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From Innovation Systems to Knowledge Systems

JEREMY HOWELLS & JOANNE ROBERTS

ABSTRACT  This paper seeks to provide an understanding of knowledge creation and dissemination
through an exploration and analysis of knowledge systems. It begins with a brief review of the systems
of innovation approach. This s followed by a discussion of knowledge systems in which the nature of
knowledge 1s considered and a definition of knowledge systems is outlined. A conceptual analysis of
knowledge systems is provided in which they are compared and contrasted with systems of innovation. The
conceptual framework presented is then examined more fully within the context of the computer services
sector. Finally, conclusions are drawn and directions for further research are outlined.
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Introduction

There has been much interest in the ‘systems of innovation’ approach in terms of how
it shapes and transforms the innovation process in advanced industrial economies.
Equally, there has been a desire to provide a better understanding of the role of
knowledge in relation to the innovation process and more generally in terms of economic
growth and performance. A full appreciation of knowledge in innovation requires a more
detailed understanding of its creation and dissemination than that provided by the
systems of innovation approach. This paper seeks to contribute to such an understanding
through an exploration and analysis of knowledge systems. Drawing on the literature
concerning systems of innovation, the paper identifies and evaluates the characteristics of
knowledge systems.

For the advanced industrialised countries, knowledge is becoming the only resource
capable of offering competitive advantage and continued growth and prosperity.' In the
emerging knowledge-based economy an appreciation of the creation and dissemination
of knowledge is vital for policy makers and business managers.” Government action can
do much to promote the successful development of knowledge-based activity and the
learning economy.’ Similarly, an understanding of the dynamics of knowledge at the
level of the firm, and inter-firm activity, can assist managers in their efforts to maximise
efficiency and profitability, and thereby improve economic performance. Consequently,
the analysis of knowledge systems presented in this paper will prove useful to policy
makers and business managers. It will also stimulate debate among academics studying
the role of knowledge in innovation and economic activity.

The paper begins with a brief review of the systems of innovation approach. This is
followed by a discussion of knowledge systems in which the nature of knowledge is
considered and a definition of knowledge systems is outlined. A conceptual analysis of

ISSN 0810-902 8 print; 1470-103 0 online/00/010017-15 © 2000 Taylor & Francis Ltd



18 . Howells & j. Roberts

knowledge systems is then provided in which they are compared and contrasted with
systems of innovation. The conceptual framework presented is then examined more fully
within the context of the computer services sector. Finally, conclusions are drawn and
directions for further research are outlined.

Systems of Innovation

The ‘systems of innovation’ approach has developed and evolved from the original set
of national systems of innovation studies presented by Freeman,' Lundvall,” and Nelson.®
It is a useful framework with which to analyse the process of innovation. Consequently,
the knowledge systems framework developed here seeks to draw and build upon this
approach. It is therefore essential to begin with a brief review of the systems of
innovation approach.

Freeman identified a number of vital and distinctive elements in a national system of
innovation, such as its model of competition, which could be attributed to its success in
terms of innovation and economic growth.” The approach has subsequently been applied
at a variety of scales and levels, many of which have been outside the original focus of
a national setting. Thus, although the national focus remains strong, and rightly so, it has
been accompanied by studies seeking to analyse the notion of systems of innovation at
an international, sub-national (regional or local) and sectoral or technology level. In this
latter context, Carlsson developed the technological systems approach, which indicates
that systems can be specific to particular technology fields or sectors.® Sectors and
technological systems within a nation have a powerful shaping influence on the structure
and dynamic of a national innovation system, while national contexts have important
influences on sectoral performance and conditioning. Thus, prior institutional endow-
ments of a national system may help or hinder innovative activity and performance
within particular sectors of a national economy.’

Chris Freeman was the first to attempt to define the concept as ‘the network of
institutions in the public and private sectors whose activities and interactions initiate,
import, modify and diffuse new technologies’.!” Lundvall makes a distinction between a
narrow and a broad definition of a system of innovation.!' His narrow definition of a
system of innovation includes ‘organisations and institutions involved in searching and
exploring—such as R&D departments, technological institutes and universities’. In his
broader definition, a system of innovation includes ‘all parts and aspects of the economic
structure and the institutional set-up affecting learning as well as searching and explor-
ing—the production system, the marketing system and the system of finance present
themselves as sub-systems in which learning takes place’. Lundvall stresses that the
rational element is not as clear-cut as is often assumed and that nation states, which the
concept of national systems of innovation presumes, have two dimensions: the national—-
cultural and the étatist—political.'> The ideal, abstract nation state where these two
dimensions coincide, controlled by one central state authority, is, as Lundvall adds,
difficult, if not impossible to find in the real world. Moreover, this nationally bounded
view, at least in geographical terms, has been loosened over time. The approach has now
been widened and developed to encompass systems of innovation which are sectoral in
dimension and those which operate at different geographical scales, including both what
Freeman has coined ‘upper’ regions (‘triad’ and continental regions), and ‘nether’ regions
(regional and local systems)."?

Edquist here has stressed the ambiguity and wide variation in what may be termed
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‘innovation”.!* Thus, Nelson and Rosenberg” and Carlsson and Stankiewicz'® have

tended to adopt narrower definitions of innovation, mainly (though not wholly) centred
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on technological innovations, whilst Lundvall seeks to include what may be termed
‘dis-embodied’ innovations, in particular institutional innovations.'” However, Freeman,
in his analysis of the Japanese innovation system, also emphasised the role of social and
educational innovations,'® whilst Carlsson and Stankiewicz,'” in adopting Dosi’s
definition of innovation,” would also seem to include the emergence and development
of new organisational set-ups.

The systems of innovation approach is a well established and useful framework with
which to analyse the innovative capacities of nations, regions and sectors. However, the
approach has so far failed to provide sufficient insight into the role of knowledge in the
process of innovation. Lundvall’s distinction between a narrow definition of systems of
innovation and a broad definition that recognises the importance of a wider range of
institutions influencing learning is useful in this respect.?’ However, further development
of the approach is required in which full recognition is given to the wide variety of
institutional structures which influence the process of knowledge creation and dissemi-
nation. The objective of this paper is therefore to take the first steps towards developing
a knowledge systems framework which goes beyond the systems of innovation approach
in its explanatory capacity. This analysis will hopefully stimulate debate and contribute,
in the fullness of time, to a more thorough appreciation of the process of knowledge
creation and dissemination.

Knowledge Systems
The Nature of Knowledge

In order to understand knowledge systems, it is necessary to make clear what knowledge
is. However, a comprehensive philosophical discussion of knowledge is beyond the scope
of this paper. The focus here is on knowledge in the context of the organisation of
innovative activity, specifically in relation to the process of knowledge creation and
dissemination. The discussion which follows recognises the central role of the individual
in this process.

Defining and comprehending knowledge is complex and problematic.?? A simple
definition is that knowledge is what we know. However, more centrally knowledge is ‘a
mental state that bears a specific relationship to some feature of the world”.* Crucially,
knowledge has a relational characteristic as it involves a knowing self and an event or an
entity. Knowing is an active process that is mediated, situated, provisional, pragmatic
and contested.”* A final element in knowledge is the need for some kind of memory.
‘Memory’ here involves an enduring brain state which must exist in the case of knowing
by the mind, and which allows the bridging of the time gap between events that have
occurred and any claim to know about them. It is important to note that memory about
events in the past in turn undergoes change and therefore memory forms an unconscious,
altering the form of knowing.?

There is an important distinction to be made here between knowledge and infor-
mation. Information relates to individual bits of data or data strands, while knowledge
involves a much wider process that involves cognitive structures which can assimilate
information and put it into a wider context, allowing actions to be undertaken from it.
Thus, knowledge in turn combines the process of learning.?® The take-up of learned
behaviour and procedures is a critical element within knowledge acquisition, both in
terms of capturing and moving knowledge between individuals within an organisation,?’
and also in more widely diffusing such competence throughout the organisation,?®
between organisations and indeed within the economy as a whole. It should be stressed
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that knowledge cannot be said to flow; although, via information flows and mutual
learning experiences which are then assembled or absorbed within a cognitive structure
or framework, knowledge can be said to be shared or transferred. As knowledge is
transferred through the process of codification, abstraction, diffusion and absorption, it
acquires a dynamic quality.”?

In terms of technological innovation more specifically, the innovation process
involves using existing knowledge, but also often requires generating and acquiring new
knowledge, which in turn involves the process of learning. Innovation also involves
sharing learned knowledge. The process of innovation, by moving from existing knowl-
edge and learning patterns to new ones through invention and discovery, can be termed
a ‘heuristic’ (defined here as a procedure or strategy for solving a problem or moving
towards a solution of a problem).*” To accept this definition and description suggests that
knowledge is fundamentally centred on the individual®' Even though we may share
many characteristics in our knowledge frameworks and intelligence, and in the way we
learn and perceive, resulting from common social and educational experiences, knowl-
edge is still intrinsically an individually centred phenomenon. Such a viewpoint also has
important implications when we come to discuss what is meant by a knowledge system.

A great deal has been discussed in relation to the important distinctions between tacit
and codified knowledge and this distinction has carried through to much wider discussion
at the level of the economy as a whole.” The distinction between tacit and codified
knowledge made by Michael Polanyi is a powerful and useful one, but has all too often
been mis-applied.”® Codified (or explicit) knowledge can be defined here as knowledge
which can be written down in the form of a document, manual, blueprint or operating
procedure. In contrast, tacit knowledge is disembodied know-how, which is acquired via
the informal take-up of learned behaviour and procedures. This bi-polar dichotomy
represents a crude characterisation of knowledge within a system. In particular, it
misrepresents Polanyi’s own thinking, which stressed that tacit and explicit knowledge
were not divided and that explicit or codified knowledge required tacit knowledge for its
interpretation.”* Polanyi notes:

While tacit knowledge can be possessed by itself, explicit knowledge must rely on
being tacitly understood and applied. Hence all knowledge is either tacit or rooted in
tacit knowledge. A wholly explicit knowledge is unthinkable.*

Knowledge is therefore much more complex than this dichotomy portrays, particu-
larly as one moves from the knowledge of the individual to organisational knowledge.

Defiming Knowledge Systems

If the above defines and describes what knowledge is, how can a knowledge system be
defined? Dominique Foray defines a knowledge system:

. as a network of actors or entities that assume specific functions for the gener-
ation, transformation, transmission, and storing of knowledge ... The critical degree
of cohesiveness necessary to get a knowledge system is simply defined by some
parameters describing the frequency of the knowledge interactions.™

Foray continues by noting that:

A knowledge system includes economic agents (or learning entities) that assume the
relevant functions of knowledge generation (by means of cognitive exploration and
search) such as the codification and reduction of knowledge to information, the
monitoring and perception of information (involving encoding, decoding, transla-
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tion, filtering, and compression), the communication and transfer of knowledge,
and its storage, retrieval, and reconstruction. It also includes the institutions that
serve to overcome the market’s deficiencies in the production and distribution of
knowledge.”’

The description and definition which Foray applies to a knowledge system covers the
actors and institutions involved in the generation, transformation, storage and distri-
bution of knowledge. The knowledge system which Foray has described is one which is
highly purposeful and specifically centred around economic agents. It is based on the
knowledge interactions between these agents, and on the distribution of power. This
specificity has been highlighted by Smith, who notes that the David-Foray concept of the
knowledge system is complex and narrow in its multi-layered approach to scientific and
technological knowledge.® It does, though, emphasise the role of learning systems for
knowledge.*

Foray’s definition of the knowledge system, together with the way he and Paul David
have articulated this concept, is too narrow and specific. Foray and David specifically
focus on the special characteristics of knowledge as an economic commodity.” Although
much innovation, and indeed new knowledge, comes from purposeful study, learning
and action by economic agents in a market-oriented and mediated context, much
important knowledge does not. Serendipity and non-market situations are still highly
important; social interaction and embeddedness, past historical actions, geographical
proximity, trust and chance all play a significant role in knowledge processes. Above all,
care should be taken not to take too ex post a view of a knowledge system and its impact
on innovation and the wider economy. Ex ante the knowledge system still remains a
fragmented, highly complex and sometimes confusing world. However, if we accept this
narrow definition as a starting point, in what way does a knowledge system differ from
an innovation system? In an attempt to address this question, the analysis presented
below provides a detailed comparison between the two types of system, followed by an
elaboration of the knowledge systems framework.

Knowledge Systems: A Conceptual Analysis

The conceptual analysis presented here seeks to promote the knowledge system frame-
work as complementary to, rather than a replacement for, the systems of innovation
approach. A number of points are put forward which highlight not only differences
between the two types of system, but also their inter-relationship. Several problems
associated with using the term ‘knowledge system’ as a conceptual tool are also raised.

A knowledge system represents a broader and less well-defined system than an
innovation system. A knowledge system represents an underlying knowledge and learning
framework and pool for the more specific process of innovation and hence systems of
innovation. Since an innovation can broadly be seen as application of knowledge,
knowledge represents a repository which becomes taken up and applied to invent things
and create new ways of doing things. Thus, a knowledge system is bound to be a vague
and nebulous system; it may include many elements which are redundant, forgotten,
ignored or quite simply wrong. This notion of a knowledge system, acting as the
background to the foreground of an innovation system, has parallels with Tassey’s notion
of a ‘technology infrastructure’*! Here Tassey envisages knowledge, together with
institutional frameworks, as providing the basic infrastructure which acts as a resource
and structuring form for technological innovation.

Secondly, education and learning will obviously be central to any knowledge system.
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However, Lundvall has noted the clear role that learning plays in binding together
production and innovation in a national system of innovation, and the foundation that
interactive learning provides for the competitive performance of an innovation system.*?
Indeed, much of what Lundvall lends to the role of learning in an innovation system is
pertinent to a knowledge system. Learning is important in Lundvall’s conception of
systems of innovation because it is a key element in both the dynamic of the system and

in binding the whole system together. Here Lundvall notes:

... many different sectors and segments of the economy contribute to the overall
process of interactive learning and the specificity of the elements, as well as the
linkages and modes of interaction between them, are crucial for the rate and
direction of technical change.*

Learning therefore plays a major role in the change and development of both
innovation and knowledge systems, while forming the key element in its connectivity.
In this framework, learning takes place at all levels from the individual through to
the organisation; from inter-firm and inter-organisational learning to institutional learn-
ing, cross-institutional learning and so through to the whole system—the ‘learning
economy’.**

Thirdly, the notion of learning leads to a more central concern about how one
conceives knowledge as one moves away from the individual to a more aggregate setting,
such as a system. Obviously in the context of learning and knowledge generation and
sharing, the learning process involves a clear interactive and collective dimension. There
are also inter-firm and more general institutional routines which can be set up through
this interactive learning process.” It is, however, much harder to see collections of firms,
organisations and institutions as having a single, clear cognitive process (involving both
a decision-making and memory function) associated with knowledge.*® Knowledge
systems can be associated with learning frameworks and parts of the system are involved
in collective learning processes, but knowledge itself will reside with the individual.
Discussions about knowledge commodities and knowledge assets arise from a profound
misconception about the notion of knowledge. Surely knowledge assets are in reality no
more than organisational and social mechanisms for the creation, absorption, diffusion
and protection of knowledge? They may, for example, result from a firm’s investment in
a team of workers capable of reading the code through which knowledge, central to the
firm’s activity, is codified.”’

Fourthly, it is useful to describe a knowledge system as combining the two elements
of tacit and codified knowledge, although it is inappropriate to describe the separate
functioning of these two aspects of knowledge. A knowledge system is more complex than
a simple bi-polar model of codified and tacit knowledge generation and transfer. As
knowledge becomes more codified, it becomes more like information, or what we term
‘quasi knowledge’, and less like ‘real’ knowledge. However, all knowledge still depends
on a tacit element in its articulation, comprehension and sharing. Knowledge is also
firmly rooted in the individual. Thus, as one moves further up the knowledge hierarchy
(involving both geographical and socio-economic scales), knowledge radiates outward
from the individual through to team/site groupings, to the whole organisation in
inter-organisational, local and/sectoral, regional, national and international contexts.
Clearly, there may be barriers which, in some circumstances, impede the transfer of
knowledge from the individual to the team and beyond. Such barriers may be cultural
(such as language differences) or regulatory (relating, for example, to the protection of
intellectual property rights). However, as knowledge radiates outward from the individ-
ual, it becomes more codified, more information-like, more transferable and more global
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Figure 1. Knowledge: from the individual to the international context.

in its reach, but it still requires interpretation at the individual level. This is illustrated
in Figure 1, where the transfer of knowledge from the individual through various spatial
scales (spatial hierarchy) is set against the transfer of knowledge from the tacit form
through to the codified or quasi knowledge form (knowledge hierarchy). Moving up the
knowledge hierarchy, therefore, certain types of codified knowledge become essentially
transmogrified into information, which can then be readily transferred. However, its
interpretation, comprehension and absorption back into a knowledge state remains at the
individual level. Knowledge, as defined here, is embedded within the individual and the
social contexts in which individuals interact with one another.

In terms of defining a knowledge system, a distinction must be clearly drawn between
individually centred knowledge and what is referred to here as ‘quasi knowledge’. A
knowledge system, as defined here, consists of two sub-systems. One relates to individu-
ally centred knowledge, and can be referred to as the ‘knowledge sub-system’. Here
knowledge circulates within and between individuals through social interaction. In this
sub-system, knowledge is shared and created in a social and organisational context
(although in the case of innovation mainly within the wider economic framework of the
firm). Consequently, the more important institutional structures are socio-cultural,
examples of which are outlined for both national and supra national levels in Table 1.
Generally, this knowledge sub-system is specific to the location of the team or group
within the firm. Increasingly, however, it is possible to identify such systems operating on
various spatial scales. For example, R&D workers in a multinational firm may participate
in a geographically dispersed team through frequent travel, enabling face-to-face contact
with colleagues, together with the support of information and communication technology
services, such as e-mail and video conferencing.** In this instance, the knowledge
sub-system is international in scope.

The second sub-system within a knowledge system can be referred to as the ‘quast
knowledge sub-system’. Here knowledge is shared in codified form, and the full range of
institutional factors is relevant, ranging from the socio-cultural through to the economic,
legal, political and so on (see Table 1). Although, a distinction is being drawn here
between knowledge and quasi knowledge sub-systems, they both have socio-cultural
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dimensions. The codification of knowledge may draw on social or cultural conventions;
for example, language or traditions, and associated human and organisational capabili-
ties." Moreover, as already noted, the assimilation of codified knowledge requires tacit
knowledge, and new tacit knowledge may arise not only from social interaction and
learning, but also from the absorption and assimilation of codified knowledge. Impor-
tantly, the two sub-systems are inter-linked and, indeed, interdependent. However,
whereas the knowledge sub-system usually depends on co-location and co-presence for
the sharing of tacit knowledge, the quast knowledge system is not restricted in this way.
The sharing of quasi knowledge does not require co-location or co-presence between the
transmitter and receiver. Consequently, when examining knowledge systems in an
international context, we might expect to find that the quast knowledge sub-system has
a dominant role whereas in the local context the knowledge sub-system is more
significant.

A knowledge system then, is clearly much broader than a system of innovation. The
view of knowledge systems outlined here builds on the definition provided by Foray and
provides a detailed reflection of the complex institutional structures which influence the
process of knowledge creation and transfer on various spatial scales. The operationalisa-
tion of this framework presents difficulties and its value lies in its ability to complement
the systems of innovation approach, providing an additional dimension for those studying
innovation whether in a national or international context.

It should be stressed that the conceptual framework elaborated here is only an initial
attempt to reach beyond the systems of innovation approach in search of a deeper
understanding of the process of knowledge creation and dissemination. Clearly more
theoretical analysis is required. However, such analysis must, if it is to be of value, be
informed by empirical research. Consequently, the next section provides a preliminary
analysis of the knowledge systems framework in the context of the computer services
sector, and forms the basis for a more detailed programme of research in this area.

Knowledge Systems in the Computer Services Sector

The purpose of this section is to explore the complex web of interaction that arises from
actions of the various elements that make up a knowledge system. The computer services
sector is a useful sector to explore, since it is highly international and dynamic in nature.
Moreover, computer services are knowledge intensive in terms of their production and
their final output. One can therefore expect to see much interaction between the
elements which constitute the sector’s knowledge system at various spatial levels. The
levels of knowledge interaction in this sector are depicted in Figure 2. The knowledge
system within computer services can be seen as operating on all spatial scales. One can
move from individual knowledge processing, where programmers work, for example, on
the design and development of new software programs, to the more collective process of
software project articulation and the subsequent testing and implementation of software
programs within the software company and the client’s firm. Knowledge and learning
activity therefore involves constant circuits and iterations between the individual and the
collective; from knowledge work within the individual to knowledge processing between
other single individuals, groups of workers, and other firms and organisations. It is at the
level of the individual, the team and the organisation that the knowledge sub-system is
the most relevant framework for analysis.

Moving further up the spatial scale there are the institutions and ‘superstructure’
organisations which act to provide collective goods to their members and help to
facilitate and coordinate the flow of information to ‘substructure’ firms at the actual core
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of the innovation process.® These superstructure organisations, which include industry
associations and standards authorities (such as the United Kingdom Computer Services
and Software Association or the American National Standards Institute), help provide a
framework for the knowledge processing activities. Such institutions, together with
national, international, and supra national policies (such as the Brazilian National
Software Export Program, the European Union Computer Software Directive and the
World Trade Organisation’s measures concerning Trade-Related Intellectual Property
Rights) are key components in the quast knowledge sub-system active in the computer
services sector.

It is also important to recognise the interaction that occurs between the knowledge
sub-system and the quasi knowledge sub-system. Actors forming the knowledge sub-sys-
tem (individuals, firms and organisations) help to shape the quasi knowledge sub-system.
The Open Source movement is an example of an initiative originally developed at the
level of individual programmers, as a means of freely sharing source codes, which has
now been taken up at the level of the firm by such companies as IBM, Oracle and
Netscape.” This demonstrates how specific innovative development occurring at the
level of the individual or team can reach out and have an impact at the level of the firm
and sector. Similarly, individual firms or organisations can create de facto standards. The
US Department of Defense (DoD) helped create the high-order programming language,
COBOL, through setting up an industry committee in 1959.”? Equally, DoD coding and
programming standards, such as MIL-STD-882, can become more widely adopted
throughout the computing community. More recently, there has been the example of
Microsoft with its Windows software creating a global industry software platform. In
contrast the Symbian joint venture of Ericsson, Matsushita, Motorola, Nokia and Psion
is seeking to establish a world standard for mobile telecommunications operating systems.
Thus, firm or inter-organisational knowledge frameworks can ‘break out’ and be adopted
more widely, eventually becoming de facto industry or international knowledge standards.
Equally, high-level international standards, associated with organisations, such as the
International Electrotechnic Commission (IEC), can create knowledge frameworks which
have an impact down the spatial knowledge scale. Thus, the quasi knowledge sub-system
impacts upon the knowledge sub-system. All these knowledge interactions, combinations
and their dynamics create highly complex knowledge systems, which are subject to
change and to individual and firm-level interpretation.

The knowledge interactions occurring in the computer services sector are shown in
Figure 2, where abstract or generic processes, together with sector specific factors, are set
against various spatial scales. The arrows indicate the direction and span of influence
relating to the listed factors. The knowledge sub-systems are also illustrated. As noted
carlier, the knowledge sub-system will tend to dominate at the local level, particularly in
teams or groups within the firm, whereas the quasi knowledge sub-system will have a
greater influence at wider, national and international, spatial scales. However, as the
arrows illustrate, the influence of both sub-systems will reach across all spatial levels. The
knowledge sub-systems are interrelated and interdependent, and the influence of both
may impact on certain institutional arrangements within the sector.

The characteristics of the system and the way in which it functions will depend on
the nature of the knowledge created, the speed of its evolution, and the extent to which
it can be internationally communicated and dispersed. Particularly important is the
extent to which the knowledge can be codified. In the computer services sector and other
related and high-technology sectors, products are developed rapidly and quickly become
obsolete. Furthermore, knowledge may be easily codified and transferred through
information and communication technologies. The quasi knowledge sub-system can
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consequently be expected to have an important role at the national and international
level, where sector-specific knowledge circulates through codified knowledge. The
significance of the quasi knowledge sub-system is also evident when examining inter-
national production in the sector. Teams of software developers work together even
though they are physically located as far apart as California and Bangalore. The fact that
computer service firms and workers can collaborate on software development projects
with partners on the other side of the world suggests that much of the knowledge that
must be shared between the parties involved is highly codified. Yet, informal, uncodified
information flows are seen as being important even on an international scale, allowing
the multilateral exchange of information to reach into areas and sources of information
well beyond the formal systems of the organisation.”® The difficulty for many inter-
national corporations, however, is how to harness and make use of these informal
information networks.

Certain types of innovative activity in the sector would seem to be tied to specific
locations, making use of informal and personalised information and knowledge circuits.”*
Indeed, the localised qualities of information may not be confined to the informal and
tacit elements of knowledge or information flow. Thus, Lamberton sees codification as
possibly being effectively achieved only locally rather than internationally because of the
human and organisational capabilities required in the effective absorption of codified
knowledge.”® Important clusters of computer service firms do exist in particular geo-
graphical locations, for instance, Silicon Valley (California), the M4 Corridor (Berkshire)
and Silicon Alley (New York). The computer service activity present in such locations
would support the creation and transfer of knowledge in the knowledge sub-system,
where the innovative activity is dependent on the creation and transfer of tacit and less
easily codifiable knowledge. In such locations, knowledge is transferred through a process
of learning which involves social interaction between individuals.

Conclusion

Building on the literature concerning systems of innovation, this paper has explored and
analysed knowledge systems. It is argued here that knowledge systems are a broader,
more nebulous concept than the systems of innovation model. Consequently, when
considering knowledge activity as a system, it is necessary to look beyond those factors
usually associated with systems of innovation. Knowledge is highly complex and cannot
be separated from the individual Hence, knowledge systems must give particular
attention to the mechanisms through which knowledge is transferred, and especially to
the process of learning. More generally, though, a knowledge system includes a variety
of organisational and institutional factors. Since it is argued here that knowledge is
fundamentally centred on the individual, social relations and context will be of great
significance in the creation and dissemination of knowledge. A major research challenge
concerns the exploration and analysis of individual and social relations in an inter-
national context. Here interactions are complicated by the diversity in cultural and social
norms between countries and regions.

This paper presents an initial attempt to analyse knowledge systems. The framework
presented here of a knowledge system composed of two sub-systems, relating to
knowledge and quasi knowledge, has proved to be a useful mechanism from which to
start to explore knowledge in the computer services sector. The framework provides a
tool which can assist policy makers and business managers in their efforts to analyse
knowledge and the systems within which it is created and disseminated. In particular, an
improved understanding of the management of knowledge activities requires the recogni-
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tion of a wide range of institutional arrangements and the interactions which occur
between and within institutions. The application of an improved appreciation of
knowledge creation and dissemination by managers and policy makers alike can do much
to promote efficiency and prosperity in the emerging knowledge-based economy.

Clearly, though, a deeper understanding of knowledge systems and how the sub-
systems interact on various spatial scales is required. Further research is needed to
develop our initial findings. The analysis presented provides a foundation upon which the
authors, and perhaps others, will build with the aim of extending understand of
knowledge in innovation and economic activity. In particular, the validity of the
knowledge systems framework needs to be tested more rigorously within the computer
services sector and within other sectors. Moreover, efforts to identify, measure and assess
a wider range of knowledge interactions (as well as the barriers to such interactions) at
a national and international level are required.
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