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Abstract

The subsequent two parts give a precise overview of a new and transdiscipiinary perspective 
for the study of "knowledge based processes” in a wide variety of domains, including natural 
science fields and social science areas. The new approach which runs under the label of an 
“epigenetic research program” (ERP) is able, so the core message, to capture the 
evolutionary development patterns of the socio-economic and the socio-cultural world. This 
achievement is brought about through the construction of a conceptual, theoretical and 
modeling apparatus of sufficient transdiscipiinary generality and through the separation of 
two different levels, namely of ERP-meta-levels on the one hand and ERP-levels of 
application on the other hand. Meta-level elements are characterized, above all, by their 
transdiscipiinary status, being not linked to any particular type of application domain, whereas 
building blocks at application levels are clearly connected with special features in natural 
science or social science domains.

With respect to the set of two consecutive articles, Part I presents a general summary of the 
ERP-perspective and Part II is devoted to a set of ERP “transfer modules” mainly for the 
evolution of modern societies and their knowledge bases.

Zusammenfassung

Die zwei Artikel in diesem Heft geben eine konzise Übersicht zu einer neuen, 
transdisziplinären Perspektive für die Analyse "wissensbasierter Prozesse" innerhalb der 
unterschiedlichsten Bereiche in den Natur- und Sozialwissenschaften. Dieser neue 
Approach, der unter dem Namen "epigenetisches Forschungsprogram" (ERP) läuft, 
ermöglicht es, so die zentrale Botschaft dieses Reihenheftes, evolutionäre 
Entwicklungsmuster der "sozialen Welt” -  in ihren sozio-ökonomischen oder sozio-kulturellen 
Seiten -  einzufangen und zu identifizieren. Dieses neuartige Leistungspotential erschließt 
sich durch den Aufbau eines konzeptionellen, theoretischen wie modellmäßigen Apparats 
von transdisziplinärem Geltungsbereich und durch die Differenzierung in zwei Ebenen, 
nämlich in einen theoretischen, modellbezogenen wie einen generellen anwendungs­
orientierten transdisziplinären Bereich und in Transfermodule sowie Datenfelder, welche 
einzelnen Diszipiinfeldem zugeordnet werden können.

Und hinsichtlich der Aufteilung der zwei Artikel offeriert der erste Teil eine Übersicht zu den 
einzelnen ERP-Bausteinen und der zweite Teil ein Set an "Transfermodulen" speziell für die 
Analyse der Entwicklung moderner Gesellschaften und ihrer so vielfätig gewordenen und 
weit verteilten Wissensbasen.
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Introduction: Towards Evolutionary Social Sciences

Theories of evolution have become widely distributed over a very large number of disciplines 
mostly in the natural sciences, covering, moreover, some of the "hottest topics” within the 
current science domains like "morphogenesis", "cognition and adaptive learning", "artificial 
life" or "genetic engineering". A hostile take-over attempt from the genetic part of the 
evolutionary field to the social domains in the format of "sociobiology" has been highly 
unsuccessful both with respect to the explanation of social behavior and with respect to the 
reception within the social sciences, especially from anthropology or sociology. But in recent 
years, evolutionary considerations and frameworks have crossed the traditional confines 
which, so far, separated the social from the biological universe. In this manner, evolutionary 
economics has become by now a major strand within the social sciences, broadly conceived. 
Likewise, evolutionary management and organization theory has achieved a remarkable 
progress. Similarly, urban and regional science has become well-equipped with evolutionary 
modeling. In this spirit, the present paper attempts to pursue two different goals.

First, a very brief summary will be presented on a new research program, which runs under 
the heading of ERP -  the epigenetic research program. This framework introduces a new 
basic vocabulary and attempts to function as a meta-theoretical framework applicable to a 
wide range of scientific domains in the natural and in the social sciences. One of the five core 
ingredients of the ERP-framework consists in classes of so-called transfer modules which 
bridge the gap between the meta-theoretical program and its disciplinary applications.

Second, a comparatively large number of transfer modules for a new type of an evolutionary 
macro-social science will be built up, demonstrating the cognitive fruitfulness of the ERP- 
perspective for the study of societal evolution. Here, a set of new tools on spatio-temporal 
boundaries as well as on development patterns will exhibit a series of co-evolutionary 
movements and trajectories at the global, national or regional level. Moreover, these new 
development visions are clearly of a Neo-Polanyian character, justifying, thus, the general 
heading of "Great Societal Transformations".

Third, the new architecture for modern knowledge societies will reveal, additionally, a new 
relationship between the co-evolution of societies and their knowledge bases, integrating, 
thus, traditional strands in the "sociology of knowledge" fields with macro-sociology.

In this manner, both the scope and the fruitfulness of the epigenetic program will become 
more transparent. Moreover, due to the precise character of the overall ERP-presentation as 
well as to the well-defined status of macro-societal ERP transfer modules, it might well be 
that a new hot topic is added to the already long list of widely debated evolutionary problems.
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PART I: THE EPIGENETIC RESEARCH PROGRAM 
(ERP): BASIC BUILDING BLOCKS

Referring to a large amount of contemporary theorizing in the philosophy of science field 
{Donovan, Laudan and Laudan 1988, Stegmüller 1981, Sneed 1991, Balzer, Moulines and 
Sneed 1987), It seems reasonable to demand that any transdiscipiinary research program for 
structures and processes for a multiplicity of space-time domains needs to specify five at 
least partially independent ensembles:

TRP = <{TC}, {SpM}, {IA}, {TM}, {M}>

More concretely, any transdiscipiinary research program (TRP), and, a fortiori, the epigenetic 
research program, must accomplish five major building blocks in order to arrive at complete 
explanatory frameworks across a multiplicity of disciplinary fields.

First, a theoretical core (TC) must be at hand in which the basic concepts as 
well as the fundamental relations and structures between these concepts are 
laid out.

Second, a specific model or a class of formal models {SpM} must be specified 
which are applicable to the various disciplinary domains under consideration.

Third, the realm of "intended applications" {IA} has to be delineated, providing 
general instructions of transdiscipiinary nature both on the spatio-temporal as 
well as on the domain specific restrictions and limitations with respect to the 
applicability of the core-heuristics and of the group of special models.

Fourth, special modules, labeled as "transfer modules" {TM}, must be laid out 
which comprise all heuristic devices and assumptions necessary for the 
application of the conceptual core as well as of {SpM} to specific disciplinary 
fields.

Fifth, a set of measurements {M} is needed, comprising quantitative or 
qualitative data as well as observation statements which summarize the 
empirical patterns, available for the domains to be explained.

Thus, it will become the main task of the subsequent chapter to present some clues on the 
structure and dimensions of these five epigenetic modules, starting with seven core- 
heuristics {TC}. (For closer details, see again Müller 1996a, 1998a)
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1. A Generalized Theory of Evolution: The Theoretical 
Core-Heuristics {TC} of the Epigenetic Research 
Program (ERP)

The first chapter of Part I will be exclusively devoted to the presentation of seven core- 
heuristics which, taken together, stand at the center of the epigenetic approach. These core 
assumptions have been laid out in much greater detail in Muller 1996a, 1998a and will be 
summarized in a very brief, albeit concise manner.

1.1 A Generalized Notion of Evolutionary Systems

For any type of empirical analysis, the notion of "evolutionary systems" becomes, quite 
naturally, of paramount importance. Since not all developmental or growth processes should 
be qualified as evolutionary ones, a criterion of demarcation becomes necessary 
differentiating between evolutionary ensembles from other types of systems. One of the least 
controversial, though almost tautological criteria for evolutionary systems stresses a profound 
dualism in their modes of production and reproduction between their "genotype" and their 
"phenotype"-levels. In evolutionary biology, this distinction has a well-defined meaning, since, 
following Feldman 1988: 43 and many others, the observable properties, structures and 
processes of an organism belong to its phenotype and the sequence of nucleotides forming 
the DNA of an organism are qualified as its "genotype".

Within the epigenetic approach, a more generalized differentiation between these two 
domains will be proposed, differentiating, on the one hand, an array of "extended phenotype- 
levels" or, as they will be subsequently referred to, as "actor-network-tevels" which are 
introduced as any observable, space-time unit with "operations" as well as with exchange 
and transfer relations with its environment and, on the other hand, "extended genotype- 
levels", or, alternatively, "embedded code-levels" which are to be qualified as any instruction 

or recipe-system with an indispensable role in the production or reproduction of an actor- 
network ensemble.

Following the above quite general differentiation, an epigenetic analysis must be performed 
at two different main levels simultaneously, one being associated with embedded code 
processes and their variations and the other with actor-network developments. Stated as a 
heuristic device, any investigation within the epigenetic framework has to specify its basic 
ensembles in terms of embedded code-systems and of actor-networks. While the exact 
nature of the relations between these two basic domains remains a center of heated 
controversies in developmental biology (See e. g. Dawkins 1995, 1997, Dennett, 1996, 
Goodwin 1995, Rosen 1996), the simple separation requirement is sufficient for the 
subsequent distinctions of these two basic areas for evolutionary systems.
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1.2 The Epigenetic Square

Arranging the well-known evolutionary "chains of becoming" in a slightly similar fashion to 
Beninger (1986: 63), one arrives at Table 1.1, where basically four stages of the extremely 
long evolutionary run have been identified, where each stage develops a characteristic 
interaction pattern between code-system levels and the actor-network levels.

While the exact nature of these interrelationships will be discussed much more specifically in 
Part II of this paper, Table 1.1 gives rise to a dimensional scheme (Table 1.2), where the 
relations between embedded code and actor network levels occupy the centre stage. This 
new scheme runs under the heading of the "epigenetic square" and can be considered as the 
basic element within the seven core heuristics. Moreover, the five epigenetic dimensions, 
building up the epigenetic square can be used for an evolutionary analysis in a wide variety 
of domains — be they biological, anthropological, economic or social in nature.

As one can see from the epigenetic square in Table 1.2, the five dimensions exhibit an 
interesting connection to the stages in Table 1.1, since the program as well as the decoding 
dimension have been laid out during the early stages of life already, whereas the implicit 
dimension is of comparatively younger origin (100 million years ago).

Finally, the encoding dimension must be considered to be a human achievement only, 
coming into existence with the gradual emergence of pictorial codes and written code 
systems. (See also Deacon 1997)

The basic heuristic device, associated with Table 1.2, can be written in a very general 
manner, demanding that any type of research within the epigenetic tradition must be 
conducted by utilizing the five dimensions of the "epigenetic square".

1.3 "Embedded Code-Systems" and "Actor Networks" as Generalized 
Basic Concepts

Following the core heuristic, specified above, an additional conceptual instrument can and 
must be utilized, namely two core concepts for each of the two main evolutionary levels. For 
the code levels, a unified concept of "embedded code systems" has been proposed, whose 
main definitional requirements can be summarized in the following manner. An embedded 
code system has to exhibit —
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Table 1.1: The Long-Term Evolutionary Chains

Y ears ago 
(logarithmic)

1 billion

100 million

10 million

1 million

100.000

10.000

1000

100 years

10 years

100 years +

Stage I:
Code <=> Code Interaction (Genetic Code) 
C => N Generation (Genetic Code)
C o C  Recombinations (GeneticCode)

"Cambrian Explosion"

Stage II:
Actor Network o
Actor Network Interactions
Learning by Imitations ("Implicit Knowledge")
Tool-Utilizations, Communications
N »  N Recombinations

Stage III:
Actor Network =>
Code Productions
Learning by Encoding (Constructions of Human Codes 
especially Natural Languages and Number Codes)

Non-Pictorial Scriptures 
N => C Recombinations

Stage IV:
Actor Network =>
Embedded Code Systems Productions:
Genetic Code (GC) Z  Bio-Technology Language)1

Evolutionary Information Processing Systems, 
Based on Actor Network- 
Interfaces and Machine Codes

1 stands for a "transcription relation", implying that a specific code-system has been transcribed or, alternatively, 
translated into another code-system. "Transcription relations" occur quite frequently like in the case of "morse code 
z  language code", etc.
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Table 1.2: Five Basic Epigenetic Dimensions

Action-Patterns and Their interactions and Adaptations 

A c to r  Network-D im ension

Actor

N <=> NNetwork

Levels

Decoding of Co-Activation of Encoding of

Programs Action Patterns and 

Neural Programs

Programs

Decoding

D imension

Implicit

D imension

Encoding

D imension

Embedded

Code- 0  <̂ >
Levels

Programs and Their Interactions and Adaptations: 

Genetic, Neural, Human Code Systems, Machine Codes 

Dimension o f  P rogram  P oo ls
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In d iffe re n ce  o f  Code Elements — exchangeability of specific "marks" of a 
basic component in a code system

Finite D iffe re n tia t io n  — a decidability in principle whether a given mark 
belongs to a specific code-character

Combination o f  Code-Elements —■ the formation of composite sequences of 
code-elements

Com parative Advantages — evaluations of code-sequences in terms of a 
"fitness measure"

Dynamic Embeddedness — the embeddedness of a changing code-system in a 
wider environment.

Likewise, the network levels have to use a single unifying concept across various domains, 
namely, not particularly surprising, the notion of "actor-networks" which have to fulfil the 
following five conditions —

V a ria b ility  o f  Components — the composition of networks with highly 
heterogeneous classes and numbers of actors

In te rn a l Exchanges between Network-C om ponents and E x te rn a l 

T ra n s fe rs  w ith  th e  Environm ent — observable and measurable exchange 
and transfer relations between network nodes as well as between a network and 
its environment

Combination o f  A c to r-N e tw o rk s  — the formation of larger actor-networks, 
consisting of smaller ones

Comparative Advantages — explanation of network movements in terms of 
"attractivity/utility/fitness measures"

Sim ultaneous Changes — the dependence of the change in a network node 
from changes in other network components.

Two remarks must be added immediately in order to clarify the differences and similarities 
between these two concepts.
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Table 1.3: A World of Embedded Code-Systems

D o m a in C o d e -S y s t e m C o d e -E l e m e n t s E x te n d e d  Code- 
O r g a n iz a t io n

B io l o g ic a l  
a n d  H u m a n

Genetic
Code

E p ig e n e t ic  R e g im e  I

Four Bases: Adenin, 
Cytosin, Guanin, Thymin

E p ig e n e t ic  R e g im e  II

Double Helix- 
Configuration

B io l o g ic a l  
a n d  H u m a n

Neural
Codes

"Mental Agents" or 
"Neural Groups"

Cognitive 
Architectures 
within Actors

E p ig e n e t ic  R e g im e  111

H u m a n Natural
" U f e w o r ld s "  Languages

H u m a n Number
" L i f e w o r ld s "  Codes

Letters of an 
Alphabet

Sets of Various 
Numbers {N }, {91}, 
etc.

Grammars

Algorithms

H u m a n

H u m a n

Pictorial
" L i f e w o r ld s "  Codes

Musical
" L i f e w o r ld s "  Codes

Symbols from a 
Symbol-Library

Musical Notes

Picture
Programs2

Musical
Schemes

H u m a n Rule-
" L i f e w o r ld s "  Codes

Rule-Components

E p ig e n e t ic  R e g im e  IV

Encoded 
Rule Systems

H u m a n Scientific
" L i f e w o r ld s "  Language in

Bio-Technology
(Biotech-Code)

H um an Machine
" L i f e w o r ld s "  Codes

Letters of an 
Alphabet, Numbers, 
Strings

Strings,
Alphabets

Grammars,
Transcriptions,

Grammars,
Translations

2 So far, very few explicit picture schemes are available at the moment, one of the most prominent being ISOTYPE 
(International System of Typographic Education) by Otto Neurath, Gerd Arntz et al. in the 1930's. (MÜLLER 
1991 b,c) It should be added though that the early code-systems within human history had been devised as pictorial 
or symbolic codes (WHITE 1995, CALVIN 1996).



1 H S — Karl H. Müller/ The Great Societal Transformations: Epigenetic Explorations — 9

First, the differences between both core concepts are comparatively weak since, 
following Mario Bunge (1977, 1978, 1983a, b), embedded code systems as well 
as actor networks both qualify as "systems" in the established sense of the 
word. Due to their systemic character, both levels of investigation can be 
combined in a rather convenient and straightforward fashion.

Second, the differences between these two different types of levels should be 
qualified more as epistemological ones than as ontological in character. In the 
end, the separations between ensembles at the code levels and formations at 
the network levels turn out to be, basically, a functional one, differentiating 
"recipe-collections" of various forms — genetic, neural, humanly encoded, 
machine-based — as units at the extended code levels and processes within the 
various (re)production domains as actor-networks at the network levels.

It must be added, at this point, that the two basic concepts — embedded code systems 
(ECS) for the code levels and actor networks (AN) for the network levels — are sufficient to 
analyze any context, in which "knowledge" or "information" (including "scientific production") 
may play a significant role. In other words, current utilizations of the term "knowledge" like 
knowledge as domains of discourse, as theoretical content, as "justified true belief, as 
results of learning processes or as scientific state of the art can be articulated and rephrased 
in terms of ECS- and AN-interactions. (For a detailed discussion, see Müller 1996a: 142 pp.) 
Whatever determines the shape and the dimensions of "knowledge-based processes", they 
can be formulated within the epigenetic framework, too.

1.4 A Generalized Framework for the Emergence of "Variations"

Sticking to the format of a meta-theoretical core framework, one must be prepared to find a 
universal mode of recombinations across different embedded code systems and across 
actor-networks:

The central point lies in a definition of "recombinations" — the generalized successor of the 
classic idea of "mutation" — across the multiplicity of levels. Here, the following set of 
requirements must be fulfilled for changes in any type of evolutionary system:

Full-scale change potential for an embedded code-system or actor-networks consists in 
having a rich repertoire of recombination operators, following them recursively, applying them 
at the meta-level, and modifying them accordingly.3

3 The sentence above is a variation on a definition which Douglas R. Hofstadter has proposed for "creativity" 
"Full-scale creativity consists in having a keen sense for what is interesting, following it recursively, 
applying it at the meta-level, and modifying it accordingly". (HOFSTADTER 1995: 313)
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For the general case one can identify six conditions which must be present simultaneously.

The first set of basic requirements is marked by the "rich repertoire-condition" 
which states that successful recombinations are dependent on a "requisite 
variety" (Ross Ashby) of the embedded code system or the actor networks. In 
other words, an embedded code-system with only random mutations as sole 
source of recombinations must be considered as a very poorly equipped 
recombination repertoire, whereas a "pandemonium of recombinative demons" 
across different levels fulfills the first requirement in an optimal way.

The "rich repertoire-requirement" needs, second, the availability of code-spaces, 
which should have, in the general case, a single distinctive feature, namely a 
comparatively large area of unrealized code-sequences and, thus, a high 
potential for new sequences.

The central area for recombinations resides, however, in the third requirement, 

namely in the availability of recombination operators which are able to generate 
in a recursive manner, starting from an initial scheme, new code-strings or 
programs at the extended code levels — or new action patterns at the extended 
network levels. For the general case, one is able to distinguish at least ten 
recursive operators which, following mostly Douglas R. Hofstadter (1995: 77), 
can be recombined by using some "adding operations" and which, then, can be 
subsumed under the headings of Table 1,4.A

The requirements four and five demand a sufficient degree of flexibility — a 

capacity to salient adaptations (requirement four) — as well as of efficiency in 
approaching the target domains within a relatively small amount of time 
(requirement five).

Finally, a confro/-capacity as well as a sufficiently powerful support system must 
be present which are not only able to secure the partial gains reached so far, but 
which, furthermore, develop at least some "gate-keeping"-functions and safe­
guards against detrimental trajectories (requirement s ix )...

It will become one of the main targets within the present recombination-chapter to demonstrate the very dose 
"family resemblances" (Ludwig Wittgenstein) between recombinations at different levels of code-systems, including, 
especially, the phenomenon of scientific creativity as a particular case in question.
4 In the following enumeration, terms like "building blocks", "scheme" or "code-elements" will be used 
simultaneously. In order to avoid a possible misunderstanding, it should be added that these three expressions 
refer to different degrees of complexity in embedded code-systems, from simple code-elements like letters to code- 
strings up to the level of programs or programs of programs ...



I H S — Karl H. Müller/ The Great Societal Transformations: Epigenetic Explorations — 11

Table 1,4: A General Summary of Recombination Operators in Embedded Code 
Systems — and beyond

Adding: the integration of new building blocks into an existing scheme

Breaking: the differentiation of at least one scheme into two disjunctive

building blocks

Crossing-over: the breaking of at least two schemes and their merging

into a new ensemble 

Deletion: the destruction of a specific building block from a set of

schemes

Duplication: the repeated insertion of at least one identical scheme

Inverting: the making of copies with an opposite sequence of elements

Merging: the integration of at least two existing schemes into a new one

Moving: the shifting of code-elements or of established boundaries

Replacing: the substitution of a code-element by another one

Swapping: the movement from a level L, to a different level Ls

The important point which cannot be over-emphasized lies in the universality of these 
recombination operations across various embedded code-systems — and across the many 
levels of actor networks.

1.5 A Generalized Framework for Processes of Diffusion

Like in the case of recombinations alias "mutations" or "variations", a richer conceptual 
apparatus is built up for the "selection" side of the epigenetic approach which has been 
generalized into a unifying "diffusion framework". The essential point to be added lies, very 
generally, in a family of evaluation measures /,- which, for reasons of convenience, may all be 
assumed to lie within the interval [0,1], The evaluation measures must fulfill the following 
requirements:

First, they have to be applicable to both main epigenetic levels and, above all, to the 
recombinations within actor-networks and within embedded code systems.

Second, the evaluation measures should not be an all or nothing 0-1 attribution only but allow 
for small incremental changes between the [0,1] interval.

Third, the evaluation measures must exhibit a non-trivial linkage to the reproduction of units 
under consideration and, thus, to the population dynamics in question.
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It becomes easy to see that the paradigmatic examples from a selectionist or genetic 
perspective, relying on "fitness" as evaluation measure, are contained as a special and 
relatively restricted case. Especially within economics and the social sciences, evaluation 
measures based on utilities, attractivities (Muller and Haag 1994) or on comparative 
advantages are widely used and fulfill upon closer inspection the three basic requirements 
stated above.5 Moreover, the overall potential for "diffusion mechanisms", based on the 
essential role of the evaluation measures, can be summarized via a small generalized 
diffusion story.

The starting point lies in the diffusion of a new ensemble — either at the level of 

actor-networks or of embedded code-systems — which has come into existence 
at some point within a spatio-temporal domainCiN. Due to its comparative 
advantages (attractivity, fitness, strength, utility ...), the new ensemble is 
reproduced more rapidly and is recombined and improved in a variety of 
additional ways. Via these rapid replications, secondary, tertiary or quartary 
processes of adaptation are induced, which change the ecological domainCN at 
times in a very significant fashion. Since the potential for further expansions of 
this new ensemble is more and more diminishing and will result relatively 
seldom in an all-eliminative outcome, further expansions will reach saturation 

limits. As a consequence, the comparative advantages change their basic 
direction from expansion to optimization and further changes lead to an 
optimization of the new ensemble and move it close to its "dominant design" ... 
Depending on the overall structuration of the spatio-temporal domainCiN, the 
development pattern will exhibit a rich variety of shapes, ranging from logistic S- 
shaped diffusion to a quasi-cyclical pattern — clockworks with quasi-periodic 
successions of expansionary and optimization stages — or to an irregular 
succession — "bubbles" with no systematic succession of expansionary and 
optimization stages ...

At this point, it is interesting to note that the two most influential evolutionary accounts on 
economic development — the Schumpeterian vision — and on scientific revolutions — the 
Kuhnian framework — can be seen as domain specific instantiations of one and the same 
"basic structural story", following the quasi-periodical trajectories, just outlined above. More 
concretely, a few recombinative operations of substitution lead to the following developmental 
version, which is clearly very closely associated to Joseph A. Schumpeter:

5 Take as a reference example from the social domain a school system with various types of schools as basic dual 
level components of an actor network, namely the national system of schools, In a series of applications, an 
attractivity measure has been developed which was built on synergy factors like agglomeration and saturations, on 
the relations to the employment sphere or on the likely effects towards the university system. Moreover, this 
attractivity measure for various school types was directly linked to the ecological dynamics of school types since 
higher attractivities exerted a push/pull effect on pupils, leading, thus, to higher than average growth rates and, 
consequently, to higher than average reproduction rates for more attractive school forms. For more details, see 
Haag and Müller, 1992, Muller and Haag, 1994.
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Performing, once again, a very small number of substitution operations, one arrives at the 
subsequent diffusion story in which the majestic Kuhnian clockworks have come into full 
swing.

It goes almost without saying that both versions of diffusion clocks, the Schumpeterian and 
the Kuhnian clockwork, are subject to a rich variety of complex models, ranging from dynamic 
networks of the type of "master-equations" to neural networks, adaptive systems or to 
conceptualizations in terms of "self-organized criticality".

1.6 Multiplicity of Units for the Extended Code and the Extended 
Network Levels

In order to stick to the format of a small overview of the epigenetic core program, the sixth 

heuristic can be summarized in a very short manner: The units of evolution, according to the 
epigenetic program, are distributed over a rich multiplicity of different "building blocks" both 
across the extended code and across the extended network levels.

In other words, building blocks, capable of evolutionary development, can be constituted in a 
practically infinite number of ways, ranging, confined to the extended network levels alone, 
from individuals, households, groups, economic sectors, art groups, research units to cities, 
regions, nations and the like.

1.7 Self-Referentiality and "Second Order-lnvestigations"

Finally, the last core heuristic of the epigenetic program refers, once again very generally 
summarized, to the recombinability of the existing six core-heuristics into a self-referential 
manner so that probably a most fascinating class of scientific problems like —

Code-systems of code systems, diffusion of diffusion, emergence of emergence, evolution of 
evolution, function of functions, models of models, networks of networks, recombinations of 
recombinations, —

can be successfully analyzed with the conceptual tools and relations developed so far.5

6 Again, restrictions in space prevent a fuller description of this specific point, which, however, has been laid out in 
greater detail in Müller 1998a.
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Table 1.5: A General Overview of the Multiplicity of Building Blocks within the 
Extended Code and the Extended Network Levels

M u l t ip l e  B u il d in g  B l o c k s

M a c r o n

E x t e n d e d

N e t w o r k
L e v e l s

M e s o n

High
Medium
Low

High
Medium
Low

M u l t ip l e  B u il d in g  B l o c k s

E x t e n d e d

N e t w o r k
L e v e l s

High
Medium
Low

Global
S/M/L

Field!
Field4
Field;

Field,
Field,
Field7

Field,
Field,
Field7

M u l t ip l e  S p a c e - T im e - L e v e l s n 
M a c r o n/M e s o n
National Regional
S/M/L S/M/L7

Field2
Field5
Fields

Field2
Field5
Field.

Field3
Field6
Field«

Field3
Field6
Fieldq

M u l t ip l e  S p a c e -T im e -L e v e l s n 
M ic r o n

Wide Medium Small
F/P/M F/P/M F/P/M8

Field2
Field5
Fieldg

Field3
Fields
Fieldg

M u l t i p le  S p a c e -T im e -L e v e ls g 
M a c r o c/M e s o c 

Global National Regional
S /M /L  S /M /L  S /M /L

M u l t ip l e  B u il d in g  B l o c k s

M a c r o c

E x t e n d e d
C o d e -
L e v e l s

M e s o c

High
Medium
Low

High
Medium
Low

M u l t ip l e  B u il d in g  B l o c k s  
E x t e n d e d  H igh
C o d e - M e d iu m
L e v e l s  Lo w

Field,
Field,
Field7

Field,
Field,
Field7

Wide
F/P/M

Field,
Field,
Field7

Field2
Field5
Field»

Fleldz
Field5
Field8

M u l t i p le  S p a c e -T im e -L e v e ls c 
M ic r o c 
Medium 
F/P/M

Field2
Fields
Field.

Field3
Field6
Fields

Field3
Fieldg
Fieldg

Small
F/P/M

Field3
Field6
Fieldc

7 S, M and L stand for short-, medium-, and long-term processes at the network and at the code levels. For 
closer details, see Muller 1998a.
8 F, P and M are conceptualized in a weak analogy, refering to fento-, pico- or micron-processes. Again, closer 
details can be found in MÜLLER 1998a.
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2. THE EPIGENETIC RESEARCH PROGRAM: 
ADDITIONAL BUILDING BLOCKS

2.1. Families of Complex Models as {SpM}

The first additional building block can be summarized in a very short manner, stating that the 
models, associated with the epigenetic program, are co-extensive with the emerging classes 

of complex models which have been laid out in Table 2.1. From here, one can easily see that 
these models share a set of unusual features like —

complex formal structures (e. g., non-linearity) or complex aggregation 
procedures

non-trivial arrangements with respect to the input-output-transformations

a high degree of applicability in heterogeneous domains, ranging from the 
natural sciences to the social sciences.

2.2 Generalized Intended Applications {IA}: A Short Summary

The realm of "intended applications" of a transdisciplinary research program specifies three 
basic types of general utilization devices irrespective of disciplinary domains which are 
necessary for the implementation of {TC} and {SpM}. The three main areas, associated with 
the intended ERP-applications, can be summarized under the following headings.

General arrangements for the ERP-program for its descriptive or explanatory 
applications

ERP-linkages to cognitive advances which may lead to an adaptation of the 
core-heuristics {TC} or of {SpM} within the epigenetic research program

the organizational profile of the epigenetic research program.

In addressing these three basic domains, seven generalized application heuristics can be 
presented which, taken together, constitute the {IA}-class of ERP.
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Table 2.1: Families of Complex Models for the Epigenetic Approach

T r a d e m a r k s

Adaptive Systems and 
Control Theory

Artificial Life

Autopoiesis

Cellular
Automata

Chaos-theory

Classifier Systems 
and Evolutionary 
Programming

Complexity
Theory

Dissipative Struc­
tures

CORE-DOMAINS AND

F ie l d s  o f  A p p l ic a t io n

Biology, Engi- 
neeering, Econo­
mics, Sociology 
et al.

Artificial
intelligence,
Robotics,
Biology et al.

Biology,
Artificial
Intelligence,
Theories of 
action, et al.

Engineering, Physics, 
Biology, Demography, 
Sociology, Ethics et al.

Dimension- 
theory, Meteoro­
logy, et al.

Computer Architecture, 
Artificial Intelligence, 
Linguistics, Biology, 
Sociology et al.

Nonequilibrium 
Thermodynamics, 
Chemistry, et al.

C o r e  C o n c e p t s , 

H e u r is t ic s

Anticipatory Systems, 
M-R Systems (Meta- 
bolism-Repair Systems) 
et al.

Subsumption archi­
tectures; Cellular 
Automata; Viral 
Replications et al.

Organisation/
Structure; Closed­
ness, Autonomy; 
Recursiveness; Obser- 
ver-dependence et al.

von Neumann neighbor­
hood, Moore neigh­
borhood et al.

Strange Attrac­
tors; Mandelbrot- 
Set; Julia-Set; Ljapu- 
nov Coefficients et al.

Deterministic 
Turing machines, 
NP-Problems 
et al.

Disturbance-para- 
meters; Brüssela- 
tor et al.

Engineering; Classifier Rules;
Artificial Intelligence, Bucket Brigade Algo-
Biology, Management Science rithm; Cross-over
Economics et al. et al.
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Table 2,1: Families of Complex Models for the Epigenetic Approach (continued)

Trademarks CORE-DOMAINS AND

Fields of Application

Core Concepts, 
Heuristics

Evolutionary 
Gametheory 
and Rational Choice

Biology, Neuro­
physiology, 
Sociology, et al.

Evolutionary 
Stable Stra­
tegies (ESS) et al.

Group Theory Mathematics,
Quantum Theory, 
Chemistry, Psychology, 
Sociology et al.

Groups, Symmetry 
Operations, 
Symmetry Groups 
et al.

Hypercycles Biochemistry, 
Chemistry, et al.

Families of 
Nonlinear Equa­
tion Systems et al.

Neural
Networks

Computer Science', 
Neuro-Sciences, Arti­
ficial Intelligence, 
Cognitive Science, et al.

Delta rule\
Back propagation 
algorithms 
et al.

Population
Dynamics

Biology, Ethology, 
Demography, Econo­
mics, Sociology et al.

Models of Selec­
tion, Predator-Prey- 
Models et al.

Self-Organized
Criticality

Physics, Geology, 
Meteorology, Economics 
et al.

Recursive Power- 
Functions; Critical 
Thresholds, etc.

Synergetics Laserresearch, 
Physics, Pattern 
Recognition, Che­
mistry, Sociology, 
etal.

Masterequation; 
Fokker-Planck- 
Equatlon; Slaving 
Principle; Control- 
and Orderparameters, 
et al.

Theory of 
Catastrophes

Differential-
topolgy,
Biology,
Sociology, et al.

Families of 
Generic Equa­
tions; Typology of 
Bifurcations et al.

First, the descriptive and the explanatory ERP-arrangements can be summarized, on the one 
hand, via Table 2.2 and, on the other hand, via three basic explanatory requirements which, 
moreover, could be qualified as necessary conditions for the construction of evolutionary 
explanations in science.



18 — Karl H. Müller/  The Great Societal Transformations: Epigenetic Explorations — I H S

With respect to the descriptive apparatus, the following summary may serve as a useful 
reference point since it combines and integrates the seven theoretical core-heuristics 
(epigenetic architecture (1,2), building blocks (3), recombinations (4), evaluation measures 
(5), multiplicity of units (6) and, although not explicitly recognizable, the second order 
applicability (7). Alternatively, epigenetic descriptions must be constructed in a way as to 
fulfill the specification requirements presented in Table 2.2. {IAJ

Table 2.2: Descriptive Application Requirements of the ERP-Program {IA,}

U n it s C h a n g e s

S y s t e m ic  C o m p o n e n t s :

E n v ir o n m e n t a l

C o m p o n e n t s :

S y s t e m -E n v i r o n m e n t  
R e l a t io n s :

Types of Building 
Blocks; Types of 
Reproduction;
Dual Level-Ar- 
chitecture

Types of Building 
Blocks; Types of 
Reproduction;
Dual Level Ar- 
Chitectue

Types of Internal 
and External Relations 
within the Dual Le­
vel Architecture;
Types of Internal and 
External Disturbances

Average Reproduction 
Requirements;
Types of Recombinations; 
Comparative Advantages/ 
Disadvantages

Average Reproduction 
Requirements;
Types of Recombinations; 
Comparative Advantages/ 
Disadvantages

Changes of Internal and 
External Relations 
within the Dual Level 
Architecture;
Changes of Internal and 
External Disturbances

For evolutionary ERP-explanations, three basic necessary conditions can be specified which
must be met simultaneously, namely -

(1) the availability of a complex explanatory framework, selected from the class of 
complex models {SpM}

(2) the integration of an "evaluation measure" which occupies a non-trivial role within the 
explanans- part

(3) the integration of explanatory-components from both main epigenetic levels, /. e. from 
the actor network levels and from the code levels.

These three basic conditions, combined, constitute the second generalized application 
heuristics for the ERP-approach. {IA2}
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To provide a concrete example, an explanation of the movement of pupils within the Austrian 
education system can be qualified as evolutionary (for more details see Haag and Mülller 
1992, Müller and Haag 1994 and Müller and Haag 1998) since

(1) the explanatory framework comes from the fields of "master equations" in Table 2.1 
(non-linear dynamic networks within the "synergetics family")

(2) an "evaluation measure" -  attractivities for various school types -  has been provided 

in a clearly /7on-trivial manner

(3) explanatory elements stem both from the code-levels (school regulations with respect 
to legal and illegal transitions between school types) and from the actor network 
levels (e. g., relations of a specific school type to the employment sphere)

For the relations between {TC} or {SpM} with advances in the scientific knowledge base, one 
may specify —

Close ties with the evolution in complex modeling which implies a strong 
modification pressure in terms of the enumeration of complex modeling 
approaches presented under Table 2.1. {SpM} {IA3}

Close linkages to the current status of material frameworks, especially in the 
areas of evolutionary theory, including artificial life, of the cognitive sciences, of 
linguistics, of artificial intelligence since advances in these domains may lead to 
modifications with respect to the (re)production of basic units, to their basic 
conditions and to their comparative advantages. {IA4}

Close links with advances in methodology, especially in the fields of philosophy 
of science, especially, but not exclusively, of the structure of research programs, 
of new methodologies for transdisciplinary research, of "theory testing", etc. {IA5}

With respect to the organization of scientific units within the ERP-framework, a very general 
remark can be provided, stressing the Mode II character (Gibbons et al. 1994, Nowotny 
1995, 1996) of the entire approach. More concretely, The organizational profile of ERP 
should exhibit a high degree of inter- or transdisciplinary group composition, an interface 
between basic research and applied science, establishing, thus, a unity between the context 
of application and the context of discovery. {IAg}

Finally, the "intended ERP-applications" can be assumed as unusually wide and general, 
culminating in a rich variety of ways, especially in "empirical" applications and, due to its firm



20 — Karl H. Müller/  The Great Societal Transformations: Epigenetic Explorations — I H S

rooting in the modeling realm, in "possible world-utilizations" or, alternatively, in simulations.9 

{IA7}

Thus, the scope of ERP assumes a very generalized application profile which might offer, 
due to its heterogeneous domains, an interesting basis for a well-integrated "life science" of 
transdisciplinary nature.

2.3 Transfer Modules {TM} and Measurements {M}

Finally, two additional components must be available especially for specific applications and 
utilizations of a transdisciplinary research program. First, at a more general level of 
disciplinary applications, "transfer modules" {TM} can be considered as recombinations of 
building blocks of meta-level ERP-modules with empirically accessible conceptualizations 
and measurement operationalizations. Thus, "transfer modules" like the notion of "epigenetic 
regimes" integrate space-time specifications or specific patterns of relations between code- 
and network-levels with elements from the theoretical core {TC} and from classes of special 
models {SpM}. Thus, a direct link can be established between the meta-level domains and 
the realm of transfer modules. Likewise, transfer modules are of considerable importance in 
shaping the meta-side of ERP, leading thus to linkages from {TM} back to the meta-level 
ERP as well.

Second, the devices and schemes {M} for ordering the results of measurements cover the 
fifth and final module of the ERP-program. Here, a rich pool of discipline specific 
measurements, data and instruments must be available which, in combination with the first 
four modules, can be either used for ERP-descriptions or ERP-explanations.10

9 On the modal distinction between actual world/possible world in social science modeling, see MÜLLER 1996c.
10 For two concrete applications, utilizing the whole range of ERP-modules, see especially Müller and Turner, 1998, 
Part III. These complete applications will be of descriptive and explanatory nature, covering, on the one hand, 
inherent "knowledge loops" within a large Non-Profit organization in Austria and, on the other hand, the long-term 
development patterns in the Austrian education system.
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PART II: THE “GREAT TRANSFORMATIONS” WITHIN 
MODERN SOCIETIES: EPIGENETIC TRANSFER 
MODULES {TM}

Part II will demonstrate that the ERP-framework offers a variety of new ways to capture, even 
in a typological manner, the basic evolutionary development patterns of modern human 
societies, past and present. Thus, the subsequent set of transfer modules exhibits a series of 
(partially) new instruments for “knowledge based” macro-societal analyses. These 
instruments, tables, tools and diagrams, in conjunction, stand at the core of transfer modules 
for a complex analysis of societal transformation processes. Consequently, Part II will be 
concerned mainly with the transfer modules themselves and not, at least not within this 
publication, with their empirical application in the context of macro-societal evolution.1

1. A TRANSFER MODULE FOR THE SPATIO- 
TEMPORAL DIMENSIONS OF MODERN KNOWLEDGE 
SOCIETIES

The transfer modules la and lb (Tables 1 and 2) present essential hints on the "hidden co­
evolution” between the two main epigenetic levels in modern societies, /'. e., between the 
actor network formations and the “knowledge bases”. Moreover, these transfer modules on 
spatio-temporal domains within modernity may be seen as a recombination of the epigenetic 
approach with fundamental insights from Karl Polanyi on societal formations (1978, 1979), 
Immanuel Wallerstein (1979, 1984, 1991, 1995) on the emergence of the “modern world 
system” and, finally, Joseph A. Schumpeter (1961, 1975) on the “engines of economic 
creation and destruction”.2 Thus, the subsequent spatio-temporal orderings should provide a 
useful basis for contemporary discussions on periodizations.3 From Table 1, one can derive 
four important assertions for the network levels.

First, the basic difference between societal formations prior to 1450/1500 and the 
modern world-system emerging in a seemingly irreversible manner during the “long 
16th century” must be seen in the rapid evolution of global economic actor-networks 
with limited regional controls at the level of political systems only. In other words, 
self-organization and self-regulation have established themselves as the principal 
ways of societal differentiation and development at the network levels, coordinating

1 In a follow-up publication within this series, a complete complex modeling process, including data {M}, will be 
summarized, exhibiting the full explanatory scope of the epigenetic program. (See Müllerand Turner 1998, Part III)
2 Quite obviously, the rich repertoire from current theorizing on societal development has been considered as well 
in shaping the epigenetic transfer modules of Part II. But assessing the relative importance of various contributions, 
the classical “visions” by Polanyi, Schumpeter and Wallerstein should be viewed as of central relevance.
3 On some of the fundamental problems in this area, see esp. Aveni, 1989.
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not only the production and flows of goods and services, but also of labor, land, 
natural resources and the state of the environment.

Second, the world-historic turn towards se/f-organizing markets —

The economy is no longer embedded in social relations, but the social relations are
embedded into the economic system (Polanyi, 1978:88f,)4 —

does not start in the 18!h or even 19th century but should be viewed, following the 
analyses of Immanuel Wallerstein or, alternatively, Fernand Braudel,5 as an 
emerging process from the early decades of the 16lh century onwards. With the death 
of Charles V. in 1531 at the latest, the modern world system had reached its supra- 
critical stage,® upon which no reverse trajectory back to redistributive formations lay 
in the reachability of the ongoing market-evolution. Consequently, the core actor 
networks of the world system in North-Western Europe entered a continuous process 
of becoming economically stronger integrated and interlinked.7

Third, a global process of economic network integration can be observed, 
differentiating the external regions of the world system either in a semi-peripheral or, 
most frequently, into a peripheral position and role. This global absorption process 
has seen some spectacular “big spurts" and upward-mobMy from external to 
semiperipheral and, finally, to core status like the case of Japan or from peripheral to 
semi-peripheral level like the big jump of South Korea after 1945. Surprisingly, no 
downward mobility of significant dimension can be recorded within the evolving world 
system since the core regions of the 16,h century still belong to the core or to 
important semiperipheral areas of the world system five centuries later.

Fourth, a final remark must be reserved to the future developmental potential of the 
worldwide market networks. According to Table 1, the half millennium or so of global 
evolution through self-organizing markets has entered the stage of transnational 
evolution and possesses a vast array of upward trajectories giving rise to new forms 
of global stabilization too. Looking back to two historical periods, one important 
feature of the evolving market network formations must be stressed.

4 Translation by K:H. Muller from Polanyi 1978.
5 Here, one must refer to the impressive work by Braudel, 1982, 1986.
6 It would be an extremely challenging research task to introduce the metaphorical notions of supra- and sub- 
criticality to the market network developments in the Mediterranian region, centered around Venice, Genova, etc. 
around the 12'h and 13lh century and the subsequent pattern in North-Western Europe, especially between Northern 
France, the Netherlands and the Southern and Middle parts of England. The most interesting problem in this area 
has to do with the question whether essential systemic indicators can be identified which would indicate subcritical 
and supracritical masses for a successful and expansion-driven market network-development.
7 For a similar “developmental vision", see also Perroux, 1983, Pollard, 1981 or Rostow, 1978.
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First, a closer inspection of the second half of the 19lh century reveals the existence 
of global stabilisators like, following Karl Polanyi, the gold-standard, the liberal state 
as well as an international equilibrium of great powers (Polanyi, 1978: 59 pp.).

Second, in the thirty years after 1945 the world-economic ensemble stood under the 
heavy influence of a pax americana, free trade and the Bretton Woods 
arrangements, which have come into existence within a self-propagating market 
system.

Thus, it should be viewed as highly probable that in the future, too, new global 
mechanisms for coordination and “supervision” (Helmut Willke) will accompany the 
ongoing transnational evolution and the resulting high horizontal mobility of 
production processes around the globe. The "Great Transformation” will continue its 
great transformations ... (Polanyi, 1978: 295)

In a similar manner, a spatio-temporal map for the knowledge pools can be constructed 
which is then depicted in Table 2. Unfortunately, due to the novelty of the overall epigenetic 
framework, many linkages between knowledge-actor network relations are not particularly 
well understood or even analyzed in a rudimentary manner. Nevertheless, four important 
features of Table 2 can be mentioned.

First, the most surprising feature of Table 2 lies in the fact that the essential spatio- 
temporal network differentiations can be applied to the code levels as well. Although 
some important differences prevail, the deep similarity in the evolutionary 
development patterns of knowledge pools and actor network formations remains 
unaffected. Thus, it is not only possible and heuristically fruitful, to differentiate 
between core, semiperipheral and peripheral program or knowledge pools, but it is 
also rewarding from a cognitive point of view, to introduce pre-capitalist forms of 
knowledge production of the “distributed” and “centralized" variety and to define 
periods and stages like an “age of global distribution”, and, for the 20th century, an 
“age of transnational evolution".

Second, the scientific production has always carried with it a strong tendency toward 
“globalization”, although “globalization" is to be understood in terms of the evolving 
world-economy only (see also Merton, 1985). Thus, despite the seemingly global 
discourses between scientific centers throughout the 18lh century in Paris, London, 
Edinburgh, Berlin, the American East Coast or St. Petersburg, many external 
territories and their knowledge traditions, especially in Africa, have not only been 
excluded, but also de-qualified and mis-understood in a very profound manner. (See, 
e. g,, Raynal and Diderot, 1988, Hegel, 1956)



Karl H. Müller /  The Great Societal Transformations: Epigenetic Explorations — i H S

Third, following the last point, it becomes possible in a non-trivial manner to 
differentiate between three genuinely regional types of knowledge bases within the 
global knowledge pools. Utilizing the same spatial distinctions which have been 
employed for actor network formations, an analogous separation can be made for the 
code levels and, thus, for the knowledge bases, too.

Core Knowledge Bases: In the first instance, knowledge production within specific 
regions is highly distribution-oriented, setting the standards of the “state of the art” 
within specific fields of inquiry elsewhere, too. Judged from an “intellectual balance of 
international exchanges”, the core knowledge base is diffusion driven, exhibiting a 
global diffusion potential but being highly selective, in turn, with respect to knowledge 

bases and programs from other regions. In terms of operationalizations and 
measurements for the present time, SCI-groups (science citation indicators) must 
exhibit a clearly asymmetrical pattern in which articles from core regions quote 
mainly other core region publications while, in turn, they are being quoted throughout 
the semiperipheral or peripheral knowledge bases.

Semiperipheral Knowledge Bases: For the second type, a genuine mixture between 
core features and peripheral features can be recorded, since semiperipheral 
knowledge bases show areas of high global competence with a correspondingly high 
diffusion potential as well as research fields with predominantly reception-centered 
features only.

Peripheral Knowledge Bases: The third type, finally, is mainly reception driven, 
exemplifying a high reception potential but being only marginally reproduced and 
recombined in other regions. Once again seen from an “international balance of 
international exchanges", the peripheral knowledge base is characterized by a local 

diffusion potential only, although it is able, albeit with a certain time lag, to reproduce 
the state of the art-standards set in core or semiperipheral knowledge bases. Again, 
peripheral knowledge production is highly asymmetrical in terms of SCI-values, 
exhibiting comparatively low impact values for other regions of the world.

In this manner, an empirical basis for main types of regional knowledge pools can be 
established.
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Table 1: Main Evolutionary Actor-Network Stages in the Great Transformations of 
Modem Societies {TM)a}

SOCIETAL ACTOR-NETWORK FORMATIONS
Reciprocal Redistributive => Capitalist
Formations Formations Formations

Societies under Societies under => Societies under
Dominance of Dominance of the => Dominance of
Personal Political System => Markets
Exchanges =>

P i i  
C a p ita lis t T ra n s fo rm a tio n s

T he Global Developmental 
Story

Gradual integration 
of reciprocal as well as re­
distributive societal formations;
Global differentiation 
into three distinct regions: 
core regions, semi-peripheries 
and peripheries.
Specific development patterns in 
each of the three global regions, 
reaching from differences in the 
world trade-relations to significantly 
different roles and capacities of natio­
nal governments or to different 
compositions with respect to socio­
economic status-groups or classes; 
Emergence of global instruments for 
coordinating and balancing the world- 
system, leading, in the very long run, 
to the development of global institutions 
and organizations; emergence of new types 
of “knowledge and information societies; 
Dense intra-systemic and inter- 
systemic networks in production 
processes; integration of global and 
local accessibilities, etc.

Initial Phase I: 1450 -1600: (irreversible
Expansion

Initial Phase II: 1600 - 1760: Consolidation 
Global Diffusion 
(1760- 1920)

Industrial Revolution: 1760 -1820 
Prosperity 1780/90-1820

Global Diffusion: 1820 - 1913/20 
Depression 1820 -1842/50 
Prosperity 1850- 1870/73 
Depression 1873 - 1893/96 
Prosperity 1896- 1913/20

Transnational Evolution
(1920- 1973)

Depression
Prosperity

Depression
Prosperity

1920- 1938/48 
1948-1966/73

1973- 1993/97 
1997- ???8

8 For the special choice of periods, the selections have been undertaken with respect to the common upper and 
lower boundaries of “long swings". On this point, see especially Freeman 1983,1986, Freeman and Soete, 1994 or 
Kleinknecht, 1987.
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Table 2: Main Evolutionary Knowledge Base-Stages in the Great Transformations 
of Modern Societies {TM|b>

SOCIETAL KNOWLEDGE BASE-FORMATIONS

Distributed Centralized Capitalist
Knowledge Knowledge => Knowledge
Bases Bases => Bases

Knowledge Bases Knowledge Bases => Knowledge Bases under the
under No Pro- under the Dominance => Dominance of Modern
tection o f Special of a Knowledge => Forms of Knowledge
Systems Generating System => Generation

Capitalist  Transformations

The Global Developmental 
Story

Initial Phase : 1450 (lr)rev.
1760: Expansion 
and Consolidation

Gradual integration 
of distributed as well as 
centralized knowledge bases;
Global differentiation 
into three distinct regions 
with respect to the (re)production 
and to the accessibilities of local or 
global knowledge bases:
Centers, Semi-peripheries 
and Peripheries.
Specific development patterns in 
each of the three global regions 
in the area of program-pools, ranging 
from differences in regional roles- 
and capacities for “knowledge pro­
duction" at the level of firms and markets; 
Differential access to the knowledge bases 
in cognitive core-areas; Development of limited 
local knowledge traditions and “subversive 
knowledge” against the established forms of 
programs within cognitive core-areas; 
Emergence of new types of knowledge societies; 
Decisive steps toward globalized program 
pools due to the formation of the internet, 
integrating the global and the local program 
production, etc.

Global Distribution
(1760- 1920)

"Institutional and Organisational 
R e vo lu tio n 1760 -1820 
Emergence of New Types 
of Universities (Combination of 
Research and Education)
Global Diffusion: 1820 - 1913/20

Gradual Recombination of R&D 
and Firms through Firm-Specific 
Research Laboratories

Transnational Evolution
(1920- 1973)

Phase Transition from 
“Little Science” to "Big 
Science” Compounds

(1973-???)

New Stages, due to the 
Emergence of Bio-Technology 
and a Global "Knowledge 
System" based on “Machine 
Codes"
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Fourth, program production for regional, national or for the global knowledge pools 
became, seen in a very long perspective, closed and confined to specialized societal 
segments regionally, nationally and globally, namely to a dense network of scientific 
and technical institutions at the clear exclusion and expense of local knowledge 
traditions, of local "knowledge producers" and of the public sphere in general. Here, a 
successful "closure movement" has set in which fulfills by and large successful “gate- 
keeping operations” against private scholars or non-scientific practitioners in science, 
technology or medicine.

With these qualifications, a scheme for ordering spatio-temporal units in the evolution of the 
“modern world system” both for the code and the network levels have been laid out as 
epigenetic transfer module No.1.

2. TRANSFER MODULES FOR THREE CO- 
EVOLUTIONARY ENSEMBLES ACROSS AND 
BETWEEN CODE AND NETWORK LEVELS

Having, thus, specified the spatio-temporal orderings within the long-term space-time 
domains of actor network ensembles and knowledge base formations, a new transfer module 
must be built up for the main patterns of development within these spatio-temporal schemes. 
Aside from a specific cyclical pattern, linked to the "long swings” of basic product innovations 
in the world system (Dosi et al., 1988, Marchettl, 1981, Schumpeter, 1961), the Polanyi 
notion of "double movements” or, alternatively, of co-evolution will be put to the center of 
analysis. As will be shown within the next four steps, co-evolutionary or “double movements” 
can be identified between a special class of actor network formations (2.1), within the 
knowledge bases (2.2) and between network and code-levels (2.3). Finally, one will be led to 
a comparatively new typology for "embeddedness relations” which, following the epigenetic 
square, can be grouped into horizontal and vertical forms of embeddedness (2.4).

Moreover, one may postulate that the subsequent conceptual scheme of “embeddedness 
relations” can be safely applied to a multiplicity of spatial levels, starting from a global 
perspective down to a national or a regional one, to the level of towns and communities. Also 
for small or medium-sized organisations, for households, for groups, individuals or even for 
sub-individual building blocks (Ainslie, 1992), the notion of “embeddedness relations” can be 
utilized in an intriguing and very far-reaching manner.
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2.1. THE CO-EVOLUTION OF MARKET NETWORKS AND NETWORKS IN 
THE “PROTECTIVE BELTS”

With respect to actor network ensembles, it is comparatively easy, following, above all Karl 
Polanyi, to distinguish two main classes of networks, namely, on the one hand, market 
networks and, on the other hand, a societal network for safeguarding and restricting markets 
which will be labeled as "societal protective belt".

From an epigenetic point of view, the central characteristic of market networks can be 
formulated in the following way. Markets are to be considered as a distributed network of dual 
level organizations (mainly firms of varying sizes, including self-employed individuals), 
exhibiting a core reproduction requirement (average profits) and comparative advantages via 
product-, process- or organizational innovations as well as a self-organizing mode of 
expansion.9 More precisely, one can list the following characteristics of self-organizing market 

networks.

First, one has to conceptualize markets as a system of interacting autonomous units. 
The differentia specifica of modern markets consists in the emergence of supra- 
critical market-networks for special products and services as well as in the 
interlinkages of special markets to a globally interlinked self-perpetuating network, 
being composed of a supra-critically large number of autonomous components.10

The overall direction of the economy is determined by the interaction of many 
dispersed units acting in parallel. The action of any given unit depends upon the state 
and actions of a limited number of other units (Holland 1988:117).

Second, the global market network expands and, at times, contracts beyond any 
global control-systems of political origin or any other type for that matter.11

There are rarely any global controls on interactions — controls are provided by 
mechanisms of competition and coordination between units ... (Holland, 1988: 118).

Third, modern markets exhibit, as a global network of many local networks, a high 
variety and stratification, both at the horizontal and at the vertical dimension.12

9 Although the stock of complex or self-organizing network models will be dealt with more intensively in a 
subsequent publication (Müller and Turner, 1998), some examples should be quoted at this point, too, like 
Anderson, Arrow and Pines, 1988, Arthur, 1989, Batten, Casti and Johansson, 1987, Haag, 1989, Metcalfe 1997, 
Nelson and Winter, 1982 or Zhang, 1991.
10 Since the connections between Schumpeter and evolutionary economics have become a truism by now, another 
parallel may be more enlightening and surprising, namely the linkages between evolutionary economics on the one 
hand — and Karl Polanyi. In Polanyi's works, one finds a highly interesting charcterization of an “evolving market 
economy” which, in quintessential aspects, turns out to be quite similar to the description provided for example by 
John H. Holland. Fora similar vision in Polanyi, seee. g, Polanyi, 1978: 71.
11 Once again, one may find a similar conceptualization of economic development in Karl Polanyi (1978: 71)
12 Polanyi characterizes markets in a similar way as a huge network of interlinked markets (Polanyi, 1978: 07.
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The economy has many levels of organization and interaction. Units at any given 
level typically serve as 'building blocks' for constructing units at the next higher level. 
The overall organization is more than hierarchical, with all sorts of tangling 
interactions ... across levels (Holland, 1988: 118).

Fourth, from their basic components, namely small, medium and large-scale 
enterprises in any of the three main economic sectors (agriculture, industry and 
services), market networks can be characterized by a high degree of recombinability 

and adaptability.'13

The building blocks are recombined and revised continually as the system 
accumulates experience — the system adapts (Holland, 1988: 118).

Fifth, the evolution of a market network of market-network facilitates processes of 
differentiation and specialization or, alternatively, implies the disappearance of 
"universal” market-components, being able to fit into any niche.14

The arena in which the economy operates is typified by many niches that can be 
exploited by particular adaptations; there is no universal super-competitor that can fill 
all niches .... (Holland, 1988: 118.

Sixth, in the course of market expansion and growth, a continuous opening up or 
closing down of niches occurs so that, from its inner logic of expansion, no limits to 
growth can be identified. Moreover, the most important element for the 
reconfiguration of the basic building blocks for market networks, namely enterprises, 
lies in the change of socio-technical systems employed within these enterprises. 
Thus, the flow of recombinations must be conceptualized as an unrestricted process, 
being hampered only by concerns of risk, profitability, social acceptance, 
environmental consequences and the like.15

Niches are continually created by new technologies and the very act of filling a niche 
provides new niches ... Perpetual novelty results (Holland, 1988: 118).

Seventh, due to the continuous opening up and closing down of niches, no global 
optimum can be specified for the market networks both at the global as well as on the 
local levels. On the contrary, a permanent process of recombinations and

13 Once again, one may find an interesting parallel in the writings of Karl Polanyi (1978:183).
14 Another work of evolutionary “family resemblances" between John H. Holland and Karl Polanyi can be found at 
Polanyi (1978:130 pp.).
15 Even for this case, one can detect very similar notes in Karl Polanyi (1978:110p.).
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adaptations creates, during its own operations, a multiplicity of local “basins of 

attractions’’.16

Because the niches are various, and new niches are continually created, the 

economy operates far from an optimum (or global attractor). (Holland, 1988: 118)

According to the self-organization perspective for market networks just outlined, the main 
processes to be analyzed lie in the great transformations of a comparatively small global 
market-network at the beginning of the 16!h century to an all-encompassing, highly integrated 
market-network of market-networks at the end of the 20lh century. Thus, the two main groups 
of transformations to be investigated should be concentrated on the following development 
patterns:

The first group of external transformations is linked with the disappearance of non- 
market production activities or, alternatively, with the integration of non-market 
production into the evolving market network. Using a closed sectoral classification 
scheme by introducing six main market-sectors, namely agriculture, industry, firm- 
related services, household-related services, the public sector, and an environmental 
complex of waste disposal and re-cycling,17 processes of external absorptions or 
integrations18 can be studied by concentrating on peripheral or semi-peripheral forms 
of integration, by focusing on sectoral integration types, by investigating large-scale 
pre-market production units and small ones, etc.

The second group of internal transformations is concentrated on the endogenous 
changes within the evolving market network of market-networks. Sticking to the same 
sectoral scheme as above, the main focus here lies in then internal sectoral predator- 
prey dynamics like the marginalization of agriculture in the past, the marginalization 
of industry in the future, the increasing importance of firm-related services, past and 
present, e tc.19

From here, a rich field of epigenetic analyses can be built up since the sectoral categorization 
schemes offer a relatively high degree of functional homogeneity and can be supplemented 
with a number of evolutionary important characteristics like the shape of sectoral life-cycles, 
minimal and maximal diffusion potentials, main processes of sectoral differentiations and the

16 At this point, the parallels between John H. Holland and Karl Polanyi can be completed by referring to Polanyi 
1978: 112.
17 On these sectors and their precise definitions, see esp. MUIIer and Haag, 1994.
18 See also the Interesting term of “Landnahmen” which has been used by Burkard Lutz, 1984.
19 Here, the processes of “Landnahmen" or, alternatively, of “sectoral subsumptions" is clearly understood, contrary 
to Burkart Lutz (1984), as an ongoing characteristic of economic development. Due to the permanency of sectoral 
“predaior-prey” relations, no fixed points or attractors are in sight which, after a long time of revulsions and 
revolutions, can guarantee a stable sectoral distribution like in the case of Fourastie's phase transition from 80% 
agriculture, 10% industry and 10% services to 10% agriculture, 10% industry and 80% services ... On useful 
formalisms in the area of predator-prey modeling, see Hofbauer and Sigmund, 1984 or Peschel and Mende 1986.
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like. Moreover, the permanent recombinations and adaptations within this market-network of 
market-networks ... of market-networks have accumulated a rich and diversified “market 
memory”, whose selection and learning procedures in the past must be seen as essential 
constraints or "lock-ins” for selection- and learning-habits in the future ,„20

What makes the epigenetic transfer module on network ensembles particularly interesting, 
lies in the emphasis of the co-evolutionary character of development. Thus, an 
accompanying system must be introduced which has been characterized, following the spirit 
of Karl Polanyi, as “societal protective belt”. The rationale for the introduction of a global, 
national or regional protective belt aside from a global, national or regional market-web, lies 
in the specific role which has been assigned to the protective belt. It acts as a “compensatory 
mechanism" (Offe, 1971) which guarantees the sustainability, i. e. the long-term 
reproduciability especially of two production factors, namely of labor and land or, more 
generally, of the environment. Polanyi's main-argument for the co-evolutionary essential role 
of a societal protective belt comes from the non-sustainable nature of market expansion, 
since, following Polanyi, a self-regulating market cannot be sustained without destroying the 
human potential or the state of the environment. (Polanyi, 1978: 19 p.) Thus, one has arrived 
at the core of Polanyi’s co-evolutionary macro-societal vision -

for centuries ... the dynamics of modern society has been determined by a double 
movement. Markets expanded continuously, but this expansion remained dependent 
on protective institutions which facilitated this expansion in certain directions.21

20 For more details, see especially MQIIer and Pichelmann, 1990: 174 ff.
21 The translation has been provided by Karl H. MOIIer, taking the quote from Polanyi, 1978: 182.



32 — Karl H. Müller/  The Great Societal Transformations: Epigenetic Explorations — I H S

Table 3:

E s s e n t ia l

M a r k e t -
COMPONENTS

C a p it a l

La b o r

La n d

S o c ie t a l

S y s t e m s

The Evolution of Actor-Networks in the Protective Belt {TM„a}

P r o t e c t iv e  M a r k e t - P r o t e c t iv e

O r g a n is a t io n s  F u n c t io n  F u n c t io n

Research &
Development 
Entrepreneurial 
Interest Groups et al.22 
State Insurance Systems 
and Guarantees for 
Enterprises 
Non-Profit-Sector

Proliferation of New 
Market Niches; 
Organisation of 
Existing Market- 
Relations
Safeguards against 
Natural or Socio-Eco- 
nomic Risks

Protection of Entrepreneurial 
Ensembles;
Protection from (Un)-intented 
Consequences of Market 
Developments or 
of Environmental Hazards

Households 
Labor-Related 
Interest Groups et al. 
Consumer-Interest 
Groups

Availability and 
Organisation of- 
Human Labor

Protection of a Sustainable, 
Socially Integrated Labor- 
Force

Environmental Availability and Protection of a Sustainable
Interest Groups et al. Organisation of Environment

Natural Resources

Protection of the Three 
Factors of Production; 
Protection of the 
Societal System 
from (Un)-lntended 
Market-Consequences

Societal Self-Organi- toring 
zation Building (Citizen- 
Movements, “Communi- 
tarianism”, "Civil Society”, 
etc.)

Corporatist 
Systems 
Education and 
Training Systems 
Legal System 
Government and 
Administrative Systems

Organisation of the 
Equilibration of 
Interests; Societal - 
Cost-Reduction; Ad­
ministrative and 
Political Coordi­
nation and Moni-

22 The addendum et a/, in all of the left hand columns refers to the growing number of intermediate institutions (on 
this point, see, e. g., Ware 1989).
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Consequently, following Polanyi, a co-evolutionary protective belt has a triple role as a 
constraint in the market expansion, as a co-determinative factor for future market 
development and as an essential safe-guard for the sustainability of market growth. These 
embedded network formations of the societal protective belt have been built up in a variety of 
societal networks, extending from labor-related organizations like labor unions, consumer 
agencies, state insurance systems like those against unemployment or labor-accidents to 
legal restrictions like the abolishment of child-iabor or to a diversified system of transfer 
payments (Polanyi, 1978: 243).

Thus, at different spatial levels like the urban, regional, national, international as well as 
global levels one can observe the co-evolution of a rich and diversified system of protective 
actor networks whose relative degree of power and intervention potential plays a significant 

role for market expansion.

A summary of essential components in the protective belt is presented in Table 3, focusing 
on the triple function of the protective complex, namely safe-guarding a self-perpetuating 
market network from the unintended as well as from some intended consequences of the 
market expansions, co-directing the “drift” of market expansion and, finally, safe-guarding the 
continuation and, thus, the potential sustainability of market growth in the long foreseeable 
future. The advantage of such a scheme lies primarily in its co-evolutionary perspective, 
relating the development patterns in the protective belt to the expansions and contractions in 
the market networks — and vice versa.

2.2. THE CO-EVOLUTION OF DISCIPLINARY AND TRANSDISCIPLINARY 
PROGRAMS

Turning to the knowledge pools of modern societies, it becomes interesting to note that from 
the 19lh century onward a parallel process of co-evolution can be recorded especially within 
the scientific knowledge bases, taking the evolution of scientific disciplines and their program 
production as its major “engine of growth" and the proliferation of inter- or transdiscipiinary 
programs as its protective counterpart.

From an epigenetic point of view, the central characteristic of disciplinary programs in 
science and technology can be specified in the following manner. Scientific programs within a 
large number of disciplines can be considered as widely distributed ensembles at the code 
levels, exhibiting a core reproduction requirement (average program growth rate of a specific 
discipline), comparative advantages via cognitive program innovations (opening up new 
topics, new theories, new methodologies or new data) as well as, finally, a self-organizing 
mode of expansion far from "cognitive equilibrium". Even in the long run, the cognitive drift 
within the scientific program pools will not be directed, despite claims to the contrary, towards
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a global attractor.23 More precisely, one can list several main characteristics of a self­
organizing disciplinary program proliferation and organization within the science system.

First, the scientific pool of disciplinary programs can be conceptualized as a 
collection of autonomous units or “building blocks" of various types, ranging from 
sub-program entities to programs, clusters of programs, “themes” and "metaphors”, 
subdisciplines, disciplines, clusters of disciplines, etc. Moreover, these building 
blocks are interlinked in a number of ways, from citations and the local environment 
of their production to logical relations and methodological structures.

Second, no global control-systems can be identified which would act as a decisive 

and central steering unit for newly emerging or traditional disciplinary knowledge 
pools. More specifically, no global control units at the network levels act as decisive 
gate and distribution keepers which control the scientific program proliferation across 
various desciplines.

Third, disciplinary programs exhibit a high variety and stratification, both at the 
horizontal and at the vertical dimension. Especially for the vertical dimensions, grand 
vision of scientific “unification” or "reduction" from the social sciences to psychology 
and cognitive sciences to life sciences and, penultimately, to physics demonstrate 

the high vertical interlinkedness of the scientific program pool. And with respect to 
horizontal density, one can observe a rich variety of different disciplines within a well- 
defined domain. Take human cognition as a primary example, then one will find even 
at the same horizontal level of adaptive human behaviour significant contributions 
from artificial intelligence, cognitive science, artificial live, education science, social 
psychology, sociology, anthropology and the like.

Fourth, a high degree of program recombinability and adaptability guarantees, inter 
alia, a high potential for cognitive innovations both in fundamental, but also in 
marginal ways.

Fifth, frequent processes of disciplinary differentiation and specialization or, 
alternatively, the gradual and, at times, sudden appearance of new disciplinary 
programs imply the disappearance of "universal" program building blocks or a 
universal paradigm, being able to fit into any cognitive disciplinary niche.

Sixth, one can observe a continuous opening up of or, very seldom though, a closing 
down of cognitive niches.

23 “Cognitive equilibrium” is to be understood in Stephen Hawking's terms of a final theory state which, for cognitive 
reasons, remains in a stable state. {On this point, see Hawking, 1988)
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Seventh, no global optimum can be specified for the scientific program development 
as well, leading, thus, to a very long-term process of program self-organization 
without limits and inner boundaries.

According to this self-organizing view for the code-levels, the main processes to be 
investigated lie in the great transformations of a comparatively small modern knowledge base 
at the beginning of the 16th century to an all-encompassing, highly integrated knowledge pool 
of knowledge pools at the end of the 20th century. Thus, the two main groups of 
transformations to be investigated should be concentrated on the following development 
patterns:

The first group of external transformations is linked with the disappearance of 
alternative knowledge traditions or, alternatively, with the integration or, more 
adequately, the subsumption of other knowledge cultures into the evolving modern 
science pools. Using a closed science classification scheme by introducing three 
main science-sectors, namely natural sciences, technology and medicine as well as 
social sciences, processes of external cognitive absorptions can be studied by 
focusing on special integration types, by investigating groups and clusters of external 
knowledge traditions, etc.

The second group of internal transformations is concentrated on the endogenous 
changes within the evolving discipline formations. Sticking to the same disciplinary 
scheme as above, the main focus here lies in the internal absorptions like the 
marginalization of theology or philosophy from the 18lh century onward, the 
marginalization of physics in the future, the increasing importance of life or eco- 
sciences, past, present and future, or of the emerging fields related to computer and 
information processing, etc.

From here, a rich field of epigenetic analyses can be built up since the disciplinary 
categorization schemes, aside from offering an evolutionary stable classification, exhibit a 
relatively high degree of functional homogeneity and can be supplemented with a number of 
evolutionary important characteristics like the shape of disciplinary life-cycles, minimal and 
maximal diffusion potentials, main processes of disciplinary differentiations and the like. 
Moreover, the permanent recombinations and adaptations within this disciplinary ensemble of 
disciplinary programs ... of disciplinary programs have accumulated a diversified "disciplinary 
memory”, whose selection and learning procedures in the past must be seen as essential 
constraints or “lock-ins" for selection- and learning-habits in the future ...

What makes the particular epigenetic transfer module on code-levels ensembles particularly 
interesting, lies in the emphasis of the co-evolutionary character of program development. 
Thus, an accompanying system can be introduced which can be characterized as 
transdisciplinary and fulfills the essential role of a “cognitive protective belt”. The rationale for
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the introduction of such a transdiscipiinary ensemble at the program levels aside from a 
disciplinary web, lies in the specific role which has been assigned to this transdiscipiinary 
program group since it guarantees and safeguards the sustainability, i. e. the long-term 
reproduciability of the overall disciplinary program pool. The main-argument for the co- 
evolutionary essential role of a cognitive "protective belt" comes from the non-sustainable 
nature of disciplinary expansion, since a self-regulating system of scientific disciplines cannot 
be sustained without destroying the cognitive potential or the cognitive transfers to non- 
scientific societal segments.

Table 4: The Co-Evolution of Transdiscipiinary Programs {TMllb}

T ransdisciplinary D isciplinary Protective

Programs Function Function

Context of Inter- and trans­ Suggestions for heuris­ Protection from
D iscovery discipiinary programs tics and methods which redundancies;

of empirical nature, from can be transformed Protection from
early encyclopedias 
and thesauri to 
transdiscipiinary model- 
encyclopedias of the 
present time

into the “disciplinary 
matrices” of single 
disciplines

“innovation locks'

Context of Inter- and trans­ Availability of a Protecting the
Justification discipiinary programs common set of eva­ performance of

of normative nature luation criteria for the disciplinary
including evaluation 
measures for disciplinary 
programs

disciplinary research system

Program
Environments

Programs for 
“Popularizing Science”

Wider access to new 
results, "ordering” of 
disciplinary results

Protecting the 
acceptance of 
the scientific 
knowledge pools

Consequently, a co-evolutionary transdiscipiinary belt performs a triple role as a constraint in 
the disciplinary expansion, as a co-determinative factor for future development within and 
across disciplines and as a safe-guard for the sustainability of disciplinary program growth. 
These embedded transdiscipiinary code formations have been built up in a variety of ways 
and can be grouped into four main domains, namely into theory, methodology (including 
formal mathematical or statistical models), data and language. In all four areas, essential 
tools and instruments are at hand which offer a substantial contribution in linking and 
combining the wide range of disciplinary programs.

Thus, at different spatial levels one can observe the co-evolution of a rich and diversified 
system of transdiscipiinary programs whose cognitive impact plays a significant role for the
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disciplinary expansion. With Table 4, a second co-evolutionary ensemble, this time at the 
code levels, has been introduced and conceptualized as a genuine “transfer module".

2.3. THE CO-EVOLUTION BETWEEN ACTOR-NETWORK FORMATIONS 
AND KNOWLEDGE BASES

In a final move, the notion of “embeddedness” can be taken one step further, postulating 
"embeddedness relations" not only within the network levels or within the code levels, but 
across network and code levels as well. Taking a well-known Granovetter quotation as 
starting point —

the behavior and Institutions to be analyzed are so constrained by ongoing social 
relations that to construe them as independent is a grievous misunderstanding 
(Granovetter, 1985: 481 f.) —

one can arrive, via a small set of recombinations, at three major embeddedness formations -

the market operations to be analyzed are so constrained by ongoing relations with 
the protective belt that to construe them as independent is a grievous 
misunderstanding ...

the evolution of disciplinary programs to be analyzed is so constrained by ongoing 
relations of inter- and transdisciplinary nature that to construe it as independent is a 
grievous misunderstanding ...

the behaviors of actor networks to be analyzed are so constrained by ongoing 
relations with the knowledge pools that to construe them as independent is a 
grievous misunderstanding ...

Moreover, from an epigenetic point of view, “embeddedness” between the main dual 
epigenetic levels can be specified for the three traditional perspectives of social science 
investigations, namely for micro-, meso- and macro-social analyses respectively. In a general 
functional perspective across micro-, meso- and macro-levels, the embeddedness of actor 
networks and knowledge pools exhibits some interesting features, which can be summarized 
via Table 5.

Here, the core embeddedness function of the knowledge bases in general lies in their 
“recipe-character" for sustaining the reproduction of network actors, for generating the 
production of new network units and for shaping innovations at the levels of actor networks. 
These three core functions can and must be described in fuller detail.



38 — Karl H. Müller/  The Great Societal Transformations: Epigenetic Explorations — I H S

Table 5: The Embeddedness of Actor Networks in Knowledge Bases {TMnc}

A c t o r

N e t w o r k s

K n o w l e d g e

B a s e s

C o r e -
F u n c t io n s

FOR ACTOR-NETWORKS

Multiple Units at the 
Micro-, Meso- and 
Macro-Levels

Multiple Units at the 
Micro-, Meso- and 
Macro-Levels

Co-Reproduction of UnitsN 
Innovations (New Forms of 
the Production or Reproduction of 
UnitsN)

Co-Production of Units,’N

First, the production of new building blocksN can be considered as the vital 
embeddedness function of knowledge bases. Here, the genetic code-system plays a 
well-known and an as yet weakly understood core function in morphogenesis. 
Similarly, new building bIocksN can be co-determined by implicit routinesc, by 
encoded programs in their recipe-function or by machine code programs, again in 
their recipe function.

The second protective core function lies in the co-reproduction of building blocksN 
which can be maintained for all four major layers in the knowledge bases, too. The 
genetic system, for obvious reasons, assumes a central role for co-determining the 
production of proteins and cell-metabolism and, thus, for the maintenance of 
organisms. The neural bases fulfill an essential role in reproducing the operative 
potential of network actors. Encoded materials serve as an indispensable recipe- 

function for maintenance and repair in actor networks. Finally, machine codes act as 
necessary basis for the surface interactions with information and communication 
technologies.

Third, innovations, i, e. changes or recombinations in the reproduction or the 
production of building blocksN, are a final vital core protective function of knowledge 
bases. Again, the genetic pool, due to its recombinative repertoire, acts as a powerful 
supplier of new recombinations both for reproduction and production. And without 
specifying more details, innovations in the (re-)production of building blocksN occur 
through the recombinative potential of implicit routinesc or through the recombinative 
power in encoded or machine-based programs.

These three protective core functions of knowledge bases for actor networks assume at 
times very different architectures, depending on the micro-, meso- or macro-social focus of 
investigations. Due to the macro-social character of most of the transfer modules within Part
II, the subsequent explorations will be undertaken for macro-ensembles alone. Even here, 
one finds an astonishing number of characteristic embeddedness relations along the vertical 
epigenetic dimensions. Table 6 reveals some of these vertical embeddedness features.
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Table 6: The Embeddedness of Knowledge Bases tn Actor Networks {TMlld}

E s s e n t ia l

N e t w o r k -
COMPONENTS

K n o w l e d g e

B a s e s

C o r e -
F u n c t io n

M a r k e t  N e t w o r k s Distributed Pools of 
Science and Technology put-, 
Programs (STP)

Distributed Pools of 
Programs on Repair

Distributed Neural Pro­
grams for “ Implicit”
Practices

Distributed Pools for ICT- 
Programs (incl. ICT-Programs 
on STP or RM)

Program Bases for Potential In- 
Withinput or Output-lnnovations 
in Market Networks

Program Bases for the Sustainability 
of Market Networks 
and Maintenance (RM)

Program Bases for Co-Activating 
New or Established Routines of 
Implicit Nature

ICT-Program Bases of ST and RM 
Programs for Market Networks

N e t w o r k s  o f  t h e  
P r o t e c t iv e  B e l t

Distributed Pools of 
Science and Technology 
Programs (STP)

Distributed Pools of 
Programs on Repair 
and Maintenance (RM)

Distributed Neural Pro­
grams for “Implicit “
Practices

Distributed Pools for ICT- 
Programs (incl. ICT-Programs 
on STP or RM)

Program Bases for Potential In­
put-, Withinput or Output-lnnovations 
in the Protective Belt

Program Bases for the Sustainability 
of the Protective Belt

Program Bases for Co-Activating 
New or Established Routines of 
Implicit Nature

ICT-Program Bases of ST and RM 
Programs for the Protective Belt

Following Table 6, four general points deserve special emphasis.

First, one of the noteworthy features of the embeddedness of knowledge pools in 

actor networks lies in the sheer amount of redundancies, associated which each of 

the main layers of the program pool respectively. Aside from the well-known 

redundancies in the genetic layer -  each cell of an organism contains, by and large,
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the necessary recipe for its entire construction — , it remains a highly interesting 

feature that books, articles but also ICT-based programs are "copied" at high rates 

and widely distributed throughout the various knowledge pools.

Second, one of the most clearly visible characteristics of vertical embeddedness lies 

in its “degeneracy", which has been defined by Gerald M. Edelman in the following 

m anner-

There is no unique structure or combination of groups corresponding to a given 

category or pattern of output. Instead, more than one combination of neural groups 

can yield a particular output, and a given single group can participate in more than 

one kind of signaling function. (Edelman, 1989: 50)

Transferring degeneracy into a societal embeddedness context, one can easily see 

that one-to-many as well as many-to-one relations are a highly characteristic element 

of vertical embeddedness. Here, a single building block at the code levels can be 

utilized in numerous ways and many building blocks at the code levels may lead to a 

specific operation at the network levels.

Third, the types of embeddedness relations for market networks and the protective 

belt formations remain by and large identical, pointing, thus, to the indispensable 

function of the knowledge bases for the protective belts, too. This point is noteworthy 

since knowledge based processes have been largely associated with the economic 

system and not, or not sufficiently, with the networks of the protective belt like the 

state apparatus, the domains of "civil societies" and the like.

Fourth, three layers of the knowledge bases assume specific roles in the shaping and 

in the reproduction of actor networks, whereas the gene pool takes on an unspecific 

role only. While of vital necessity for the creation of network actors, it can be safely 

assumed that changes in the gene pool are not to be considered an important 

explanatory element for macro-societal development patterns.

In this manner, a systemic as well as a systematic summary of code-network- 

embeddedness relations has been completed.

2.4. THREE GROUPS OF “EMBEDDEDNESS FORMATIONS”

At this point, a final summary will be presented, which centers on the notorious notion of 

“embeddedness" and which will move the three embeddedness formations, presented so far, 

in a much wider context. In a systemic fashion, embeddedness formations can be separated, 

following Table 7a to Table 7c, into three independent groups or clusters, namely into vertical 

and horizontal embeddedness formations, into symmetrically and asymmetrically embedded
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ensembles and, finally, into a rich and diverse spectrum of embedded micro-, meso- or 

macro-formations of varying spatio-temporal scales (short-, medium-, long-term/local, 

regional, global). Moreover, these three groups can be combined, too, leading thus to a large 

and, evaluated in terms of common social science methodology, uncommon variety of 

embeddedness formations.

As a starting point, embeddedness formations especially at the actor network levels can be 

differentiated according to a general power dimension, taking power in an unspecific 

Weberian sense as

the capacity to regulate and control the actions of other members of a population and 

the structural units organizing these members. (Turner, 1995: 75)

Thus, the set of embeddedness formations can be split into two main power classes, 

namely into an asymmetric and into a symmetric cluster. Following the above 

definition, symmetric power relations are characterized by

the mutual capacity to regulate and control the actions of members of a population 

and the structural units organizing these mutual regulations and control

whereas asymmetric power relations assume

the capacity by some actors of a network to regulate and control the actions of other 

actors of a network and the structural units organizing these other actors.

Table 7a: Power-based Embeddedness Relations {TM„e}

More specifically, three specific comments can be added to Table 7a.

First, equivalence or domination as power relations are to be understood in a 

rigorous manner, making ample use of the explanatory context, developed in the

S y m m e t r ic  E m b e d d e d n e s s A s y m m e t r ic  E m b e d d e d n e s s

Equivalence Relations 
Compatible Development 
Potential High
Strong Type of Co-Evolution

Dominance Relations 
Compatible Development 
Potential Low
Weak Type of Co-Evolution
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actual study of specific embeddedness formations. Thus, equivalence relations 

assume, very generally speaking, an explanatory format of the type -

Pei = / ( P e,. Pei.) and PEII = /  (PEI1, PEI)

where the explanatory impacts of the performance of ensemble on ensembtej (i,j = 

1,2, i ^  j) exhibits similar proportions. In case of a strong predominance of one 

ensemble over the other, asymmetrical embeddedness relations prevail. Concretely, 

for asymmetrical relations an ensembtej must be strongly relevant for the 

performance of an ensembtej (i,j = 1,2, i ^ j )  while, in turn, ensembtej remains of small 

or marginal explanatory impact for ensembtej only.

Second, the notion of compatible as well as of incompatible development potentials 

will be dealt with in a more formal fashion within the next chapter. Here, only a small 

hint will be provided. Compatible development potentials refer to co-evolutionary 

growth processes, whereas incompatible development potentials are accompanied 

by one-sided growth processes only or even by mutual co-involutionary trajectories.

Third, symmetric or asymmetric relations can be identified within and across the 

three traditional social science perspectives, namely between and within the micro-, 

meso- and the macro-processes of social science studies. Thus, an overall symmetry 

pattern at the short-term micro level may be accompanied by highly asymmetric 

medium-term configurations at the macro level, etc.

Another interesting partitioning of embeddedness formations can be undertaken with 

reference to the “epigenetic square”, differentiating between vertical and horizontal forms of 

embeddedness. Thus, the co-evolutionary ensembles in chapter 2.1 and 2.2 belong to the 

horizontal group, whereas the formations, introduced in 2.3, belong to the vertical 

embeddedness class.

Table 7b: Epigenetic Embeddedness Formations {TM,|f}

H o r it o n t a l  E m b e d d e d n e s s  
F o r m a t io n s

(A c t o r  N e t w o r k s  o  A c t o r  N e t w o r k s ) 

(C o d e  S y s t e m s  <=> C o d e  S y s t e m s )

Homeostatic Coordination 
Sustainability
Maintenance of Actor Networks 
Co-determination of the 
"Sustainable Drift"

V e r t ic a l  E m b e d d e d n e s s  
F o r m a t io n s

(A c t o r  N e t w o r k s  <=> C o d e  S y s t e m s )

Coordination of Novelty 
Creation
Production of Network Actors 
Co-determination of the 
“Productive Drift”
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Three points in Table 7b, associated with the vertical/horizontal distinctions, deserve a closer 

specification.

First, vertical and horizontal embeddedness formations are to be differentiated not 

according to their impact or as variations on the theme of strong ties, weak ties and 

their inverse strength. Rather, vertical and horizontal embeddedness formations are 

separated according to their different constitution and architecture. Horizontal 

embeddedness formations refer to exchanges, interactions, relations or transfers 

between similar ensembles either at the code or at the network levels, whereas 

vertical embeddedness formations are concerned mainly with interactions, relations 

or transfers between code systems and actor networks.

Second, the emphasis on "sustainability" versus "creation" or between “maintenance” 

versus "production" should be understood in a metaphorical sense only, since for 

obvious reasons creative constructions and destructions can be found at the actor- 

network levels, too. But the emphasis here is directed towards the difference with 

respect to novelty or emergence. Embedded code systems, by their primary function, 

are the recipe pools for the production of new network elements, either as network 

actors or network actor network components like socio-technical systems. In a similar 

manner, the primary function of actor networks lies in their sustainability and their 

successful continuation.

Third, the two-fold notion of "drifts" -  "sustainable drift" and "productive drift” -  refer to 

a well-known property of dynamic systems which has been given various names like 

“memory effects", “ lock-ins”, “sensitivity to initial conditions” and the like. All these 

labels refer to the powerful role of past operations, decisions, routines, relations for 

available options in the future. Thus, the terms of a “sustainable” or a “productive 

drift" denote the overall direction or the gradient of intertemporal development 

patterns with respect to production or reproduction processes.

Finally, Table 7c presents an unusual spatio-temporal differentiation which can be used for 

socio-economic processes in general. Here, the specification of building blocks both for code 

sytems and actor networks can be applied, in principle, to 32 different spatio-temporal scales 

for micro-, meso- or macro-societal perspectives. Thus, a micro-building block like an 

individual or a household can be used for a micro-based analysis of long-term global 

processes whereas a macro-building block like a science system can be studied at least in its 

regional short-term development patterns. Taking the subsequent notion of macro-level 

perspectives as a reference point —

Macro-level theory focuses on (a) populations that number into the thousands, and 

usually many more; (b) populations that remain organizationally and culturally 

coherent in their environment for at least several decades and typically many more;
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and (c) populations that control at least a few thousand square miles of territory and 

generally much more (Turner, 1995: 1 p.) —

then it is easy to see that societal macro-theory can be undertaken, again in principle, with 

macro-building blocks at the code and network levels for 3 x 3 spatio-temporal scales 

(locai/regional/global and short-/medium-/long-term).

Again, a symmetrical argument on the multiplicity of building blocks can be constructed for 

micro-perspectives as well. Recombining the above definition for a micro-level focus, one 

arrives at the following minimal micro-specifications -

Micro-level theory focuses on (a) micro configurations that number into the hundreds, 

and usually much less; (b) ensembles that remain coherent in their environment for 

at least several seconds and typically many more; and (c) ensembles that can be 

located in space as well.

Here, micro-perspectives are based on micro-building blocks which, once again, can be used 

for 3 x 3 spatio-temporal horizons.

Concluding with the societal meso-perspective, it is comparatively easy to construct a 

homology from micro- and macro-level theory -

Meso-level theory focuses on (a) meso configurations that number into the 

thousands, and usually much less; (b) ensembles that remain coherent in their 

environment for at least several years and typically many more; and (c) ensembles 

that can be located in space as well.

Consequently, Table 7c exhibits a slightly unconventional summary of micro-, meso- and 

macro-societal perspectives and, moreover, a large number of possible embeddedness 

formations.

Moreover, the following specifications can be made which support the scheme of Table 7c on 

the spatio-temporal boundaries of embeddedness formations.
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Table 7c: Spatio-Temporal Embeddedness Formations {TMng}

B u il d in g  B l o c k s c,n

M ic r o -S o c ie t a l  P e r s p e c t iv e s :

Time Horizons

Short Medium Long-Term

Micro-Level Building BlocksCN
Local Field lM, Field llM, Field ll lM|
Regional Field IVMI Field VM, Field VIMI
Global Field V1IM1 Field V IIIM1 Field IXMI

M e s o -S o c ie t a l  P e r s p e c t iv e s :

Meso-Level Building BlocksCN
Local Field 1ME Field llME Field l l lME
Regional Field IVME Field VME Field VIME
Global Field V IIME Field VIIIME Field IXME

M a c r o -S o c ie t a l  P e r s p e c t iv e s :

Macro-Level Building BlocksC N
Local Field lMA Field llMA Field ll lMA
Regional Field IVMA Field VMA Field VIMA
Global Field VIIMA Field VIIIMA Field IXMA

Embeddedness within the micro-perspectives between and within knowledge bases 

and actor networks: Here, actor network building blocks from traditional micro­

sociology -  individuals, small groups, households, families, but also sub-individual 

units of the “multiple self variety" (Coleman, 1990, Elster, 1986, Giddens, 1991, 

Müller, 1998b), will become in most cases the essential building blocks for the 

network levels, whereas the neural bases of "tacit routines” as well as the encoding 

and decoding practices become quintessential parts of the four remaining epigenetic 

dimensions. These embeddedness formations can be analyzed across different 

space-time horizons, although the main emphasis will be devoted to short-term local 

processes and, due to aggregation and measurement problems, hardly, if at all, to 

long-term global processes.

Embeddedness at the meso-perspectives between and within knowledge bases and 

actor networks: Since meso-social ensembles are normally associated with small-, 

medium- and large-scale organisations or collective actors like unions or 

associations, the epigenetic research perspective asks for an appropriate structuring
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of these meso building blocks, conceptualizing them as dual level evolutionary units, 

consisting of a set of actor network building blocks and, depending on the choice of 

specific network units, of a corresponding knowledge pool. Again, 32 different 

embeddedness formations are, in principle, open for meso-investigations.

Embeddedness at the macro-levels between and within knowledge bases and actor 

networks: Finally, a third type of spatio-temporal embeddedness formations can be 

identified at the macro-levels, linking large-scale societal ensembles like the 

scientific-technological system, the political-administrative system, the economic 

system, the cultural and artistic system, the “civil society” (including mass media) or 

other macro-ensembles in their actor network formations and their specific 

knowledge bases. Here, the main emphasis will lie in long-term regional, preferably 

national, or global horizons, excluding almost by terminological necessity, local short­

term interactions.

In this manner, an encompassing and far-reaching transfer module on the large number of 

ways for embedding embeddedness relations has been completed.

3. A TRANSFER MODULE FOR “EMBEDDED 
KNOWLEDGE LOOPS” IN MODERN SOCIETIES

Shifting from a general co-evolutionary perspective to time-dependent patterns of “double 

movements”, a small class of new concepts and definitions has to be introduced which will be 

followed by a new type of transfer module on “embedded vertical knowledge loops" in 

modern societies.

3.1. COMPATIBLE AND INCOMPATIBLE DEVELOPMENT POTENTIALS: 
BASIC DEFINITIONS

As a starting point, a morphological space will be opened up which will distinguish between 

compatible and incompatible interactions between two large-scale ensembles of knowledge 

societies (KS-E) within or between code and network levels.

Following Table 7c, the long-term co-evolutionary movements between essential societal 

ensembles are confined to self-organizing markets and protective belts at the network levels, 

to disciplinary and transdisciplinary programs at the code levels and to actor networks and 

knowledge bases between code and network levels. These double movements can be 

classified into three major types, namely into strongly compatible, into weakly incompatible 

and into strongly incompatible forms of co-evolution.
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in a forma! mode of operationalization, strongly compatible co-developmental potentials 

require the following constellation -

(3 E 1,/dt > 0) a  (9 E 11,/dt >  0)

i, e., an above average growth and development process must occur in both knowledge 

society ensembles (E I and E II), when evaluated in terms of core performance indicators for 

each of these two assemblies.

Table 8: Interaction Space between Two Embedded Ensembles {TMmJ

ENSEMBLE-GROUP I 
A b o v e  A v e r a g e  B e lo w  A v e r a g e
D e v e l o p m e n t  P o t e n t ia l s  D e v e l o p m e n t  P o t e n t ia l s

A b o v e  A v e r a g e

D e v e lo p m e n t  P o t e n t ia l s  Type I Type II

ENSEMBLE-GROUP II

B e lo w  A v e r a g e  Type III Type IV
D e v e l o p m e n t  P o t e n t ia l s

The notions of “above average” and “below average” in Table 8 refer to the long-term global 

veiocity of actor network or knowledge growth, i. e. to the weighted averages of core 

performance indicators for actor networks (GDP per capita, etc.) or program production 

(Science Citation Indices (SCI), etc.). More precisely, a well-defined space-time unit like a 

nation within a specific time interval (for example between 1950 and 1970) exhibits a strongly 

compatible development potential if and only if the growth in, say, the market networks (E I) 

and in the protective belt (E II) are above the average growth rates globally. Thus, the welfare 

state model between 1945 and 1973 throughout the OECD member states exhibits at the 

network levels clearly all essential characteristics of a compatible co-evolution, showing 

strong growth rates in market performance indicators like GDP or exports and a marked 

expansion in the performances of the protective belt, especially of network formations in the 

public domain. Moreover, the growth rates for most of the OECD countries were situated 

above the average global growth rates in this period, fulfilling, thus, the criterion of strong 

compatibility. Consequently, growth rates above or below zero have to be understood with 

reference to the global velocities of the modern world system and not simply to the absolute 

values.

Weakly incompatible development potentials exhibit one of the following two configurations—
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(5 E  1,/dt > 0) a  (5 E 11,/dt <  0)

(d E  l,/d t< 0 ) a ( 3 E  ll,/d t> 0 )

that is, a significant development process in one of the societal ensembles must be 

accompanied by relative declines in the other ensemble, again assessed by core­

performance indicators for both ensembles. Here, special emphasis must be given to the 

term “relative decline” since a global growth rate of, say, 1,5% in market networks and 1.2% 

in the networks of the protective belt leaves ample room for above and below average 

variations with positive absolute growth rates in both societal ensembles.

Finally, strongly incompatible developmental potentials are of the form —

(5 E ltdt <  0) a  (3 E ll,/dt <  0)

where evolutionary processes are characteristic for both societal ensembles when measured 

in terms of core performance indicators. An important point must be added, again. Due to the 

reference points of long-term global growth and expansion rates, strongly incompatible 

processes are not necessarily linked to absolute declines. Over the long run though, a 

constant below average growth potential simply must follow an involutionary trajectory in 

which the comparative disadvantages of backwardness are clearly inhibiting any “catching 

up” processes or “big spurts”.

3.2. THE BASIC ARCHITECTURES OF “EMBEDDED KNOWLEDGE 
LOOPS” IN MODERN SOCIETIES

With the definitions introduced above, an interesting distribution of four basic formations of 

modern "knowledge societies" can be achieved. Basically, these four types can be directly 

linked to the dimensions of the epigenetic square and to essential performance indicators for 

each of these dimensions.

On the one hand, the performances along the five epigenetic dimensions can be 

interlinked in a uniform manner, yielding a high degree of positive correlation 

throughout these dimensions when evaluated in terms of substantial performance 

indicators.

On the other hand, the relations between the performances on these five epigenetic 

dimensions can be coupled in a significantly negative form, exhibiting high (low) 

values for the actor network levels and low (high) values for the three code-related 

dimensions, i. e. the encoding, the decoding and the program dimensions.
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Moreover, since the basic characteristic feature lies in the type of embeddedness of a 

societal “knowledge base” within its actor-network formations, the notion of "embedded 

knowledge loops” has been employed.

Table 9: Four Types of “Embedded Knowledge Loops” in Modern Societies {TMHlb}

T y p e  I T y p e  II T y p e  III T y p e  IV

c <=> c + - + -

C => N •f - + -

N => C + - + -

N <=> N + + - -

C O N + + - _

More concretely, these four basic architectures for modern knowledge societies, past and 

present, can be described in the subsequent way.

Positively embedded positive knowledge loops: Type I consists of those instances with high 

performances both at the code and at the network levels. It must be stressed that strong 

growth processes simultaneously across the five epigenetic dimensions should be 

considered from a global, long-term point of view as relatively infrequent events to be 

identified within a single region or nation. A paradigmatic Type I configuration occurs during 

successful science and technology driven “catching up processes” like in the case of 

Germany between 1850 and the turn of the century.

Positively embedded negative knowledge loops: Type II can be identified in those 

arrangements where, on the one hand, basic overall code-level indicators like TBP, the 

technology balance of payments or general SCI-indicators rank significantly below the OECD 

average and where, on the other hand, overall network-level performance indicators like GDP 

growth, rate of unemployment, per capita income and the like are situated comfortably 

superior to the OECD averages. Taking Austria after 1945 as a typical case in question, the 

TBP share amounts to 28% only and the SCI-values are situated well below the OECD 

averages, whereas unemployment is still to be considered as relatively low and annual GDP 

growth for the last thirty or forty years clearly above the OECD averages (Felderer, 1996). 

Moreover, the second type poses, aside from an insufficient "knowledge base”, a 

considerable “free rider’’ problem, reaping the high and medium technology benefits without 

an appropriate R&D investment in high and medium technology segments.

Negatively embedded positive knowledge loops: Type III, then, comprises a strong position 

across the code levels, above all within the encoding or decoding dimension, while being 

comparatively weak in actor-network performances. With the United Kingdom as typical
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example, one sees here a problem of an inadequate network level knowledge diffusion since 

barriers at the network levels prevent a higher return on R&D investment and a more 

successful propagation and diffusion of the three fundamental P 's at the code levels —  

programs, patents and prototype programs —  at the market network domains.

Negatively embedded negative knowledge loops: Finally, Type IV is to be seen as the 

reference case in many peripheral regions of the modern world system where both code level 

and network level performances remain at a low or even a depressed state. Here, it seems 

advisable to classify the resulting overall constellation as a compound “code-network under­

utilization". For Type IV, potential “catching up” processes are in danger of running into code 

level bottlenecks or network level shortages simultaneously.

4. A TRANSFER MODULE ON POTENTIALLY 
SUSTAINABLE AND U-SHAPED CO-EVOLUTIONARY 
MOVEMENTS: HOMEOSTASIS WITHIN THE MODERN 
WORLD SYSTEM

The discussion on predominant development patterns within global, national or regional 

knowledge societies can be carried a step further by asking for predominant evolutionary 

patterns between and across actor networks and knowledge bases. Given the self-organizing 

character of all four major ensembles -  market networks, disciplinary programs, networks of 

the protective belt, transdisciplinary programs -, it becomes possible to introduce a well- 

known coordination mechanism, namely homeostatic coordination which, by now, has 

established a long and successful history within physiology or within the life sciences in 

general (Ashby, 1974, 1981, Bertalanffy, 1968:160pp., von Foerster, 1957; and as a recent 

perspective, Casti, 1992 and Rosen, 1991),

Without going into the details of the variety of homeostatic mechanisms, six general points 

can be established.

First, the underlying homeostatic coordination for societal ensembles is a dual 

configuration, consisting of expanding market network formations and an ensemble 

for coordination/integration/regulation/repair which, however, is of comparatively 

smaller complexity only. Moreover, this homeostatic architecture has very many 

degrees of freedom since a large number of self-organizing coordinators/ integrators/ 

regulators/ repairers -  the ensembles of the protective belts or of transdisiciplinary 

programs -  operates on a self-organizing assembly of market network of market 

networks or on a vast range of disciplinary programs.
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Second, the domains or “goals" for coordination are of a hyper-complex nature, being 

a composite goal domain of multi-dimensional goal domains.24 In addition, the spatio- 

temporal architecture of the homeostatic coordination reveals a large amount of 

different local, regional, national or international levels with differing time scales as 

well.

Third, both homeostatic ensembles are growing and adapting entities, which adds 

another facet to the hyper-complex nature of the resulting coordination and steering 

configurations. In other words, both ensembles are highly flexible and changing over 

time. Finally, market networks have reached rather early, following Table 1, a self­

organized cyclical development pattern of “ long swings", associated with the diffusion 

of basic product innovations in core production and infrastructure or, as a recent 

achievement, in service domains.

Fourth, the important requirement for a continuous homeostatic coordination lies, 

following Ross Ashby, in the “requisite variety” of the protective network belts or of 

the transdisciplinary program side. In other words, a homeostatic coordination 

requires a sufficient degree of coordination/integration/regulation/repair-capacity in 

order to fulfill its main functions and tasks.

Fifth, both homeostatic ensembles are characterized by an unusually wide internal 

and external substitution potential. Internally, the various components of the 

protective belt may take on a very large state apparatus and a high level of private 

expectation on state coordination like in Italy or in Austria or, alternatively, of a 

relatively downsized political-administrative apparatus, corresponding low 

expectation levels for state coordination and a high level of societal self-organization 

like in the United States. Externally, a surprisingly large amount of societal 

performances -  education health, unemployment services, security, transport and 

infrastructure, arts and culture, universities, etc. —  can be organized either as market 

networks or as protective belt formations. Taking "Darwin's dangereous ideas” 

(Daniel C. Dennett, 1995) seriously, each city, region, nation at present ... can be 

considered as the long-term result of innumerous decisions and operations, based on 

comparative advantages, which have led to a unique combination of market 

formations and protective belts.

Sixth, in the homeostatic societal arrangement just outlined, major systemic failures 

occur, by necessity, for two general reasons. On the one hand, the “engines of 

growth" -  market networks or scientific disciplines -  generate too much diversity

24 To be more precise and concrete, the goal set for the network levels alone consists of the functional domains, 
specified in Table 8, namely of capital, labor, environment and society where each of these functional domains can 
be characterized by a multi-dimensional set of critical target domains.
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which cannot be accomodated for by the coordinating/integrating/regulating/repair 

ensembles -  the protective belt and transdisciplinary programs. On the other hand, 

the coordinating ensemble produces too much coordination/integration/regulation/ 

repair output, leading to a reduction in the performances of market networks or of 

scientific production.

Consequently, co-evolution or Polanyi's “double-movement” in a homeostatic manner leads 

to a simple typology of classes of intertemporal trajectories within an elementary C-N phase 

space. A “bold typological conjecture”, based on this phase space, stresses, above all, two 

general long-term and U-shaped trajectories within actor network levels, within the code 

levels and, finally, between code and network levels which can be clearly qualified as non- 

sustainable in a strong sense, since they undermine even the relative successes, 

accomplished in one of the major societal domains.

In greater detail, the following three classes of co-evolutionary paths can be identified for 

special ensembles within or across the network and code levels:

mutual re-enforcement —  a self-propagated development process with positive 

feedbacks

U-turns —  a one-sided growth process, followed by a significant U-turn

Mutual involution, a self-propagated development process of relative decline with 

negative feedbacks.

Table 10: Potentially Sustainable Development Trajectories — and Two Essential U- 
Turn-Patterns {TM)Va}

E I+/E II+ T y p e  I (P o t e n t ia l l y  S u s t a in a b l e , C o -E v o l u t io n a r y  U p w a r d

M o v e m e n t s )25

E I+/E II- T y p e  II (N o n -S u s t a in a b l e , U -t u r n s )

E I-/E II+ T y p e  III (N o n -S u s t a in a b l e , U -t u r n s )

E I-/E II- T y p e  IV (N o n -S u s t a in a b l e , C o -E v o l u t io n a r y

D o w n w a r d  M o v e m e n t s )

25 “Potential sustainability" implies that trajectories of Type I have the potential of being sustainable, although it 
seems advisable to distinguish between three groups of sustainable trajectories:

Potential sustainability -  a long-term and compatible development pattern,
Weak sustainability -  the global generalizability of a societal ensemble at the urban, regional, national or 
international levels,
Strong sustainability -  the global generalizability of a societal ensemble at the urban, regional, national or 
international levels in the very Song run.
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Diagram 1 offers a general summary of the "U-turn conjecture” for three major 

configurations of the phase spaces for actor-networks formations and knowledge 

bases. With respect to the three main domains (network levels, code-levels, code­

network levels), the grand conjecture on U-turns and fatal homeostatic systems 
failures assumes the subsequent specifications.

4.1. POTENTIAL SUSTAINABILITY AND U-TURNS AT THE NETWORK 
LEVELS

The tragedy of the common U-turns both of the Type II and the Type III variety lies in the fact 

that such reversals undermine the relative position either at the market networks (Type III) or 

at the network of protective belts (Type II). More concretely, the following four network 

patterns can be discerned, taking mainly examples from societal evolution in the 20th century.

Type l-formations, paradigmatically experienced during the "short dream of 

everlasting prosperity” (Burkhard Lutz) between 1945 and the early 1970s within the 

core-regions of the modern world system, exhibit a significant upswing both in market 

network formations and within the protective belts. Here, the metaphor of 

"coordination at the edge of chaos”26 may provide a fruitful hint on the underlying co- 

evolutionary movements, since both market expansion and growth in the protective 

belt are undertaken in a self-enforcing, positive feedback manner. Above all, the 

rapid development of basic new product lines in transportation and infrastructure, of 

associated .service sectors in the banking and insurance complex was accompanied 

by a growing share of financial flows to and from the welfare state apparatus. Here, 

the GDP-share of public expenditures showed a marked expansion throughout the 

core-areas, as summarized in Table 11.

U-turns of Type II are encountered in all those instances and periods during which 

the control and power potential of the protective belt is unduly enlarged through the 

“protectorization” of market domains where market networks assume a relatively 

weak or a marginal position only. Taking Central and Eastern Europe after 1945 as 

reference point, one finds all sorts of market confinements, ranging from legal 

restrictions, from organisational limitations to very small units for self-employment up 

to the emergence of "black markets”, “shadow economies”, "second economies” and 

the like. The protective belts, in turn, due to their hypertrophic regulation and 

coordination potential, underwent a rapid process of centralization and fragmentation 

which can be considered as the most decisive contributing factor for the resulting 

overall U-turns both in market network formations and in the development of the 

protective belts.

26 On the metaphor “life at the edge of chaos” and the underlying models, associated with it, see especially 
Langton, 1989, 1994.
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Diagram 1: The Great Conjecture of Co-Evolutionary U-Shaped Development 
Trajectories in Three Domains (Code<=>Network Levels, Network Levels, 
Code Levels) {TM,Vb}

Dimension,:
Network Levels (high)

Code Levels (high)

Dimension,:
Market Networks (high)

Dimension 
Protective Belt (low)

Dimension,:
Disciplinary Programs (high)

Dimension 
Transdlsciplinary 
Programs (low)

Disciplinary Programs (low)
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Table 11: Development of the GDP-Share of Public Expenditures and Transfers 
1950-197027

Share of Public Expenditures Share of Transfers
(% of GDP) (% of GDP)
1950 1970 1950 1970

Austria 25,0 40,3 7,8 13,9
Belgium 26,3 40,3 9,6 18,9
Canada 26,8 41,2 5,8 10,4
Denmark 19,4 47,5 5,8 15,0
Finland 26,9 37,2 5,8 8,8
France 28,4 42,4 11,3 20,0
Germany (West) 30,8 45,6 12,4 16,7
Italy 27,8 43,1 9,3 19,6
Netherlands 27,0 54,3 6.6 26,1
Norway 25,5 46,5 4,9 16,0
Sweden 37,5 51,0 6,3 16,6
Switzerland 20,8 27,4 5,9 10,2
United Kingdom 30,4 46,1 5,7 11,1
United States 27,4 36,2 5,8 10,4

Needless to say that societal trajectories, after a complete U-turn of Type II, start to 

follow along a Type IV-path in which both market networks and the networks of the 

protective belt are entangled in a co-evolutionary relative downward movement.

Type Ill-U-turns occur whenever the development of market networks moves 

significantly beyond the coordination and regulation potential of the protective belts. A 

paradigmatic example for this type of coordination failure lies in the experience of 

those "market shock therapies" (Central and Eastern Europe after 1989, Chile, etc.) 

where an all-exclusive emphasis is placed on market network development without a 

corresponding account of generating the appropriate societal protective belts of 

requisite variety. Here, again, U-turns, undermining the relative successes of market 

expansion must or, less emphatical, should be the overall process result.

Type-IV co-evolutionary movements exhibit a configuration in which both market- 

networks and the protective belts become mutually marginalized. Since the reference 

frame for both development trajectories lies in the long-term global velocity, Type IV- 

processes are still the predominant developmental configuration in those areas, 

associated with the "Fourth World”. Here, a mutually self-enforcing interaction pattern 

can be observed between small market networks and small protective belts which 

are both embedded in largely traditional and, above all, stationary settings. Following 

the spirit of Polanyi's work, Type IV can be associated with another instance, too,

27 For sources, see Flora and Heidenheimer, 1984: 310 pp. and Müller 1988: 362.
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namely with the development of National Socialism especially after 1936 where, after 

a short period of crippling the labor-related protective belts, of the democratic 

organisational settings and of “boosting" the market formations from 1933 to 1936, a 

development path set in which was at the same time a de-marketization of self­

organizing market networks, a de-protectorization of the protective belts (political and 

legal system, science, culture ...) and a unique power concentration for a single 

political party.

In this manner, a short summary of four essential co-evolutionary actor-network formations 

has been provided which should serve as a useful heuristic transfer module.

4.2. POTENTIAL SUSTAINABILITY AND CO-EVOLUTIONARY U-TURNS 
AT THE CODE-LEVELS

While it has become comparatively easy to identify important instances of societal U-turns at 

the network levels, a corresponding code-level pattern is difficult to detect at best. It might 

even be argued that the self-organization of a discipline based science system, arranged as 

a “homeostatic complex” from its starting points in the mid-18,h century onward, has 

successfully overcome any severe barriers, characteristic for U-turn trajectories. Here, clearly 

recognized deficiencies either in the disciplinary segment or in the transdisciplinary realm 

have induced additional search processes and have lead, thus, to a successful system of 

coordination and regulation. Nevertheless, two interesting points may be recorded.

First, U-turns in the realm of actor-network formations are at the same time periods in 

which the knowledge bases undergo a severe period of crisis, too. Take, for 

example, the development in the knowledge pools of Central and Eastern Europe 

after 1945, then it is hardly difficult to see a very strong program component within 

the transdisciplinary ensemble ("dialectical and historical materialism”) which 

imposed very direct and strong restrictions and limitations on the disciplinary program 

production. Boldly generalized, periods of high power concentration in the protective 

belts of a clearly non-sustainable nature are, at the same time, phases of strong and 

equally non-sustainable transdisciplinary program production as well.

Second, the high period of disciplinary expansion within the core knowledge bases 

during the 1960s and 1970s has produced a number of instances where new 

disciplines have been organized without a corresponding well-defined program 

profile.28 Take the case of small social science subdisciplines, then one can easily 

see that their emergence has produced, above all, redundancies and has

28 As an extremely Interesting point in question see the emergence of a “sociology of technology” (Technlk- 
soziologle) or of a “history of technology” (Technikgeschichte) where even a representative reader states in its 
introductory pages that this sub-discipline must be characterized as organization-driven only, having established an 
organizational infrastructure without a corresponding cognitive program of its own (Hausen and RUrup 1975:19).
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contributed, following the Rescher criteria of closed and open knowledge states 

(Rescher, 1982), to a decrease in the level of perceived knowledge.

Generally speaking though, the co-evolution within the knowledge pools, especially within the 

proliferation of scientific programs, has been accomplished, so far, in a sufficiently 

homeostatic and coordinated fashion, generating at the same time a large amount of 

disciplinary diversity and a sufficient degree of transdisciplinary coordination and coherence.

4.3. POTENTIAL SUSTAINABILITY AND CO-EVOLUTIONARY U-TURNS 
BETWEEN CODE AND NETWORK LEVELS

In a third summary of long-term double-movements between knowledge pools and actor 

network formations, the main emphasis will lie on the underlying processes which may 

induce a U-turn between knowledge base and actor network formations.

With respect to U-turns of Type II, “brain drain” can be considered as the primary 

force which leads to a relative decline in science network capacities both in quality or 

in quantity. Due to the overall shortages and constraints within the actor network 

domains, the scientific technological networks will undergo substantial reductions as 

well which should express themselves in a considerable brain drain to other core 

knowledge domains and, thus, in a gradual weakening and decline of the 

indigeneous knowledge pools. Table 19 cites as primary example the United 

Kingdom where, as a “grand conjecture”, the still highly advanced knowledge bases 

should undergo a period of relative decline as well.

For U-turns of Type III, non-sustainability may occur through constraints and 

bottienecks resulting from limitations of imports as R&D substitution, of free riding, of 

imitative learning, etc. Due to the high amount of substitution as well as due to the 

“comparative advantages of relative backwardness” (Alexander Gerschenkron), Type 

lll-U turns are hard to come by. Nevertheless, in periods of “science based 

economies" and “knowledge as a primary factor of production", the barriers for 

importing high-level technologies and “embodied” technological advances as well as 

the limitations inherent in a weak indigeneous science and technology transfer 

system are the main contributing factors for a gradual U-turn for the network levels 

as well. Thus, regions with a high network performance but a clearly inferior status in 

areas like the technological balance of payments should move, so the upshot of the 

U-turn conjecture, along a path of relative network decline as well.29

29 It must be added though that the U-turn conjecture only precludes a continuous and long-term co-evolution of 
persistently high network and low knowledge based performances and vice versa. It does not preclude the 
possibility of a science-based "catching up" process for Type III configurations or a rapid improvement in network 
performances for Type II ensembles.



58 — Karl H. M utter/The Great Societal Transformations: Epigenetic Explorations — I H S

Table 12: Potential Sustainability and U-Turns in Modern Actor-Network Formations 

{TMIVc}

Co-Evoiutionary Self-Reinforcing Movements of Type I:

Market Networks Protective Belt

Type of Development

Historical Instance: 
Welfare State in Core 
Regions 1945-1973

Type of Development

Historical Instances:

Type of Development

Historical Instances:

Strong Expansion 
of Market Networks 
by a New Wave of Basic 
Product Innovations; 
Compatible Linkages 
to the Protective Belt 
Transport Revolution 
{Cars and Airplanes) 
as “Leading Sectors"

Strong Expansion in 
the Networking Capacities 
of the Protective Belt

Compatible Linkages 
to Market Networks 
Emergence of the Welfare State, 
Extending the Capacities of 
the “Caring State” (Health, 
Education, etc.)

Co-Evolutionary U-Turns of Type II:

Market Networks Protective Belt

Type of Development

Historical Instances: 
Central and Eastern 
Europe between 1945 
and 1989

De-Marketization of Eco­
nomic Networks 
Incompatible Linkages 
from the Protective Belt 
Marginal Role of Legal 
Market Network Formations; 
Black Markets, Shadow 
Price Formation, etc.

Dominance of Networks- 
the Protective Belt 
Incompatible Linkages 
to Market Networks 
Concentration of Power 
within the Protective 
Belts; Legitimiation Crises, 
etc.

Co-Evolutionary U-Turns of Type III:

Market Networks Protective Belt

Strong Expansion of 
Market Networks 
Incompatible Linkages 
to the Protective Beit 
Market-led Catching-up 
Processes in Peripheral 
Regions

“Marketization" of 
the Protective Belt 
Incompatible Linkages 
from Market Networks 
Weakening of the 
Protective Belt

Co-Evolutionary Movements of Type IV:

Market Networks Protective Belt

Growing De-Marketization 
of the Economic Sphere, 
Incompatible Linkages from 
the Protective Belt 
Main Development Patterns 
for Peripheral Regions 
(Large Parts of Africa, 
1970-2000)

Gradual Dissolution of the 
Protective Belts 
Incompatible Linkages 
from Market Networks 
Main Development Patterns 
Peripheral Regions 
(Large Parts of Africa, 
1970-2000)
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Table 13: Potential Sustainability 
Knowledge Pools

and Co-Evolutionary U-Turns in Modem

Co-Evolutionary Self-Reinforcing Movements of Type I:

Disciplinary Programs

Type of Development Strong Expansion
of New Scientific Disci­
plines

Empirical Instances: New Forms of Disciplinary 
Virtual Cycles between Approaches, Linked to Advances 
Mode I and Mode II in Mode II Programs

Transdisciplinary Programs

Strong Expansion in 
Transdisciplinary Problem 
Solutions
New Mode ll-Problem Solu­
tions, Linked with Discipli­
nary Problem Domains

Co-Evolutionary U-turns of Type II:

Type of Development

Empirical Instances: 
"Zero-Sum Interaction” 
between Mode I (-) 
and Mode II (+)

Disciplinary Programs

Relative Decline of Disci­
plinary Program Production 
Change of Disciplinary 
Programs to Mode II- 
Programs

Transdisciplinary Programs

Dominance of Transdiscipli­
nary Programs 
Expansion in Mode II Pro­
gram Production with Pro­
blem Solutions in New 
Domains of Trans­
disciplinary Character

Co-Evolutionary U-turns of Type III:

Type of Development

Empirical Instances: 
"Zero-Sum Interaction” 
between Mode I (+) 
and Mode II (-)

Disciplinary Programs

Strong Expansion of Disci­
plinary Program Production 
Expansion of Disciplinary 
Programs without or with 
Marginal Linkages to Mode-ll 
Programs only

Transdisciplinary Programs

Relative Decline of Trans­
disciplinary Programs 
Mode ll-Programs Con­
fined to Relatively Small 
Niches only, Weak or No Link­
ages to Mode l-Programs

Co-Evolutionary Patterns of Type IV:

Disciplinary Programs Transdisciplinary Programs

Type of Development

Empirical Instances: 
“Negative Interaction” 
between Mode I {-) 
and Mode II (-)

Relative Decline in Disci­
plinary Program Production 
Below Average Growth of 
Disciplinary Programs 
(Weak Ties to Mode II- 
Segments)

Relative Decline of Trans­
disciplinary Programs 
Below Average Growth 
of Mode ll-Programs 
(Weak Ties to Mode I- 
Segments)
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Table 14; Potential Sustainability and Co-Evolutionary U-Turns in Modern Societies 
(Code and Network Levels)

Co-Evolutionary Self-Reinforcing Movements of Type I:

Type of Development 

Historical Instances:

Network Formations

Strong Expansion 
of Actor Networks 
Science-Based Catching 
Up-Processes

Program Formations

Strong Expansion in 
the Knowledge Bases 
New Science and Technolo­
gy Programs, Opening up 
New Niches For Input/Within- 
put/Output Innovations

Co-Evolutionary U-turns of Type II:

Type of Development

Network Formations

Lagging Behind in Market/ 
Protective Belt Networks

Historical Instances: Network Distribution Failures

Program Formations

High Status in Knowledge 
Production

Core Knowledge Bases 
of Science and Technology 
Programs (United Kingdom 
1945-2000)

Co-Evolutionary U-turns of Type III:

Type of Development 

Historical Instances:

Network Formations

Strong Advances in Market/ 
Protective Belt Networks 
“Imitation-Based" Catching- 
Up-Processes (Austria 1945- 
2000)

Program Formations

“Lagging Behind" in 
the Knowledge Bases 
Peripheral Knowledge 
Bases Only

Co-Evolutionary Patterns of Type IV:

Network Formations Program Formations

Type of Development 

Historical Instances:

Relative Decline in Market/ 
Protective Belt Networks 
Main Development Patterns 
for Peripheral Regions

Relative Decline in 
Knowledge Bases 
Main Developmental Patterns 
for Peripheral Knowledge Bases
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4.4. THE SPATIAL DIMENSIONS OF CO-EVOLUTIONARY 
DEVELOPMENT PATTERNS: GLOBAL AND REGIONAL DOMINANCE 
AND SYMMETRY RELATIONS

Concluding the transfer modules on the shape of co-evolutionary macro-trajectories from an 

epigenetic point of view, an additional hint, once again in a Neo-Polanyian spirit, can be 

provided on the entangled nature of spatial dimensions and the resulting multiplicity of power 

structures and relations, generating the potentially sustainable or U-shaped patterns. 

Restricted to the network levels and to a macro-perspective alone, the power architectures of 

network formations assume a highly complex character which is due to the variety of spatio- 

temporal domains.

First, a homeostatic configuration between market networks and protective networks 

can be constructed for at least three major spatial macro-domains, namely for the 

global levels, for national levels and, finally, for sub-national or regional levels. In 

each of these spatial ensembles, a co-evolutionary interplay between market 

expansion and protective differentiation can be identified which exhibits an enormous 

amount of variation as well as of substitution potential.

Second, these different spatial levels are interconnected in an intriguing fashion since 

market network actors, say at the global levels, are at the same time actors within 

specific national or regional levels as well. Moreover, these actor network 

configurations exhibit a rich diversity of vertical linkages in both directions, namely 

exchanges from above as well as from below. Thus, transfers, exchanges and 

interlinkages "from above" become a distinctive element of actor network integration 

across the lower spatial levels which runs counter, among other things, to simple 

“aggregative” visions with respect to the constitution of society.

Third, any distribution of symmetry/asymmetry relations between these three spatial 

levels is empirically feasible and reachable. Thus, asymmetry relations at the global 

levels can be accompanied by symmetrical relations in a number of regional or 

national levels. Furthermore, the reverse pattern may occur too, where asymmetrical 

configurations at the national levels are accompanied by a symmetrical global 

configuration of global market players and global protective belt ensembles. Finally, 

substitution processes at local or regional levels within markets or protective belts, 

even if successful, cannot substitute missing arrangements at the global level -  and 

vice versa.

Fourth, the entangled and intricate actor network formations are characterized by a 

huge potential for traps, paradoxes and fallacies. Thus, operations by the protective 

belt at the national level may exert drastic consequences at the global level or vice 

versa. High tariff walls and “beggar thy neighbor policies", enacted by nations around
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the world during the “Great Depression”,30 led to a reduction in the volume of global 

trade from 3000 Mill. US$ in 1929 to 944 Mill. US$ in February 1933.

One of the upshots of these quite general considerations lies in the emphasis on the 

importance of the global and long-term dimensions of the actor-network formations and their 

impact for lower spatio-temporal strata. Table 15 provides a very raw sketch on a global 

phase transition from a more or less symmetrical pattern to a by and large asymmetrical 

configuration within the last fifty years. A few points in Tabie 15 should be given special 

emphasis:

First, the most dramatic changes between the two stages lies, on the one hand, in 

the emergence of strong global actors in the market sphere without corresponding 

counterparts in the networks of the protective belt. Thus, a symmetrical pattern of 

comparatively weak global network actors during the 1950’s or 1960's and of a weak 

global protective belt has been transformed into an asymmetrical ensemble with a 

strong market lead, headed, not surprisingly, by financial markets and a whole array 

of new financial products, and lagging protective formations.,

Second, the essential coordination/regulation/repair function of the protective belt at 

the global level cannot be maintained under these asymmetric circumstances. Thus, 

new regulations for the world system on trade or investment (WTO, MAI, etc.) clearly 

reflect an asymmetrical ensemble which leaves little or no room both for new global 

actors within the protective belt or for national or regional efforts for new coordination/ 

control/ regulation/ repair instruments.

Third, these asymmetric patterns at the global levels create a new set of problems for 

the national or regional levels as well which, moreover, cannot be accomodated 

within the national or regional coordination/regulation/repair capacities. It can be 

safely argued that the recent discussion on financing the welfare state reflects, above 

all, the decreasing financial interconnections between market networks and 

protective belt -  and the saturation limits, reached through an expansion of taxations 

on labor and on mass consumption.

Fourth, despite a gradual “awakening” of global actors at the level of NGO’s, the 

most essential counter-movement within the global protective belt should be seen in 

the reconfiguration of new very large-scale spatial units, comprising sets of well- 

established national systems as a whole. With the expansion of the European Union 

as most prominent example, new actor networks within the protective belt come into 

play with a comparatively high coordination/regulation/repair capacity. Moreover,

30 To give some numerical examples: With 1913=100, tariffs are raised In Germany in 1931 to 231, in France to 
160, Italy 195, Switzerland 245, Spain 185. (Müller, 1988:352)
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these new network actors for the protective belt are in the process of establishing the 

necessary feedback linkages for democratic legitimization, adding. Likewise, similar 

large-scale integrations of national systems can and will be observed in Latin 

America or Asia, while global actors like the United Nations will experience, in all 

probability, another period of relative decline or stagnation.

In this manner, the Neo-Polanyian journey through a variety of different types of societal co- 

evolutionary movements has come to an end.

5. A TRANSFER MODULE FOR THE MULTIPLICITY OF 
MACRO-SOCIETAL ENSEMBLES: THE NOTION OF 
“EPISTEMIC PERSPECTIVES”

So far, the notion of societal macro-ensembles and their building blocks has been employed 

very frequently throughout the transfer modules. In a final move, the epigenetic transfer 

modules for the analysis of macro-societal evolution will be enlarged with a final group of 

typologies, pointing in accordance with the theoretical core-assumption on the multiplicity of 

the "units of evolution" on the multiplicity and variety of societal building blocks. Here, one is 

led to a rich and irreducible manifold of macro-societal ensembles as well as to a 

comparatively large number of different and, above all, irreducible epistemic perspectives or, 

to borrow Jürgen Habermas' term, “erkenntnisleitende Interessen" {Habermas, 1968).

In a first part, the concept of “epistemic perspectives" will be introduced in a slightly formal 

manner. The starting point lies in a well-known configuration which has been emphasized, 

above all, by Niklas Luhmann (1984, 1997) or by the recent constructivist movement, namely 

the practically infinite description potential for an infinitely complex environment, societal and 

otherwise, and the resulting necessities for selection procedures. One of the interesting 

upshots of the human descriptive condition lies in the summary, presented in Table 21, which 

gives a preliminary and by no means complete overview of the contemporary range of 

macro-societal approaches.

The empirical multiplicity of approaches for macro-societal analyses, exhibited in Table 16, 

will lead to the concept of “epistemic perspectives" since these different macro-societal 

traditions differ with respect to five essential points.
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Table 15: Co-Evolution at the Global Levels of the Modem World System {TM,Vd}

Symmetrical Patterns:
The Co-Evolution between Market Networks and Protective Belts at the Global Levels

(1945-1973)

Market Networks Protective Belt

Main
Network Actors

Multinational Enterprises International Organi­
sations (IMF, World Bank) 
New International 
Assemblies (Euro­
pean Economic Union)

Main Domains Strong Expansion of 
Medium and High Tech 
Industrial and Service 
Sectors at the Global 
Levels (with Weak Global 
Network Actors)

Weak Development 
of Supervision super­
structure at the Global 
Levels

Self-Organizing 
Stabilization and 
Coordination 
Systems at the 
Global Level

Dirty Floating;
Global Trade,
“Lender of Last Resort" 
(USA)

Institutional Support for 
Self-Organizing Global 
Market Networks (GATT, 
Uruguay-Round, etc.)

Symmetrical Patterns:
The Co-Evolution between Market Networks and Protective Belt 

at the National Levels 1945-1973 (Advanced Regions)

Market Networks Protective Belt

Main
Actors

Multinational and 
National Firms

State-Networks, 
Associations etc.

Core Domains Leading Industrial 
Sectors (Automobiles, 
Air-Carriers, etc.)

“Welfare State-” 
Networks

Self-Organizing 
Stabilization and 
Coordination 
Systems

International Trade, 
Linking National Curren­
cies to the Dollar, etc.

Corporatist Arrangements;
Welfare-State-Market
Interlinkages
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Table 15: 
(Continued)

Co-Evoiution at the Global Levels of the Modern World System

Asymmetrical Patterns:
The Co-Evolution between Market Networks and Protective Belts at the Global Levels

(1973-???)

Main Asymmetric 
Network Actors

Main Domains

Self-Organizing 
Stabilization and 
Coordination 
Systems at the 
Global Level

Market Networks

Transnational Enterprises

Strong Expansion of 
Leading Sectors in 
Services (incl. Finance) 
and Information 
Infrastructure

Off-shore Banking; 
Global Trade, Global 
Financial Floatings; 
Currency Blocks 
(Dollar, EURO, YEN) 
etc.

Protective Belt

International and 
Transnational Organi­
sations; New Supra- 
National Assemblies 
(European Union)

Weak Development 
Supervision super­
structure at the Global 
Levels; Gradual Emergence of 
New Protective Regulations 
and Supervision within 
Large Spatial Domains (like 
the European Union)

Institutional Support for 
Self-Organizing Global 
Market Networks (WTO,
MAI, etc.); Declining Capacities 
for the Old Organizational 
Settings (IMF, World Bank)

Asymmetrical Patterns:
The Co-Evolution between Market Networks and Protective Belt 

at the National Levels 1973-??? (Advanced Regions)

Market Networks Protective Belt

Main
Actors (National, 
International)

Main Domains

Self-Organizing 
Stabilization and 
Coordination 
Systems at the 
Global Levels

Transnational and 
National Enterprises

Leading Service-In­
formation Sectors in 
Powerful Expansion

International Trade 
Linking National Currencies 
to Currency Blocks 
etc.

State-Networks, Self 
Organizing Networks, 
Associations ...

“Welfare State-Arrangements" 
in Relative Decline

Corporatist Arrangements in 
Relative Decline (esp. Unions) 
Intensification of local or natio­
nal self-organizing networks 
("communitarian response’’)
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First, any of the major epistemic perspectives in Table 16 is characterized by a 

different theoretical core and, thus, by a set of specific basic concepts and relations. 

A gender focus will utilize a distinctly different set of basic concepts than, say, a 

cultural and or religious life world focus. Consequently, the basic relations between 

the theoretical core should be viewed as both independent, irreducible or non- 

deductive.

Second, each of these traditions is characterized by a different set of paradigmatic 

examples in which they demonstrate their basic descriptive or explanatory power. 

Thus, Ulrich Beck's "Risk Society", Francis Fukuyama's "The End of History” and 

Samuel P. Huntington's "Clash of Civilizations” may be viewed as interesting cases, 

stressing high technology risks and environmental hazards like Three Mile Island or 

Tschernobyl (Ulrich Beck), innovation and democratization processes (Fukuyama) or 

religious and world view conglomerates and their borders as well as their 

intersections (Samuel P. Huntington).

Third, despite a special focus and a small number of specialized paradigmatic 

examples, each of these epistemic macro-perspectives is able to integrate and 

incorporate the- processes and structures of other macro-traditions. Thus, 

modernization theory II can be utilized for an analysis of gender relations, learning 

and adaptation structures or the status of the environment. Likewise, a risk focus can 

be used for innovation processes, cognitive structures or gender relations, etc.

Fourth, by fulfilling the first two conditions, each of these epistemic perspectives 

makes an explicit or, more importantly, an implicit distinction between core- 

theoretical domains and peripheral ones. Thus, an innovation perspective implies a 

core set of innovation and diffusion concepts and moving other conceptual domains 

into a closer or wider periphery.

Fifth, the basic relations between these epistemic perspectives is neither one of 

deduction or induction nor of complementarity. These different perspectives do not 

add up to a well-defined whole, representing a societal totality. On the contrary, the 

overall relations between various epistemic perspectives should be seen thus, in a 

constructivist fashion, as mutually irreducible and, in most instances, as particularly 
well suited for special investigative purposes.

Sixth, epistemic perspectives constitute, as a guiding metaphor, a special focus for 

the socio-economic universes by reconfiguring the socio-economic universes around 

these different foci. Rather then the "puzzle metaphor” which adds different 

perspectives into a consistent and well-suited totally, the metaphor of a kaleidoscope 

seems more appropriate where a set of building blocks organizes itself into a specific 

configuration and exhibits a special pattern. Additionally, a particular movement of 

such a kaleidoscope creates the kaleiodoscopic pattern in question.
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Table 16: Main Epistemic Perspectives for Macro-Societal Analyses {TMVa}

M a in  F o c u s

Attractor/Equilibrium-
Focus:

L e a d in g  M e t a p h o r s  

“Modernization”

T h e o r ie s

Theories of Classical Moder­
nization, of Modernization II, 
etc.

Cognitive Focus:

Communication/Lin­
guistic Focus:

Cultural/Life-World/ 
Religious Focus:

"Knowledge Society”

“ Information Society”

“Civilizations"

Theories of Knowledge So­
cieties, Theories of Learning 
Organizations or Societies, etc.

Code-based Postmodernism, 
etc.

“Clash of Civilizations”, “Trust", 
"Life-Styles", “Sibling Society”, 
etc.

Demographic Focus: “Aging Societies” Theories of Demographic 
Transitions, of Life-Courses, 
etc.

Economic Focus: "Globalization"

Environmental
Focus

Exchange Focus:

"Sustainable Societies”

"Media Societies”

Theories of Transnational 
Enterprises, of Transnational 
Relations, "World Systems 
Analysis, etc.

Theories of Sustainability, of 
Environmental Exchanges, etc.

Media-Based Postmodernism, 
etc.

Functional Focus: “Differentiated So-" 
deties”

Neofunctionalism, etc.

Gender Focus: “Patriarchic Societies” Theories of Exclusion, of 
Power, of Gender Relations, 
etc.

Innovation/Change-
Focus:

Risk-Focus

"National Innovation 
Systems"

"Risk-Societies”

Theories of National Innovation 
Systems, etc.

Risk-versions of Post-Moder­
nism or of New Forms of 
Modernization, etc.

Social Structure 
Focus:

“Class Societies" Theories of Classes, of 
Stratification, of “Habitus-For- 
mations", etc.
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Seventh, the choice of a particular perspective is dependent on the core question 

and problems under investigation. Thus, problems of socio-technological 

development are best investigated under an innovation perspective while for problem 

domains like poverty and exclusion, new approaches within the gender or the social 

structure perspective will be of best use.

6. A TRANSFER MODULE FOR THE MULTIPLICITY OF 
SPATIAL MACRO-SOCIETAL ENSEMBLES WITHIN A 
SINGLE EPISTEMIC PERSPECTIVE: THE FOCUS ON 
INNOVATIONS

As a final application domain, the ERP-framework can be enlarged with another “transfer 

module” for the study of spatially differentiated societal actor networks which stand under a 

general innovation perspective and can be qualified, thus, as spatial innovation systems. 

Moreover, this particular transfer module yields a high “cash value” (Wilfried Sellars) with 

respect to the solution of a notorious problem within the recent innovation literature, namely 

with respect to the “boundaries" associated with “National or Regional Innovation Systems”. 

In conventional accounts of National Innovation Systems, one is confronted with definitions 

relying on “networks of institutions” (Freeman, 1987) or on interaction relationships “ in the 

production, diffusion and use of new and economically useful knowledge” (Lundvall, 1992: 2). 

Consequently, the resulting “boundary problem” asks for suitable borders and demarcations 

for “institutional networks” or “ interaction relationships”.

Within the ERP-framework, urban, regional, national or global innovation systems are to be 

understood, first, as different types or families of dual-level ensembles with a self-similar 

composition at the urban, regional, national, or global levels and, second, as a special 

epistemic perspective, stressing, above all,

a multiplicity of “program pools" and a multiplicity of actor network arrangements, 

interlinked via multiple “embeddedness relations” ...

different types of systemic generality (single ensembles, dual ensembles, triple 

ensembles, n-ary ensembles, societal ensembles ...)

different building blocks for each of the code levels ...

different building blocks for each of the network levels on the micro-levels (networks 

of individuals, groups, small departments, individual firms, single institutes ...), on the 

meso-levels (networks of organizations (firms, institutes, ...) and on the macro-levels 

(networks of economic sectors, clusters, professions, scientific disciplines ...)
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a universal mode of recombinations, i. e. of inventions, via "recombination operators’’, 

applicable both to the code and to the network levels ...

a universal mode of innovation diffusion via “complex diffusion models with integrated 

evaluation measures", applicable both to the code and to the network levels ...

different landscapes of comparative advantages, depending on the choices of 

building blocks and on the main focus of analysis (code-oriented, network-centered 

or focused on code-network interactions)...

different patterns of production, interaction and diffusion of code system-innovations 

(new programs) and actor network-innovations (new inputs, new input<=>withinputo 

output structures), again depending on the selections of building blocks .

Consequently, the present chapter will bring in a highly condensed form an overview of an 

epigenetic phenomenology of spatially distributed innovation systems (SIS) which culminates 

in Table 17 with distinctions of various groups of UlS (Urban Innovation Systems), RIS 

(Regional Innovation Systems), NIS (National Innovation Systems) and GIS (Global 

Innovation Systems)

Table 17: Types of Spatial Innovation Systems (SIS) {TMvla}

D imension  I: System ic  G enerality  

S ingle  Dual T riple  N-ar y  So cietal

Dimension II:
S patial

G enerality

Urban UlS I UlS II UlS III UlS N UlS S

Regional RIS I RIS II RIS III RIS N RIS S

National NISI NIS I! NIS III NIS N NIS S

G lobal GIS I GIS II GIS III GIS N GIS S

From Table 17, three important SIS families will be discussed, namely a single SIS I 

configuration, N-ary SIS ensembles and, finally, SIS S arrangements. In doing so, it is hoped 

to distinguish between a large number of possible demarcations and boundaries and to arrive 

at a more transparent way of identifying special classes of SIS ensembles.
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6.1. SINGLE MACRO-ENSEMBLES WITHIN AN INNOVATION 
PERSPECTIVE

Taking the science system as a reference case of a SIS-I unit, the following points become of 

major epigenetic importance.

The program pool for SIS I consists of ail those (re)productive programs, including 

neural ones, which are an integral part of the C => N or the C <=> N type of 

embeddedness-relations. Thus, for the scientific system, the internally generated 

output as well as programs from other spheres with indispensable roles in the 

(re)production of the science system, become integral components of the scientific 

program pool. To point to somewhat unusual domains, organization schemes, 

developed within pre-modern crafts and guilds, monasteries or modern state 

bureaucracies have become part and parcel of the program pool of the science 

system, too. Architectonic code systems for buildings are used in the construction of 

universities and research institutes. Symbolic or graphical codes, used and 

propagated in life-world domains like education or “visual information systems", are 

gaining rapid ground as a way for transporting scientific messages as well. New 

multimedia genres enter as an important means of communicating and diffusing new 

scientific results. Thus, the program pools for a SIS I ensemble becomes a mixture 

between program-components from various societal systems.

Second, the network-levels for a SIS I configuration consist, by and large, of a 

collection of specific network formations, depending on the choices of particular 

building blocks. Again referring to the scientific system, the building blocks for actor 

networks can be constructed from individual scientists, scientific schools, research 

units, scientific disciplines and sub-sub-disciplines, specific scientific production types 

which characterize the output of actor networks, etc. At this point, it must be sufficient 

to point to an irreducible multiplicity of different arrangements of building blocksN 

which, in turn, require selection procedures for a specific choice of basic elements.

Third, both the internal and the external structures for code-level and network-level 

processes comprise a large number of different exchange media, ranging from 

specialized languages, higher level "themas", "chunks” (Douglas R. Hofstadter) or, 

alternatively, "metaphors” (Sabine Maasen, Peter Weingart) to financial flows, etc.

The specific choices of boundaries, components and exchange relations determine, in effect, 

the landscapes of comparative advantages, the innovation character of new network 

features, etc. Thus, the highly abstract specification requirements for SIS I ensembles have 

to leave open most of the actual specification work. Nevertheless, a special "transfer module" 

has been constructed which characterizes a family of different innovation systems at various 

spatial aggregation levels.
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6.2. N-ARY MACRO-ENSEMBLES WITHIN AN INNOVATION 
PERSPECTIVE

Turning now to a SIS N arrangement (N = 2, 3, 4 ...), the SIS program pools as well as actor

network ensembles exhibit, by necessity, a significantly enhanced configuration.

The program pools for SIS N comprise, quite naturally, all those (re)productive 

programs which follow the vertical epigenetic embeddedness-relations. Thus, 

internally generated programs as well as programs from other spheres with 

indispensable roles in the (re)production of the n-ary system, become necessary 

components of the program pools. Following especially Luhmann (1984, 1997), it is 

surprising to note the redundancies in the program pools across different social 

systems since individual or organizational knowledge bases in different domains like 

in the economic system as well as in the scientific or in the cultural domain are 

nevertheless characterized, inter alia, by the replication of a large amount of identical 

program elements. Thus, while the program pools for a SIS N ensemble must be a 

mixture between program components from various societal systems, the sheer 

amount of redundancies and replications across systemic fields remains a highly 

interesting and relevant feature.

Second, the network levels for a SIS N configuration consist, by and large, of 

ensembles of interlinked actor networks whose specification depends, however, 

crucially on the choices of the specific building blocks for the N systems under 

investigation. At this point, it must be sufficient to point to a simple "law of increasing 

diversity", since a large number of different specification choices across systems 

leads to a rapid increase in subsequent SIS N ensembles or, somewhat misleading, 

to divergent socio-ecconomic ecologies.

Third, the internal structures, restrictions and flows between code level- and network 

level-processes have to include both an /'nfrasystemic as well as an //?fe/systemic 

part. Once again, the "law of increasing diversity” operates on these internal 

exchanges as well, since large numbers of potentially relevant intra- and 

intersystemic exchanges become available, in principle.

Fourth, the external relations and exchanges of SIS N are, once again, dependent on 

the particular building block-specifications, leading from specific cognitive code­

systems and their cognitive environments to eco-systems and their corresponding 

environments or to global systems-environment networks with dense linkage 

structures both at the code as well as on the network levels.
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With these qualifications, interwoven and entangled ensembles like the so-called national 

“triple helices" (economy, science, state) or even more complex compounds can be built up 

as appropriate epigenetic units.

6.3. SOCIETAL MACRO-ENSEMBLES WITHIN AN INNOVATION 
PERSPECTIVE

Under the heading of a societal SIS S, the following set of additional minimal requirements 

can be laid out. Here, the additional step consists in more precise and empirically accessible 

definitions of the scope and the extension of the term “societal” which turn out to be far from 

trivial or self-evident. Two essential requirements, one called “totality condition”, the other 

one a “spatio-temporal completeness-condition” will be postulated which a societal SIS- 

ensemble, in contrast to a SIS N configuration, must meet simultaneously.

A societal SIS S complex must fulfill, first, the “totality requirement” and must, thus, 

be composed in a way to include core (re)production processes in market networks 

and in the networks of the protective belt, including its household and its civil society 

components or its network formations for the scientific-technological sphere or for the 

cultural and artistic domains.

Second, a societal ensemble must meet the demand for "spatio-temporal 

completeness", that is, the requirement to account for a complete “accounting” of 

"routines” and “operations" of the building blocks selected for the various actor 

network formations. Thus, societal configurations, taking individuals as their basic 

element, must be defined in a way so that “action-sequences” or "routines” of 

individuals at the working place, in households, in public places etc., can be 

completely integrated, in principle, into the societal specifications.

Consequently, a societal SIS configuration must be able to account for innovation and 

diffusion processes in the core areas of contemporary knowledge societies in an inclusive 

manner. Aside from these two basic requirements, the specification of a SIS S complex 

follows the same guidelines which have been laid out in the course of SIS N configurations.

After the description of different SIS families, a short set of additional definitions will offer a 

more refined partitioning or clustering of innovation systems by integrating the time- 

dimension into the format of Table 17. More concretely, the following temporal specifications 

can be offered:

With respect to time periods, SIS ensembles can be separated in short-term, 

medium-term and long-term configurations, enlarging, thus, the number of 

ensembles in Table 17 from 20 to 60. Consequently, urban, regional, national or 

international innovation systems of the type II or III can be studied with respect to
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their short-term evolution (changes between one and five years), their medium-term 

paths (five to twenty five years) or in their long-term trajectories (more than twenty- 

five years)

In this manner, an important "transfer module” for the analysis of spatially distributed macro­

ensembles within an overall innovation perspective has been established which differentiates 

via spatio-temporal as well as systemic scales and offers, thus, a "satisfying” solution to the 

boundary problems, inherent in the specification of innovation systems, global, national, 

regional or otherwise.

7. THE EPIGENETIC RESEARCH PROGRAM: FUTURE 
MACRO-SOCIETAL PERSPECTIVES

With this set of transfer modules, a preliminary overview on epigenetic research at the 

macro-societal levels has been completed. With the focus on “embedded knowledge cycles”, 

“double-movements” and “U-turns", a new set of tools and instruments has been constructed 

which should prove its usefulness for the long-term “knowledge based" development over the 

last centuries —  and, due to its reliance on evolutionary stable classifications and schemes, 

for the decades ahead as w e ll....
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