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Various observers describe today’s global economy as a “krnowledye economy.™
Everyone talks about it and much bas been written about if. But what exactly
does it mean? How did it evolve and in what sense can late eighteenth-century
Lurope be regarded as its place of origin? This article addresses various
explanatory models and, our of this synopsis, presents the most convincing
combination of pertinent lines of thought. It explains in what important ways
the scientific revolution provided the exemplar for other major revolutions and
which inner mechanisms of the resulting dynamic conglomerate were responsible
Jfor laying the basis on which today’s knowledge-based economy could develop.
The article will also show bow game-theoretical methods provide a deeper
understanding of some of these developtents’ core aspects. The paper conclides
with a discussion of some challenges the knowledge-based economy’s breathtaking
success story poses to loday’s soctety and to the people who live in .

1. Introduction: Knowledge and the Knowledge-based economy.
What is it?

The term “knowledge-based economy” and relaied expressions
already appear in discussions about “post-industrial” society’s structure
dating from the 1960s.? But it is only in more recent years that knowledge
has entered the general visual focus of economic rescarch.? The
production of knowledge, its accessibility, and the capacity to use it* have

' Skyrme, The Global Knowledge Economy and ils Implication for Markets (1997).

:To name but a view, Lane talks about the “knowledgeable socicty;” compare the
numerous references in e.g. Castells, Das faformationszeitalier, vol. 1 and 3 (2001 and
2003): Enterweby, Knowledge Feonomy, (2004); Drucker specifies the central {unction of
knowledge for the economic and social actions of a society (see the historical survey of
Woltf, Auf dem Wey zur Wissensgeselischaft (2000), p. 233, and Bell, too, argues ina
similar way in his description of post-industrial society; Bell, Die nach-industrielle
Geseflschayt, (1979), pp. 214 et seq.

*Wolff, op. cit., p. 253.

" This general thought has been sub-categorized in many different ways; among other
phenomena digitalization of value creation chain, virtualization of markets, decoupling
of control and service, network effects becoming operative, increasing codification of
knowledge, internalization of industrial R&D, rapid diffusion of electronic commerce,
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increasingly come to be considered the driving forces behind successful
modern economies and the most important wealth-creating asset® in
today’s so-called® “knowledge-based economy.” What is true on the
aggregated level also holds for the single economic actor for whom
successful “knowledge management” has become the decisive
competitive weapon.® It tcok economic theory some time to respond to
these developments.® Neo-classical economics did not recognize
knowledge as a lactor of production in its own right: knowledge was
regarded as an exogenous factor in its models. Eventually, however, the

and many others have been identified and scrutinized (Picot and Fiedler, Der dkonomische
Wert des Wissens (20000, pp. 15-17 ef seq.; Goddard, Editor’s Preface (1989), p. xvi; Knoll,
Progress towards the Knowledge-Biased Economy (2001), pp. 6-11.

3 Atso Landes defined knowledge as a decisive tactor in determining the “wealth and
poverty of nations.” Comparc Landes, The Wealth and Poverty of Nations (1998), p. 179,
187, 206, 276 ef seq. *A knowledge-driven economy is one in which the generation and
exploitation of knowledge play the predominant part in the creation of wealth.” That
idea-driven innovation cycles are important factors determining an economy’s position
in the global hierarchy is now common wisdom. This is what the World Bank Repost
1999/2000 refers to when stating: “The balance betweéen knowledge and resources has
shifted so far towards the former that knowledge has become perhaps the most important
facror determining the standard of living.™ Also see Advisory Group 1999, Skyrme, op.
cit. {1997}, United Kingdom Department of Trade and Indusuy, Qur Compretitive Future,
{1908) and McGovern, Iformation Wealth (1998).

¢ Castells has laheled the modern techno-economic system “informational capitalism”
(Castells, op. cir, 12001], pp. 19, 83-84) and “infonmational global economy” (Castells, op.
cit. [2003], p. 386); the difference betwecn the terms “information” and “knowledge” will
be discussed below,

* Picot and Fiedler, op. cit, pp. 15, 21, 32, explain that the resource knowledge is hecoming
more and more important in comparison 1o the classic physical [actors of production
and refer to it as the “decisive factor of success”. Miiller, Falfen wir durchs Nerz? (2000),
pr. 39-41, states that with the Industrial Revolution the main focus moved from agriculture
to manufacture and industry and in the recent past we experienced the shift from the
industrial towards the knowledge-based cconomy, Wolff, of. cit, p. 233, also considers
knowledge 1o be a new factor of production besides the classic ones. See also Knoll, op.
¢it. 2. Enlerweb, op. cii. refers Lo knowledge as “the key factor of production.” See also
Romer, Incredsing Keturns and Long-run Growth (1986, Romer, Erndogenous
Technological Change (1990) and OECD, Communications Outlvok 2001 (2001).

* One consequence of this is the development of knowledge management programme
and the appointment of CKQOs (Chiel Knowledge Officers) in many businesses; see
Skyrme, op. cit. (1997) and Report of the Advisory Group of the Minister for Information
Technology of New Zealand, The Knowledge Economy (1999),

* Hepworth, Geography of the Information Economy (1989), pp. 5 et seq.
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godfathers of New Growth Theory attempted to incorporate knowledge
into their models.'” This was done specifically with an eye towards
explaining long-term economic growth — an issue with which traditional
cconomic models have had difficulty. It is primarily the Stanford
economist Romer who refined the neo-classical model further, defining
knowledge as an intrinsic variable functioning as a primary engine for
cconomic growth and leading to sustained increasing marginal returns
on technological investment.™
In this article I expressly refer to knowledge, rather than information,

as the core concept. Knowledge is understood to be information further
processed and made applicable to achieve certain aims;? it thus transcends
the notion of information,” which is often closely associated with ICT

¥ See also the related thought in Castells, ap. cif. (2001), 34 that for the first time in history
the human intellect is not just an element in the production system but a direct productive
force. ' :

Y This is contrary to traditional economics which predicts that there are diminishing
marginal relurns on invesument. New Growth theorists like Romer, however, resort inter
alia to phenomena such as non-rivalry and platform effects of new technelogy (which
develops out of a broad and dynamic knowledge base) to justify their results. See e.g.
Romer, op. cit. (1986), Romer, op. cil. (1990); Advisory Group, of. ¢# Romer built his
theory on insights based on the work of economists such as schumpeter and Solow.

2 In this paper the term “knowledge” only refers (0 *useful knowledge” (Kuznets). A
term used by Kuznets, Bconomic Growth and Structure (1963), pp. 85-87 1o dencte the
source of modern economic growth. [le used the term interchangeably with “tested”
knowledge that is potentiaily useful in economic production. This is the narrower notion
in comparison 1 Molyr, The Giffs of Athena (2002), pp. 2 et seq, and Machlup, Knowledge
(1980-84), vol. 2, p. 10, who just demand from knowledge to be “practical™ or capable
of making contributions to matcrial welfare to quality as “useful knowledge”. Thus the
“testing” or “truth” of knowledge is not considered 10 be a relevant criterion, Tt is the
latter = broader — notion which forms the basis for the following discussion.

1 will not discuss all the different layers of terms and concepts developed by semiotics
and communications sciences, such as “signs.” “data,” ete (see e.g. Eco, Einfiibring in
die Semiotik (1972), pp. 32 ef seq.) One should, however, bear in mind that the notions
of sign - data — information constitute an afferent cascade of complexity. Whereas a sign
represents the most hasic element, delined by Montagu as a “concrete denoler™ possessing
an inherent specific meaning (see also Froyclopedia Britannica, DVD-cditon 2001, 5.
v. “sign™) “dara” codes signs in 2 meaningful context (Wahren, “Wissensmanagement”
und "Lernende Organisarion”2000, p. 280). For being labelled information, this data has
o be integrated into a “higher” context of relevance where it has the status of a “difference”
or piece of news; This is why Bateson, Gedsr und Natur (1983) famously defined
information as “the difference that makes a difference”. Against this background, the
distinction briefly drawn in the main text can be elaborated as follows: Information can
be defined as an explicit, well-structured and codified Oundvall, fformation Technology
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(Information and Communication Technology) and which I consider too
narrow a focus for the subject of this article.® After presenting an
explanatory model of how knowledge as defined above functions as
the core driving force behind persisting economic growth, I shall show
how ICT and education can be understood as (mere) elements within
this larger framework and that thus neither should be taken pars pro toto.

2. Historical roots of the knowledge-based economy

The success story of the knowledge-based economy and its
companion, the long-running economic growth phenomenon, is closely
connected to the so-called Industrial Revoluticn of the mid-eighteenth
century and to the question why it endured beyond the early-nineteenth
century. There had been earlier clusters of great revolutionary inventions,
most notably in the fifteenth century with the emergence of movable
type, the casting of iron, and advances in shipping and navigation
technology. But before the Industrial Revolution, the economy was subject
to negative feedback: each episode of growth ran into some obstruction

in the Learning Economy (1997)) set of signs with specified significance and with
relevance for achicving a certain aim; Picotand Fiedler, op. cit, p. 16, also compare the
definition of Weigl, Zur Rofle der Information in der Wirtschafl (2003), pp. 11-12. For
information to become knowledge it has to be integrated into a “higher” context (see
e.g. Kurzweil, Homo Sapicns (1999), pp. 147 et seq) of relevance consisting of specific
empirical patterns, It could thus be defined as interweavement (Picot and Fiedler, op.
it [2000], p. 16, call it “networking of infermation™) and condensing of information by
humans (Wahren, op. ¢it, p. 280) which enable the carrier o apply and utilize it in order
to carry out specilic actions. Knowledge is not just the result of piling information but
rather of processing this information by (an} individual(s) against the background of
her/their experiences and interpretations; Picot and Fiedler, op. cit, p. 16, Wolff, of. i,
. 231 This is why Knoll, op. cit., p. 2, righily states that the notion of “knowledge™ has
a much broader scope as the one of “information” because the former includes practical
skills and competencies.

Y There is a number of authors who {focus on “information” {Shapiro and Varian,
Information Rules, op. cit., p. 3), “information society” (Castells, op. ¢it, pp. 1, 19, 83,
84}, or have a primarily 1CT-related focus (Picot and Fiedler, ap. cit, p. 17); see also
Hepworth, op. cit.,, p. 7. Wolll, op. cit., p. 253 ef seg, is right to criticize that in too many
discussions the equalization of information and knowledge “creeps in, which is wrong.”
And so is Knoll, ap. cit., p. 3, stressing that the notion of the knowledge-based cconomy
is “un extended version of the information sockety, which has focused on information
and LCTs.
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or resistance that put an end to it.” Growth occurred in relatively brief
spurts which punctuated long periods of stagnation or mild decline.

There were several feedback mechanisms which were operative over
the centuries, but only a few representative ones will be mentioned here
to illustrate the idea. The best known of these negative feedback
mechanisms are Malthusian traps, i.e. they are concerned with the
problem that rising income creates population growth which in turn is
restricted by the resulting pressure on fixed natural resources.* The
Industrial Revolution’s effects on agriculture (*agricultural revolution™)”
helped to escape the serious resource constraints which Smith, Malthus
and others in the eighteenth century believed placed an insurmountable
limit on persistent economic growth. Two other examples of negative
feedback mechanisms will be discussed in more detail: a narrow epistemic
base of techniques (sub 2.1), and institutional negative feedback (sub
2.3). We shall show how other related revolutions (scientific, industrial,
and military revolution), too, helped to overcome them for the first time
—and how an understanding of this process can be further enlightened
by game theoretical reasoning,

2.1 The narrow epistemic base of techniques. Throughout most of
human history one pivotal root of the problem of diminishing marginal
returns was the narrow epistemic base of technology. New knowledge
appeared in a haphazard and unpredictable manner.®* From time to
time, new techniques were discovered fortuitously, but because of their
narrow epistemic base they rarely led to a continuous stream of
extensions, refinements or new applications. It was the scientific
revolution that laid the corner-stone for further developments which

v Mokyr, op. i, p. 31.

" The now-famous notion of the Malthusian trap was first described by its ‘patron saint’
the English economist T.R. Malthus in his Essay on the Principle of Population ds it affects
the future Improvement of Society {1798). Sce Livi-Baccl, A Concise History of World
Population (1997), p. 82; |ay, Koad to Riches or The Wealth of Man (2000}, pp. 117 !
seq., 382 et seq.; Landes, ap. cit,, p. 187,

' See Encyclopedia Britannica, DVD-edition 2001, s, v, “The 19"century power revolution
on the farm”.

" Mokyr, op. cit. (2002), p. 1.
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resulted in a major shift, paving the way for permanent, self-sustaining
economic growth.,

2.1.1 The scientific Revolution: It is not so much about the substantive
novelties. .. During the fifteenth, sixteenth, and especially the seventeenth
century, scientific thought underwent a revolution. Often, the notion
“scientific evolution” is associated primarily with progress as regards content,
especially in the physical sciences: the names which are usually given in
this context include Copernicus, Tycho, Kepler, Galileo and Newton."” The
rcal breakthrough ~ not only for the purposes of this paper — however,
wus of another sort. Copernicus is often relerred 1o as having given the
starting signal for the scientific revolution in 1543, Placing the sun, not -
the earth, at the centre of the cosmos — and thus challenging the traditional
geocentric picture of the universe® — was indeed a major innovation.” But
more was at slake than physics and astronomy, for the implications of the
Copernican system struck at the very bases of contemporary society’s
worldview,? attucking the Dantean cosmos as well as the Aristotelian
hicrarchy of social place, political position and theological gradation.
Further landmark discoveries by T'ycho Brahe (abandoning Aristotle’s
crystalline spheres and his doctrine of heavenly pertection)”, Galileo (using

¥ For a more complete overview of the “revolutionaries” see Fischer, Die andere Bildung
(2003), pp. 50 et seq.

*Tn this year he finished his great work *De revolutionibus orbium coelestium libei™ (Six
Books Concerning the Revolutions of the Heavenly Orbs). Encyclopedia Britannica,
DVD-edition 2001, 5. v. “science, history of the scientitic revolution™.

@ Sagan, Unser Kosmos (1980/1997), pp. 68 et seq, Hawking, Die iHustrierte kurze
CGeschichie der Zelt (1988/1997), pp- 0 et sef., Tischer, Aristoteles, Fingsiein & Co (2000},
pp. 70 ef seg.

“ His system had a simplicity, coherence, and aesthetic charm that made it irresistible to
many, although it was not unchallengeable since it did not solve all the difficulties of the
Prolemaic system. No known physics could answer these open questions, and the provision
of such answers was 1o be the central concern of the scientific revolution. Encyclopedia
Britannica, DVD-edition 2001, s. v. “science, history of — the scientific revolution”.

# Knobloch, Copernicanische Wende (200:4), pp. 89 &f seq.

# This Danish scholar actually was 4 supporter of the traditional view but made important
discoveries, unwittingly providing data that ultimately contributed o deciding the argument
in favour of the paradigm shift. Tycho moved the centre of revolution of all other planets
o the sun. To do so, he had o abandon the Aristotelian crystalline spheres that otherwise
would collide with one another. Tycho wlso cast doubt upon the Aristotelian doctrine of
heavenly perfection, for when, in the 15705, a comet and 4 new star appeared, Tycho
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the newly invented telescope),” and Kepler (formulating new planetary
laws)* helped shatter these ancient foundations. And then there was the
experimental and mathematical genius” of Newton who justified
Copernicus, Kepler and Galileo with his new physics presented in his
“Principia” (1687)* — often referred to as the symbol of the scientific
revolution.” The consequence of all this was that a new view of nature
emerged, replacing the Greek one that had dominated science for almost

showed that they were both above the sphere of the moon. This was also a blow to the
conventional wisdom of his days that change could only bappen in the sublunary sphere
because although earth has been corrupted by the fault of man, the rest of the universe
was still perfeet and therefore could not change. Sagan, op. ¢it. (1980, p. 09 et seq ; also
see Landes, ap. ¢if. (1998), 210; Incyclopedia Britannica, DVI>-edition 2001, s. v. “science,
history of the scientific revolution™,

= He announced in quick succession that there were mountiins on the moon, satellites
circling Jupiter, and spots upon the sun. Moreover, no one had suspected the existence
of countless of stars the Milky Way was composed of until Galilei saw them. Tignor, ef
al, Worlds Together, Worlds Apart (2002), p. 182. Fischer, op. cit., pp. 101 et seq., Hawking,
op. cif. (1988), pp. 6 et seq., p. 22 et seq ; Encyclopedia Britannica, DVD-edition 2001, s.
v. “science, history of — the scientific revolution™,

% AL the same time Galileo was searching the heavens with his (elescope, in Germany
Kepler was searching them with his mind. His new planetary laws could explain the
movements of the plancts much better, assuming that they are not circular but elliptical,
that the sun is locared in one of the two foci of the ellipse, und that planets do not move
at a constant speed; they wecelerate as they move wward the sun. Sagan, op. ¢if. (1980),
pp. 65 ef seq., Hawking, ap. cit. (1988), p. 6: Encyclopedia Britannica, DVD-edition 2001,
5. v. “science, history of - the scientific revolution™. Fischer, op. ¢f. (2000), pp. 120 ef seg.
7Tt was this combination which enabled him to establish both the Copernican system and
a new mechanics. Newton's new physics applied equally well to terrestrial and celestial
bodies. Newton's three laws of motion and his principle of universal gravitation sutficed
. 1o regulate the new cosmos. Every object will remain in rest or move in a straight line unless
some force has an effect on it Equal force produces equal effect. For every action there is
an equal opposite reaction. Objects arce attracted 1o each other with a force that is directly
proportional (o the mass of the objects and inversely proportional to the square of the
distance between the objects. See Tignor ef al., op. cft, p. 182; Hawking, o cit. {1988),
pp. 7 et seq., 22 et seq., 44, 50 ef seq, Hawking, Das Unidversum tn der Nussschale (2001),
p. 111, Bryson, A Short History of Nearly Foerpthing (2003), pp. 73 et seq., p. 453.
Iincyclopedia Britannica, DVD-edition 2001, s. v. “science, history of the scientific revolution”.
= “Philosophiac Naturalis Principia Mathematica™ (Mathematical Principles of Natural
Philosophy); Bryson, op. cif., p. 72 ef seq., p. 178,

® There were similar altempts to criticize, systematize, and organize naiural knowledge
that did not lead to such dramatic results, such as Andreas Vesalius' [ bumani corporis
[fabrica (*On the Fabric of the Human Body”, called the De fizbrica), a critical examination
of Galen's anatomy, and the flurry of anatomical work it touched off, as well as similar
atternpts in other sciences (see Encyelopedia Britannica, DVD-cdition 2001, 5. v. “science,
history of the scicntific revolution™).
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two thousand years.” By the end of this period, it could even be said that
science had replaced Christianity as the focal point of European civilisation”
—a most fundamental change

2.1.2.. . but about the new “scientific methodology”. The last remark
suggests that emphasing the new substantive knowledge these scientists
produced or discovered would be too narrow a focus: the scientific
revolution was more than that. Especially in the context of the subject
of this article, the pivotal novelty was not so much the new knowledge
as regards content per se, but rather the simultancously developing
“scientific method”. Francis Bacon is said to be the father of this new way
of thinking and searching for new insights: “Method is the key to
knowing”.# If the right method were applied, discoveries and insights
would follow inevitabl‘y. This was the real breakthrough, as it laid the
basis for further unbroken progress for centuries, as will be shown below
sub B: it is thus worthwhile to examine it more closely.

The core of Bacon’s philosophy of science was an account of inductive
reasoning given in such works as “The Advancement of Learning” (1605)
and Book II of “Nowvum Organum® (1620).# The defect of all previous
systems of beliefs about nature, he argued, is to be found in an inadequate
treatment of general propositions from which deductions were made. They
either were the result of precipitate generalisation from one or two cases,
or they were uncritically assumed to be self-evident on the basis of their
familiarity and general acceptance™. In order to avoid hasty generalisation,
Bacon urges a technique of “gradual ascent,” that is, the patient accumulation
of well-founded generalisations of steadily increasing degrees of generality.

* See Tignor ef al, ap. cit., p. 182.

* Encyclopedia Britannica, DVD-edition 2001, s. v. “physical science — the scientific
revolution”.

* Landes, o, cif, p. 203; see also p. 201

# Russcl, Philosopbie des Abendiandes (1945/1997), p. 551; Encyclopedia Britannica,
DvD-edition 2001, s. v. “Bacon, Francis, Viscount Saint Alban (or Albans), Baron of
Verulam — The new method”,

* He, thus, anticipated very recent developments in modern scientific methodology,
pointing at the dangers produced by fallacies based on phenomena like "selection bias”
or “availability heuristic” (a field of research decisively spurred on by the path breaking
works of Kahneman and Tversky; just compare Tversky and Kahneman, ‘Rational Choice
and the Framing of Decisions’, op. ¢it,, p. 251.).
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This method would have the beneficial effect of loosening the hold on
men’s minds of ill-constructed everyday concepts that obliterate important
differences and fail to register important similarities. The crucial point, Bacon
realised, is that induction must work by elimination and not, as it does in
everyday life and in the defective scientific tradition, by simple enumeration.”
He devised tables,” or formal devices for the presentation of singular pieces
of evidence, in order to facilitate the rapid discovery of false generalisations.
What survives this eliminative screening, Bacon assurmed, may be taken to
be true. He thus promoted the inductive method of carefully-controlled,
empirical testing.” Bacon believed that modern man could gradually
comprehend the general principles of nature’s manifold operations and
thus bend nature to man's will: “Knowledge is power,”

Despite its manifold still-existent flaws®, Bacon’s approach provided

* Thus he stressed “the greater force of the negative instance” — the fact that while “all A are
B” is only very weakly confirmed by “this A is B,” it is shown conclusively to be false by
“this A is not B.” This is evocative of Popper's emphasis on “falsification” instead of
“verification” (Popper, The Logic of Scientific Discovery(1934)): Popper was of the opinion
that it is impossible to verify or even confirm a universal scientific theory with any positive
degree of probability. All that can be done is to disprove a universal theory. Whilst no number
of observations can confirm a hypothesis only one observation will refute a hypothesis.
Thus was born the concept of falsifiability where positive proof is ever beyond us.
¥ Bacon presents tables of presence, of absence, and of degree. Tables of presence
contain a coliection of cases in which one specified property is found. They are then
compared to each other to see what other properties are always present. Any property
not present in just one case in such a collection cannot be a necessary condition of the
property being investigated. Second, there are tables of absence, which list cases that
are a5 alike as possible to the casces in the tables of presence except for the property
under investigation. Any property that is found in the second case cannot be a sufficient
condition of the original property. Finally, in tables of degree proportionate variations
of two properties are compared to see if the proportion is mainained. See Russel, op.
cit. 194571997, p. 532: Cliver, Die Geschichte der Philosophie (1998), p. 67.
¥ Tignor ¢t al., op. cit, p. 182,
*# This is the most common translation of Bacon's famous motto "Ipsa scientia potestas
est” (Meditationes Sacrae. De Haeresibus, 1597). _
# Bacon's attempt was still flawed in a number of aspects. To give just une example, many critics
have accused him of failing to recognize the indispensable role of hypotheses (Delius e af,,
Geschichie der Philosophie von der Antike bis berte (2000), pp. 32 et seq) and of adopting a najve
and unreflective view abour the: nature of causes, ignoring their possible complexity and plurality
(pointed out, .., by John Suart Mill; see Encyclopedia Britannica, DVD-edition 2001, s. v.
*Bacon, Francs, Viscount Saint Alban (or Albans), Baron of Verulam — The new method™) as
well as the possibility that they could be at some distance in space and time from their effects.
Another weakness, not sufficiently emphasized, is Bacon's preoccupation with the static,
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a solid basis for the further development of a sophisticated scientific
method®, constituting a framework and a methodology for systematically
acquiring knowledge by investigation and experiment. From these,
tentative conclusions can be drawn (so-called hypotheses) which are
then either strengthened over the course of time or falsified * The result
is a steady increase of knowledge.

The conception of a scientific research establishment, which Bacon
developed in his utopia, The New Atlantis, proved to be an equally
seminal contribution to the future development of science. Here the idea
of science as a collaborative undertaking, conducted in an impersonally
methodical fashion and animated by the intention to give material benetits
to mankind, is set out with literary force.™ The practical impact of this
thought is evidence of Bacon’s enduring significance in “setlting] the
course for the development of the western world. ™

2.2 The economic consequences. To explain what forces were set free
by the development described above, Mokyr introduces the notion of
propositional knowledge (symbolised by Q, episteme) on the one hand,
and prescriptive knowledge (symbolised by ?, tech#é) on the other hand. ™

2.2.1 Interactions between ?- and Q-knowledge and diminishing
marginal returns. The significant and decisive dynamics which ultimately
gave risc to the knowledge-based economy developed from a two-fold
interaction between these two kinds of knowledge, The first interrelation
is as follows:* an existing body of Q-knowledge “maps” into a set of
instructions that determines what a certain economy can do. This resulting

* Fischer, {)e nene Ordnung des Wissens (2004), p. 1535, pp. 170 et seq. Hofte, Kleine
Geschichte der Philosopbie (2001), p. 300.

' Sce Patzel, Einfiihrung in die Politikwissenschaft (1997), p. 49 et seq., Seiffert,
Linfiibrung in die Wissenschaftstbeorie 1(1990), p. 153 et seq., Popper, op. cit. (1934);
Popper, Conjectures and Refutations (1963), pp. 33-39. There is also a very good
presentation in the first chapter of Junker et af, Fuvofition (2001).

* Russel, ap. cit,, p. 550, lischer., op. cit. (2000), p. 80 ¢t seq., Fischer, op. it {2003), p.
63 et seq., Fischer, op. cit, (2004), p. 176 ef sey.

“Delius ef al, p. 32.

* Mokyr, op. ¢it. (2002), pp. 1 et seq,

* Mokyr, op. cit. (2002), pp. 13, p. 16,
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?-knowledge is the set of feasible techniques, sometimes known among
economists as “the book of blueprints™.* In this way, an existing technique
{(?) can be said to have an epistemic base in Q. The wider and deeper the
epistemic base on which a technique rests, the more likely it is that a
technique can be extended and find new applications. The narrower the
epistemic base in Q of a particular technique, however, the less likely it
is to keep on growing and expanding after its first emergence, because
further expansion would demand more and more fortuitous events.”
Indeed, much technological progress before 1800 was of that very nature:
although many important new techniques appeared before the Industrial
Revolution, they had too narrow an epistemic basis and thus rarely, if
ever, led to continued and sustained improvements after the initial ‘stroke
of luck’. The widening of epistemic bases after 1800, however, signals a
phase transition or régime change in the dynamics of useful knowledge.®
This was a crucial shift because, only if the useful knowledge base does
not expand, will the economy eventually run into diminishing returns.
However, as long as there is a continuous increase in useful knowledge,

FIGURE 1. Two kinds of knowledge
KNOWLEDGE
Propositional Knowledge Prescriptive Knowledge
an addition to it is a “discovery” an addition to it is an “invention”
i.e. the unearthing of a fact or i.e. the creation of instructions to
natural [aw previously unknown do something hitherto impossible
ahservation, estahlishment of
classification, regularities principies, and 3 sets Olf execut:bie
measurernent, and natural laws” which mst;uctlons for tcn.-v 1o
cataloguing of natural govern these phenomena i@ El'l'_’dt ”f“.eags c:ja
phenomena and allow us to make { well-definec ends
sense of them 1

# I'or this, Mokyr uses the symbol 7. Among these feasible techniques, only some are
selected for actual execution — denoted by Mokyr as ¥

“ Mokyr, op. cit. (2002), pp. 14, 18, 19.

® Castells, gp. cit. (2001) pp. 1, 34, 40, 41; Mokyr, op. cit. (2002}, pp. 19-20.
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the ceiling on prosperity growth can permanently be pushed further, It
is the generation of new ©-knowledge which is the fuel that keeps the
engine of growth running.* This was precisely what the new scientific
method provided a tool for: for the first time in human history there was.
a method capable of producing such a constant flow of new Q-
knowledge.” And because the epistemic base did expand continuously,
technological progress was not bound to slow down this time.

There is a second and equally important interrelation between the
two types of knowledge:™ not only is a broad Q-basis essential for keeping
the continuous stream of new ?-knowledge flowing, but ? can also
produce feedback into Q.% This is what Castells calls a ‘cumulative
feedback-spiral’ of innovations and their application.” In the simplest
case, a technique is discovered by chance and the fact that it works reveals
a regularity or pattern which can be registered in the realm of Q@ whose
growth is thereby further stimulated.” What is more, changes in
techniques also open up new opportunitics in the form of new
instruments and laboratory methods, making completely new research
possible.” This double positive feedback form ? to Q is capable of leading
to virtuous cycies which are much more powerful than can be explained
by technological progress or scientific progress alone:™ the successive
sets of € not only grow but provide wider and wider epistemic bases for
?, which in turn lead to increased sets of Q. Feedback from technology

¥ Mokyr, op. ¢it. (2002), pp. 283, 285.

*Knoll, up. cit, p. 4.

* Landes, gp. cit., pp. 284, 285 calls it the “marriage of science and technigue.”
#Knoll, op. cit., p. 14. Sec also the examples in Mankiw, Principles of Feonomics (2001),
p. 229,

* Castells, op. cit., pp. 1, 84.

* Landes, op. cit, p. 197,

* Mokyr, op. ¢if. (2002), p. 20 &t seq.

* The resuit can be described as 4 kind of social contact between “knowers” and “doers:”
Tignor et al., p. 220. The bridges between Lthe “savants® and the “[abricants” became
wider and eusicr to cross; Mokyr, op. cit. (2002), pp. 54, 69. This is extremely important
as there is too much tacit and uncoditiable knowledge in technology for the wrillen word
and the graphical representation o do it all; Molyr, op. it (2002), p. 63; so-called tacit
knowledge is knowledge gained form experience, rather than knowledge instilled by
formal education and training; Advisory Group, ap. cit. (1999); sec also the relared idea
of “hybrid” or dual careers in Kranakis, Hybrid Careers and the Intevaction of Science
and Techuology. op. cit., (1992), pp. 177-204.
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to propositional knowledge and vice versa is what made the continued
evolution of technology the sustainable norm rather than the ephemeral
exception. This combination and interplay is what ultimately drives the
huge acceleration of innovation and technological breakthroughs which
has the power to sustain impressive long-term economic growth.”

All this enabled the miracle of the Industrial Revolution to take place,
the true economic significance of which is to be found not so much in the
great inventions of the years between 1760 and 1790 as in the described
self-sustaining process of innovation which, for the first time, was able to
avoid running into diminishing returns and fizzle out after 1800 or 1820.
In the pre-1750 environment, despite periods during which societies
expetienced clusters of important macro-inventions, technological progress
had always failed to generate sustained economic growth. But in late
eighteenth-century western Europe, “the Baconian programime reached a
critical mass™*, providing an engine for economic growth which has been
running like clockwork ever since, without depending on mere randomness
and chance as its casual fuel. Consequently, the 1820s witnessed yet another
“wave” of inventions and conceptual breakthroughs, which created a
“second wind”™ that prevented the process from slowing down and petering
out. This series of so-called micro-inventions® or “waves of gadgets™,
which often could be turned into successful business propositions, led to
the second industrial revolutien,” an early incarnation of a basic pattern
of making new useful knowledge work which is still operative today.*

Another mid-ninereenth-century invention reinforced this
development: the industrial R&D lab®, “the greatest innovation of the

% Landes, op. cit,, pp. 187, 200; Mokyr, op. cit., pp. 23, 24, 56, 96, 102.

* Mokyr, op. cit. (2002), p. 286.

* Mokyr, op. cit. (2002), p. 4.

® Landes, of. cil., p. 200.

i Mokyr, op. cir. (2002}, p. 71

“ Landes, op. ¢it.,, p. 284. 1860 is said to mark the beginning of the second Industrial
Revolution. Concerning the significance of the rise of statistics as a way of interpreting
information about the physical world for the formalization of empirical regularities in
natural phenomena, see e.g. Mokyr, op. ¢it. (2002), pp. 72, 101,

& See Baumol, The Free-Market Innovation Machine (2002).

= Knoll, op. ¢it., p. 6.
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time™* in the “technology of generating technology,” appeared for the
first time in the 1860s in the German chemical industry.® It rapidly spread
through other industries and provided an institutional framework which
ensured that propositional and prescriptive knowledge kept reinforcing
each other and provided the economy with a continuous stream of
innovations which “gathered force to become a veritable torrent.” This
development has been labeled “routinisation of research,”®
“institutionalisation of innovation,”™ and — even more tellingly — “the
invention of invention.” Al this was not only able to avoid the negative
feedback mechanism mentioned at the outset but eventually even tipped
the balance to provide a powertul positive feedback mechanism.™

2.2.2 Promethian growth. This is closely related to another basic
dichotomy denoting an important factor of the major shift we have just
described: the transition from extensive to intensive economic growth.
it is only the former, based on an increase in inputs, which is doomed
to run into diminishing marginal returns. In contrast, intensive growth
relates to the rise in per capita cutput and thus meians improved
productivity. This type of growth can be a result of the benefits of
increased specialisation and trade (Smithian growth) or it can be driven
by a constant stream of scientific and technological innovations
(Promethian growth). As has become clear in this section of the paper,
it was the latter kind of intensive growth whose appearance made the
decisive difference. Promethian growth is the “highest” form of economic
growth, the only one which has the potential of developing a dynamic
that leads to permanent, self-sustaining economic growth.” Everything

& Mokyr, op. cit. (2002), p. 85.

SWOIEE, op. cit, p. 257 states that the traditionally most important motive for the creation
of new knowledge, curiosity, has since then more and more been replaced by the effort
to answer concrete practical questions.

 Mokyr, of. cit. (2002), p. 85.

#® Landes, op. cit, p. 201

# Mowery et al., Paths of Innovation (1998).

*landes, op. cit., p. 45.

*landes, op. cit, pp. 187, 191; Mokyr, op. cit. (2002}, p. 33; Hepworth, op. cit, p. 2.

* Landes, op. cit, p. 187.
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said so far can be understood as an explanaticn of the mechanics and
the functioning of this type of economic growth and an explanation as
1o why knowledge lies at the core of this kind of persistent growth. This
is why the “knowledge economy” is so telling. Understanding its deep
meaning and inner logic means understanding an important constitutive
element of the world in which we live. :

The first and second Industrial Revolution constituted a stage in which
the weight of the knowledge-induced component of economic growth
(Promethian growth) increased markedly.™ What has been called the
third Industrial Revolution, the rise of the computer and the enormous
progress in ICT has further stimulated and, above all, accelerated the
process. This will be dealt with briefly later (sub 3.1).

2.3 Negative institutional feedback. The phenomena just described partly
explain why economic dynamics eventually reached a stage where they
became self-sustaining, thereby overcoming the empirical regularity,
observed in former times, that cconomies have always been running against
an absorbing barrier of technical stagnation. At some stage, the momentum
that gathers behind technological advance usually exhausted itself. But
now, for the first time, an intrinsic mechanism able to overcome “Cardwell’'s
law,™ stating the historical truth that highly technologically creative socicties
usually only remain so for a relatively short span of time, has developed.

But this is only half the story. Throughout history there have also
been external factors hostile to overly dynamic economic, and
consequently social, developments — especially in the shape of so-called
negative institutional feedback. Why did this second negative feedback
mechanism not also become operative this time? Why were these
dynamics not interrupted at some point from the outside?

* This was especially important since this was a period in which continuous potitical
disruptions must have reduced the importance of “$mithian {(trade based) growth;” Mokyr,
op. cit. (2002}, p. 30.

™ Mokyr, The Lever of Riches (1990), pp. 207, 261-9. Mokyr, Cardwell's Law and the
political economy of technological progress (1994). His “law” is based on an interpretation
of Cardwell, Turring Points in Western Technology (1972), who recognized the
phenomenon itself without giving an explanation for it. Cardwell’s law does also have
other facets which will be mentioned later.
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2.3.1 Why did negative institutional feedback occur throughout
history? When dynamic economic developments tock place over
extended periods of time, they usually generated social and political
forces that, in almost dialectical fashion, terminated them. Prosperity and
success led to the emergence of predators and parasites in various forms
and guises who “eventually slaughtered the geese that laid the golden
eggs.”” This is evocative of Jay’s “waltz motif™™: The first step is an
economic advance which, in the second step, provokes predatory threats.
Unfortunately the result of this, the third step, was seldom a social/political
solution which maintained progress, but it was rather an attack against
the innovations by those in power who were afraid of losing their power.

2.3.2 Doves and bawks. In human societies, there are always a couple
of “hawks” ready to kill the “doves”, should they suddenly pose a threat
to them through changing circumstances. These are terms used in a
specific game theoretical variant, called the Hawk-Dove Game.” This is
a fascinating application of game theory which is based on evolutionary
concepts. It was first applied to evolutionary processes by Smith™ and
can also be applied to the situation in hand.

The basic setup of the game matrix looks thus:™

TABLE 1. Hawk-Dove Game (1)

Hawlk Dove
Hawk _ o Y2, ve2 T W oY
Dove v,0 V2 V2

= Mokyr, op. cit. (2002}, n. 31,

* Jay, (2000), pp. 15 ef seq., 199 ef seq., 289 ef seq. with special regard to China, p. 95 et
seq., p. 121, and India. p. 100.

T (OGorman, Game Theory (2003}, Prestwich, Game Theory and Evolutionary Stable
Strafegies (1999).

Smith, I M., Frolution and the Theory of Games (1982), He also included a third type
of behaviour, the so-called bourgeois strategy, and showed that this would be more stable
than either pure hawk or pure dove. A “bourgeois” may act like either 2 hawk or a dove,
depending upon some external cue,

*V = value of the resource; ¢ = cost of fighting, Should two doves meet, they get an
average pavoff of V/2. When a hawk meets a dove the hawk takes everything (V), the
dove gets 0. When a hawk meets another hawk they fight, which involves a 50/50 chance
of genting V and a 3050 risk of injury (C); so the average payoff will be (V-C)/2,
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Human society is considered to be made up of a mixture of “hawks”
(individuals with power and who are ready to fight in order to keep it)
and “doves” (individuals without power and who have no ability or
willingness to fight), When two “birds” confront one another, “hawks”
will fight until one is maimed, killed or flees, whereas “doves” will merely
posture a little but will leave before any serious harm is done. Doves
cooperate while hawks do not. In the case of a conflict, a hawk will
always win against a dove. Under certain (plausible) assumptions®, there
will be a “mixed” Evolutionary Stable Strategy (ESS) with a quota of doves
and hawks.”

Transition periods are very tricky for the established élites. Any period
of rapid growth and change develops a dynamic which is potentially
dangerous for the ruling class or the currently powerful social groups.™
Social disruption is a function of change; technological progress inevitably
involves losers.”™ New knowledge displaces existing skills and threatens
incomes: technological change leads to substantial losses sustained by
those who own specific assets linked to the existing technology.® Society’s
hawk-forces, thus, tend to resist change because they have a vested
interest in the status quo, thereby providing another explanation for the
astonishing steadfastness of “Cardwell’s law” throughout history, i.e. the
observation that technological progress encounters resistance from various
groups that believe the'y stand to lose from innovation. The ruling classes
themselves intervened or powerful pressure groups tried to manipulate
the political system to suppress successful, and thus dangerous,

® Only it V is greater than twice C, the doves will go extinet.

® Just compare the obvious social tension which results from the income
incqualities depicted by the Kuznets curve, which refers to the transformation of
an agricultural into an industrial socicty. As Kondratiev showed, this process isa
revolving one, leading to Kondratiev cycles or “long waves” (e.g. the Industrial
Revolution 1787-1842, the Bourgeois Kondratiev 1843-18%7 and the Neo-Mercantilist
Kondraticv 1898-1950; see De Greene, Will There Be a Fifth Kondratiev
Cycle/Structure?, op. cif.

# Landes, op. cif., p. 201,

¥ Mokyr, op. ¢it. (2002), pp. 232, 253, 264,

# Technological change is almost never Pareto-superior, most likely there will be losers.
Sec Mokvr, op. cit. (2002), pp. 43, 232, 277, 278. But even it the change would be Pareio-
superior it could still posc a threat to the interest of the ruling classes, should they gain -
much less than the others.
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innovation.® Such struggles usually ended in the victory of conservative
forces and tended to cement the status quo.®

2.3.3 A modified model. China is just one example ~ among many
others”™ — of this phenomenon: the Sung Dynasty® introduced extensive
reforms which led to massive intensive economic growth™ and a whole
range of technological breakthroughs” in the eleventh and twelfth centuries.
But after the Mongols had overrun China during the thirteenth and
fourteenth centuries, the newly founded Ming Dynasty was powerful
enough to hinder the growth process; they reversed the Sungs’
achievements in order to “stabilise” socicty. So the Ming Dynasty was
sufficiently powerful to nip a real Chinese industrial revolution in the bud™!

* And this obstacle to progress is perpetuated by its own inner logic: even if it were
passible to overcome the mentioned resistance of the hawks, sooner or later the progress
of technology would in all probability still grind to a halt because the [orces thal used to
support innovation become vested interests. In a purely dialectical fashion, technological
progress created the forces that eventually destroy it

* Krusel ¢f af., Vested interests in a Positive Theory of Stugnation and Growth, op. cit.
(1996) have also showed that in « simple growth model, rational behaviour generates
resistance and possibly the suppression of technological change.

Bartber, Resistance by Scientisis 1o Scientific Discovery, op. cit. (1962), pp. 539-36, gives another
interesting explanation: knowledge systems are self-organizing systems that in many ways
can be thought of in evolutionary terms; Mokyr, op. ¢, (2002}, p. 221. The idea of self-organizing
decentralized systems, or “catallaxy™ as Hayek (Hayek, Taw, Legislation, and Liberty (1973
63, vol. 1, pp. 35-54; vol. 2, p. 108) has called i, is one of the most powerfut and influential
ideas of the modern age and perhaps the most imporant clement in Adam Smith’s thought.
In science, one of the most typical self-organizing evolutionary systems, resistance to innovation
by an established scientific and at times ideological status quo, has abways bee strong; also
compare Kuhn’s theory of paradigm shifts: Kuhn, The Structure of Scientific Revolutions (1962),
Pajares, The Structure of Scientific Revolttions (2004), Mokyr, gp. cit. (2002), p. 222, Resistance
1y change is one of the selection criteria operating in 2 Darwinian system.

¥ One could also mention Russia, Japan or the Islamic world (Landes, op. c#., pp. 54,
200, 201), which seemed to be another promising future world power but suffered the
lack of governmental institutions independent from dominant family structures, Other
examples of mechanization and use of inanimate power without producing an industrial
revolution are given by Landes, op. ¢it, p. 200,

® 060 et seq. C.E.

#1In 1078 Sung China produced 125,000 tons of cast iton, an amount that was unmatched
untif the 1790°s when Britain reached this level again.

™ E.g. movable type printing (1000), paddie wheel ships (1130); water-powered textile
machinery (1200); huge ocean going junks (1200); major breakthroughs in mathematics
(1086); the blast furnace (1050) etc.

* See Landes, ofr. cit, pp. 55 ef seq., 200.
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Economists have used the term “rent-seeking” for the replacement
of market decisions by government control or some other form of
collective decision-making that benefits a small group or an individual
It implies including “loss-avoidance™ in the concept of rent-secking.
Against this background, the scope of application of the hawks and dove-
game could be extended accordingly by defining V, not only as the static
value of the resource, but by including also the potential threat of
permanently diminishing the hawks’ V for the future. A hawk will thus
not only fight to get its share of V that is currently available, but also 1o
prevent changes in the environment which would in the future lead to
a new set of circumstances in which V is of less value 1o the hawk-class
than it used (o be. The mixed ESS will then not only be stable regarding
the number of doves and hawks in the socicty, but there would also be
a kind of “intrinsic stability” concerning the nature of V for which to
fight* And if a make-or-break condition for the nature of V is assumed,
the “old” type of V will prevail.

The only way of escaping this trap is that hawks would, for some
reason, not want to truncate progress anymore, and would maybe even
desire to stimulate it. For this to happen, it would be necessary to
introcuce an even bigger threat to their survival than the one which comes
with change. This is exactly what happened in Europe,

2.4 Why was negative instttutional feedback overcome?
2.4.1 Competition. The magic formula here is “competition,” Tt was
competition between the European states which helped to overcome the

= Noll et af., Mosaisches Recht im Licht moderner Okonomie (2004), p. 160.

= Mokyr, op. cit. (2002), p. 253

* This would be the result of assuming that that the nature of V is a make-or-break
condition of all the cells of interaction between doves and hawks which underlies the
whole game:. This would mean that whenever a hawk enters a specific cell (regardless
of whether it would be alone, encounter another hawk, or a dove), it would either
preserve the “old” nature of V or destroy any change happened.

# Landes, of. cit., pp. 36 et seq. states that the European fragmentation gave risc to
competition among European nations and that this “fragmentation made ail the difference.
Landes, however, uses the competition concept in a broader sense than Mokyr does,
including “the contest for power within European societies” and not only between stales.
T will in this paper focus on the latter,



-

Helmut Ortner

built-in tendency for conservatism present in centralized bureaucracies.
The more centralised and powerful a bureaucracy, the more formidable
the obstacles on the road to technological progress. More often than not,
despotic rulers did all they could to enforce conformity and squelch
attempts to be different. On the contrary, decentralised systems have
tended on the whole to provide a more favourable environment for
dynamic developments.”

Western Europe’s advantage over large empires such as China, the
Outoman Empire®” or Russia lay in its pluralism, its diversity and its
g fragmentation. In Europe — for 4 number of reasons™ — no single country

had an unrivalled position of hegemony. Although sometimes one player,
especially the Habsburgs and France, was very close to establishing himself
as the hegemonic power, no one succeeded in doing so in the end.”

This “world of competition and national jealousies™* which emerged
in Europe had a threefold positive effect:

2.4.2 Rulers did not want to stop the process. Technological progress
spurs on not only economic performance, but also military capability.
This is why even arbitrary rulers discovered that, much as they might
have disliked the disrupting effects of technological change, they could
not risk falling behind in comparison with rival nations, Military and,
consequently, political power was simply inseparable from industrial
development." There was constant pressurc to improve in order to outdo
the others; the incentives to invent (primarily for military reasons) and

# Mokyr, op. cit. (2002), pp. 238-239.

" Landes, gp. ¢it, pp. 54, 200, 201,

% To name but a view: another version of a “mixed ESS” leading to the existence of a
handiul of large powerful entities within the European state system; the fact that a number
of Furopean countries embraced the improvements of the military revolution
simultanecusly and could thereby not gain a decisive advantage over the others; the
geography of Europe, which has a lot of natural borders; the fact that several of the big
Luropean states were also maritime powers, ete.

* As far as the Habshurgs were concerned, this was officially recognized by the Treaty
of Westphalia in 1648, and with regard to France by the Treaties of Utrechrt, Rastatt and
Baden in 1713-1715.

" Mokyr, of. cit. (20023, p. 77.

¥ Mokyr, op. cit. (2002}, p. 281,
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to prosper economically (to have a wealthy people providing a rich
revenue base for military expenditure'™) were very strong.

They were strong enough to overcome the natural tendency of
negative institutional feedback. The macro power structure in Europe
was such as to convince the single states that it would be in their best
interest not to smother but to invest in and encourage the new
technologies and further research, ™

2.4.3 Single rulers could not stop the overall process. Even if single
rulers had stopped the process in their own domain, they would not have
had the power to halt the development as a whole. This aspect, too, can
be incorporated into the hawk-dove game by altering the condition that
the nature of V must be a make-or-break circumstance for all cells of
interaction, i.e. by assuming that cells are separate and independent with
regard to the nature of V. This change substantially alters the basic matrix
of the game. Whenever a dove enters an empty cell or encounters another
dove, this could happen in an old V (Vo) or new V (Vn) environment, In
the first case, it/they would bring about a change in V, the value of which
is much higher than the Vo's with which the hawks are still dealing. As a
result, the Vn environment will win over time under plausible assumptions.

To give an example: let us suppose the benefit of gaining V is +50,
the benefit of losing V is 0, the injury from fighting is-100 and the cost of
display (of a dove) is -10. The payoff to a hawk in hawk vs. hawk contest
would thus be -25."% The payoff to hawks when they encounter doves
would be + 50 The payoff to doves when they encounter hawks would
consequently be 0.'% Finally, the payoff to doves when they encounter

“? the amount of money needed to maintain powerful armed forces was enhanced
considerably by developments of the “military revolution” which — together with the
already discussed industrial and scientific revolutions — makes up an important triumvirate
in the explanation of the origin of today’s knowledge-economy.

" Mokyr, op. cit. (2002), p. 268.

" Presumptions: chance of winning = 30 percent, 1 (1 LH) = (0.5* 500 + (0.5 * -100) = 25— 50 =25,

" Presumptions: chance of winning = 100 percent, L.e. the contests arc asymmetrical.
There would be no costs for the hawks since they never lose and since the dove
immediately retreats once it recognizes the hawk, E(HD)Y=1*30 -0 = +50.

* Presumptions: No chance of winning. No costs to the dove since it immediately retreats
once it recognizes the hawlk: E(D M) =0*50+1*0=10.
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doves is + 15.%" The resulting payoff-matrix would look as follows, and
equilibrium frequencies would be 0.583 for hawks and 0.416 for doves, '

Now assume that Vn which doves can create in any cell they enter,
provided they meet no hawk there, would be 200, whereas Vo, which is
valid whenever a hawk enters the scene, remains at 50. This would not
only change the matrix and consequently also the equilibrium frequencies
dramatically, but would also lead to a gradual prevalence of Vn.
Technological progress would eventually prevail.

In Europe, too, the stage was set perfectly for a mechanism like this
to become operative. No single arbitrary ruler could turn off the lights
for the entire system; Europe did not have “all its eggs in one basket.”™®

2.4.4 Pulling Cardwell’s law out of action. Furthermore, the other
aspect of Cardwell’s law, the empirically proven fact that any single
economy will inexorably eventually move to an absorbing barrier of
technological stagnation, can be annulled through competition. It was
again Mokyr'?® who showed that this regularity helds only for a single

TABLE 2. Hawk-Dove Game (2)

Hawk Dove
Hawk 28725 +80.0
Dove 0.50 +15/+15

TABLE 2. Hawk- Dove Game (3)

Hawk Dove
Hawk 25725 +50/0
Dove ) 0/480 . +90/+90

v Presumptions: chance of winning = 50 percent. Both doves will display essentially the
same amount of time. The one that wins is the one that is willing to display for a longer
period of time at this particular time. No injury cost, as doves are not viclent. E (D,I) =
0,5*(50-10)-0,5*-10 = + 15,

™ Caleulated with the computer simulation under htip://www holycross. edu/
departments/biology/

kprestwi/behavior/ESS/Hawk_v_Dove_Sim t/examplel. html.

¥ Landes, op. cif., p. 39.

' Molyr, op. ¢if, (1990), pp. 207, 261-9;, Mokyr, of. cit. (1994).
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closed economy but that it does not hold in a wotld in which a number
of separate and open cconomies compete with each other.!! In a world
with multiple economies, Cardwell’s law ultimately has not the power
to stop the overall process, even if it holds for each economy separately.™
Not only was there no nation within the European “state system” which
was able to hold on to dominant leadership too long, but competition
among these independent political entities also ensured that, as long as
there was at least one nation that was truly creative, the others followed
suit." This, again, is consistent with the historical obscrvation that political
competition is conducive to technological progress.

2.5. The Enlightenment. It is equally important 1o point out another
constitutive element which helped to pave the way for the revolutionary
shift towards a truly knowledge-based economy of enduring growth: the
Enlightenment. In former cras, the predominant attitude was that there is
only a fixed quantity of knowledge and everything one can know has
already been known and tau ght or revealed by untouchable authorities,
such as God or great philosophers of the past (primarily Aristotle). What
he says (ipse dixit) is thought to be the absolute truth — and consequently
there is no need to investigate independently or to think any further. This
was exactly the “self-incurred immaturily”, man’s “emergence” from which
Kant declared to be the very nature of Enlightenment. !

' Mokyr, op. cit. (2002), p. 278.

¢ This mechanism of annulling Cardwell’s law is still active today as was shown e.g. by
Cantwell op. cit. In recent history, technological leadership has passed from Britain to
the United States, and in very recent times it has for some time switched to Japan.

" Moloyr, of. cit. (2002), p. 276.

1 Kant 1784, 'The basic attitude was that traditional authorities should not be trusted
blindly; see Tignor et af., op. ¢it., p. 182. This is, of course, only a sketch of the role the
Enlightenment played in this regard. It would be interesting — but go bevond the scope
of this paper — 1o show who the salient features of the Enlightenment contributed greatly
to the emergence of the knowledge-based economy. In the following | just pick out a
few: (1) Scepticism against authorities and tradition but trust in rationality and empirical
nmethodology 1o ascertain “truth:” It suffices to, again, point to Bacon's discussion of
causes of human error in the pursuit of knowledge — “idols™ — or to the famous cartesian
approach of searching a really trustworthy basis for one’s reasoning by sceptically
questioning any existing, even if widely accepted, premise, leading to his proposal of
his four methodological rules in his “Discourse on Method” (1637); see e.g. Weischedet,
Die philosophische Hintertreppe (197571997}, p. 114 et seq.; Ziminer, Das
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Buteven if one had tried to emerge from this “immarurity,” it would
have been an extremely risky undertaking before the Enlightenment'®
(and even then to do so was often not at all easy). Much of the newly
produced or newly discovered knowledge was hardly reconcilable with
traditional views and authorities — an insurmountable obstacle for many
centuries. The Enlightenment, however, brought about a change in
conditions which was conducive to questioning traditional wisdom, and
thus enabled new knowledge tc gain ground. It created an environment
in which more people were prepared to follow Kant’s famous calling,
which he put forward in his “Answer to the question: “What is
Enlightenment?” "% Sapere aude! — because it became less dangerous to
do s0."" Thus the contribution of the Enlightenment in acting as a lever
for the scientific revolution and all its further implications should not he
underestimated. The roots of the prosperity brought by the society based
on knowledge are to be found in the industrial revolutions of the
eighteenth and nineteenth centuries. These industrial revolutions,
however, were hastened by the intellectual changes of the scientific
revolution and of the Enlightenment that formed the basis for holding
sway over formerly overpowering institutional (religious, social and
governmental) realities.™

FPhilosophenportal (2004), pp. 64 et seq.; Hoffe, op. cit., pp. 155; Russel, op. ¢it., p.553.
(2) Rationalisim: reason is made the paramount human quality; not radition or authority
or faith — if there is a conflict, it is reason which should rump the others. (3) Universalisim
and Globalism: The emphasis is on the general rather than the panicular, which was a
strong incentive to find the general rules or laws of nanure which govern the single events
and thus fuel the pool of Q, in order to {uel the pool of 2, in order to fuel £, in order to
... (4} Optimism: the Enlightenment is future-oriented; the belief is that the world is
getting better because well-founded knowledge will inerease over time through the
application of reason (based on the scientitic revolution and the adoption of the scientitic
method) which leads o wellfounded knowledge that will eventually displace superstition;
Mokyr, op. cit. (2002}, pp. 29, 39, 287. (5) Other important {eatures were individualism
and civilization (as opposed to savagery).

'"* Just think of Giordano Bruno and many others. See also Landes, ap. ¢it., p. 201.

W Kant, An Answer 1o the Question (1784,2009).

U7 Some rulers not only stimulated the process because this was the only way to remain
part of the European power play but because they genutnely believed in the conceps and
ideas of the Falightenment (ust think of Joseph ID. See also Mokyr, op. cft. (2000, p. 82,
U Mokyr, op. cif. (2002), p. 297,
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Mokyr' coined the term “Industrial Enlightenment” to denote and
sum up the key features which represent the missing link between the
scientific and the Industrial Revolution, finally leading to the
knowledge-based society. Its three independent phenomena present
a synopsis of facts already discussed in other parts of this paper: (1)
scientific method; (2) scientific mentality (3) scientific culture (this is
the result of applying the scientific method with a scientific mentality,
maintaining the constant interplay between Q and ?). Against this
background, it could be said that it was through the Industrial
Enlightenment that the scientific revolution and the Enlightenment
produced the Industrial Revolution and finally the knowledge-based
economy as we know it today. '

3. The presence

3.1. Access to and dispersion of knowledge. Today both kinds of
knowledge keep on reinforcing each other and they do so more rapidly
than ever before, One reason for this is that knowledge has an extremely
high level of “tightness”, i.e. the fact that knowledge can be easily
accessed, is widespread and accepted.’ The roots of this phenomenon,
oo, can be traced back to the eighteenth century.' Not only has the
amount of knowledge increased inexorably ever since the Baconian
revolution but, more or less contemporaneously with the Industrial
Revolution, there were also advances in the organization, storability,
accessibility and communicability of €, which resulted in a dramatic
reduction in access costs:'? new ways of cataloging uscful knowledge
{encyclopedias, dictionaries, textbooks, manuals and comprehensive

" Mokyr, op. cit. (2002), pp. 34 at seq., 39, 287.

@ The “missing link” exists because historians have generally not been able to support
the notion that the scientific revolution led directly to the Industrial Revolution; Mokyr,
of. cit. (20023, p. 36.

' Mokyr, op. cit. (2002), p. 6; Landes, op. cit, pp. 270 ef seyg,

1 Of course one could mention even carlicr important inputs, such as Gutenberg's
revolutionary invention of typographic printing in the 1450s.

"= See Knoll, op. cit, p. 6; Landes, op. cit., p. 204; Mokyr, op. cif. (2002), pp. 70-1,
103-4,
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technical compendia);the professionalisation of experts (making it easy
to find people who had the relevant knowledge); a veritable explosion
of universities and technical colleges combining research and teaching;
the institutionalization of courier and mail services. To sum up: the
knowledge revolution in the eighteenth century was not just the
emergence of new knowledge; it was also better access to knowledge
that made the difference, because the lower the access costs, the more
knowledge is cumulative.'™

Here is where the issues of education and ICT come into play.
They can best be understood when incorporating them into the basic
model of the knowledge economy’s inner logic as described in this
paper. Today's knowledge-based economy is still run by humans'#;
they need to understand the mechanisms at work, both formally and
substantially, in order not only to further advance them, but to be
able to manage prudently the powerful forces at work and give
thoughtful direction to future development. Education plays the role
of developing the considerable and ever-growing intellectual abilities
and emotional capacities needed to meet these demands. Whereas
education denotes the human factor of the knowledge-based
economy, ICT stands for the pace and cost factor by raising the former
and lowering the latter and, thereby, hugely increasing the dynamics
of the mechanisms described.™ If human agency is the engine of the
knowledge-based economy’s impressive machinery, ICT is best
understood as its lubricant, whereas the interrelations discussed in

"™ Access to knowledge (A2K) is still vividly discussed as “the real basis for sustainable
human development,” e.g. in Yale's Informailion Society Project (sce
http:/research.yale edudispia2k/wiki/index, php/Yale_A2K_Conference).

" They have to build knowledge out of mere information (see 1), they have 1o implement
practical solutions (?) which grow out of the broad Q-base and vice versa,

= ICT has not only lowered marginad access costs enormously (Midlier, op. ¢it, pp. 40, 41;
Casiclls, op. ¢t pp. 34, 40, 41; Knoll, op. ¢it, p. 2, it has opened the floodgates to even
more rapid further technological progress, which has sometimes been called the third
Industrial Revolution the paragon of which is the computer. Also, modern information
technology hus alse produced new tools for conducting rescarch, thus providing an
immensely powcerful positive feedback effect from prescriptive to propositional knowledge,
Kurzweil, ap. cit. (1999, pp. 44 et seq., Mokyr, op. cit. (2002), pp. 79, 112, 113,
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this paper could be viewed as the (physical/societal) laws to which
its mechanisms adhere.

3.2 How to react. 1t is one thing to try to explain why we arrived at the
situation in which we find ourselves today and to offer plausible
explanations for it. It is quite another to think about how we should best
react to and deal with these circumstances individually and socially.

With regard to the individual, which I have labelled the “human factor”
of the knowledge-based economy, the most obvious consequence of
living and working in such a socicty is the need for “lifelong learning”.
In order to take part and act successfully within the framework of a
- knowledge-driven and knowledge-dominated environment there seems
to be no alternative but to be prepared to think creatively, basing one’s
thoughts on the enormous amount of knowledge already available. On
the other hand, Kurzweil's' question “life in the twenty-first century —
what remains of man?” takes on a special meaning against the background
outlined in this paper: the individual has to struggle in order not to
become a mere “homo oeconomicus” but to develop and cultivate values
“ other than purely economic ones. Our humanistic virtues should not be
completely subordinated to the economy and its rules, In Kant's famous
words: forfeiting any aim, any thought, and any feeling to the economic
demands of knowledge-driven efficiency would result in reversing “man’s
emergence from his self-incurred immaturity”. In the end, then, only the
“authority” may have changed, but man would still (or again) be unable
to usc his own understanding without the “guidance” of the “tyranny”
of absolute and unconditional economic efficiency.

It is obvious that not only the individual, but also the key institutions
of society have to adapt to the knowledge-based society. Etzkowitz and
Leydesdorff coined the term “triple helix” of university-industry-
government relations 1o denote the complexity of this task.'* Much could

= Kurzweil, op. cit. The German title of his book “The Age of Spiritual Machines” “[Tomao
Sapiens: Life in the 217 century — what remaing of man?” poscs this question primarily
against the background of the computer revolution and the discussion about artificial
intelligence.

w Etzkowitz et al., Fntroduction: Universities in the Globa! Knowledge Feonomy (1997),
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be said about the challenges each of these parts faces today against the
background of a knowledge-based economy. Educational institutions
will be considered only briefly. In order to enable individuals to function
successfully as the “masters” of the mechanisms described in this paper,
schools should try to impart to young people the ability to find their
way in the jungle of facts available and to acquire special knowledge
quickly. For this, students need to be taught basic knowledge on the
contents, as well as methodological competence and the capability to
acquire knowledge independently. The era of the school as a mere
institution for drumming facts into the heads of pupils for a certain
number of years has to be jettisoned. What is more, personal and social
competence should be imparted, being as important a lubricant for
today’s economic machinery as is iCT.*#

The universities, (oo, must consider their position in society in general
and in the economy in particular. It is true that, due to the ever-faster
creation of new knowledge, an “innovation gap”® has emerged which
opens up between individual firms, attending to their short-term needs
for product development, and to longer-term research, which is often
located in university and government laboratories and has the potential
to improve existing products incrementally, as well as to create future
products and processes. The seeming disadvantage can turn out to be
a strength which is viral to our society and our economy: from their
position, universities may be betier suited to warn against hazardous
paths taken because of purely economic considerations i.e. to be a
watchtower that keeps an eve on developments which are possibly
dangerous in the long run but at the same time are vigorously pursued
because of short-term economic benefits. In order to be able to serve
as a sentinel or “cultural memory,"* however, they need some degree
of financial and ideological independence from the economically and
politically powerful. To endanger this independence by starving the
universities financially or by weakening them through small-minded

WWolft, gp. cit., pp. 258 et seq; World Bank, Education for the Knowledge Foonomy (2004),
" Eekowitz et al., op. cif., p. 2.
U titzkowitz et al., op. cit, pp. 1, 3.
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“party-politics” is a serious mistake with potentially disastrous long-term
consequences.'*

4, Conclusion

It was through the Industrial Enlightenment that the Scientific
Revolution and the Enlightenment produced the Industrial Revolution
and, finally, the knowledge-based economy as we know it today. Its
inner dynamic produced an interaction of forces able to set free robust
and self-sustaining economic growth powerful enough to overcome three
strong negative feedback mechanisms which were operative throughout
human history — Malthusian traps, diminishing marginal returns on
investment, resulting in a hitherto inevitable slowdown and suffocation
of economic growth over time, and negative institutional feedback
mechanisms. The key driving factor of this pivotal paradigm shift is the
double interaction between —~ what Mokyr called Q-knowledge and
?-knowledge. Founded in what was the true achievement of the Scientific
Revolution, a sound method overcoming dependence on mere chance
for technological progress and acquisition of systematised knowledge,
other revolutions could blossom, especially the Industrial Revolution(s)
and, in its wake, the agricultural and military revolution. What is more,
the game-theory Hawk-Dove-Model is a powerful tool for understanding
hetter how especially the third-mentioned negative feedback mechanism
could be overcome; in this paper it is applied within a historical setting
for the first time.

12 There should be no ex arde taboos, of course, and thinking about the former “social
contract” (Erzkowitz ef af, [1997], 1) belween university and society. Many argue that now
both long- and short-term contributions are possible, based on examples of firm formation
(sce the numerous examples of entrepreneurial spin-off start-ups; ¢.g. CAST — Center for
Academic Spin-offs ‘I'vrol - hitp://www uibk.ac.at/ipolnt/news/wirtschaft_une_
wissenschaft/20021010 humnl- or the Yale Entreprencurial Society - hitp://werw.ves.yale.edu/
show.php?puge=about_yes_entrepreneur and research contracts. To a certain degree this
surely is a desirable development, but only as long as it does not endanger the independence
and “academic freedom” of the universities which are of crucial importance to the long-
term well-being of a sociery. The basic question is how to design the social framework in
order to set free the university systeny’s potential contributions to a flourishing economy
while at the sarhe time not endangering their basic independence and autonomy.
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The potential fusther benefits of future developments based on the
knowledge-based economy seem auspicious. Economic progress and
prosperity arc important goals for individual and collective decision-
making. It should not, however, be forgotten that this success story also
contains the danger of economic reasoning becoming the sole motive
for decisions whose consequences are not just of an economic nature
but are much more far-reaching.*® Although the economic evolutions of
the last two and a half centuries were impressive and promising, they
should not lead to 4 “one-dimensional ™ reasoning becoming the new
dogma of modern man. This would mean surrendering, in Kant's words,
to just another “self-incurred immalturity”.
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