1 3 COMPETENCE-BASED
EVOLUTION OF R&D
RELATIONSHIPS

Veikko Seppanen
Matti Kurki

VTT Electronics
Finland

Kimmo Alajoutsijarvi
University of Oulu
Finland

Abstract

This paper addresses the mutual evolution of competencies and
interorganizational relationships by using a longitudinal case study
approach. The empirical phenomena that we investigate involve
professional research and development services offered by VTT
Electronics, a contract research organization. Within this context, we

are interested in the relationships of one of the focal organization’s
research groups. We use as an example the research and development
of fault diagnosis systems, computers embedded in various kinds of
electronic products to perform real-time condition monitoring.
Evolution of the fault diagnosis research and development relation-
ships between VTT Electronics and its research partners and
customers is analyzed and explained from the 1980s eighties to the
present date by using @&®&D competence networking framework.

The analysis, which is mainly based on written case data, addresses
both the basic characteristics of the fault diagnosis research and
development competence and the effects of competence changes in the
focal organization’s relationships. The purpose of the analysis is
explanatory: we wish to know how and why competence-based
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evolution of contractual R& D relationshipstook place. However, the
key managerial implications of the analysis will also be discussed at
the end of the paper.

Keywords. Core competence, R&D relationships, fault diagnosis
systems.

Introduction

Several theoretical and empirical studies have shown that collaboration with external
partnersisavaluablemeansfor industrial organizationsto foster innovation and improve

the use of their resources. These studies have identified many kinds of potential
collaboration partners capable of contributing to the devel opment of the resources of the

focal organization (Alajoutsijarvi and Tikkanen 1998; Hakansson 1987, Hamel and
Prahalad 1994). Focusing on a contract research organization, we will analyze
competence-based evolution of contractual research and development (R&D)
relationships. Our research is a longitudinal case study, concerning VTT Electronics and
its predecessor, VTT Computer Technology Laboratory, which are both later referred
to as ELE. The viewpoint of the study is explanatory: we simply wish to understand
better the complex phenomena involved in contractual research and development of
industrial computer and information systems. Yet, this paper also includes the key
managerial implications of our case analysis. We will explain, by ustogigetence
networking framework, the evolution of ELE’s fault diagnosis related R&D relationships
from the late 1980s to the present date.

Competence Development in Industrial Networks
Elaborating the Concept of Competence

Since the publication of the article by Prahalad and Hamel (1990), the concept of
competence has attracted a great deal of attention. According to Hamel and Prahalad,
competence is “a bundle of skills and technologies rather than a single discrete skill or
technology.” Competence, at a general level, refers to knowledge and skills needed to
choose what task to perform as well as why and how to perform the chosen task. The
content of competence, i.e., the knowledge and skills related to a certain task, is thus
important. The content of competence is typically divided into technological and
managerial components. A more theoretical typology is presented by Sanchez (1995).
Sanchez, Heene and Thomas (1996) \dapabilities as “repeatable patterns of action

in the use of assets to create, produce and/or offer products to a margétl"if\"a

special form of capability, with the connotation of a rather specific capability useful in

a specialized situation or related to the use of a specialized asset.” In this research, we
view capabilities and skills as building elements of competencies. Depending on
ingtitutionalization, competencies may involve individuals or different kinds of
organizational groups. Firms as a whole can also be interpreted to have certain
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competencies, and somecompetenceisgeneric, i.e., publicly availableand used by many
different parties.

An important issue in understanding competence is the level of codification:
competence may be tacit or codified (Sanchez 1995). Tacit or implicit skills and
capabilities are not articulated. They can be diffused only slowly in face-to-face
situations and to alimited audience, under the conditions of trust and shared experience.
Codified competence, in contrast, can be transmitted much more rapidly and imperson-
aly to larger audiences. By definition, generic competence is well-articulated, while
tacitnessistypical to individual skills and capabilities.

Views to Interorganizational Relationships

Many researchers of industrial relationships have highlighted the interacting parties’
motivational investments in the relationship and perception of the developing
expectations, trust, satisfaction, and commitment (Dwyer, Schurr and Oh 1987; Wilson
and Mummalaneni 1986). Another view to interorganizational relationships is provided
by researchers examining the governance structures of dyadic relationships. Based
primarily on transaction cost economics (Williamson 1985) and on the organizational
dependence theory (Pfeffer and Salancik 1978), researchers have shown how exchange
conditions influence the nature of the exchange. Within the industrial marketing and
purchasing (IMP) group and based primarily on the resource interdependency notion,
Campbell (1985) and Mdéller and Wilson (1995) have subscribed to the contingency of
business relationships. Compared to the rather deterministic transaction cost analysis
inspired work, this research assumes a more enacted view of the relationships.

A well-known conceptualization of the evolution of industrial relationships is
presented in Ford, Hakansson and Johansson (1986). In this classic article, they argue
that an intercompany relationship is basically ambiguous rather than clear cut. They
propose four interrelated factors to characterize changes of relationships: capability,
mutuality, particularity, and inconsisten€apability describes the relationship between
the interacting parties, be they organizations or individuals, in terms of what they can do
for each other by using their resourckfutuality is a measure of how much an
organization is prepared to give up its goals or intentions in order to increase its own
ultimate well-beingParticularity characterizes the relationship in terms of its direction
and uniqueness, whereasconsistency refers to the ambiguity or lack of clarity. The
relationship can be inconsistent, for example, due to changes of the interacting people
over time.

Integration of the competence and relationship perspectives is perhaps most
apparent in studies of the role of resources in industrial relationships, although such
studies a still rather rare. Easton and Araujo (1996) claim “the possibilities for the use
of a specific resource can never be fully specified,” but suggest that the ARA (activity-
resource-actor) model (Hakansson and Snehota 1995) would be used to articulate what
types of actors and resources exist and how their different configurations affect
relationship structures and processes. We have taken the ARA model as a starting point
in our research. Since the model is one of the most widely used and discussed conceptual
frameworks of industrial relationships, we only summarize its main characteristics here.
According to Hakansson and Snehota, three layers of the “substance” of a relationship
can be identified bgctivities, resources, andactors. The effects of a relationship based
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on these three concepts are called “functions.” They can be identified for an individual
firm, for a dyadic relationship, and for a network of several parties. At the level of a
firm, activity structures, resource collections, and organizational structures can be
formed. At the relationship level there exdstivity links, resourceties, andactor bonds.
Networks consist ddctivity patterns, resource constellations, andwebs of actors. When

the functions are put together at the three levels, a framework consisting of activities,
resources, and actors vs. firms, relationships and networks is achieved. From the
viewpoint of one company, the main problem is how to balance these functions to
maintain its relationships.

Research Method And Case

We have chosen a longitudinal, explanatory case study approach in this research,
because a profound understanding of the development of industrial relationships and
competencies involves examining and understanding them as they are or were in real
life. One of the most important issues in a case study is access to data. We have used
both public and corporate archives, as well as the personal R&D diaries of the key
actors. The research data has been validated both by method and informant triangulation,
i.e., by comparing the data acquired with the help of different methods and by cross-
checking the data given by different informants.

VTT Electronics, the case organization of this study, oftergractual R&D
servicesin the field of electronics. The services of ELE cover a wide range of electronic
technologies from microelectronics to computer, software. The engineering skills
mastered by the institute include, correspondingly, a variety of electronics, computer and
information systems techniques. In addition to electronics firms, ELE deals with
companies that use electronics only as a supporting product technology. Within ELE, we
address research and development of the so dalld#tddiagnosis systems used in
different kinds of electronic products to monitor and diagnose the condition of the
product and to help to recover from errors. One of the main technologies used to
implement fault diagnosis systems at ELE has lerdbedded software, computer
programs incorporated in dedicated hardware. Moreover, ELE has used extensively the
so calledknowl edge engineering (KE) techniques, a special area of information systems
engineering techniques, in the development of fault diagnosis systems.

One of ELE’s research groups is specialized in these techniques and their industrial
applications. Almost all of the group’s R&D activities are carried out as projects.
Strategic researcfgreen” projects,isfinanced mostly by EL E itself and meant to build
certain organizational competencies. Other projects are financed jointly by public
funding bodies, ELE, and itsindustrial partners. The purpose of these “blue” projects
isthefurther development and preliminary deployment of competencies. “Red” projects
are carried out for and financed by individual customer companies or sometimes for
consortia of several companies.
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Competence Networking Framework
Substance of Research and Development

We use a specific framework to understand and explain competence-based evol ution of

R& D relationships. Theframework, whichisorganized around the ARA model, consists

of two layers. Oneof thelayersthat isused to describe the basic el ements of contractual

research and development is called the substance layer (cf. Hadkansson and Snehota
1995; see Table 1). The firm, relationship, and network levels fornfotae net
dimension of the substance layer (Hdkansson and Snehota 1995; Rosenbréijer 1998). At
the substance layer, we are interested intypes of elements that exist, their main
characteristics, aliaattributes (Easton and Araujo 1996), and how they relate to each
other. We use typologies to define classes and types of elements and values to define
their attributes.

We have modified and extended the resource typology of Rosenbréijer and
associated it with the typologies of R&D activities, actors, and relationships, as shown
in Table 2. R&D skills and capabilities are the main resources utilized in the case
organization’s relationships. At the level of individuals, the possession of some expert
skills is required to solve R&D problems. Physical resources are simply thought to be
either products, documents, or development tools. Temporal resources are missing from
the typology used in Rosenbrdijer, although they are crucial in project-based research
and development. The basic types of temporal resources planned for and controlled in
projects—schedules, efforts, and calendar time—are therefore included in our typology.
Project management is one of the mostimportant organizational resources of contractual
research and development, and professional reputation is a resource that is used, for
example, when initiating relationships. Financial resources are almost always exchanged
in contractual activities that involve external parties.

Table 1. The Substance Layer of the Framework

Focal net/ . . .

Substance Firm Relationships Networks

Competencies

Activities Activity structures: Activity links: e.g., Activity patterns:
e.g., green project red project e.g., blue project

Resources Resour ce collections: Resourceties. e.g., Resource constella-
e.g., systemdesign an industrial fault tions: e.g., joint sys-
skills diagnosis system tem devel opment

tools

Actors

Parties Organizational struc- | Actor bonds: e.g., Actor webs: e.g.,
tures: eg., research joint project team joint project team
group
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Table 2. Typology of R&D Competence Elements

ELEMENTS | Classes Types Attributes
COMPETENCIES
Resource Relations, Time
Human Expertise Application,
Function,
Technique,
Technology,
Maturity, Value Ap-
Technological R&D Service plication,
Function,
Technique,
Technology,
Maturity, Vaue
Product Application,
Function,
Technique,
Technology,
Maturity, Vaue
Document Task, Existence,
Value
Tool Task, Existence,
Vaue
Temporal Calendar time Time
Time-table Schedule
Effort Volume
Financial Expense Value, Task, Actor
Income Value, Task, Actor
Organizational Management System Type
Reputation Professional Reputation
reputation
Activity Relations, Time
Tasks, Vaue
Human Learning, Doing, Management, Evaluation
Technological Tracking, Acquisition, Planning, Use,
Transfer, Integration, Evaluation
Physical Tracking, Acquisition, Use, Transfer
Integration, Evaluation
Temporal Planning, Use, Evaluation
Financial Planning, Use, Evaluation
Organizational Project management
Reputation Professional appearance
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Attributes of different types of resources are also shownin Table 2 in order to make
explicit the main characteristics of competencies. The existence of certain types of
elements and the values of their attributes depend on time, which must also be made
explicit. Wefocus on technical competence, i.e., the content of the services provided by
ELE. Itischaracterized by the application domain involved, the functions accomplished
by the product, the techniques on which the functions are based, and the technologies
used to realize the product (cf. Abell 1980).

Activitiesare needed to take care of acquiring different types of resources; planning
for, carrying out, evaluating, and utilizing the results of the R& D services; supporting
individuals in developing and extending their expertise; taking care of project
management; planning and controlling of financial matters; following general technical
developments; and acting as a member of the professional R& D community.

Actors can be typed according to their level of aggregation that spans from
individual sand teamsto whol e organizations(Seppéanen, Alajoutsijarvi and Kurki 1998).
In addition to the firm, relationship, and network levels of the focal net, there exist single
transactions, such as meetings, events that take place in a short time when compared to
longer-term relationships. The most important attributes by which we characterize
relationships of the focal R&D net are the four variables proposed by Ford, Hakansson
and Johansson: capability, mutuality, particularity, and inconsistency.

Management of Changes in the Focal Net

The management layer of the framework makes explicit how and why the focal net
changes over time. In particular, we try to explain how the focal organization’s
competence affects the evolution of its external relationships. The basic types of changes
that may occur in the focal net are rather simple: starting and ending of a relationship
or a network, changing of a rela-
tionship to a network, and vice
versa (Figure 1). However, these
changes become much more com-

plex when considering the control

of resource exchange and sharing

Internal
activities

Finish Continue between the parties. In the case of
) ELE, the portfolio of green, blue,
Exploit Extend and red projects affects the owner-

ship of resources being acquired
or developed. Changes of the fo-
cal net must therefore be analyzed
in terms of the three types of pro-
jects.

We use the four relationship
attributes based on Ford, Hakans-
son and Johansson to explain
competence-based changes of
relationships. Table 3 shows how
the attributes affect each other,
with examples of the correspond-
i i ing characteristics of the sub-
Figure 1. Changes in Contractual stance layer elements. Based on

R&D Relationships

Research
further

Expand

Finish
Relationship

Specialize
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these interrelationships, four processes to manage the change of relationships can be

identified (cf. Alajoutsijarvi and Tikkanen 1998Balancing of the particularity of re-
sources”concerns the question about the extent to which the focal organization should

tailor its resources towards relationships with particular counterparts. Because of the

risks involved in the lack or excess of particularity, organizations must be concerned

about the extent to which the mutuality of their activitiesis related to the particularity

of their resources. We call the corresponding managerial process “balancing of the
mutuality of activities.” The management of inconsistencies involves “assuring the
desired level of capability’and “assuring the desired level of mutualityHaving a

desired level of capability concerns, for example, the devel opment of skillsamong those

individuals in the organization who take part in certain relationships. Assuring the

desired level of mutuality is concerned with learning of the interacting persons. For

example, inexperienced persons may be allocated to projects in which application-

specific knowledge plays a central role.

Table 3. Interrelationships Between Relationship Attributes

Attributes Particularity Inconsi stency

Capability (1) Example: speciaizationin (2) Example: only afew peo-
acertain customer application ple possess knowledge of a
technology important to many

customers
Mutuality (3) Example: a contractual (4) Example: inexperiencein
consortium concerning a cer- the development of a cus-
tain technology or technique tomer’s application

One of the key ideas of our framework is that changes in relationships can be
associated with competence via the above mentioned four management processes (see
Figure 2). The desired level of particularity (relationship-specificity vs. generality) of
the organization’s resources and mutuality (tailoring vs. generality) of its activities are
maintained by these processes. Particularity of a resource depends on its codification,
so that implicit resources are usually relationship-specific and explicitly coded resources
generic. Mutuality of an activity depends on the institutionalization of the resource on
which the activity is performed; personal tasks are usually more mutually oriented than
organizational activities. The content of a resource affects its capability, but the content’s
effect on particularity and mutuality depend onlits cycle. We have borrowed the
concept of a dominant design for defining the life cycle of the content of a resource
(Uusitalo 1995). A simplified life cycle consists of incremental changes, discontinuity,
substitution, competition, and dominance (arrow C in Figure 2).

Competence management involves activities that affect the content, codification and
institutionalization of resources. Management of the particularity of the organization’s
resources and the mutuality of its activities is thus required. This can divided into five
distinct processes (cf. Boisot 1994): problem-solving, diffusion, absorption, scanning
and life-cycle managemerRroblem-solving refers to the process of codifying and
giving a structure to tacit knowledge possessed by certain actors (direction A in
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BALANCE PARTICULARITY ASSURE CAPABILITY
Codification/Contextuality (A) Life-cycle (C)
Generic

Problem solving Increment, anges,

Discontinuity, Substitution,

Portfolio- mpetition, Dominance
specific

Absorption /

Life-cycle evolution
Tacit
Scanning Diffusion
<>
Ingtitutionalization (B)

Personal Team-based Organizational Interorganizationa
BALANCE/ASSURE MUTUALITY

Figure 2. Management of Competence-based
Evolution of R&D Relationships

Figure 2). However, thiskind of codification always shedstacit knowledge, because the
transmittersconsciously or unconsciously know morethan they can ever say. Absorption

isthe process of applying the codified knowledge to different situations in a “learning
by doing” or “learning by using” fashion (reversed direction A in Figur®&fusion

refers to the sharing of insights or institutionalization of knowledge within a larger
community (direction B in Figure 23¢canning refers to the identification of the threats
and opportunities that exist but are hidden in some data (reversed direction B in
Figure 2).

The Case of Fault Diagnosis R&D

We will focus below on the analysis of the evolution of ELE’s fault diagnosis related
project relationships, based on changes in its technical competence. The use of the
substance layer of the framework for modeling the elements of the fault diagnosis
competence and relationships is discussed in Seppanen, Alajoutsijarvi and Kurki. We
will omit it from this paper.
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Figure 3 summarizes the changes that took place in the R&D fault diagnosis
relationships during the past 10 years by showing the main elements of the competence
and the focal netsthat wereinvolved. Relations between the events shown in the figure
are depicted by dashed arrows. The finishing of arelationship isindicated by an arrow
that ends with a cross-line. Critical relationship changes and change management
processes will be explained and discussed in this section by using the concepts of the
management layer of the framework.

1989-1991

Fault diagnosis was considered at ELE as one possible problem area to deploy
knowledge engineering techniques. Much of therelated knowledge was explicitly coded

and generic. Relationships were established with knowledge engineers working in

process and machine automation companies, which resulted in the combination of the

generic knowledge with the formerly tacit application knowledge (“expertise”). The
relationships were established for the acquisition of application knowledge and for the
joint deployment of knowledge engineering skills, rather than for the deployment of fault
diagnosis knowledge. ELE's personnel were neither closely associated with the
customers’ automation engineers nor with end users (machine operators). Knowledge
of the implementation technologies of automation systems was less important; the so-
called expert system technologies, including special development tools, were
emphasized instead. These technologies were believed to win the competence of future
information systems, i.e., to become the dominant paradigm of the nineties.

ELE’s initial skills in fault diagnosis of automation applications were lithin
external relationships, mostly in red customer projects. Skill crefaiomlationships
included studying different generic knowledge engineering techniques. The financial
importance of the fault diagnosis projects, in terms of their volume, was rather low.
ELE’s own R&D investments were also modest, basically literature surveys for scanning
new generic knowledge. As far as ELE was concerned, the relationships had at the same
time a high degree of mutuality and particularity (cf. cell 3 in Table 3). ELE aimed at
assuring a certain level of capability in knowledge engineering techniques and in some
special implementation technologies.

1992-1994

In terms of Table 3, relationships stayed in cell 3, the degree of mutuality and
particularity of ELE's relationships remained high. However, ELE’s capability moved
toward a wider engineering area in which the knowledge engineering techniques were
used in a supporting role, rather than as a dominating element of competence. ELE’s
fault diagnosis capabilities had clearly diffused into the team-based level, from the skills
of individual researchers.

The increased number of distinct projects meant that ELE was still busily absorbing
its skills, but had not yet reached the problem solving level of explicit competence
management. However, the rather wide combination of skills in automation applications,
computer system modeling and knowledge engineering techniques may have created a
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barrier toward competitors—at least the customers themselves—to exploit the fault
diagnosis knowledge that was made explicit.

The knowledge of automation applications, fault diagnosis functions, and imple-
mentation technologies that had been made explicit can be considered as portfolio-
specific. This knowledge started to dominate subsequent project relationships and the
further competence building activities. Skills in knowledge engineering techniques
became incorporated into skills in computer system modeling techniques.

Certain skills, such as “embedding” of knowledge-based systems into electronic
products, vanished together with the special tools used to develop prototypes of
knowledge-based systems. These special tools became obsolete as the consequence of
a technological discontinuity and were substituted by other kinds of engineering tools.

Most of the project relationships with industrial knowledge engineers ended. Public
funding bodies were still not deeply involved, in terms of financing joint blue projects.
This left room for ELE to continue carrying out red projects, so that industrial
exploitation of the fault diagnosis competence was accelerated. The emerging portfolio-
specific fault diagnosis competence helped ELE in the extension of its relationships,
which in turn paved a road for competence buildangelationships and increased the
financial importance of the fault diagnosis projects. The first considerable internally
funded green fault diagnosis projects were launched. By 1994, ELE was clearly moving
away from cell 3 of Table 3.

1995-1997

A fault diagnosis platform emerged gradually as an explicit piece of core competence.
Problem solving based on platform usage, extension, and management became
important, in addition to absorption of the fault diagnosis competencein specific project
relationships. The 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 knowledge engineering techniques was
used to support these functions. It could be updated based on the life cycle of the
techniques. For example, there was arapid increase of interest in fuzzy logic in Finland
during the early 1990s and this technique was taken in use in several fault diagnosis
projects.

Generic computer system modeling techniques were used to link fault diagnosis
functionsto applications and implementation technol ogies. End users became involved
in some projects where operator-assi sted fault explanation and recovery functions were
developed. Thisresulted in an increasing emphasis of user interface and usage support
technologies.

The financial importance of the fault diagnosis projects still increased. They had
become a backbone of the knowledge engineering research group.

A new project on telecommuni cation network diagnosiswas marketed and planned,
based on theidea of specializing the existing competence for anew application domain.
From a relationship evolution perspective, ELE wished to explait its existing compe-
tence for establishing new customer relationships. A red project network consisting of
agroup of equipment manufacturerswas created. However, the customersof thesefirms,
telecommunication operators, were not involved. A funding body was involved



Competence-based Evolution of R& D Relationships 209

indirectly, by financing the participating firms. In the context of this project, ELE’s
mutuality and particularity were rather low and inconsistency high, because of the lack
of knowledge of the application. The knowledge appeared to be highly tacit, and
problems arose even concerning the notations in which it should be made explicit, not
to speak of the content itself. Knowledge of a new technique, case-based reasoning
(CBR), which was applied in the project, was generic, available through the literature,
and supported by certain development tools. Yet, it was difficult to apply it into a
complex application, the kinds of models produced earlier for automation applications
were not feasible. Although ELE had aimed at an incremental extension of its fault
diagnosis competence, it fell back into the early substitution state: fighting against the
presently dominant network diagnosis solutions.

Discussion

We have presented a framework to explain competence-based evolution of R&D
relationships, as well as to study the processes for managing the evolution. The
substance layer of the framework is based on the ARA model, according to which
competence is viewed as activities performed on certain resources. The management
layer of the framework describes how relationships change over time due to the focus
on different elements of competence. The framework was used to analyze the fault
diagnosis case (Table 4).

Several life cycle phases, afew years each, could beidentified in the case data. The
first and the most recent phases were strongly affected by similar kinds of macro forces:
interest in generic knowledge engineering techniques. In between, the ELE was
developing and applying its fault diagnosis skills and capabilities mainly within fully
contractual red projects carried out for industrial automation firms. One of the macro
forces that helped to extend and expand relationships in this phase was the increasing
interest in automation of processes and machines.

The fault diagnosis platform, an explicitly codified portfolio-specific piece of
competence, resulted from carrying out several subsequent contractua projects, in
which knowl edge-based techniqueswere applied to devel op fault diagnosisfunctionsfor
automation systems. The emergence of telecommuni cation applicationsin thelate 1990s
seemed to offer an excellent opportunity for expanding both customer rel ationships and
the core fault diagnosis competence. The difficulties that were encountered in this new
domain were mostly due to the problems of understanding and making explicit tacit
application-specific knowledge in afully contractual consortium project in which new
knowledge engineering techniques were also expected to be taken in use.

The overall evolution of the content of the fault diagnosis competence at ELE
proceeded from knowledge engineering techniques viaunderstanding the core functions
and thewhole problem solving processto new applications. Different technol ogieswere
used asimplementation meansin each phase. Generic techniqueswere useful especially
inthefirst phase, but their dominance corrupted rather rapidly because of their common
availability and the fall of special system development tools. At the beginning, the
knowledge engineering skills of ELE depended largely on these tools. Focus on fault
diagnosis functions helped ELE to build its competence to a more sound portfolio-
specific basis. Dealing with a completely new application domain appeared to be very
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Table 4. Summary of the Evolution of Fault Diagnosis
Relationships of ELE

Period Focal R& D Net Partners Key Competence
Elements
. (informal) Knowledge engineer-
1986-88 ing techniques
1989-91 | R&D projects, inter- | Processand Knowledge
action of knowledge | machine automation | engineering
engineering experts firms techniques, specid
tools, modeling of em-
bedded systems
1992-94 | R&D projects, inter- | Machine automa- Fault diagnosis func-
action of diagnosis tion firms, R&D tions, skillsin automa-
and automation ex- partners (funding tion applications,
perts bodies) knowledge engineering
and embedded system

modeling techniques

1995-97 | R&D projects, inter- | Automation and Fault diagnosis plat-
action of diagnosis telecommunication | form, knowledge, us-
and application ex- firms, funding bod- | age and embedded sys-
perts (and end-users) | ies tem modeling tech-
niques

difficult, although the functional fault diagnosis platform was already available.
Technology, asameansof implementing fault diagnosi sfunctions, was not unimportant,
but did not play any central role in any specific phase either. This is certainly an
interesting finding, although it does not mean that technological skills are unnecessary
in fault diagnosis research and devel opment.

Technology transfer from green to red project relationships via blue networksis not
obvious at al in the fault diagnosis case. In fact, the evolution of the competence was
largely areversed process. As an example, almost no self-funded green fault diagnosis
research projects were carried out until the mid-1990s, so that the fault diagnosis
platform emerged mostly as a spin-off of fully contractual red projects. The fault
diagnosis case also indicates that the development and exploitation of the competence
was ahighly concurrent process. Therewas no clear distinction between the two phases,
as opposed to the view of Sanchez and Thomas (1996).

Aiming at core platforms means mass-customized R& D, in which the organization
takes advantage of its existing competencies, while simultaneously being active in the
development of new capabilities. Reaching that state depends on both how the
organization and its customers view and develop their relationships and how their
competencies match and evolve:

e in an early phase of contractual R&D, it is often based on skills in new or incre-
mentally improved technologies, or on the understanding of some generic
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techniques not yet fully applied to solve certain problems or not yet implemented

as commercia technologies, whereas
e competence seems to “mature” to core platforms based on the understanding of

functions that solve some problem for certain types of applications.

This would mean that the increase in the maturity of contract research and
development builds on the top of technologies and generic techniques, but depends
critically on portfolio-specific functional skills and capabilities. The organization must
be cautious when extending the portfolio-specific competence by seeking new
applications because of the tacitness of the application knowledge. In this process,
technologies and generic techniques are used more as a means of ensuring technical
ways that are flexible enough for solving problems than as competencies per se.

In the opinion of Gallon, Stillman and Coates (1995), capabilities in techniques and
technologies would b@rimary, whereas functional capabilities would betical.
Knowledge of customers’ applications and end-user needs would be either critical or
primary, depending on the importance of a specific customer account. The case of the
network diagnosis project shows the criticality of such knowledge when trying to extend
portfolio-specific competence.

In order to manage an appropriate focus on competence, the organization would
need to carry out its strategic and operational planning based on which new elements
should be incorporated into the contents of its competenditsn the current
relationships, to pave a roémt new relationships. Table 5 illustrates such planning by
showing some possible new elements of the fault diagnosis competence of ELE.

Lowendahl (1997) uses the dimensions of strategic focus and resource base to assess
the position of professional service firms (Table 6). The diagonal of this positioning
consists of A, B, and C types of firms. On one dimension, the resource base of a firm can
be controlled by the organization as a whole, independently by the professionals
themselves, or as a mixture of the two approaches. Along the other dimension, a strategic
focus on specific customers or customer groups aims at continuing interaction. Problem
solving based strategies involve a high degree of innovation. Solution or output based
strategies seek to extend markets for uniform services.

Contrary to Lowendahl and based on the experience gained from the fault diagnosis
case, we believe that it would be beneficial for a contract research organization to be
“stuck-in-the-middle” with core platforms, in order to be flexible enough in its R&D
relationships and efficient enough in managing its competencies.

Table 5. Planning for the Content of Competence

g?a:grgosis New_ _ New . New . New _
competence applications functions techniques | technologies
1998-1999 Electronics Data mining, | Neural net- [ Assembly auto
assembly lines | optimization | works, mation, neural
(manufacturing genetic network tools,
firms) algorithms | databases
2000-2001 Intelligent ap- | Explanation, | Usability Smart user in-
pliances (in- visualization | engineering,| terfaces, vrtrual
strument firms) multimedia | reality, Web,

engineering | Internet
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Table 6. Positioning of Professional Service Firms
(Lowendahl 1997)

Strategic focus/ . . Creative Praob- Adaptation of
Resour ce base Client Relations lem Solving Ready Solutions
Organizationally (D) Insufficient R (B) Efficient
controlled adaptiveness *
resources l
Team-based, R (C) Both T
individual and *
collective l
«— %
resources
Individually (A) Flexible T (E) Lack of
controlled coordination,
resources (Effective) discipline
«— %
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