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Introduction 

Theories of economic growth, wherein technology is viewed as an endogenous factor, 
generally presume two determinants of technological development: 

I ) The profit-maximizing behaviour of entrepeneurs; and, 

2) The influence of what has been termed the technological paradigm, defining the context for 
the development of innovations. 

Such technological paradigms restrict the nature and extent of the economic (technology 
related) choices available to entrepeneurs; presuming the existence of 'natural trajectories' 
wherein decision options are predetermined. Economists adhering to this theoretical position 
utilize such terms as hyper-selectivity' and 'path-dependency* to denote extreme examples of 
the tendency to natural trajectories, i.e., entrepeneurs become 'locked-in' to a certain technolo
gical developmental process. This tendency is incorporated in the various evolutionary models 
of economic growth related to technological change'. 

However, there are two problems central to this research program that are not being addressed 
by economists: 

1 ) Some innovations apparently do not fit within the boundaries of existing trajectories: how 
do we explain the (successful) development of innovations outside trajectories? This leads to a 
second question. 

2) How are technological paradigms being developed? 

In this paper the view is proffered that the characteristics of the 'technological paradigm' or 
'regime' giving rise to the 'path dependency1 of firms, are developed in the course of the process 
leading to the establishment of such paradigms, cum regimes. 

In our view there is a similarity between 

1 For example. Nelson and Winter 1982: Chapter 11, note 1; P. M. Allen, "Evolution, innovation and 
economics" In Dosi et al, 1988, see note 5, G. Silverberg, "Modelling economic dynamics and 
technical change: Mathematical approaches to self-organization and evolution" 
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the development of normal science' and the reign of a scientific paradigm in (scientific) 
fields; and, 
the establish meni of a technological paradigm in or among industries. 

Notwithstanding the differences between the two types of paradigms (which we address 
below), in order to understand the normative operation of both scientific and technological 
paradigms, it is necessary to pay attention to the pre-paradigmatic period preceding the 
paradigmatic stages. The competition of various 'innovation cUques' proposing different — and 
quite often conflicting scientific paradigms in the preparadigmatic period eventually results in 
the victory of one of those paradigms.2 

In the 'preparadigmatic' stage of the development of a new technological paradigm, hightech 
startup companies form the functional equivalent of the innovation cUques. Their competition 
sometimes results in the establishment of a new technological paradigm. It is our objective to 
formulate a theory explaining why and when the development of a new technological paradigm 
wiU occur. Like the innovation cUques, the actions and interactions of high tech startups can be 
explained by a network stmcture having different characteristics than the network that arises in 
the later development of the industry. The innovation cUque, like the high tech startup, can 
only successfully develop a new paradigm when it is able to change the nature of its network 
relationships into a special type of systemic relationship that is based upon the new technology. 
Of course, this ss ill not always happen: not aU high tech startups are successful, and even fewer 
are instrumental in developing a new technological system around them 

The network theory developed in the present paper is designed to explain the consequences of 
the technological choices of firms in a preparadigmatic stage of development. 

We commence with a discussion of the notions on technological change as formulated by 
evolutionary economists. This discussion shows the lacunae indicated above. Subsequently, we 
will elaborate on the concept of networks and give a typology of network formation in 
technology environments. This is followed by a discussion of the relationship between 
networks and the technology system. In some cases, various technological systems, 
characteristic of different industries, can be combined into a technological system. In very rare 
cases these general technological systems encompass, more or less, the complete economy. 

It is our intention to analyze the development of technological systems that are based on 
scientific insights. Particular attention is given to the development of technological systems 
around 'new1 technologies. There are two reasons for this: 

i) the specific character of the effects, and the nature of the R&D effort; and, 
ii) the specific nature of the networks within which such new technologies develop 

(systematic interrelationships between scientific developments - strategic science, and 
technological possibiUties). 

The sociological theory explaining when and how networks around "high-tech' firms wiU 
change into 'technological systems' is dealt with in the next section. This theory is exemplified 

! See the distinction as one of the authors has proposed between 'innovation cliques' and 'problem 
networks': W. Van Rossum, 'The Community Stmcture of Science', in: J. Karkas (ed.) The Sociology of 
Science and Research, Budapest: Akademiai Kiado, 1980. 
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in a discussion on the differential development of two peripheral technologies around the 
personal computer: the computer mouse and the pencomputer. The latter development was 
initiated as the development of a 'new generation' of personal computers, however, this 
intention, as we will show, did not materialize. 

Technological Regimes, Paradigms and Dominant Designs 

To explain the role of technical change in economies, evolutionary economists borrow various 
theories from other disciplines. Klein2 uses a model with 'slow* and 'fast' histories and makes a 
distinction between micro-unpredictabUhy and macro-predictability of change. The model 
resembles Kuhn's notion of change in scientific fields whh recurrent periods of normal and 
revolutionary science. In Kleins' view the distinctions have to do whh different types of 
rationalities emphasized by firms. The variety of rationalities which ssill always be found in 
industries gives rise to processes of change in the industry. 

Nelson and Winter4 go one step further than Klein: they formulate a formal model of technical 
change in industry, also using, as Klein, the distinction between micro and macro change. They 
use a biological model of change, and see firms developing 'routines' of searches resulting in 
the development of a variety of new technologies/products. The direction of the search is 
determined by the existence of so-called "technological regimes', which indicate trajectories 
along which technologies develop5.The nex products are then subjected to the selection 
environment of the market. 

Change in an industry is a consequence of the development of a variety of new 
technologies/products, and ssill eventuaUy stabilize via selective mechanisms to a choice of 
some of the technologies. 

In the concluding chapter of their book, Nelson and Winter indicate that change of the regime 
itself still needs to be addressed: 

" More generally, there are important questions to explore involving change in regime-
for example, a breakout from an old regime to a new one in which opportunities for 
innovation are significantly enriched, or perhaps one that requires a significantly 
different R&D "strategy" for successful exploration." (op.ch, 1982: 409) 

1 Klein, Burton H. (1977). Dynamic Economics. Cambridge. Mass.: Harvard University Press. 
' Nelson and Winter employ the term technological 'regimes' to indicate the same phenomenon. RR 
Nelson and S.G. Winter (1982), An evolutionary theory of economic change. The Belknap Press, 
Harvard Univ., Cambridge, Mass See also G. Dosi(1988), "The nature of the innovative process" in G 
Dosi et al (eds ) Technical change and economic theory. Pinter, London, pg. 224 
'Rosenberg has formulated a similar notion, which he calls 'technological imperatives'. See N. 
Rosenberg 'The Direction of Technological Change: Inducement Mechanisms and Focusing Devices', 
Economic Development and Cultural Change, 1969, 18: 1 -24. 
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Others take their starting point for the change model from the field of cybernetics: emphasizing 
that the nature of the results of the economic processes are not given by a priori rules, but that 
the mies of the economic process are themselves developed during the process6. 

DosL more expUcitly than Klein, derives his economic theory of technical change from the 
K uh n i a n explanation of scientific change.7 

Analogous to the central role in Kuhn's theory of 'scientific paradigms'; Dosi conceives of 
'technological paradigms' which regulate the search for technical innovations. Like Nelson and 
Winter, he then focuses on the subsequent development of innovations within a (albeit new) 
paradigm — in this case, the semiconductor industry. 

Similar notions have been formulated in management science to indicate the relationship 
between processes of change in industries and innovation processes within firms. Abemathy 
and Utterback formulated a theory wherein industries foUow a process of change in which — 
during the beginning 'fluid' stages of development, there is an emphasis on many different 
product innovations (often based on different technologies). After a transitional phase, a set of 
technological specifications is eventually accepted: the 'dominant design'8. After a dominant 
design is established, a 'mature' phase of development sets in. Firms then focus on 
cost-reducing process innovations. The resemblance with Klein's model is striking. 

In a similar vein, Clark has indicated that after an initial period in which many different 
technologies are proposed, technical change in industries will be regulated through consensus 
about hierarchies between components of the technology or set of technologies9. 

Clark's notion of 'design hierarchies' resembles that of 'dominant design', formulated by 
Abemathy and Utterback. 

Although using different backgrounds and different terms, aU of these theories have the 
foUowing in common: technological change is part of the process of economic change because 
the appUcation of technology — and especiaUy the changes in the appUcation, is regulated i) via 
a consensus within an industry (as in the notion of dominant design); or, U) in a set of 
industries (as in the more generic notion of technological paradigms or regimes). 

With the possible exception of Klein, Aberaathy and Utterback, none of these authors discuss 
the reasons for paradigm change. What brings firms to the development of new products which 
do no longer fit the existing paradigm? Moreover, given the presupposition — which we take 
for granted, that firms develop new products and no new paradigms, how do new products 
'develop into' new pradigms? Examples of innovations that do not easily fit within existing 
paradigms include: 

6 For the most explicit elaboration of this model see, for example, Silverberg, in Dosi, et.al. 1988. 
7 G.Dosi, Technical Change and industrial Transformation, New York: St. Martin's Press, 1984 
* See, W. J. Abemathy, 77re Productivity Dilemma. Roadblock to Innovation in the Automobile 
Industry, Baltimore: Johns Hopkins University Press, 1978, and, J.M. Utterback, Mastering the 
Dynamics of Innovation, Boston: Harvard Bussines School Press, 1994. 

See K. B. Clark, The Interaction of Design Hierarchies and Market Concepts in Technological 
Evolution, Research Policy, 1985, 14,: 235-251. 

215 



i) When SUN Microsystems was founded, there was no technological example envisaged by 
its creators of the new type of workstation (which opposed the then existing 'mainframe' 
paradigm), and its role in large scale networks. 

U) Similarly, when Netscape was founded, there was no existing 'internet technology 
paradigm. As we wiU see more extensively in the examples cited below, the firms involved whh 
the development of the computer mouse (LOGITECH) and the pencomputer (GO) both 
questioned the — until then central aspect of the existing technological paradigm regulating the 
development of personal computers: i.e., the role of the key board in the way people make use 
of the personal computer (although we have to add that the pencomputer was more 
revolutionary than the mouse). 

iii) The development in the pharmaceutical industry of a new and more rational way of 
developing dmgs (currently in the experimental stages in firms such as VERTEX), does not fit 
the existing 'uial-and-error' paradigm of finding dmgs. 

In providing an answer to these questions, Klein refers to the specific rationality proffered by 
some entrepeneurs (or 'happy warriors' as he caUs them): that the development of new 
products and new paradigms is "associated whh ideological outbreeding and is commonly 
employed in making fast history" (op.cit., 1977: 23). 

These entrepeneurs, more eager to engage in activities with a high level of uncertainty 
('dilemma's' in Klein's words), resemble Kuhn's young scientists who engage in revolutionary 
science. But, presuming that there are always a number of such uncertainty-prone entrepeneurs 
available, why is it that, in some situations, the development of product innovation outside the 
existing paradigm becomes more or less the paramount activity of a generation, rather than one 
or two isolated individuals? In his book on the renaissance of the American automobUe 
industry, Aberaathy considers the development of a new elan in the industry as a consequence 
of competition from the Japanese. More than the American manufacturers, the bitter focused 
on quality. Apparently, however, Aberaathy does not see a 'fluid' phase in the automobUe 
industry during the 1980s, that is comparable to the situation in this industry at the end of the 
19th and the beginning of the 20th century. This generates a number of questions: 

I ) How do innovations develop which are not part of an existing paradigm? 
2) What are the determinants of the development of a new paradigm based upon such 

innovations?9 

In most of the literature, the innovations dealt with appear to be outside an existing paradigm: 
e.g., the electric light: the automobile: aircraft (and more specifically in this realm the 
development of the DC3 as a new 'dominant design'); the computer and later the personal 
computer: the internet, and so on. 

Analyzing the empirical evidence with respect to such fundamental innovations elucidates that 
the reasons for the initial innovation are manifold. In some cases a new technology becomes 

10 We have used the term 'paradigm' to denote all of the different approaches treated in the first part of 
this paper As our problem — the treatment of innovations outside existing paradigms, is similar 
regardless of the approach taken, it seemed easier to employ one. rather than a variety of terms. 
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avaUable and facilitai es the development of a new product (e.g., the aircraft industry and, even 
more prominently to be found in Utterback's example of the ice industry). In other cases, 
various firms apply different technologies in order to find an adequate technology for a 
commonly formulated problem, e.g., transportation and the use of various automotive 
technologies at the turn of the 19th and 20th centuries. 

In some cases the implementation of the new technology drastically changes an existing 
industry (as in the ice industry); in other cases the new technology enables the development of 
a new industry (e.g., the automobUe industry); while the existing industry delivering many of 
the innovators, e.g., the bycicle industry, does not change as a consequence of the innovation. 
Furthermore, although some innovations can be considered as dominant designs or examples of 
a new technological paradigm or regime later, they are aU developed as new products, rather 
than as new dominant designs, paradigms and so on. 

They only obtain these attributes later. Moreover, these attributes have to be considered as 
emergent properties. What then are the common attributes of innovations that facilitale their 
classification as paradigm changes? 

From the examples in the literature we derived the foUowing characteristics: 

1) The introduction of the innovation is not an isolated experience. More often simultaneously 
more (quite often many) different attempts are made, using different technologies, to develop a 
similar type of product. The exception is the situation where one inventor more or less 
'represents ' many inventors; or, in sociological language, when the invention is the functional 
equivalent of the work of many inventors (this is, of course, a rare occasion, and is perhaps 
also a phenomenon peculiar to an earlier period). 

There are two reasons for multiple attempts: i) the fact that more entrepeneurs are attempting 
to develop a new solution impUes that more people see the possibility of a new market or a 
change in the existing market; ii) although each entrepeneur proposing a potential technology 
works in relative isolation, the fact that s/he knows that others are attempting to develop 
alternatives drives the search for an adequate solution. Such technological competition is a 
necessary condition for fast change. 

In general, that which could be considered a 'paradigm shift' at a later date was the result of 
various attempts by a network of inventors, having special mutual relationships: they were 
aware of the existence of other attempts, but kept secrecy about these developments. 

2) The developing entrepeneurs themselves can be considered as special types of tightly-knit 
face-to-face networks, rather than 'normal' firms. A similarity can be found between new firms 
developing new products outside the realm of the existing paradigm and groups of scientists 
attempting to develop a new approach to scientific problems that could not adequately be 
solved in the existing paradigm For the most part, these small networks comprise a group of 
people with a common interest in the new pradigm, and who also have multiplex relationships, 
extending outside the specific realm of science (for example, friendships). The existence of 
other social relationships among the members of such 'innovation cUques' (Van Rossum, 1973) 
is needed to provide the social consensus not yet derived from the new scientific insights. 
Similar social ties can be seen in new firms developing radically new products. 
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3) There does not need to be a reason for the 'paradigm shift' (in this respect the situation in a 
technological field or industry is different from the situation in a scientific field). However, the 
initial network should open up in such a way that links between various other technologies 
become possible. This is what Aberaathy and Utterback caU the transition stage of the industry, 
but what we would caU a change in the network stmcture facilitating the (later) development 
of a network of systematic supply and demand relationships. In other words, after a period in 
which the firms work in relative seclusion, there should be a time in which the first examples of 
products, or even prototypes become avaUable. This facilitates the mutual comparison of 
technologies and specifications. While this may seem self-evident, there are examples of 
extended periods of development of an initial product (for example, the case of the 
pen compili er. which is treated below; or, the VERTEX case of the rational development of a 
drag). In these cases, the requisite technological competition needed to generate the choice of 
the most efficient and effective combination of technologies does not occur". 

4) Finally, consensus among the members of initial networks should be objectified. This means 
that notions about the adequacy of (a combination of) technologies should become self-evident 
for the actors involved in the industry. Only then can the (combination of) technologies 
become the basis for a period of developing new products and improved manufacturing 
processes. 

Thus, the development of a new paradigm or regime, or dominant regime, is dependent upon 
the initial development of a particular type of network; and a subsequent change of this 
network into a systematic network of supply/demand relationships. This model is further 
elaborated in the foUowing. 

Entrepreneurial Networks 

A network, as we use the term, consists of the direct and indirect linkages between actors. 
These actors can be conceived at different levels, i.e., individual researchers or industrial 
entrepeneurs, industrial firms, governmental agencies or research institutions, or aggregates 
thereof The actor linkages are contingent upon exchanges of knowledge, resources, and 
contractual agreements; in various combinations. Thus, the substance of the network linkages 
comprises information, resources and/or contracts relating to the generation, the elaboration, 
dissemination and appUcation of technologies. 

For each type of linkage, a network stmcture can be conceived involving specific 
configurations of actors and their relational contingencies. These network st maures facilitate a 
determination of the extent to which the configurations can be hierarchized according to 
structural similarity. 

In this context, levels of interaction can be distinguished wherein the lowest level constitutes 
only individual actors. This stmcture ss ill. however, predetermine the next level structure, and 
so on. We refer here to a hierarchization of the network configuration according to level. This 
is in contradistinction to those networks invoking relationships across levels. 

" See B Werth, The Billion-Dollar Molecule One Company's Quest for the Perfect Drug, New York, 
Simon & Schuster. 1994 
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Network structures and their hierarchization are essential to an approach to the (processual) 
transformation of network configuration. In this regard we differ considerably from 
contemporary network analyses'2. The concept of the transformation of network structures is 
essential to a determination of the emergence and development of'technological systems'. 

A technological system constitutes the cumulative result of an established, marketable13 

technology of such consequence that it transforms the industrial core of which it is a part. 
EquaUy importantly, the natural trajectory of its development generates new problems, and the 
potential for realigned network relationships which in turn generate both innovative solutions 
and new technologies. 

The developmental process of a 'technological system' (its emergence and stabilization) can be 
outlined as foUows: 

1. The technical usefulness of specific scientific insights (i.e., science based technologies) is 
established (referred to as 'search' by Nelson and Winter, 1982, op. cit., see note 3). 

2. The development of prototypes. 

ì.Wlicn a technology is marketed it becomes part of an irreversible process, i.e., in the case of 
the specific technology concerned a permanent 'transformation' has occurred which ssill form 
the basis for subsequent development and developmental trends (e.g., Nelson and Winter, 
1982, see note 3). 

4. A natural (technological) trajectory occurs whereby the basis for (core of) the specific 
technological industry becomes redefined (based on realigned principles), can form a 'key 
technology1, and becomes predictable, i.e., development is pre-programmed (e.g., 
micro-electronics). (Nelson and Winter, 1982:258; Dosi, 1982, 1988:225, see note 5)14. 

In this manner, a technological system becomes the regulating principle in network relations. It 
is based upon the technical and operative management characteristics of the technology 
concerned. 

If this regulatory principle is institutionalized, then change in the ¡iiilustis(ies) will be 
pre-programmed such that we can speak of a trajectory which will, in turn, determine the 
interrelationship between the respective technologies and the actors concerned. By extension, a 
trajectory can be opcrationalized in terms of the characteristics of network hierarchization and 
change, and the converse; i.e., characteristics of network hierarchization and change imply the 
existence of a trajectory. 

' ! This applies equally for social network theory and network analyses of firms (with respect to R&D). 
11 Marketable as used here is a short-hand term referring to the fact diat the application of a technology 
results in either a substantial improvement of the quantity/cost relation of a "product", or the possibility 
of product differentiation and/or die generation of problem solutions with respect to ouier products. 
M See e.g., G. Dosi, "Technological paradigms and technological trajectories: Suggested interpretation 
of the determinants and directions of technical change". Research Policy, vol. 2, no. 3, 1982, pp. 
147-162; Nelson and Winter. 1982, op. cit. 

219 



To date, those network theorists interested in an interorganizational analysis of the R&D 

activities of firms and research institutions have confined their attention to empirical accounts 

of network linkages and structures. These are viewed as social entities in which the actors  at 

different levels  have, more or less, fixed positions and relationships. Even though network 

theorists stress the relevance of the network level (and changes to it) to the emergence and 

establishment of innovations; they refrain from making an explicit analysis of networks and 

their developmental processes. Indeed, establishing the existence of networks and the fact that 

they can undergo change is aU too often the end product of such research. 

In contradistinction, we suggest that the empirical evidence illustrating the influence of 

network relationships on the generation and development of innovations should constitute the 

primary motive for an analysis of network relationships between firms and other organizations. 

Empirical studies on innovation and networks indicate that a descriptive analysis of 

intracompany activities is insufficient to explain (technological) innovation. For example, Von 

Hippel (1988)
15

 attemps to distinguish between manufacturer, supplier and user dominated 

innovations in order to prove different 'functional' sources of innovation. He presumes that 

firms remain constant in respect to the individual roles that they play. He postulates the 

existence of networks whh different, yet fixed positions. Paradoxically, he is unable to deal 

with precisely those types of firms generating the most radical innovations, Le., large, complex 

firms which simultaneously play various roles. 

In the research group around Håkansson, the network concept is central in work initiated by 

Hagerstrand. This has resulted in a number of projects dealing whh innovation related 

networks in Swedish industry. Yet even in these research projects the mere indication of 

network linkages and structures is considered a result of rather than a starting point for, 

analysis. However, Hakansson's description of the process of innovation in the Swedish steel 

industry qualifies the changes in network linkages and structures as being intimately related to 

the process of developing innovations (1987, see note 14)"'. An excellent example in this 

context is provided by LaageHellman in his account of the emergence of the ASEASTORA 

process (Håkansson, 1987:49ff, see note 14). He describes the development of the new 

" Recent literature on the sociology of technology presumesthat technological artefacts must be 

evaluated in the context of the social nexus in which they are developed Unfortunately, the relationship 

between technological artefacts and the social nexus is conceptualized in terms of networks in which no 

analytic distinction can be made between the artifact and the social environment, e.g., WE Bijker, T.P. 

Hughes and T. Pinch (1988) adopt this position in order to effect an adequate representation of the 

'seamless web' between the technology (artefact) and its social and cognitive surroundings, in The social 

construction of technological systems MIT Press, Cambridge, Mass ) As a consequence, this approach 

cannot answer the questions posed (in the introduction) above, nor is it sufficiently rigorous to fill the 

hiatus in economic theory This is further exacerbated when a distinction is made between technological 

artefacts and 'technological systems' Irrespective of the fact that Hughes (in Bijker, Hughes and Pinch. 

1988, op cit ) indicates the social constructivist nature of technological systems, he omits to answer the 

question of how such systems emerge. In contradistinction, the approach taken in this paper constitutes 

a more analytic form of network theory (derived from developments in American social network 

analysis), combined with the empirical tradition of network approaches to innovation analysis (e.g., H 

Håkansson, (\991). Industrial technological development: Λ network approach. Croom Helm. 

London; E von Hippel. (1988). 77ie sources of innovation. Oxford Univ. Press, Oxford). 

" Similar accounts of this phenomena can be found in other network analyses of theprocess of 

innovation, e.g., Biemans' analysis of the development of innovations in the Dutch medical equipment 

industry (1989) 
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powder met allin gie process as involving a series of activities of mdividual and organizational 

actors, mutually engaged in differential linkages. The innovation was discovered through a 

combination of technological insight and diverse technical experimentation. The newly 

developed process was a result of interactions between the engineer and the firm concerned, 

using avaUable literature, and other technologically relevant firms, especiaUy the firm ASEA 

with its QUINTUS presses, which were initiaUy intended for other appUcations. These presses 

proved very effective for generating the new metallurgie process; they enabled an adequate hot 

isostatic pressing of the powder. Only during the last phases of the process were formal 

agreements made between STORA and ASEA. Prior to this time, the network was 

characterized by diverse linkages. 

The STORAASEA case is especiaUy significant for our discussion as it clarifies the extent to 

which an innovation emerges and develops (and is ultimately marketed), in a changing social 

network. 

Unfortunately, the ambiguous nature of the concept 'innovation' implies that such case studies 

invariably define both the concept of innovation and its developmental in terms of the 

immediately relevant empirical environment. Conversely, more general works on technological 

development either define and qualify the term so broadly as to neutralize its significance, so 

ι 'esti ietis civ as to be constricting, and/or do not perceive it as an aspect of a development 

process involving network systems. (See e.g., B. Gille (1986), The history of technique, 

Gordon and Breach, N.Y., vols. 1 and 2; A. Roobeek (1988), Een race zonder finish, VU, 

Amsterdam, Håkansson, DosL Nelson and Winter, see notes 3, 5, and 14). 

A flexible conceptualization of innovation as a dynamic process embedded in network 

interaction would be preferable (e.g., Clark and Staunton, 1989)". In this context, we perceive 

innovation as being based upon any transformational activity occuring at one or more of the 

stages characteristic of technological development i.e., idea generation; prototype production; 

mass production; dissemination and system coupUng (see the section 'Morphogentic Model' 

for a further quali Meat o in of'innovation'.) InitiaUy these transformational activities can have an 

incremental nature; resulting in innovation when irreversible trends are instituted within — or 

for the industry concerned. Consequently, we presume that: 

innovations can occur at each stage of the developmental process and can effect each 

stage in feedback form; 

such multistage feedback loops have wide range effects on innovation potential at 

other, initiaUy peripheral, levels; 

such innovations create irreversibility, i.e., processual development either at the 

industrial structural level, at which point a network system can be generated (an 

infrequent occurrence), or at the product research leveL generating renewed activity (a 

relatively frequent occurrence). 

Implicit herein is that industrial endeavours will only experience processual irreversible 

development when particular social conditions are met; in terms of exigiencies at the 

level of the industrial enterprise and/or the surrounding networks. 

17 P. Clark and N. Staunton (1989), Innovation in Technology and Organization. Routledge, London, 

p. 5. 
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Requisite to any understanding of the relationship between network and innovation is a 
consideration of the interorganizational level of interaction between companies and other 
organizations, inherent problems and relevant Incunea. The STORA-ASEA case, outlined 
above, is illustrative. Moreover, the identification of network levels in the case of 'new* 
technologies is even more important given the complex nature of their development. 

Network Systems 

In our development of network levels we have leaned heavily on the 'filières' concept 
developed in French industrial economies'". This 'structuralist' version of industrial economics 
emphasizes the differentiation of the economy according to the configurations of interacting 
firms; using the strategies of firms involved in these configurations as the main frame of 
reference. From this perspective, the environment in which firms interact is hierarchized on the 
basis of mutual dependencies. Jacquemin and RainelU conceptualize change in filières by 
conceiving of a structural analogue of the life cycle of products. In their view filières are 
characterized by stages of ascendance, establishment, and descendance19. 

Our version of this structuralist approach emphasizes one aspect of filières: the consequences 
of the multidimensional ties between firms in the filiere (or network complex) for the 
development of technological innovations. Although the especial interest here, as whh the 
French industrial economists, is in the changes occurring in what we have termed network 
complexes (filières); specific attention is paid to the interaction between network complexes 
and the process of innovation, rather than the developmental process of the filiere. 

We define a network complex as comprising flexible, integrated multilevel linkages between 
individuals, aggregates of individuals, industries, aggregates of industries, Le., h is a web of 
(interdependent) activities having the potential to generate both technical innovations and new 
levels of interactive network relationships. This development can be viewed intra- or inter-
industrially. Inherent in the development of a network complex is network coupling, involving 
the sequential interaction of increasing numbers of network linkages such that they can 
undergo transformations without loss of identity20. This facilitates the formation of the 
subsequent level of network formation; a network system. Implied herein are two levels: 

i) the composite network structures (i.e., complexity) within a given industry; and, 
U) the interaction of more than one network complex in, e.g.. bi- and multilateral industrial 

interaction and/or integration. 

It should be noted that the network systems of any given number of industrial aggregates are 
not necessarily equivalent, nor need they involve similar development in order to facilitate 

" See, for example, J Toledano (1978), "A propos des filières industrielles". Revue d'Economie 
Industrielle; A Montfort (1983), "A la recherche des fibres de production", Economie et Statistiques, 
vol 183, no 131, pp. 3-12; A. Jacuemin and M. Ramelh (1984), "Fili res de la nation et fili res de 
l'entrepnse" Revue Economique, vol.35, pp. 379-392; A. Lesage (1984), "Definition structurale d'une 
filiere de production." Liege, CREDEL, Discussion Paper No. 8401. 
'" See Jacquemin and Ramelh. 1984, op, cit. 
20 See Maturana, HR, 1975, The Organization of the Living: A Theory of the Living Organization, 
International. Journal. Man-Machine Studies, 7, pp. 313-332 
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interaction. A network system is here qualified as encompassing network complexes within the 
confines of a circumscribed environment (e.g., research, industrial, market). Moreover, 
interaction with other network systems can occur between various 'linkage' levels 
(simultaneously). SimUarly, interaction between aggregates of network systems can generate 
the formation of new network struct ures and, by extension, new network complexes, etc. 

The structural formation of a network system thus involves a hierarchic (i.e., increasing 
complexity) development of consistently interacting linkages21. The interaction which occurs at 
the basal level of linear linkages is similarly reflected at the level of network systems. This is 
not to imply, however, that network systems can be reduced to their basal linkage level; rather, 
that the complex network system is inherently sufficiently variable to facilitate multi-level, 
multi-variant interactive partem formation. It is this which facilitates the development both of 
innovations and the institutional (industrial) structures which house them 

Requisite to interaction between network systems is a system's flexibility permeating every 
level of the system stmcture; facilitating diversity in e.g., innovative product development and 
expanded research potential. Moreover, viewing networks as flexible multi-variant and 
multi-level systems precludes the more mechanical (non-dynamic) systems approach. 

We presume that flexible interactive network systems — to include their developmental 
process, are by definition neither in equilibrium nor self-organizing; -i.e., their are neither static 
nor closed systems-. 

It is our contention that the developmental viability, e.g., potential for transformation and the 
generation of spin-off innovations and institutional structures is directly correlated to the 
existence of interacting network systems; themselves a product of developmental flexibUhy. 
The range of, and degree to which, such systems can both propogate and perpetuate innovative 
development (at aU levels) is of course related to the simultaneous maintenance of their 
structural flexibility. This is (theoretically) impeded only by the possibility of further integration 
(and assimilation) into the social nexus within which they function. In other words, the 
acquisition of industries, joint-venture agreements between surviving industrial complexes, to 
include cartel formation does not guarantee either the development nor the viability of 
individual network systems. Survival and innovation is determined by the potential an industry 
has to supercede traditional agreements and form symbiotic bi- and multilateral interactive 
production units. Moreover, in fractal perception, network systems, once formed, can generate 
new systems or amalgamate into more complexly integrated systems; evolving an intricate 
global weave. Requisite to such a development is the structural transformation of the 
competitive status quo. While it is naive to presume that structural flexibility, in conjunction 
with network systems integration, can eliminate industrial competition, the combination can be 
instrumental in channelling it productively; in contradistinction to the traditional 
response/counter-measure strategy22. Moreover, the tendency, especiaUy characteristic for the 
semiconductor industry, of joint ventures among competitors can be accounted for by the need 
for these network linkages. Integrated network systems can not only generate both product 
innovation and spin-off industries, but can be directly instrumental in the diffusion (through 
marketing, technology transfer programmes, etc.) of both. 

21 Mesarovic, M.Eet.al. (1970) Theory of hirarchical, miltilevel systems. New York: Academic Press. 
n Peters.T. ( 1988) Thriving on Chaos, Harper & Row, Perennial Library. 
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The Morphogenetic Model 

There is, at first sight, a large discrepancy between the heterogeneous, flexible and 
idiosyncratic nature of the 'knowledge' environments in which technological artefacts are 
created (within firms), and the concept of technological systems. The latter suggests a 
coherence at the macroscopic level, needing expUcation. 

The development processes inherent in the various network levels act to mediate between the 
concrete level of the innovating industrial firm and the technological system. An account must 
be made of the way in which the relationship between the various levels is established, Le., 
what is the mechanism Unking the various levels. The morphogenetic model outlined below not 
only constitutes such a mechanism, but it can also explain why some technological artefaas 
become pivotal in a given technological system. The developmental process of innovation 
occurs in an environment in which a determination of the technical problems to be solved has 
already been made. Innovations do not develop in a social vacuum. In the case of 
semi-conductor technology, for example, the invention of the integrated circuit evolved into an 
innovation ss it hin a technological system (information technology). This encompassed various 
industries. However, neither the extent to which this occurred nor the nature of the resulting 
system could be derived from the initially manifest development (invention). Moreover, the 
initial developments occurred in an environment in which the artefact was considered a 
solution to problems already evident. Another example is the development of laser technology; 
initially intended as an answer to the technical problem of high precision timing. This 
technology is now widely appUed in various industries, to include medical technology. 

In sum, we conceptualize changes in the technological system in morphogenetic terms, Le., as 
based upon small initial fluctuations in which the criteria are not preconceived, but can be 
considered a result of the developmental process. In this model, an innovation can be generated 
by an invention. Because an invention is here perceived as a singular manifestation occuring 
within a highly circumscribed environment, it may prove too radical a change to be adequately 
assimilated into the existing industrial infrastructure of product development and marketing. 
Innovation is perceived as that which can be based upon invention. Specifically, an innovation 
is that which can (has been) transformed such that it: 

a) can be incorporated into the existing industrial and marketing infrastructure: while 
b) maintaining its integrity as a significant product or service transformation: which 
c) can simultaneously give rise to new network linkages, subsequent structures. 

technologies and potentially even technological systems, etc. 

This is not to imply, however, that inventions cannot occur in the industrial environment; on 
the contrary. However, the relevant industry must be able to circumscribe the environment 
within which an invention can be generated. It must be able to physically isolate research 
activity giving rise to inventions through e.g., the establishment of in-house research facilities, 
financially support exogenous research facilites (university or other institutionally based 
fundamental or applied research); and it must retain, or control the legal rights to the results. 
Finally, the relevant industry must be in a financial position to physically facilitate the R&D 
necessary to transform the invention into that which can be incorporated into the existing 
technological and marketing infrastructure 
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Similarly, the range of, and degree to which network systems can manifest random and radical 
fluctuations, movements, etc. must be constrained by the circumscribed socio-cultural nexus 
within which they occur. Radical alteration to, or diversification of, the network system wiU 
inhibit the multi-level transformations required to effect the transitional stabUity necessary to 
the viability both of the technological system and the network system which propogates and 
stimulates its inventiveness. This implies that such systems can potentially be analysed 
according to the temporal and spatial, i.e., practical, constraints to transformation present at 
any given developmental stage of the network system. 

These multi-level developments can be conceptualized in terms of the four stages outlined 
above, i.e., idea generation and establishment of the usefulness of specific scientific insights, 
prototype production, mass production; marketing. A fifth stage, that of system coupling, may 
also occur. However, rather than conceiving of this multi-stage model in cumulative or 
unilinear terms, we have employed the alternative of feedback loops; some of which generate 
collective effects. This is evident in the case of new technologies, where techno- logical 
choices can be explained by the increasingly concinnous relationship between quantity and 
cost, as weU as by the growing complexity of the problems which such technologies can 
handle. Technologies thus have the potential to change the environment. An industrialist who 
pays attention only to the relationship between quantity and cost, while the nature of the entire 
industry is changing (e.g., through the appUcation of micro- electronics) wiU quickly lose his 
sharehold in the market. This wiU not, however, be due to a restriction of his sharehold in a 
relatively fixed market; rather, it ssill be a consequence of changes in the actual structure of the 
market. For example, in the case of new technologies, the manufacturer-user relation is 
inherently problematic; shifts regularly occur in the relative position of manufacturers with 
each other and in relation to users. In addition, particular types of relations exist with research 
institutes and departments where flexible agreements replace precisely defined contracts23. 

It is our contention that the survival of new technologies is contingent upon their development 
within the network system of which they subsequently form an integral part. Thus, the criteria 
for survival can be perceived as deriving from the structural characteristics of the network 
system itself; comprising (various) industries and research institutions. 

The survival of a technology, and the subsequent development of a technological system, is 
dependent upon two major characteristics of the network system: 

1 ) the dominance of positive feedback loops; and 
2) the persistent linkages between the various actors. 

Accordingly, we can account for the paradoxical characteristics of new technologies, i.e., while 
a changing technology can cope with the growing complexity of the environment, it 
simultaneously becomes subject to a fixed, and more general, natural trajectory (in 
micro-electronics, for example, increasing differentiation of a technology and its appUcations 
occurs while the general tendency is to miniaturize and increase the importance ofinformation 
relationships). 

For example, with respect to the micro-electronics industries, complex relations exist between 
industrial funis having additional links with other industries, as well simultaneous cooperative relations 
with their competitors. 
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FoUowing Maruyaiiia. positive feedback is defined as the cumulative effect of feedback 
processes whereby the deviations of a system are amplified in a particular direction away from 
a pre-existing goal (Mai us ama. 19632*; R Ellen. 198925. In the development of technological 
systems, hypothetical feedback loops occur at two different levels. 

Loop I: At the level of the linkage network a chance deviation (an invention) can be 
reinforced, evolving a new way of dealing whh an existing problem. Whh respect to new 
technologies this is, for the most part, the result of interactions between problem-solving 
oriented engineers and scientists, interested in developing new insights of potential relevance to 
the problem to be solved. In the case of micro-electronics, for instance, there existed, in the 
early 1950s, the quandry of effecting miniaturization in order to solve problems in the 
con si met ion o I'missiles and satellites. Initially, this involved the miniaturization of conventional 
electronic components. The interaction between engineers and those industrial scientists 
interested in solid state physics resulted in the invention of the integrated circuit. The deviation 
from the initial goal, introduced by the invention of the integrated circuit, was thus amplified. 
This resulted in an increasing awareness of other possible appUcations in a variety of network 
complexes. 

Loop II Occurs at another level of interacting network complexes. Together whh the 
miniaturization of the integrated circuit, different industrial firms interacted to develop new 
possible appUcations. At this stage the interaction partem conducive to the initiation of new 
developments involves aggregates of actors. The transformation of User technology illustrates 
this feedback loop. This occurred through the interaction between a number of network 
complexes, among which was the initial network complex within which the actual invention 
was realized. These network complexes included actors involved with the development and 
appUcation of medical technologies. After the feasibility of medical appUcations was envisaged, 
the further development of laser technology in the medical context transpired at the network 
complex les el In this complex, product differentiation rivalry occurs in Ueu of price 
competition. This is clearly illustrated by the tendency of laser technology to develop a variety 
of feasible appUcations using different wave lengths and having different energy intensities. 

The interaction between 'inventive users' (medical researchers and practitioners) and the 
industrial firms engaged in this complex, reinforced the initial deviation. As a consequence of 
these positive feedback loops, laser technology could permeate the medical field, thereby 
establishing a long lasting trajectory. 

The developmental process outlined above thus also yields the criteria determining the 
regulation of further technological development across network complexes. This implies the 
potential for establishing a technological system 

'Transitional stability is here coined and utilized in contradistinction to 'steady state'. The former is 
used to indicate that, while social systems cannot be conceived as generating either homeostasis, nor as 
comprising self-organizing systems, they do tend to stabilize specific attributes in the dynamic process. 
This constitutes the core of what Maruyama has termed the morphogenetic process. M. Maruyama 
(1963), The second cybernetics: deviation amplifying mutual causal processes. American Scientist 51. 
pp 164-179. 
" See Ellen. R (1989) Environment. Subsistence and System: The ecology of small-scale social 
formations. Cambridge. MA:, Cambridge, University Press. 
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An illustration 

The argument in this paper can be illustrated by the experiences of two different startups: 
Logitech International SA (founded in 1981; and GO (founded in 1987)26. 

The product innovations of both firms are different, but belong to the same industry (the 
personal computer business) and are comparable as they are either an extension of the 
keyboard of the personal computer (Logitech's computermouse), or a replacement for the 
computer with a keyboard (GO's pencomputer). The pencomputer, based upon a new type of 
operating system, was a more fundamental type of innovation than the computer mouse. 
However, both were more or less outside the existing paradigm of the personal computer (with 
the keyboard). The first innovation was successful; the second faUed. Logitech grew from 1981 
on, and is currently a sizable player in the personal computer industry. GO eventuaUy 
disappeared from the scene (in 1994). 

Our argument in this paper is that the success of product innovation outside existing 
paradigms, and the chance that it wiU result in new industry standards, is related to a set of 
changes that take place in the network organized around the firm. Whereas Logitech was 
successful in 'merging' its mouse technology with the software tendency to emphasize the 
Windows-like human/computer interface, GO was unable to find a similar combination, hi 
contrast, while the idea of a small pencomputer was very attractive (a number of other firms 
simultaneously attempted to develop an adequate pencomputer), the product itself was nearly 
obsolete by the time it came on the market. No firm developing these pencomputers (or 
personal digital assistants, as they are sometimes caUed), took into account that the general 
market for this product no longer existed after the emergence of the internet (except for special 
markets, such as insurance companies and such firms as UPS and FEDEX). GO was not the 
only firm that was unsuccessful. Its potential competitors, who actually brought a pencomputer 
on the market have had considerable problems marketing their products, e.g., the Apple 
Newton; the joint venture General Magic with its Magic Cap and so on. 

With respect to our argument in the present paper, the differential developments of these two 
innovations could not be predicted during the respective phases in which the 
technologies/products were being developed. In both cases, 

i) the innovation was developed in small firms (in the Logitech case, initial developments took 
place outside the firm with research laboratories in the US and Switzerland); and, 

ii) at the time, there were no clear indications about the nature and extent of the respective 
markets. 

In the early stages, the discussions in both cases concerned the nature of the technology to be 
employed (in both cases the initial development concerned different technologies). Logitech 

26 This section is based upon information derived from, in the case of Logitech, the two IMD cases, 
published in R.D. Stacey (1993), Strategic Management and Organisational Dynamics, London, 
Pitman, and, in the case of GO, the history of die founding (and closing down) of GO by its founder J. 
Kaplan ( 1995) Startup. A Silicon Valley Adventure, Boston, New York, Houghton and Mifflin 
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was able to use the relationship with (and help of) hs first Urge customer (Η-P) to develop into 

an actual manufacturer of computer mouses, and gradually captured first the OEM market and 

later the retaU market in the US and Europe. In contrast, GO's attempt to become the supplier 

of pencomputers for the insurance firm State Farm involved a series of difficult attempts to 

develop an agreement with IBM, which resulted in the beginning of the downward slide for 

GO (at that time IBM had also developed an operating system for a pencomputer). Later 

attempts to develop more adequate agreements with AT&T and to establish a separate firm 

(EO) to manufacture the pencomputer resulted in the takeover of GO by hs offspring; the 

subsequent takeover of EO/GO by AT&T; and, finaUy, the closing down of the firm after 

AT&T chose Apple's Newton
27

. 

Apart from the positive effect of the development and elaboration of network relationships for 

Logitech, and GO's inability to do the same.thing
28

, the 

i) simultaneous elaboration of the network around Logitech into a 'normal' pattern of 

supply/demand relationships, and 

ii) the acquisition of a position on different markets 

was related to the development of a new technological system: the emergence of the personal 

computer. 

For the most part, this technological system was based on the development of increasingly 

user-friendly interfaces whh the computer. This facilitated the concept of self-evidence that the 

computermouse was a peripheral instrument for the keyboard. In contrast, the concept of 

pencomputer s — small notebooks that could be linked whh large-scale databases, and initially 

considered to be the new 'generation' of personal computers, took on the appearance of an 

anachronism. Simultaneous whh the development of the digital personal assistants, the 

development of new communication technologies — such as the large-scale use of the internet, 

dimnished the potential market of small pencomputers (except for the specific use of particular 

professionals). Thus, the 'revolution' that was to result in a new generation of pencomputers 

never materialize. 

GO. and for that matter all other developers and manufacturers of personal digital assistants, 

never made the second feedback loop indentified above. In this respect, the failure of GO 

exemplifies more the faUure to develop a new technological system, than the failure of a 

particular firm. 

27
 When GO obtained the contract with State Farm, the latter firm offered GO the choice between IBM 

and HP as large scale partners GOs choice was IBM (because GO's management thought that the 

chances for developing die standard operating system for pencomputers were better with IBM than with 

HP). Considering the fact that HP was rather instrumental in helping Logitech to make the step from a 

developing firm to a manufacturing fimi, one wonders what would have happened if GO had chosen for 

HP 

" Reading Kaplan's history of his experiences of the establishment and downturn of GO, one gets the 

impresión that a major factor contributing to the failure was the relationship with IBM 
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The Research Programme 

We can now address the way in which the theory outlined above may be translated into an 
empirical research programme concerned with the development of technological systems; 
particularly with respect to new technologies. This impUes that the emergence of the 
technological system constitutes our primary research point of departure. This augments the 
view that 'key1 technologies exist. Malerba, for instance, presumes that the transistor, the 
integrated circuit, and the large-scale integration micro- processor not only comprise the 
central innovations in the semiconductor industry, but also function as regulatory regimes with 
respect to further developments both in this and related industries29. Conversely, our analysis 
commences with the question of how such regimes become established. Consequently, 
research should focus upon the foUowing aspects of this developmental process: 

1) A qualification should be made of the nature of the linkage networks in which inventions 
occur. An analytical distinction must be made between the various network linkages; together 
with a delineation of their interrelationships. For example, in the semi-conductor industry, the 
relatively dominant position of industrial over academic research laboratories is a structural 
characteristic of a network linkage. This has significant consequences for the subsequent 
development of network structures in this industry. The theory of network analysis contains 
sufficient tools to measure the relational and structural characteristics of such networks. 

2) The nature of the network related feedback loops should be analyzed. At this stage, an 
analysis should focus upon the extent to which deviation-amplifying loops outnumber 
deviation-reducing loops. For example, in the case of networks based on information 
exchange, the extent to which a given invention can be elaborated is dependent upon the 
awareness of the nature of the technological characteristics of the invention. This can occur 
either through open rapport between research engineers (even originating from competing 
firms)30, or thraogh one company's attempt to assess the technological progress of other firms 
without the benefit of direct contact (i.e., when they occupy similar positions in the network). 

The process ofinformation transference leads to the development of network structures having 
positive feedback (collective) effects. This too can be both measured and assessed using 
contemporary network analysis31. Similar analyses should be done for resource related network 
structures. 

This stage of the research program should yield information about the nature of the processes 
in a network stmcture. 

3) A determination must be made as to whether a consensus about the significance of the 
invention has been established at the linkage network level. Not only is the significance of the 
invention based upon the existing knowledge system, but new insights must be generated as to 
its developmental potential. The subsequent transformation of the invention into a 

29 F. Malerba ( 1985), The semiconductor business, Frances Pinter, London. 
10 See E. von Hippel (1988), op.cit., Chapter 6 for a discussion on cooperation among engineers 
affiliated with competing firms. 
31 See for instance R. Burt's analysis of the relative role of cohesion or structural equivalence in the 
adoption process of innovations. R. Burt, (1987), Contagion and innovation, American Journal of 
Sociology 
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technological innovation is contingent upon extending this consensus, together whh related 
new insights, across the network complex level. This process can be determined through an 
analysis of the diffusion and adoption of the invention. 

4) The consensual institutionaUzaton of insights into the function(s) of the innovation; Le., 
agreement about the nature and extent of the transformation process necessary to convert the 
invention into a marketable commodity (innovation) should be assessed at this stage. This is 
relatively simple in those cases where the innovation is objectified, Le., becomes an artefact 
readily visible even to those actors which were not involved at the linkage network level. In 
this, as in other cases, however, cognizance about the implicai ion s of the innovation may vary 
from network complex to network complex. 

6) The evolution of differential utilization of a given innovation by more than one network 
complex can engender yet a new variety of inventions; and a subsequent development of new 
innovations in multi-lev el. multi-variant interactive partem formation. A technological system 
can be said to exist when a continuity of partem can be identified across network complexes. 
e.g., the tendency to miniaturization in all integrated circuitry related inventions. The existence 
of a technological system can be empirically determined by means of a multi-dimensional 
analysis of both the actor positions within network complexes and related technological 
development. 

Research foUowing the schematic outlined above could adequately test the validity of the 
morphogenetic model 

Concluding Remarks 

While our views are not in disaccord whh the presumption of many economic analysts that 
technological systems exist and regulate technological development in natural trajectories; we 
argue the necessity of explaining the development of technological systems, particularly whh 
respect to new complex technologies. To this end, we have outlined a sociological theory 
which employs a modified version of network theory in conjunction whh the morphogenetic 
model of systems theory. Specifically, this theory addresses the emergence of the structural 
determinants of the technological choices of entrepeneurs. Moreover, this theory assumes that 
the criteria determining the survival of technologies (and technological systems) are an inherent 
result of the developmental process of technological systems. 

By implication, the theory contains a rebuttal of the traditional evolutionary model 
distinguishing variation and selection, and which is employed by economists to explain the 
choices available to entrepreneurs (together with their consequences). We suggest the 
interdependence of variation and selection. The morphogenetic model posits the simultaneous 
development of variants and criteria. The latter are stabilized in the various stages of network 
transformations. 

The model also delineates one of the characteristics of technological development; that 
inventions initiated at the linkage network level do not foUow a linear developmental path, i.e., 
germane developments leading to innovations involve transformations at the various network 
levels. Chance deviations from the initial problem addressed by the first transformations of the 
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invention are intensified in the course of the developmental process (in those cases where a 
technological system emerges). 

The appUcation of this model has important consequences for the type of problem which 
should be addressed in technology research; to wit, an analysis should be made of the different 
types of entrepeneurs particularly instrumental in technological development. This means that 
more expUcit attention should be paid to the interactions between industrial firms and 
researchers and engineers, together with their respective strategies. Similarly. the changes in 
and transformations of technology related network structures, complexes and systems should 
be more adequately analyzed; given that they are especiaUy conducive to the emergence and 
persistence of technological systems. Specifically, studies generated to research the process of 
technological innovation should refrain from treating networks as unchangeable artefacts. The 
constantly changing nature, development, and subsequent transitional stabilization of various 
technology related network levels thus requires a dynamic analytical approach. 

In closing, we would like to stress that many network theories conceive of technology and 
network development as occurring in a social vacuum. Inherent throughout our discussion, 
however, is the presumption that network systems and related technological development 
occur in the context of dynamic social systems. As such, we also presume that network 
systems do not constitute self-organising systems according the definitions profferred by e.g., 
M. Eigen and P. Schuster in The Hypercycle: A principle of natural self-organization, 
Springer Verlag, Herlin. 1979). Specifically, dynamic social systems (and their inherent sub
systems) originate and function in the context of flexible parameters. While the potential for, 
and operationaUzation of formalized boundary imposition on open systems has been 
extensively addressed in the literature by various social science researchers in as many fields, to 
date, the discussion remains, at best, moot. 
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