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Abstract

The objective of this work is to use complexity theory to propose a new interpretation of
industrial clusters. Industrial clusters constitute a specific type of econosphere, whose driving
principles are self-organisation, economies of diversity and a configuration that optimises the
exploration of diversity starting from the configuration of connectivity of the system.

This work shows the centrality of diversity by linking complexity theory (intended as “a
method for understanding diversity™') to different concepts such as power law distributions,
self-organisation, autocatalytic cycles and connectivity.

I propose a method to distinguish self-organising from non self-organising agglomerations,
based on the correlation between self-organising dynamics and power law network theories.
Self-organised criticality, rank-size rule and scale-free networks theories become three aspects
indicating a common underlying pattern, i.e. the edge of chaos dynamic.

I propose a general model of development of industrial clusters, based on the mutual
interaction between social and economic autocatalytic cycle. Starting from Kauffman’s idea’
on the autocatalytic properties of diversity, I illustrate how the loops of the economies of
diversity are based on the expansion of systemic diversity (product of diversity and
connectivity). My thesis provides a way to measure systemic diversity. In particular I
introduce the distinction between modular innovation at the agent level and architectural
innovation at the network level and show that the cluster constitutes an appropriate
organisational form to manage the tension and dynamics of simultaneous modular and
architectural innovation.

The thesis is structured around two propositions:

1. Self-organising systems are closer to a power law than hierarchical systems or aggregates
(collection of parts). For industrial agglomerations (SLLs), the closeness to a power law is
related to the degree of self-organisation present in the agglomeration, and emerges in the
agglomeration’s structural and/or behavioural properties subject to self-organising
dynamic.

2. Self-organising systems maximise the product of diversity times connectivity at a rate
higher than hierarchical systems.

'(Castells 2000) p.74
? Kauffman investigations
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PREFACE

Complexity theory is a new interpretative framework that has the potential of leaving
a mark on the evolution of thinking in natural and social sciences. It tries to explain the
origin of order, the robustness and the decay (or catastrophic demise) of social and
natural systems thanks to a few universal laws, which are more similar to dynamic
trajectories of development than to the prescriptive laws of Newtonian sciences.
Complexity is also a multilevel theory. Natural and social phenomena are the result of the
aggregation of agents at multiple levels. At each level of aggregations new laws and new

fields of endeavour emerge.

This thesis analyses industrial clusters using complexity theory concepts, together
with other relevant theories and models. I consider industrial cluster as a specific type of
complex system, based on distributed management of simultaneous innovation and

production activities.

I start by telling in anger the story of the formation of one such system. Meadow, an
isolated village based on “backyard capitalism’ which evolves into a sophisticated
cluster characterised by a complex self-regulatory production and innovation system, is
the story of the passage of a system through a series of phase transitions (or bifurcations)
each of which gives rise to the emergence of a different system structured around

different dynamics. In short, it is the story of the emergence of order in a social system.

The example of Meadow is interesting as it posits the question: “If systems based on
self-organisation emerge via semi-spontaneous creation of order in an endogenous way,
then what theory do we need to make sense of emergence?” The phenomenon of
emergence is difficult to analyse via theories that assume that the behaviour of the system
can be reduced to a sum of its components’ behaviour. The theory we need is one that a)
takes account of the inherent limitation that emergence imposes on the knowledgeability
of systems and b) embeds the emergence of new, more complex organisational levels into

a more general theory that includes reductionism as a particular case.

This thesis formulates a theory that describes the emergence of industrial clusters
around some general dynamic patterns based on mutually self-reinforcing growth and

selection mechanisms. These mechanisms form a closed architecture of processes, which



gives rise in an autocatalytic fashion to a specific dynamic identity of the industrial

cluster.

The initial point of the theory concerns the relationship between diversity and growth
«_.. diversity probably begets diversity; hence diversity may help beget growth™.
Diversity, writes Kauffiman, is autocatalytic, it leads to further diversity. The expansion
of diversity is likely to result in the closure of a catalytic cycle. In short, closure
introduces internal rules of organisation, which causes the transition from an aggregate
of parts into a system and the emergence of a coevolutive dynamic. Coevolution and
closure are conjugated variables, which act to partially decouple the system from its
environment. The system remains open to external information and energy, which are
used to construct complex internal structures, whose organisational principles are
however internally determined. In other terms the organisational rules are genotypic,
whereas the space of implementation of the rules is phenotypic. There is currently no
theory to describe this type of self-generative diversity. I have called it systemic diversity

and defined it as the product of diversity times connectivity.

How can we recognise the effects of the expansion of systemic diversity around sets
of autocatalytic loops? This question leads into the search for the structural
characteristics that can be used as indicators of the specific dynamics described above.
The starting point is that industrial clusters enjoy a set of properties: they consist of
networks of autonomous agents; their pattern of connectivity exhibit weak and strong
linkages. These features are connected. In fact, in self-organising systems chaotic and
ordered features coexist. Chaotic dynamic allows for frequent reconfiguration and
emergence of novelties, ordered dynamic allows for robustness and homeostasis. The
balance between the two is described by the metaphorical expression of edge of chaos.
At the edge of chaos the distribution of connectivity alternates strong links within highly
connected sub-networks with weak links connecting the various local networks (within
the system). The distribution of links within and across sub-networks and the dimensions
of the highly connected sub-networks obey a power law. The emergence of a power law
is a sign of a self-organising dynamic. In fact the power law indicates that the system

tunes itself toward a state whereas the distribution of structural and behavioural

? (Kauffman 1995) p.292



properties is such that all scales and behaviours of relevant network’s properties are
present in the system and follow a simple mathematical distribution. Power laws emerge
in the three constituent elements of networks, i.e. links, nodes and behaviour. I have
presented the argument, whereby the occurrence of power law for these three elements is
the manifestation of the same underlying dynamic, that is, the self-organising nature of
networks at the edge of chaos. 1 have also suggested that a transformation of variables
changes one variable into the other, thereby raising the possibility of using any variable
for the determination of the structural and/or dynamic state of the system. In short, self-
organisation is explainable in terms of the set of interdependencies that determine the set
of flows between nodes and links. This is something that a statistical analysis on
appropriate systems can test. If self-organisation and power law are correlated then we
can use power laws to reveal self-organisation in action. From this point of view, a
comparison between systems characterised by different degree of self-organisation

should reveal a correlation between self-organisation and closeness to power law.
The theory summarised above is used to generate two propositions:

1. Self-organising systems are closer to a power law than hierarchibal systems or
aggregates (collection of parts). For industrial agglomerations (SLLs), the closeness
to a power law is related to the degree of self-organisation present in the
agglomeration, and emerges in the agglomeration’s structural and/or behavioural

properties subject to self-organising dynamic.

2. Self-organising systems maximise the product of diversity times connectivity at a rate

higher than hierarchical systems

The logical steps regarding the translation of the theory into propositions are

represented below.






aggregate of parts is confirmed by the empirical data. Moreover, as industrial
agglomeration are a complex mix of self and hetero-organised dynamics, I show that
a power law analysis is able, by making use of a regression analysis, (and, at least in a

statistical sense) to indicate the weight of the different dynamics.

The point made above together with first, the idea regarding the equivalence of the
different power law theories and second, the discussion of the correlation between
self-organised criticality and edge of chaos dynamic, suggests that a power law
distribution is an indicator of an edge of chaos dynamic. Industrial clusters then are
social systems on the edge ofchaos. When such a dynamic arises, the system shows a
power law distribution of chaotic and ordered features. As this type of distribution
doesn’t have a typical scale, this means that industrial clusters thrive and survive by

exploring a very broad range of possible dynamics.

The previous point leads me to the second part of the results. The origin of the self-
organising dynamic, revealed by the power law analysis, lies with the capability of
exploring diversity. My results confirm that self-organising systems maximise a
particular type of diversity, that I called systemic diversity. I propose to measure
systemic diversity by the product of diversity (as measured by a mix of three
parameters, variety, balance and disparity) and internal connectivity. I also propose
to use the concept of systemic diversity as a way to operationalise Kauffman’s

concept of the propagating organisation’.

Specifically, my research demonstrates that industrial agglomerations closer to the
cluster form show a higher systemic diversity than systems more dominated by
aggregations or hierarchical organisational forms. Moreover, in terms of the
characteristics of the Italian industrial agglomerations this study has further refined
the taxonomy proposed by Cannari and Signorini’ and generally confirms the validity
of their approach. However, the large distance that separates industrial
agglomerations of type D1 (so called super-clusters) from all other types of industrial
agglomerations suggests that a discontinuity separates the two groups. This result

seems also in line with the autocatalytic nature of cluster formation and development,

4 see next section

* (Cannari and Signorini 2000)



which would exclude a continuous distribution of agglomeration types between the

cluster and non-cluster.

What are the final results of this research? Clusters constitute a specific type of
econosphere, whose driving principles are self-organisation, economies of diversity and a
configuration that optimises the exploration of diversity starting from the configuration
of connectivity of the system. The maximisation of diversity and connectivity takes place
“without destroying the accumulated propagating organisation that is the basis and
nexus from which further novelty is discovered and incorporated into the propagating
organisation™®. The structure of the propagating organisation obeys a power law
distribution. This distribution maximises the exploration of nodal features, connectivity

patterns and system wide behaviours.

These results confirm the general intuition by Kauffman that the evolution of
biosphere and econosphere is subjected to some general ‘laws’ that cut through the
specifics of individual systems. Power laws and the idea that organisations are
propagating set of autocatalytic processes expanding diversity along trajectories set by
environmental pressures and internal connectivity are two of these ‘laws’. My research
develops a specific formulation for these two laws in the economic context of industnial

agglomerations and demonstrates their validity.

¢ (Kauffman 2000) p.85



Chapter 1 - Introduction - Increasing returns and
local economies: the story of Meadow

I will tell an imaginary story in order to illustrate the concepts of. economies of
diversity, autocatalytic sets and dynamics of co-evolution. The story concerns a village
called Meadow which, over a long period of time, develops milk and other food related
products. The story will show the power of co-evolution to speed up the process of
knowledge creation and innovation when coupled to the mechanisms of economies of
diversity. We will see that the concept of clusters and therefore the whole history of
Meadow is counter-intuitive. Much of the classical economic tradition is based on the
distinction between large and small firms. The asymmetry principle states that a large
company can do everything that a small firm can do, but not vice versa. This principle
and the literature of economies of scale, learning curve effects, monopolistic control of
market, effectiveness in controlling intellectual property rights issues and in influencing
standards setting, all of these have skewed the industrial policy agenda toward the
principle that big is automatically good. However clusters of small firms, which act as a
system, stand as an alternative model of organisation able to compete under conditions of
high market uncertainty. The cluster creates value exploiting self-organisation of internal
configuration and the self-sustaining loops of economies of diversity. I have condensed in
the following story some typical mechanisms of cluster formation and evolution as they
have been encountered in the Italian districts and to some extent in the American
literature on clusters, highlighting the mechanisms by which diversity acts as a catalyst of
innovation and innovation pushes forward the boundary of existing diversity, thereby
generating a self-sustaining loop. The story is used to illustrate the dynamics of
formation and survival of industrial clusters (that I define synthetically as economies of
diversity, see section 3.2.2) and to generate most of the research propositions that will be

tested in the rest of the thesis.
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Figure 2'" - Appearance of related activities

Let us sum up: an accidental discovéry led to a flurry of economic, cultural and social
changes in Meadow. This discovery opened a technological trajectory'” of development”

populated with unintended consequences'*.

Our imaginary story goes on with another discovery. One day whilst disposing of the
interiors of a lamb, a piece of stomach fell into the pot where milk was being heated. The
day after the interesting observation was made that the milk had turned into a relatively

hard, gelatinous substance, with a sour-like but overall pleasant taste.

" In the figures, firms are shown in green and products in red. New products and new firms are
highlighted by filling the boxes.

12 The concept of technological trajectory was elaborated by Giovanni Dosi (Dosi 1988). Dosi’s
theories and models are based on the Kunhian concept of scientific paradigm and on evolutionary
economics theories (Nelson and Winter 1982). Ultimately the concepts of paradigms and technological
trajectories rest on the use (and translation) of biological evolutionary models to the history of
technological change.

13 Although the concept of technological trajectory seems to point towards the direction of
determinism (a road connects A to B along a predetermined path), in reality the example given
(Meadow) and the evidence coming from the history of technological change indicate that the
relationship between the macro-invention (the one that opens the technological trajectory) and the
multiplicity of micro-inventions (see (Mokyr 1990)) for a complete discussion of the terms) that follow
are determined by the local conditions in place. Because those local conditions can never be pre-stated,
as many of them are ephemeral, it follows that technological determinism, at least in a strong version, is
not applicable.

14 The idea that the history of innovation is largely an history of unintended consequences is
presented in the soft edge ((Levinson 1997)). For instance: the beginning of packaging, the separation of
Cow from Distribution, etc.
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made of many incremental improvements and based on the tacit knowledge acquired
through successive waves of many mistakes and few successes'®. When somebody got by
trial and error a recipe that worked, that recipe was soon captured into a set of rules.
However, the experiential and tacit nature of the technical process implied that the
various recipes were partially incompatible with one another. This fact, together with the
multiple experimentation, created a pool of different approaches that contributed to the

diversity of the local system.

Unlike long life milk, the discovery of cheese was path-dependent, that is, it required
the presence of some necessary circumstances to take place. The historical aspect of
path-dependency set Meadow on a path of geographic differentiation'’ from adjacent
territories. In particular, the presence of a specific technological trajectory based on milk
and its derivatives, a favourable attitude to experimentation and innovation, a set of
channels to commercialise products, and especially the optimism coming from previous
successes made Meadow different from other territories and contributed to trigger a

spiral of accumulation of knowledge, resources and wealth.

The discovery of cheese required a previous degree of variety in the environment, in
this case the tangible and intangible factors such as milk and meat preparation, heat, the
right mental framework to notice the discovery and to exploit its significance. The
innovation took place at the convergence of these fundamental factors and exploited
some unforeseen effects of that convergence. The consequence of the discovery was the
creation of a link between some previously unrelated activities. This resulted in a net
increase in a) the variety of the system, (more final products) and b) its complexity
(because the new product was a by-product of existing products it generated a network

of interdependencies among the system’s variety).

The discovery of long life milk and cheese gave rise to the process of coevolution'®,
whereby the feedback of interdependencies among economic activities determined the
lock-in of the system around specific technological trajectories and the emergence of a

collective system of value creation. In particular the two innovations generated a) the

16 Optimisation of a single set of initial conditions is analogous to climbing a local peak.
Experimentation with multiple sets results in a multi-peaked environment (See (Kauffman 1995))

'7 In the parlance of complexity theory a symmetry breaking

'8 This concept will be explored in more details in the following chapters
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formation of a seed of an industrial and commercial network, b) the transition from a
closed to an open system and c) the creation of relevant knowledge about how to
manage innovation and its consequences. The agents constructed their own environment
and in so doing they not only affected the material and cultural conditions according to
which the processes of survival and change take place, but also contributed to define the

space of future innovations'”.

The organisational transformations that followed the discovery of cheese are
fascinating. The production of cheese during the initial experimental period was carried
out by a fluid and integrated organisation. The increase in knowledge (about the cheese
making processes) allowed the definition of the interfaces between sets of related
processes, causing the emergence of distinct production phases based on specific, largely
self-contained tasks, around which integrated production routines could be aggregated.
The set of competencies, people and technical tools in each phase constituted a module.
The emergence of modules caused also the shift from product to process innovation”.
With time the organisation fragmented internally into groups to generate in a second

phase specialised spin-offs.

Modularisation made possible the spin-off of the rennet production activity. This spin-
off however did not create an island isolated from the rest of the industrial activity in
Meadow, but, on the contrary, due to the strong complementarity between Rennet and
Cow, increased the pattern of collaboration and flow of information between the two
firms. The interdependence between their products forced the two companies to
cooperate with each other and made them mutually interested in each other’s well being
(Figure 4). It also constituted the first example of unbundling, that is, the separation of
newly acquired functions from the existing ones via the spin-off mechanism. The long

lasting effects of this original experiment will be examined in the next paragraphs.

' The relationship between agents and environment is circular. Agents construct relevant features of
their environment through their own micro-actions and the environment selects what actions are
possible and provides a context for those actions.

% See (Abernathy and Utterback 1978) for a discussion of this point
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The discovery of casein in itself would have been confined to a laboratory curiosity
had not somebody made the observation that cows actually liked the protein and further
observed that casein seemed to be an effective source of energy and increase milk and
meat production. This observation is not trivial as cows are vegetarian. It required a
subtle mental shift**. In accepting that cows could also eat food of animal origin, our
inhabitants learned that the categories around which the world seems to be organised
were not fixed but could, to a certain extent, be manipulated in order to exert control

over the natural environment and to modify it to one’s advantage.

The discovery of casein led to an experiment that had long-lasting consequences.
Cow’s products presented a marked seasonal pattern. When the winter came in, and the
grazing fields were covered by snow, production went down. Casein provided a partial
solution because it could be stocked during periods of high production and used as food

during winter (Figure 6).

The loop milk-casein-milk was markedly different from the cheese loop. In the latter
the interdependency between the two chains posited a problem of co-ordination. In the
former the production of a component led to a higher production of the following
product, that in turn fed back on the original component in an autocatalytic™® way, each
component being at the same time input and output of the loop. The extraction of casein
from the treatment of milk made possible the increase in production of milk from which
casein is extracted making the cycle (to a degree) self-sustainable. Interestingly, although
the single phases of production related locally to one another (previous and following
step), the collective cycle was auto-referential. When taken in isolation, each step of the
loop (dubbed as hypercycle, see note 18) added value to the following one. However the

closure of all the steps around the cycle provided the organising principle to the

24 Kuhn in the 10" chapter of the Structure of Scientific Revolution reports the following;: “The
Chinese, whose cosmological beliefs did not preclude celestial change, had recorded the appearance of
many new stars in the heavens at a much earlier date. Also, without the aid of a telescope, the Chinese
had systematically recorded the appearance of sunspots centuries before these were seen by Galileo and
his contemporaries. ... The very ease and rapidity of with which astronomers saw new things when
looking at old objects with old instruments may make us wish to say that, after Copernicus, astronomers
lived in a different world’ (Kuhn 1996) p.117

% Eigen and Schuster received the Nobel Prize for the discovery and theory of hypercycles, or
autocatalytic sets
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acquiring Rennet or disrupting the effective partnership with Packaging. Those lines of
business expanded at a much slower rate than Cow’s core business and were therefore

left alone.

1.2 LOCATION ATTRACTIVENESS

Since the beginning of the industrialisation of Meadow around the business of milk
and its derivatives, the village had grown bigger and richer and its social structure had
become more complex and stratified. A powerful group of merchants and industrialists
had emerged and several figures related to the new industry, commerce and export had
developed. The energy for the development and expansion of industry and commerce in
terms of labour force and entrepreneurial energy had substantially come from within
Meadow. However, the success of Meadow generated interest in the communities nearby
and in all the territories served by Meadow’s products. It seemed to them that the
inhabitants of Meadow had hit upon a magic recipe to become rich. With time Meadow
became a symbolic place where fortunes could be created. This generated an interesting
positive feedback loop”’. Businesses and people moved to Meadow to establish their
businesses or to find a better job. The consequent diversification of its economic and
social base created further opportunities for business expansion and employment of
workforce, thereby increasing Meadow attractiveness for business and talents inflow.
The changes that this brought were radical. The best workforce started commuting to
Meadow and would-be entrepreneurs started investing there. The first people to arrive
were either relatives of locals, friends or people that had some relationship with
Meadow. Their arrival was welcomed and their integration speedy. Workforce was much
needed to support the expansion of the economy. After the initial arrival of people
homogenous with the local culture, a second wave of more heterogeneous people
coming from more distant places arrived. The rather surprising fact was the relative ease
with which the integration proceeded”®. The immigrants arrived in familiar groups, which

held strong familial ties with each other. The integration proceeded in steps. At the

?7 See (Fujita, Venables et al. 1999) for a discussion of location attractiveness

% For a thorough discussion of a successful historical case of expansion by integration of immigrants
in an industrial district, see Becattini ((Becattini 1997))
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culture valued the contribution that bearers of new cultures could provide and allowed
these new groups to exploit the possibilities that emerged as a result of the fusion of
different cultures. The final effect was a powerful increase in social diversity, which was

nonetheless socially interacting with the extant social body™.

There i1s a second aspect worth mentioning. The influx of newcomers brought
knowledge and competencies previously unknown in Meadow. Some part of this
knowledge had never found an industrial usage, because it had never before found a
fertile ground. For example, lack of sophisticated customers (with a taste for innovative
products/services), absence of complementary assets®', lack of credit, etc. would prevent
the transformation of knowledge into innovation. All these features, were present in
Meadow in a concentration higher than anywhere else. Meadow was an innovative
milieux™, a place where new ideas had a higher probability of finding complements and
linkages that could spark creativity and innovations. It is a bit like a Lego construction
kit. Having the basic pieces in place allows a certain type of models to be realised, let’s
say a simple box. But, if somebody manages to make wheels, axles, and planks, then a
simple carriage can be realised. Wheels, axles and planks are objects built with simple
Lego pieces, but they perform a superior level function, which no single piece in isolation
can perform. In this way we get a hierarchy of parts, which can achieve progressively
more complex functions. First, single pieces, then, simple subsystems (the wheel) and
then systems (the cart). The combinatorial space of possibility (let’s call it the
grammar’) increases exponentially at each level. A milieux is a place where the

construction of levels of combinatorial complexity has achieved a more sophisticated

30 1t will be a central point of this thesis to indicate that diversity becomes autocatalytic if the diverse
actors do interact with one another. In this case diversity favours the emergence of systemic properties.

3! See (Teece 1987), complementary assets are tangible and intangible assets, such as mass
manufacturing, miniaturisation capability, access to specific knowledge capability, superior logistics,
etc., that may make the difference between two innovators with the same idea

32 see (Castells 2000) for a definition of milieux innovateur

3 The concept of a combinatorial grammar has been elaboratored by Walter Fontana a theoretical
chemist at the SantaFe Institute (in (Kauffman 1995)). A similar concept having to do with the space of
possibilities generated by higher order enabling constraints is in (Juarrero 1999)
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the problem of how to produce this substance was cracked and a production technique
found. The name yoghurt was given to this new substance. The diffusion of yoghurt was

relatively speedy as it was already in demand thanks to its medicinal properties.

This was probably the first case of technology transfer in Meadow. Although the
discovery happened somewhere else (interestingly in a place less developed than
Meadow), yet, yoghurt flourished in Meadow, where the right circumstances were in
place®. One of the effects of location attractiveness was to act as an attractive vortex for
‘dormant’ knowledge. Awakening “dormant knowledge” required a fertile ground where
first diverse technical and market competencies and second presence of innovators™
could act as evolutionary selective forces promoting mutation, adaptation and selection
of product forms. Without those forces yoghurt would have remained confined to a

medicinal household use.

The consequences of the new discovery were multifold. In graph terms, when a new
species is added to the population ecology, a new node is added to the extant network
(Figure 10), with the consequence that new links are generated, whose number is
roughly proportional to the total number of nodes (assuming complete connectivity
amongst nodes). Because links are informational channels, the potential for information
exchanges (and therefore innovation) increases quadratically’’ with the number of nodes.
In short technology transfer acted in a twofold way. Directly, by stimulating innovation,
and indirectly by increasing the structural depth and diversity of the existing network,
thereby creating the conditions for further innovation (as it will be seen in the case of

architectural innovation).

35 “sohat looks like chance may be as much the result of preexisting local circumstances” [Porter,

1991 #412] p.239

3 The field of diffusion of innovation defines innovators as the first sesgment of customers interested
in novelties (see Rogers, diffusion of innovation (Roger 1995))

3" This is known as Metcalfe law (Shapiro 1999)
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time remained circumscribed in Meadow. The continuous iteration of steps, the
progressive modularisation of production, the set of microscopic improvements made the
knowledge available only to the people that possessed the vocabulary and the grammar
to understand that knowledge. And because that vocabulary was tacit, it was very
difficult to replicate. We can consider Meadow as the historical and structural context in

which the single elements of knowledge acquired meaning.

For all the reasons mentioned above the rate of internal competition increased (see

Figure 11).

Now there are in general two ways of competing: to do things better or to do better
things. The result of the internal competition was two fold: it generated a pressure first,
to reduce production costs and keep healthy margins (neoclassical competition); and,
second, to diversify products in order to escape competition by generating new
temporary monopolistic control in market niches (Shumpeterian competition®’). Figure
12 shows what happened in Meadow. The accumulation over time of several modules of
related activities and products within a bundle of technological and product trajectories
created ideal conditions for diversification of products based on the combination of
existing modules. For instance, it did not take long to imagine that a sweeter yoghurt
could appeal to customers that found the taste of yoghurt rather sour and that a potential
endless variety could be generated mixing sugar or pieces of fruit to create a product at
the interface between fruit and yoghurt. Other simple but very profitable innovations
could be generated by mixing existing cheeses with certain fungi that were well known to
confer a particular taste to food to invent blue cheese. Once the gates were opened to
architectural innovation*!, the only limit to experimentation were a) the availability of
modules to be picked and mixed, b) a ready-to-experiment local market, and c)

availability of funding. All were present in Meadow. Architectural innovation became a

“° See (Saviotti 1996). The distinction between rivalry and competition is a further reason behind

the shift to Shumpeterian competition. As (Porac and Rosa 1996) write: “defining rivals is not so
much a matter of overt behaviour as it is one of managerial attention and discrimination”. Co-
localisation provides the necessary cognitive dimension (Boari, Odorici et al. 2001) for rivalry to emerge
from competition

! See (Henderson and Clark 1990). The use we make of architectural innovation is slightly different
from H&C. They point out that architectural innovation is often at the beginning of a new technological
trajectory. Many macro-inventions are therefore based on architectural innovations [Mokyr, 1990 #367]












































































































































































































































































































































































































































































































































































































































































































































































































