covered the
costs of the refinement of capabilities built in green and blue projects.

Profits from red projects have been allowed at VTT only since the mid-
nineties. For example, the main red code generation project MCS-REA was
offered to the firm Nm at a prime cost, with no profit margin. Later during
the nineties, the profits gained from Reagenix licenses appeared to be very
small, no considerable red code generation projects were carried out and the
tool was used for free in joint blue projects managed by VTT. The project
business logic of the VTT managers was actually most effective during the
Sokrates period, when TKO was earning the highest external income from
code generation R&D.

In the interviews, the focal researchers and some of their colleagues were
criticising the unwillingness of the VTT managers to take risks, be they
financia or technical. On the other hand, the managers of the firm Nm
described the consequences of serious risks that had been realised. The
focal researchers still had the origina belief that taking the risks of
technology testing had paid off for the firm Nm. The customer’s managers
were characterised as intelligent people. In the interviews they blamed in
part themselves for the realisation of code generation related risks.
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The focal researchers should have, in principle, followed the same logic of
action as project managers and researchers did. However, this was not the
case. The early dispute with the firm K during the Speco project had alot in
common with the disagreement with the VTT managers later. The manager
of the firm K wanted to have well-established schedules and plans, while
the innovators were solving problems at a hectic pace in the basement.

Customers

The background of many of the industrial customers involved in the code
generation case revealed expertise in certain applications rather than in
industrial embedded software engineering. Like the firm K already in the
late eighties, they were interested in early screening and evaluation of new
technologies, mostly as product development managers and engineers. After
the Sokrates project, focused buyers acquired certain technologies from
VTT, whereas broad co-operators looked for more comprehensive solutions.

After al, on the basis of my interviews, these goals were not taken into
consideration either by the VTT managers or the focal researchers. The firm
Nm, a broad co-operator very disappointed with the results of collaboration,
isa good example. The lack of co-operation with the firm N, developing its
own code generator and involved in an enormously successful business, is
another example. No co-operation emerged with tool vendor companies
either — the business goals of the CASE tool developer firm Is, which took
part in the Sokrates project, clashed with the goals of the focal researchers
later in the nineties.

Research customers were interested in achieving certain project goals, often
as project managers. They wanted to make use of Sokrates and Reagenix
results to solve various kinds of problems, for the benefit of the industrial
partners of their projects. Some of them criticised the VTT managers for not
sufficiently attending to the code generator. Still all customers were quite
satisfied with the support received from the focal researchers. They did not
recognise problems regarding the free support.

Colleagues

The VTT colleagues, not utilising the results, were acting as observers
rather than active participants during Sokrates and especially later. For this
reason they did not have notable influence on the developments.

Tekes

Tekes, the funding body, was acting as a kind of patron in projects. Its
interest was to ensure national success in developing and exploiting new
technologies. However, Tekes redirected its funding in the nineties from
generic research, such as the Finsoft program, to projects with more direct
links to certain industrial needs. Tekes did not provide any direct funding
for code generation related work after 1994.
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The goals and logic of action of Tekes, industrial customers and research
customers were quite well aligned with each other during the Sokrates
period, when the logic of the focal researchers was prevailing. Even after
Sokrates, until 1993, the logic of Tekes, the VTT managers and the focal
researchers did not conflict, since they were all wishing to make use of the
results of Sokrates. However, due to the industrial logic of testing new
technologies, as well as to the recesson, only a few rather small
exploitation projects emerged. The firm Is introduced its code generator,
which many of the companies employed instead of Reagenix.

This can be understood as part of the emerging Engineering period in the
development of embedded software. During the earlier Craft and Art
periods industry was more willing to follow and test research results. The
whole Finsoft program is a good example of this trend. Industry, Tekes and
the VTT managers were looking for more needs-driven software
engineering research after the Standstill period 1992—-1993. Such new topics
as animation and unit testing used to renew the several years old code
generation vision could not compete with the new visions of object-oriented
and component-based software engineering. The Reagenix code generator
became an in-house tool for VTT to be used in blue research projects. The
interest of these projects was not to carry out or pay for any code generation
research. However, the logic of action of the focal researchers seems to be
occupied with such an idea.

7.3.2 Planned versusrealised project nets
Project marketing and purchasing horizons

The project marketing and purchasing horizons are compared with the
realised project nets in Table 15. During the Speco period, embedded
software engineering was still considered art. However, it started to emerge
as a distinct profession for which more effective tools and methods were
needed. Tekes had been established in 1983 and TKO was in many respects
in a pivotal position for launching, carrying out and co-ordinating national
research on embedded software engineering. For this reason, the focus of
the code generation project marketing horizon of TKO involved joint blue
projects. This was aso the main project purchasing horizon for industry and
Tekes. The ongoing phase of the code generation R&D process was
innovation rather than technology development. Correspondingly, the phase
of the competence exploitation process was technology screening.

The actual colour of the Draco code generation pre-study project carried out
in 1987 can be considered to be green, although KTM was involved as an
external funding body. The earlier Speco project was red, involving both
technology evaluation and early development. There was thus a mismatch
between the project marketing and purchasing horizons and the realised
project nets. The manageria problems encountered in the Speco project can
be seen as one result of the mismatch: the researchers aimed at innovations,
the managers expected to get value for the money they had spent (the firm
K) or earned (TKO).
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VTT had not yet expressed any considerable interest in internal purchasing
of embedded software engineering technologies. No code generation project
nets had thus been established within VTT. During the Sokrates period
embedded software engineering evolved from art to craft, but the period
ended with a standstill caused by the economic recession. Industry was
eager to take new methods and tools in use in product development, but the
recession would decrease its interest towards the end of the period. The
survival, or rather the miraculous growth, of the telecommunication sector
was not yet foreseen. The ongoing phase of the R&D process was
technology development. The project marketing horizon of the VTT
managers included both red spin-off projects of Sokrates and blue projects,
in which code generation could have been applied. The focal researchers
were also looking for opportunities for selling tool licenses.

The competence exploitation phase related to the project purchasing horizon
was technology evaluation: Tekes was expecting to see industrial spin-off
projects, industry was also interested in the base techniques of code
generation, such as the SA/SD design technique. The VTT Electronics
laboratory was ready to exploit the early Sokrates results first in blue and
then in red projects. The actua project nets fitted well with the project
marketing and purchasing horizons, although they involved not only
technology evaluation but also some technology screening. Sokrates,
Synchro, Sasic and Sixa created together a considerable portfolio of blue
projects including two VTT laboratories, Tekes and a large number of
companies. Kaapeli was the kind of a red spin-off project that VTT and
Tekes wished to launch aready when Sokrates was ongoing. After the
Sokrates project had been finished and the Reagenix period