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ABSTRACT
Economic growth can be described at the macro level, but it can never be explained at that
level. Economic growth isamatter of experimental creation of avariety of ideas, some of which
result in new technol ogies that are confronted with potential buyers (customers) in dynamic
markets and hierarchies. Thus, economic growth results from the interaction of a variety of
actors who create and use technology and demanding customers. Economic growth isinherently
amicro phenomenon. This processis not linear.

The focus of this paper is on the conditions that are conducive to creation of avariety of
new ideas and on those that are necessary and sufficient for effective and efficient selection and
retention of winners. We refer to the former as atechnological system and the latter asa
competence bloc, combined with an experimentally organized economy (EOE). The confronta-
tion between actors and between actors and ideas gives rise to what we call industrial dynamics.

The paper is organized asfollows. In sections 1, 2 and 3 we outline the main ideas behind
the evolutionary theory of competence blocs and the experimentally organized economy (EOE)
in which macroeconomic growth is generated by experimental selection. A dynamic version of
Marshall’sindustria districtsis used as a pedagogical example to relate our thinking to both
evolutionary economic modeling and to so-called New Growth theory. We then (section 4)
summarize the concept of innovative technological supply or the technological system and
(section 5) present the competence bloc as the organizer of amore or less efficient project
selection process. In section 6 on industrial dynamics we explain how the confrontation between
the creative innovators and economic actors who select projects yields economic growth. We
illustrate the argument with afew case studies. In section 7, finally, micro-to-macro simulations
of endogenous growth based on micro dynamics are presented.

Key words. Competence bloc theory, the experimentally organized economy, innovative
behavior, technological system.
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1. The Nature of Economic Growth - the Problem

Economic growth can be described at the macro level but never explained at that level.
Economic growth is basically a matter of experimental project creation and selection in
dynamic markets and in hierarchies and of the capacity of the economic system to capture
winners and remove losers. Thisis the nature of the Experimentally Organized Economy
(EOE). Expressed differently, economic growth is essentially a matter of the decentralized
endogenous allocation of human or team-embodied competence in the economy. This requires
that each project gets exposed to a maximum of competent evaluation so that (1) potential
winnerswill experience increasing economies to continued search and (2) a selection of
winners together making up a positive sum game is created (G. Eliasson and A. Eliasson
1996, Eliasson 1996,1998c, 2000a, b, 20014, Eliasson and Taymaz 2000). Competence bloc
theory within the EOE explains the nature of the selection. The mass of human embodied
competence and the principles of its allocation on tasks represent a competence memory of

the economy that has to be understood to comprehend economic growth.

Technology and competence are universally acknowledged to be positive growth-
promoting capital inputs in production. However, the concepts of technology and competence
are not well defined and cannot be well defined since their multidimensional character makes
their definition dependent on their allocation, or purpose (Eliasson 2000c, 2001a). For them to
be concretely represented in testable theory, a different approach is needed. The technological
system (Carlsson and Stankiewicz 1991, Carlsson 1995 and 1997) aims at giving technology
and technical competence and the conditions favorable to their creation a concrete
representation in economic theory. Competence bloc theory explains the allocation of the
same competences on tasks valued from the demand/customer side. We have, so to speak a
dynamic demand and supply situation where demand and supply, making standard Walrasian
demand and supply analysis utterly meaningless. However, other factors, notably institutional



ones, are also at work in the economy, exercising the same positive influences. The effects of
new technology and competence on economic growth may be conditional on the existence of
several critical institutional circumstances, which makesit scientifically incorrect to build and
test models of economic growth in which technology exercises adirect (“linear”) positive
leverage on output by prior design. New technology introduced through entry may, in fact, be
wholly contingent upon a number of institutional factors, notably access to competent venture
capital, and above all (see section 7), upon the existence of a viable exit mechanism (Eliasson
and Taymaz 2000). The correct specification is highly non-linear and closer to the Austrian
Schumpeter (1911) than his later linearized (1942) version. Competence bloc theory (G.
Eliasson and A. Eliasson 1996, Eliasson 1997a) and technological systems together create the
non-linear micro-based systems dynamics that explain economic growth. But such industrial
dynamics (a positive sum game) are by definition and design excluded both from the
neoclassical model and from recent linear versions of evolutionary Schumpeterian modeling.
The experimentally organized economy and the embodied theory of competence blocs,
however, grow from experimental selection in markets and hierarchies. We therefore have to
be precise in defining our departure from the linear Schumpeterian model and from the
neoclassical model or the Walras-Arrow-Debreu (WAD) paradigm into non-linear
experimental country. This can be done by beginning with Alfred Marshall who struggled
already in 1890 with the problems WAD theory and 1/0 theory have yet to solve.

2. Marshall on New Growth Theory

Adam Smith (1776) summed up his observations on the industrial reorganization
process that was taking place around him by referring to decentralization of production
(outsourcing), economies of scale and coordination through markets (the invisible hand) as
the determinants of the growth of the economic wealth of nations. Adam Smith’s theory
constituted an open-ended system (Loasby 1991) with an “infinite state space.” He was
satisfied with having a dynamically coordinated and growing (value creating) economy and
hence made no distinction between equilibrium and stability (Eliasson 1983, 1992). Smith
had no need for static equilibrium. Walras (1772) closed the system by imposing market
clearing. Thiswas aremarkable intellectual achievement in itself, but it removed economic

theory from a previously solid empirical footing. It also created "new” theoretical problems,



above all how to handle the increasing returns everywhere visible, when theory demanded

decreasing returns in order for an interior equilibrium to be reached.

Marshall (1890, 1919) was frustrated by that incompatibility between facts and theory.
His solution was to create the concept of a positive externality in the form of an industrial
district (Eliasson 2001a). Individual firms experienced decreasing returns when increasing
oneinput, ceteris paribus. But the decreasing returns effect could be overcome by joining an
industrial district and there enjoy a positive systems (synergy) effect, a positive externality.
This positive systems effect from the industrial district is closely related to the notion of
technological spillovers (Eliasson 1997a).

Marshall’ s endeavors were not appreciated by his contemporaries, especialy when he
continued insisting in Industry and Trade (1919) that economic theory had a problem with
reality. Sraffa (1926) attempted to argue the problem away. Y oung (1928) agreed, saying
essentially that Walrasian theory was useless when it came to explaining and understanding
dynamics. Hicks (1939) looked down from his academic pinnacle and ssimply stated that such
heresy was not to be alowed (for a survey see Laestadius 1999).

In Marshall’ s view, output at each point in time was limited from above by the invisible
competence or systems capital of the entire industrial district, a knowledge capital that could
only be raised slowly, and at rapidly decreasing returns (Eliasson 1989, in Carlsson 1989) to
investments in building such systems knowledge capital. In today’ s language this could be
seen as an early theory of spillovers (Eliasson 19974, in Carlsson 1997) or a modern micro-
based version of (now old) new growth theory. Romer (1986) used exactly the sameideain
his macro new growth model (bu without citing Marshall) when he introduced a systems
competence capital, an externality in atraditional neoclassical growth model. Also, in Romer
(1986, 1987, 1990) and in Lucas (1988) an interior static equilibrium was achieved by

postulating rapidly diminishing returnsto learning or accumulating the externality.

The world of the EOE is more in the tradition of Marshall than that of the static macro
world of new growth theory. New growth theory can be seen as a statistical measurement
design of our model and of Marshall’s model, in the sense that data being generated by a
model of the EOE would also be compatible with a macroeconometric model of new growth
theory. The explanation of the same growth data would, however, be entirely different (see
below). Only the EOE is based on Schumpeterian dynamics in the way he saw it himself
through histhen (1911) Austrian eyes. But in order to capture the dynamics, we need to



specify both the demand side (the selection process) and the supply side, where and how new

ideas and technologies are created, and the confrontation of the two dimensions.

3. TheDynamicsof the Experimentally Organized Economy

The experimentally organized economy rests on the assumption of an enormous state
space (set of technical possibilities) that (1) is completely non-transparent to all actorsin the
model economy including central Government, (2) includes business solutions that are far
superior to al known business solutions (Eliasson 1998a, 2001a), and (3) features a set of
business opportunities that is constantly expanding through learning or search into it, and (4)
constantly leads to business mistakes. Here we talk about the Sarimner effect, recognizing the
pig from the Viking sagas that was eaten for supper, only to return next afternoon, to be eaten
again for supper (Eliasson 1987, 1992). The only difference is that the business opportunity
set expands from being exploited. We have a positive sum game. The expansion of the

business opportunity set is supported by innovations from the technological systems.

The assumptions of the vast and completely non-transparent opportunity set sets the
theory of the EOE apart from the neoclassical or Walras-Arrow-Debreu (WAD) model
(Eliasson 1992). The WAD model state space is small and fully transparent by assumption.
Agents make no business mistakes by assumption. Even the central planner can do hisjob
without making an error, by assumption. But when the technical possibility set is virtually
unlimited, the identification of technical possibilities and their conversion into business
opportunitiesis beyond explicit human analytical faculties. Once technical possibilities are
identified, they can form the core of atechnologica system. This requires an organization of
knowledge as well as of human beings, or groups of human beings with embodied (tacit)
competences. The identification and exploitation of business opportunities arising from these
technical possibilitiesis done within what we call a competence bloc. Asindividuals or
organizations they will be making business mistakes, and that holds for the government as
well. But they will all learn, create competence and use competence. How that competenceis
created and allocated needs to be incorporated into the analysis. The only thing we know for
sureisthat, however well all actors do their jobs, there will always be better but unknown
ways to do the same job.

To formulate the theoretical framework, we consequently have to break up the very

foundation of the neoclassical model. We then arrive at the model of the EOE in which actors



are compelled by each other to act in order not to succumb to competition, and in which
growth occurs through experimental project selection. There competence bloc theory is
needed to understand the nature of that selection. Very little change, indeed, is needed to
|leave the WAD model and arrive in the EOE world.

The Knowledge-Based Information Economy

Wefirst introduce the notion of a knowledge-based information economy where
extreme quality variation characterizes demand (Eliasson 1990b, 1996). This allows usto
establish the empirical foundation for a state space (of our model) of such enormous
dimensions that (almost) al actors become grossly ignorant even of (for them) relevant
circumstances. This change in assumptions for our analysisis basic in that it removes the
theoretical possibility of both optimizing and maintaining the assumption that ex ante plans
equal ex post outcomes (Eliasson 1992). The empirical relevance of the changein
assumptions is documented by demonstrating that the use of resources for information
processing and communications by producers “to find an equilibrium” (assumed to be zero in
the WAD model or approximately so in most 1/O models) dominates resource use in the
normal business firm (Eliasson 1984b, 1989, 19904, b). This means that business decisions
will have to be seen as more or less well prepared (business) experiments that often fail. There
will be no such thing as an external equilibrium to look for. We are in the model of the EOE,

where growth occurs through experimental selection.

The Experimentally Organized Economy

The theory of the EOE is an aternative to the Walras-Arrow-Debreu model (Eliasson
1992). The main difference between the two is the assumed size of state space. It is assumed
to be extremely small and sufficiently transparent for actors to identify all optionsin the
WAD model. It is extremely large and non-transparent in the EOE. The EOE thus embodies
the experimental nature of a viable market economy. It hasits roots in the Austrian economics
of Carl Menger (1871) and further elaborations of Schumpeter (1911), but before he * became
linearized” (1942). The EOE features economic growth through experimental creation and
selection of innovative projects in markets. The policy makersin the EOE constantly face the

problem of efficient exit, i.e., forcing badly managed incumbents or new losers to exit without



also forcing winnersto exit. Thisisatypical (dynamic) efficiency problem. In stylized form

we can talk about the Schumpeterian creative destruction process asit is presented in Table 1.
(Table 1 in about here)

The following analysis allows us to “derive’ the growth model in Table 1. The performance
characteristics of an agent (e.g., in terms of profitability or productivity) can be ranked in each
market asin the Salter curves of Figure 1. Superior firmsto the left can beat lower down firms
in hiring people, buying components, lowering prices or acquiring firms. The challenged
firms know this and have to act to improve their situation, thus challenging the (temporarily)
superior firm. All incumbents are challenged by new entrants, and challenged firms that
cannot cope with the situation are forced down the curve, eventualy to exit at the lower right
hand corner. Competition is endogenous, forcing organizational innovative behavior as
represented by the four categories of Table 1 of Schumpeterian Creative Destruction (see
further Eliasson 1996, p. 45, 1998a, 20014).

If society is*“efficiently” organized and equipped with the right institutions and
incentives, this dynamically competitive process of experimental selection will lead to
macroeconomic growth through the outward shifting of the Salter curves. But the built-in
(endogenous) competition could also lead to contraction and exit. The problem for the policy
maker is to organize institutions such that winners are retained and losers forced to release
resources, notably labor, to the growing firms. This dynamic turns exiting losersinto growth
promoting factors (Eliasson, Johansson and Taymaz 2001). Hence, the efficiency of the

selection becomes important.

Dynamic efficiency in the EOE can be characterized by the capacity of the economic
system to minimize the economic consequences of two types of errors; not to keep losers for

too long and (most important) not to lose the winners (see Table 2A).

The solution is a matter of organizing diverse and distributed competencesin the
economy such that each project is exposed to a maximum of competent and varied evaluation.
We use competence bloc theory to analyze this situation (G. Eliasson and A. Eliasson 1996).
Before we get there we have to look at the nature of the supply of innovationsto be filtered

through the competence bloc, i.e., at the markets for innovation.

(Tables 2A and B in about here).



4. The Supply of Innovations—the Technological System

Technology constitutes the core of atechnological system. Whereas a competence bloc
isdefined in terms of its output, technological systems are defined in terms of technology.

Technological systems are the systems frameworks that support the supply of innovations.
There are three dimensions to technological systems:. (1) a cognitive dimension defining
the clustering of technologies resulting in anew set of technological possibilities, (2) an
organizational and institutional dimension capturing the interactions in the network of actors
engaged in the creation of these technologies, and (3) an economic dimension consisting of

the set of actors who convert technological possibilities into business opportunities.

Design Space — the Cognitive Dimension of Technological Systems

The concept of “technology” is notoriously ambiguous. The term connotes the sum total
of intellectual resources necessary for the production and distribution of goods and services.
Technology is knowledge, but it is distinctly different from other forms of knowledge, such as
science. As a cognitive system, technology has a structure, albeit one that continues to be
poorly understood.

Technology can be interpreted as a set of combinatorial design spaces formed by
clusters of complementary technical capabilities (Stankiewicz 2001). Design spaces undergo
constant evolution. We can distinguish between three modes of technological growth

(accumulation) in the design spaces.

» Theexpansion of the space through the addition of new capabilities or clusters of

capabilities (asisthe case in technological fusion);

* The progressive integration and structuring of the design spaces through the co-evolution

of its various elements;

* The accumulation of application-specific know-how linked to the evolutionary trajectories

of particular artifacts, such as, for instance, aircraft.

Our definition of technology highlights the combinatorial character of innovation. Of
course, the emergence of new technological clusters or the transformation of existing ones can



be initiated by a particular technical break-through. Thus, in the case of “new” biotechnology,
the triggering events were Watson and Crick’ s discovery of the double helix or the DNA
structure and how it is used in the cells and the consequent development of a series of
techniques around the mid-1970s, such as recombinant DNA and monoclonal antibody
techniques (Eliasson, A. 2001). However, the growth and expansion of a design space and,
with it, of the technological opportunity set, usually requires that such novelties be integrated
within awider cluster of competencies. Thus, biotech is merging with laboratory technology,
computer technology, agricultural practices (Eliasson, A., 2001), as well as health care
(Eliasson, G., 2001c) in avariety of new combinations. Hence, the boundaries and
characteristics of technological systems originate in various design spaces that grow, mature,
subdivide and/or converge. As aresult, new technologica possibilities emerge, some of which
constitute business opportunities. The current explosion of business opportunitiesin the
computing and communications industry can be explained by the special enabling features of
digital technology (Eliasson 1980, 1996), a subset of which constitutes computing and
communications technology. But before we explore the dynamics of the formation of

technological systems we need to consider the organizational dimensions of the system.

The Organizational and Institutional Dimension

A second dimension of atechnological system is the network of actors who embody
the system. It consists of all individuals who contribute to the growth and structuring of the
design space in question. These individuals are spread across a variety of organizations:
companies, universities, other R& D and educational organizations, public bureaucracies,
industry organizations, and so forth. They include inventors, researchers, engineers, managers
and bureaucrats, proselytizers and critics, and many others. Such technological communities
support the formation of problem-solving networks, and, hence, also innovation. Asthe
design space changes (and with it the supporting knowledge base), the relevant actors and

networks also change.

These technological communities provide the basic social matrix that encourages or
discourages the formation of effective problem-solving networks. Their members are linked
by avariety of relationships including shared organizational affiliation, professional links,
buyer-supplier relationships, social ties, etc. These linkages determine the R& D agendas of
different actors and the patterns of communication, collaboration and competition among

them. Their strength and density depend on the geographic location of the actors, their



ingtitutional affiliation, the economic incentive regimes under which they operate, cultural
factors, and so forth. They can be influenced by various deliberate policies such as the
creation of appropriate bridging institutions, employment policies, or communication policies.
Indeed, one of the main aims of technology policy is to promote the growth and interactivity
within these actor networks.

The properties of the actor networks forming technological communities are closely
correlated with the properties of the design spaces. As technical knowledge grows and the
design spaces evolve, the processes of problem solving, knowledge creation, information
storage and transfer all undergo changes that often require new organizational and
institutional forms. Particularly important are those changes which redefine the boundaries of
the design space. They may be brought about by radical advancesin a particular region of a
single design space or by the “fusion” of two separately evolved design spaces. In either case

they call for the formation of new actor networks and organizations.

The Economic Dimension

Thereis athird dimension of technological systems — the actors who convert technical
possibilities into business opportunities. Each set of technical possibilities can giveriseto a
variety of business opportunities. Each set of business opportunities can be exploited in a
different market. Thus, to the extent that a generic technology (such as biotechnology) which
forms the core of atechnological system creates business opportunities in several markets
(e.g., biomedicine and agriculture), it may be associated with economic actors in several
different arenas. We refer to the economic actorsin a particular arena (such as health care
services) as a competence bloc.

The primary function of atechnological system isto organize technical knowledge
and the actors who embody this knowledge, as well as organizations and institutions
supporting the creation and diffusion of knowledge, in such away as to promote the
conversion of technical possibilities into business opportunities. The effectiveness and
efficiency of this conversion process depends on the economic actors in the competence bloc

or blocs associated with the technol ogy.

The technological system is based on the early notion of “ development blocs’
(Dahmén, 1950, 1989, Carlsson and Henriksson 1991). Development blocs are created by
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emerging resource complementarities which give rise to structural tensions in an economic

system — at national or regional level. Effective innovation and economic growth depend on
the ability of economic actorsto resolve these tensions by exploiting the complementarities
through entrepreneurial action. The end result is a development bloc of mutually reinforcing

economic activities.

5. Selection in the Market: Competence Bloc Theory

In the vast and non-transparent business opportunity set of the EOE, even very
competent actors are grossly ignorant of for them relevant circumstances, not only of the
supplies of radically new innovations (the technological system) but also of the competence
and strategic actions of competitors. Business mistakes become a normal outcome of the
experimental selection process, and the efficiency of that selection becomes a core problem
both for the firm and for the economy at large.

Competence bloc theory deals with that efficiency problem. It is defined by the
(minimum) set of functions, performed by actors with competence needed to minimize the
negative economic consequences of the two kinds of business mistakesin Table 1A. The EOE
recognizes tacit competencies. The competence bloc is atheoretical design that allows usto
deal with the efficient organization of decentralized tacit knowledge without specifying the
content of knowledge except by function and to some extent by carrier. One could, therefore,
say that a competence bloc also defines the minimum set of actors needed to develop an

industry.

At this stage of our presentation two actors dominate the scene: the customer and the
innovator. The customer represents the demand side and is the ultimate arbitrageur in a
mar ket economy. The innovator represents the supply side of new technology. Industrial
dynamics occurs when the two meet directly or through their representative intermediariesin
the markets.

We have, at the top of thelist (item 1; Table 2B), the competent customer who defines the
maximum degree of “sophistication” of the project for which the most advanced customers
arewillingto pay.DThe competence bloc incorporates the Burenstam-Linder (1961) idea that

advanced customers constitute a comparative advantage for the rich industrial countries. The

! It should be noted that the customer here is assumed to know what the desired product is and

what its desirable features are.
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customer often contributes directly to product technology in the purchasing of advanced
products such as aircraft, where the user may be as technologically knowledgeable as the
producer. The normal situation, however, is that the customer chooses between different
product offers. Heterogeneity in the supply of innovative new products and arich supply of

competent customers with varying tastes, therefore, isimportant for technological advance.

The innovator (item 2) is defined to be the actor who combines new and old
technol ogies into new composite technol ogiesi':,I to be selected by economic (profitability)
criteria by the entrepreneurs (item 3). As mentioned already, innovative technology supply in
item 2 establishes contact with the technological system of the previous section. The
innovator should be defined in theory as a technologically competent actor, even though
he/she in practice may act also in the capacity of an inventor and an entrepreneur. The
dynamics of the markets for innovation are to be found in the intersection of the technological
system and the innovation item in Table 2B. This intersection with the competence bloc is the

focus of the analysis of the next section.

The entrepreneur, in turn, normally needs external financing to move expected winners
on, and that financing has to be associated with the competence needed to understand the
entrepreneurial selection. Otherwise the conditions will be so tough asto leave little or
nothing for the innovator and the entrepreneur (G. Eliasson and A. Eliasson 1996, Eliasson
1997b). The competent venture capitalist (item 4) selects the winning entrepreneurs. The
venture capitalist, however, needs alarge and viable exit market (item 5) to unload his stake
profitably, at an appropriate time. If areal winner is moving through the competence bloc, the
next step is for acompetent industrialist (item 6) to take over and move the project on to
industrial scale production and distribution. Apparently, all later stages (actors in the
competence bloc) are important for establishing the incentives to act at earlier stages. If the
competence bloc is not vertically complete, the risks are large that even winners will “ get
lost”.

But vertical completenessis not sufficient (Eliasson 2001a). One actor of each does not
guarantee a varied and competent project evaluation. Many of each with greatly different

competences are needed. Only when vertical completeness and horizontal variety are in place

2 Thisisthe definition of Mises (1949), We prefer that to the more unclear definition of
Schumpeter, who allowed our innovators and entrepreneurs to mix. We want the term to apply to the task or
function. Our definition is therefore the appropriate one in atheoretical context, even though the innovator and
the entrepreneur in reality may be one and the same person.



12

can potential winners confidently pursue their search. Increasing returns to continued search

then prevail and the risks that winners may get lost are minimized.

Thus, competence bloc theory is sufficient to demonstrate not only the critical role
played by competent venture capitalists and exit markets to identify and move winnersin new
technologiesto industrial scale production. It also demonstrates the need for variety or

heterogeneity (Eliasson 1984).

A large company internalizes more or less the various functions of the competence
bloc, notably venture financing, the exit markets and the industrialization process. It does that
by reducing variety in the selection process, because innovative variety disturbs the static
efficiency of alarge hierarchy (Eliasson 1976). The distribution of internal firm activities over
a competence bloc therefore offers an organizational solution by combining the innovative
creativity of the small entrepreneuria firm with the static efficiency of the large volume

producer (G. Eliasson and A. Eliasson, 2000).

Innovative Supply

The nature of innovative supply, notably of radically new innovations, has been the
subject of both scholarly study and intellectual controversy. Some would argue (as did
Schumpeter 1911) that innovations are by definition beyond analytical understanding. They
enter the stage of economic activity as an unpredictable deus ex machina. Thisisthe basic
notion of our analysis. However, once atechnical possibility has been identified,
technological systems and competence blocs are designed to be helpful tools in analyzing how
that technical possibility is converted into business opportunities and economic growth. The
greater the receiver competence (Eliasson 1986, 1990a) or absorptive capacity (Cohen and
Levinthal 1990) in the system, the greater is the chance that opportunities will be identified.

Later, when he was established in the U.S. academic world, Schumpeter (1942)
modified his view on innovative activity, alowing for a one-to-one linear (sequential)
relationship between R& D investments and innovative output. This opened the door for
Schumpeterian R& D-based innovation production functions, which brought Schumpeterian
analysis uncomfortably close to neoclassical production-function based “growth theory.”
Mainstream economists have seized this opportunity to build so called neo-Schumpeterian,
almost neoclassical innovation supply models. New growth theory belongs here and it isin
many respects close to the innovation systems approaches.
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By placing the technological system in the model of the Experimentally Organized
Economy (EOE) we break the sequential approach. It means, in fact, that we are taking the
Nelson — Winter (1982) evolutionary model back into the original Darwinian environment of
Winter (1964).

For the purpose of thisessay it is sufficient to ook at the creation of radically new
innovations as a more or less random creation of “mutations’ (asin Winter 1964, or Winter
1986) or asimilar process supported by genetic learning mechanisms as in Ballot and Taymaz
(1998).

The dynamics of the EOE, hence, represents a theory of micro based endogenous
growth. The same process of economic growth is also represented on stylized form in the
Swedish micro-to-macro model or the MOSES model economy. The generalized Salter
(1960) curve dynamics of the Moses model economy (Eliasson 1991a) makesit possible to
present EOE dynamics in quite concrete language and explicitly relate it to macroeconomic

growth (seefurther section 7).

6. Industrial Dynamicsand the Marketsfor Innovation

The defining characteristic of the technological system is the technology at its core;
this technology may change over time as the underlying design space shifts. Thus, the
technological system views the innovation process primarily from the (technology) supply
side. The core technology may be manifested in avariety of products. For example,
biotechnology is applied in pharmaceuticals as well as in agriculture, food industry, and
possibly many other industries, including the forest industry. Each of these industries uses
biotechnology as one among several technology inputs. For example, the pharmaceutical
industry uses technologies originating in other knowledge areas, e.g., chemistry, chemical
engineering, and mechanical engineering, in addition to biotechnology. Thus, there is not
necessarily any one-to-one correspondence between atechnology and a particular product or
product area. Indeed, the application of atechnology may not at all bein the area originaly
envisioned by the innovator but in an entirely different areainstead.

If we view the innovation process from the demand or product (competence bloc) side
instead, we may find that the end product (say, delivery of health care services) is made up of

awhole range of components, each dependent on a different technology or set of technologies
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(and supporting technological systems). Diagnostic instruments, pharmaceuticals, and medical
supplies are examples of such componentsin the delivery of health care services.

This means that at any moment there is competition among technologiesin each
product area. A knowledge breakthrough may shift the design space for a particular
technology and lead to a reconfiguration of the product range based on that technology (new
products entering and others exiting). Whether or not this leads to a different menu of
products being offered in the market depends on the next step in the innovation process.
Innovators may now enter the process, combining and integrating the new technologiesin
various ways, each perhaps identifying different potential markets and customers. The same
idea may have potential application in several product areas simultaneously — or none at all.

Thisiswhere the supply and demand sides mest, if indeed they meet at al. Before a
product is offered in the market, it must be identified as a potential winner. Thisisthe role of
the entrepreneur who must also find the resources (management, finance, etc.) necessary
successfully to commercialize the product.

Thus, there is selection going on both within and among technologies and the
supporting technological systems. Innovators select and combine technologies into products.
The result of this selection processis a potentially marketable product or set of products. Then
the market selection takes place within the competence bloc, one for each product market.
The technological system and the competence bloc overlap in that they have some actorsin
common. The interface is where an innovator finds a potential application of atechnology (a
product) and isidentified as a potential winner.

The technological system supplies a variety of innovative technologies to be subjected
to the entrepreneurial selection process in the competence bloc and guided over financial
market by customer (demand) signals. In the intersection of the technological system (item 2
in Table 2B) and the entrepreneurial selection process (item 3) a market for innovationsis
established that selects winners to be moved on through the competence bloc to industrial
scale production and distribution.

Many, perhaps most innovators do not fare well in this sorting but are forced to exit at
an early stage. Others fare better, but their fate depends on their business plans being accepted
and understood by the financial actors and — if winners —moved on by industrialists who have
the receiver competence (Eliasson 1986, 1990a, Cohen and Levinthal 1990) to efficiently
convert them into volume production and distribution. This last function also often fails due to

deficient (receiver) competence. (For example see Eliasson 1980, 2000c).
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The competence applied to individual projects during this filtering determines whether
winners are selected and moved on and losers forced to exit. But competenceisonly a
necessary, not a sufficient requirement. Incentives have to be in place to make winners willing
to invest and grow and competition to force them to do so and push losers down and out. This

isamatter of the existence of the right institutions.

The Role of Institutions

The important role of institutions of the EOE is to convert the creative destruction
process of Table 1 into a positive sum game of growth. Thisis partly a matter of positive
selection of winners, the allocation of resources on winners, and the withdrawal of resources
from losers such that they stop growing and /or exit (necessary conditions). It is also a matter
of the existence of incentives and competition that create and orient economic actorsin their
search for profit (Eliasson 2001a). Winners have to be concerned about creating and capturing
the potentia rents from thelr competence and/or avoid being outcompeted by other actors.
Hence, exit and stagnation among the losers are a positive contribution to growth (see
Eliasson and Taymaz 2000, and Eliasson, Johansson and Taymaz 2001).

Only when winners are (1) efficiently selected and (2) inclined to invest and grow and
(3) the system allocates resources to finance their investments will growth occur. Thisisa
matter of the nature of institutions (a) supporting incentives (for winners) to invest and grow
and to (b) enforcing competition (Eliasson 1998a, 2001b).

Industrial Dynamics

The confrontation between technological possibilities and the market opportunities
follow the creative destruction process of Table 1. Radically new innovations are normally
carried by new entrants (item 1 in Table 1) together representing (in each market, competence
bloc) an unsorted supply of losers and winners. The spread in business potential is, therefore,
much larger than among incumbents. Some winners, therefore, subject incumbents to
competitive pressure (they enter from the left in the Salter curve in Figure 1), the more so the
more active the entrepreneurial entry process, and force them to reorganize or contract or
leave. This process defines the industrial dynamics of an economy. Such dynamics can be
successful or fail in moving economic growth or create a new industry. The general

microeconomic story of “truly” endogenous economic growth will be told in the next section.
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It will explain the critical importance of non-linearity in a Schumpeterian growth process,

notably the positive role of exits.

Here, we will tell (in the form of cases) the story of two failed and one immensely
successful technology that nearly failed. They are (1) the emergence and disappearance of a
Swedish computer industry (Eliasson 1998, 2001b), (2) the failed development of a business
information systems product within Ericsson (Eliasson 1995, 1996, pp. 196 ff) and (3) the

accidental success of Ericsson’s mobile telephony business.

Thefirst story is simple. Saab, the Swedish manufacturer of automobiles and military
aircraft, was far ahead of its European competitors and not more than a year behind Control
Data, Philco, GE, Remington Rand, Honeywell and IBM in the U.S. in developing afully
transistorized computer in 1958/1959. This was an accidental spillover product developed for
internal use within Saab, but it was fast adopted for the market. While Saab was a superb
technological leader in Europe (constituting, in effect, the core of the technological system for
transistorized computers in Sweden), it lacked the supporting market competences of the
competence bloc that was in place in the U.S. market.

The struggling Saab computer company (DataSaab), employing some 3000 people, was
picked up by Ericssonin 1981 in its failed attempt to enter, together with some 40 other firms,
the in fact non-existent market of business information systems. Again, the reason for failure
was the narrow internal evaluation and project selection process in the many large companies
entering that market in the early 1980s. This selection was based on technical rather than on
market criteria. The competence bloc had been internalized within the company, providing a
very narrow evaluation process, not exposing the projects to all the competences needed to
orient the selection commercially. Thus, in spite of a promising technological base, the

competence bloc failed at an early stage (Eliasson 1996, chaptersV and VI).

The top-level managerial focus in Ericsson on the business information system as the
future winner almost turned both Ericsson mobile telephony and the whole company into a
casualty. No understanding of radio telephony existed at the top management level of
Ericsson. In order to support its big venture into the business information systems market,
Ericsson had acquired almost the entire Swedish computer and software industry. There was
insufficient variety of actorsin the competence bloc to support radiotel ephony and to filter out
the business information systems venture in time. Thanks to the persistence of an internal and
suppressed intrapreneur within Ericsson, working at afairly high level on the basis of a

hidden defense account, and the keen interest of its main customer (the Swedish
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Telecommunications authority, now Telia), Ericsson was prepared (by accident) when mobile

telephony suddenly emerged as a winning technology during the second half of the 1980s.

Variety of competence in the competence bloc to support efficient selections, and
completeness of the competence bloc to move the winner to industrial scale production and
distribution appear to be key to growth. When Ericsson top management finally understood
that they had awinner, vertical support through the competence bloc immediately clicked in.

7. Micro-Based Macro Analysis—Model Simulations

Competent actors evaluate the projects created in the technological (innovation) system
and attempt to efficiently eliminate losers without losing the winners. The rate at which
winners are moved up through the competence bloc and are willing to invest and grow
depends on the incentive and competition determining institutions of the economy. This
growth dynamics is quantitatively demonstrated in two simulation studies on the MOSES
economy (Eliasson and Taymaz 2000), Eliasson, Johanson and Taymaz 2001) which isa
model approximation of the theory of EOE. These simulationsillustrate the critical
importance and large magnitudes of non-linear systems effects in a dynamic economy (the
positive sum game). They also demonstrate how the same positive systems effects of
innovative new technologies can be more or less completely eliminated if institutions are not
supportive, and how the generation of long-term positive or negative macroeconomic effects
from minor accidental occurrences (like policy making) are completely beyond the
understanding and control of policy makers. We show that if the exit process and mobility in
the labor market is not supported and encouraged by appropriate institutions in the market, the
positive macroeconomic effects of new innovative entry may be completely eliminated. The
large negative macroeconomic effects of containing the exit process and locking in resources,
notably labor, through industrial subsidies were clearly and quantitatively demonstrated by
simulation on the MOSES model economy already in the 1980s (Carlsson, Bergholm,
Lindberg 1981, Carlsson 19834, b).

As mentioned already, the productivity distribution over firmsin Figure 1 givesa
snapshot of the structure and dynamics of the MOSES model at a point in time. Firms along
the whole curve are threatened by their ” superiors’ or by new entrants. If thiswere al, and if
superior firms never made mistakes, the Moses model would eventually suffer the
Schumpeter (1942) syndrome, one superior firm eventually dominating its market. All other
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firms would be forced to exit. Thisis exactly what happens in simulations without entry on
the MOSES model (Eliasson 1983, 1984). Dynamics does not disappear, but the model
economy crashes. But if innovative entry is allowed (Eliasson 1991b, Eliasson and Taymaz
2000), all incumbent firms will be threatened, and the more inferior they are compared to top
of the line entrants, the larger the incentives for innovative entry. Empirical evidence indicates
that entrants on the average perform less well than the average of incumbents, but the spread
ismuch larger. Over time, hence, the radically superior technologies are introduced into an
economy through new entry (Eliasson 1991b, Eliasson and Taymaz 2000). Incumbent firms
are forced to respond through reorganization and/ or rationalization. Pure rationalization is
usually the last step taken before death or exit. This defines the Schumpeterian creative
destruction process of Table 1 which is composed of four categories of competitive action of

firms, each involving an instance of investment or disinvestment.

Eliasson and Taymaz (2000) demonstrate that if there are no or only small positive
effects of raising labor mobility or the exit rate, everything else the same, only disorderly
market activities follow, frequently lowering long-term output growth. However, if entry is
raised through appropriate institutional arrangements, but |abor market mobility remains low
and/or exits are slow, the positive long-term growth effects of entry are eliminated. Resources
arelocked in and factor prices raised, making growth investments less profitable across the
economy. Thisisatypical non-linearity in the economy instituted through the institutions
supporting the competence bloc. These results are further elaborated in Eliasson, Johansson
and Taymaz (2001) who show that an overly speedy firm turnover process can disturb the
market information system, causing unreliable price signaling, leading to more frequent
business (selection) failure and less growth. We have again atypically non-linear relationship
between innovative supply and macroeconomic growth. There is a positive relationship that
turns negative when firm turnover exceeds certain levels, and, notably, is not supported by a

concomitant and efficient exit process.
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Tablel. Thefour mechanismsof Schumpeterian creative destruction and economic

growth

1. Innovative entry

enforces (through competition)
2.  Reorganization
3. Rationalization

or

4.  Exit (shut down)

Source: “Foretagens, institutionernas och marknadernas roll i Sverige”, Appendix 6 in A. Lindbeck (ed.), Nya

villkor for ekonomi och politik (SOU 1993:16) and G. Eliasson (19963, p. 45).

Table2A. The dominant selection problem
Error Typel: Loserskept too long

Error Type II: Winners rejected

Source: G. Eliasson - A. Eliasson, 1996. The Biotechnological Competence Bloc, Revue d’ Economie
Industrielle, 78-4°, Trimestre.

Table2B. Actorsin the competence bloc

1. Competent and active customers

2. Innovators who integrate technologies in new ways

3. Entrepreneurswho identify profitable innovations

4. Competent venture capitalists who recognize and finance the entrepreneurs
5. Exit markets that facilitate ownership change

6. Industrialists who take successful innovationsto industrial scale production

Source: G. Eliasson - A. Eliasson, 1996. The Biotechnological Competence Bloc, Revue d’ Economie
Industrielle, 78-4°, Trimestre.



Figure 1. Labor productivity distributions (Salter curves) in Swedish Manufacturing
1983 and 1990
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