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Foreword

A number of authors!™® have already pointed out the inherent
difficulty of forecasing the future of some new technologies or inven-
tions. Cerf and Navarsky! report many errors in expert judgement
about the future of new technologies. Schnaars? examined hundreds
of technology forecasts in his book, and found that there is a myo-
pia, even among experts, that causes them to consider the future in
terms of present needs, attitudes, tastes, and desires. Biondi and
Galli® highlight the fact that technological paradigms have a power-
ful exclusionary effect- “efforts and imagination are focused in fair-
ly precise directions, but remain blind to other technological possibil-
ities”. Rosenberg* recently published an analysis of the causes of
these failures and speaks of a “problem-solving myopia” as one,
among several, motives for these systematic failures.

Some of the abysmal forecasts that we find in the history of
technology seem exceedingly naive, like von Neumann’'s' 1956 “fore-
sight” “.. a few decades hence, energy may be free, juse like un-
metered air”, or Marconi’s belief that only steamshipcompanies
would use radios. Collopy® wrote recently that “forecasting the
future of technology is a dangerous enterprise”, and then asked: “of
what value are forecasts that try to predict the impact of future
technologies ?”

In the following section a different approach to ranking and
understanding #movations is proposed, looking at their socio-
economic dimension.

Innovations and their social impact

Innovation can be defined as the successful exploitation of a new
idea. It can be applied in the area of technology, in the functional
area embracing manufacturing, marketing, and distribution, or in the
organisational area embracing management style and company cul-
ture. But changes in the ways goods are produced and marketed
have no great social impact. Only those new ideas dealing with a
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new way to satisfy quantitative purposes have real social impact. As
defined by Steele®, technology is the manipulation and control of
physical objects for gquantitative objectives. The word quantitative is
used here to distinguish it from art, which can be defined as the
manipulation and control of physical objects for qualitative or aes-
thetic objectives. On the other hand, it is important to emphasise that
many manufactured goods, such as automobiles for example, are
actually a combination of both®.

From this perspective innovations can be ranked in at least
three groups, according to their impact on society:
i — no impact -these are innovations that consist in a simple modi-
fication of the product, some small improvement in performance,
either to capture or regain a market niche, or to meet new stan-
dards. There is no influence on the behaviour of individuals, no new
habits or customs are created or induced in society. The introduction
of this kind of innovation to the market requires some forecasting to
measure the market and the likelihood of acceptance of customers.
ii — samll or medium impact -these are innovations that embody a
new way of using an existing technology. Three recent examples are
the fax machine, the laptop and the cellular telephone. Some new
habits were developed in society with the introduction of these inno-
vations, mainly among business men. But society as a whole and the
economy were not so strongly affected by them; one has perhaps
only a new dynamic in the socioeconomic process. In many cases this
kind of innovation has the character of fechnological substitution, as
in the case of diesel or electric locomotives being substituted for
steam, or jet aircraft for conventional propeller aircraft. This was
the case too with the introduction of synthetic fibers in the clothing
industry. These innovations too require technological forecasting.
iii — very great impact -these are innovations that create new indus-
tries and new human activities, and introduce radically new habits
and customs in society. This was the case for major innovations, like
electric illumination, the refrigerator, the typewriter, the locomotive,
the telephone, the television, the automobile, the airplane, etc. Per-
haps a more appropriate name for this class of innovations in basic
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innovations, as proposed by Forrester” and Mensch®, and this will be
adopted hereafter. Is interesting to observe that many of these inno-
vations, perhaps all of them, represent the realization of an ancient
dream of humankind: communication over great distances, easy indi-
vidual locomotion, flight, etc. They are the results of a search, a
long quest.

An important aspect of this kind of innovation, is that it goes
through all seven stages of innovation proposed by Bright® in 1968: 1
-the scientific finding, 2-laboratory feasibility, 3-the operating proto-
type, 4-commercial introduction (or operational use), 5-widespread
adoption, 6-diffusion to other areas (adoption in other areas of pos-
~ sible application, for which the innovation was not invented), and
finally, 7-social and economic impact. Not every innovation goes
through all these stages. The innovations with no or small social
impact normally skip the early stages. The development of a basic
innovation, from its discovery until its full, widespread adoption,
consists in an authentic learning process and will grow along a logis-
tic curve®®.

Another interesting characteristic is that no technological fore-
casting is practiced for a basic innovation. Being an absolute nov-
elty, it has a global market, and nobody worries about evaluating
the limits of growth. This is very probably the main cause of the
successive depressions observed in the history of economics, as dis-
cussed in the following section.

The synergism of basic innovations

The historical record shows that innovations are concentrated in
certain eras. From time to time there occurs a phenomenon, first
identified by Schumpeter!!, consisting of a cluster of basic innova-
tions, coinciding with a period of economic stagnation and depres-
sion. After this clustering there follows a period of rapid growth and
economic expansion, with the appearance of many new branches of
industry and new economic activities. After this growth, perhaps in
an uncontrolled way, there follows another depression, and another
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new cluster of innovations. An entire cycle is completed-these are
the so-called long waves of ecomomics, or Kondratiev cycles.

In the last fifteen years debate on long waves has grown signifi-
cantly, and many articles have been published, as well as some
books'> 5. In August 1981 a special issue of Futures appeared on the
theme “Technological Innovation and Long Waves in World Eco-
nomic Development”. This was the first of a series of publications in
the 1980s and 1990s in which not only economists, but also physicists,
engineers, and other natural or social scientists debated the question
of long waves in economics. An extended list of references can be
found in the articles of Ayres'®, Bieshaar and Kleinknecht', and in a
recent publication of Freeman®®.

There is today very strong and robust empirical evidence of the
existence of these long waves in world economic activity. The clus-
ter of innovations at the start of each wave is associated with a shift
towards a new meso-scale technological transformation, with a
synergistic combination of new technologies, the development of new
industrial activities and a deep transformation of human behaviour.
Each new technology system grows logistically until it reaches mar-
ket saturation and then declines and begins to be replaced by a
newer technology system-there is successive alternation of growth
and decadence with a duration of 50-60 years. The succession of
technological revolutions has received many names, such as
Schumpeter’s “successive industrial revolutions™"!, “change of techno-
logical regime”?®, “oscillation of technological and social moods”?°,
and “technoeconomic paradigms”?"??, the last being perhaps the most
appropriate.

But the most important aspect of each new cluster of basic inno-
vations is its synergism, the way in which each innovation influences
others, helping to improve them. This is what Rosenberg* calls com-
plementary innovations and systems integration; in his word-“Techno-
logical systems comprise clusters of complementary inventions”.

Historically one can observe the first wave at the end of the
18th century and beginning of the 19th century, with the rise of the
Industrial Revolution. This wave saw the growth of the iron indus-
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try, the development of the first steam engines, the construction of
canals throughout Europe (the infrastructure for a new transporta-
tion system), and the mechanization of the cotton industry. This last
was the consequence of several new mechanical devices introduced
in the art of weaving at the end of the 18th century.

The second wave, by the middle of the 19th century, was
dominated by the railroads in Europe and the USA, and the general-
ized use of steam power by the textile industry and transportation
systems (railway and steamships). The development of the railroad
network also triggered the creation of the telegraph network, in a
very synergistic way. All these new activities also triggered another
development: gas lighting for better illumination.

The third technological revolution, starting at the end of the
19th century and expanding at he beginning of the 20th century, was
far more complex, as Ayres'® has pointed out. There was a greater
proliferation of new industrial branches than that observed in both
preceding waves, with two different clusters of innovations: those in
the steel-petroleum-chemistry (and photography!) industries, and
those in the expanding electric power-telephone-automobile indus-
tries. So many new industrial activities brought to economics the
factor of complexity, ever growing since the beginning of this cen-
tury. But the synergistic aspcet of this wave was very strong. The
chemistry industry expanded very fast, as the growing use of textiles
triggered greater use of soaps, bleaches and dyes (Bayer and Hoech-
st were founded in 1870!). The steel industry, as well as the petro-
chemical industry, opened the way for the internal combustion
engine-this was the birth of the automobile, and soon after that of
the airplane. The rapid expansion of the automobile industry trigger-
ed the expansion of another branch of industry-the Portland cement
industry for the construction of paved road networks. It is important
to observe the synergistic combination of telephone and road net-
works-the necessity of a more efficient communication system as
individual freedom of movement grew. We are now at the end of the
fourth wave, in its depression phase. Its cluster of innovations began
during the recession of the 1930s and expanded during and shortly
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after the second World War, with the introduction of radio, tele-
vision, computers, synthetic materials (plastics and polymer fibers),
transistors (and all electronics), rockets, masers, etc. In this wave
also a strong synergism can be seen. To quote Rosenberg® “..a main
reason for the modest future prospects predicted for the computer in
the late 40s was that the transistor had not yet been incorporated
into computers of the day. Introducing the transistor-and then inte-
grated circuits-into computers turned out to be momentous events
that transformed the computer industry”. The development of
rockets opened the way for satellites, which for their part boosted
television broadcasting and communications activities. The maser
made possible the invention of the laser, which in the beginning was
used only for laboratory research and to generate concentrated heat.
Nobody foresaw the importance of the laser for telephone communi-
cations-another invention, the optical fibre, was needed to
revolutionise telephone communications.

For the chronology of these four waves according to some differ-
ent authors, and for some speculations about what is coming on, see
the recent article by Devezas?. Recent years have seen the synergis-
tic integration of different innovations introduced during the present
depression: personal computer, microsoft windows, cellular telephone,
fax, CD-Rom, Internet, etc., that will reshape the communications
capability of this planet. Also within the Internet many innovations
and software inventions of the 1990s, such as WWW, http, html,
Mosaic and others are synergistically contributing to its explosive
growth all around the world. Many others innovations are yet in
stages 2-3-4 of Bright’s classification, especially in the fields of
bioengineering (including genetics), advanced materials (advanced
ceramics and polymers, intelligent materials, superconductors...),
transportation (Maglevs), space activities (space shuttle, orbital sta-
tions), to name only a few. The next technoeconomic paradigm, or
perhaps better, the next techosphere is already burgeoning.

There has been vigorous discussion in recent years as to whether
these waves last for 50-60 years.’®"22, In any case, it seems that there
is a rhythm for human activities on this planet.
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Determinism in the evolution of technology

Natura non nisi parvendo vincitur (Only by obeying Nature can

we conquer it)
Francis Bacon

Some authors*?® have shown that the technological shifts
already observed seem to follow the same pattern of evolution, the
same technological trajectories. If there is a rhythm in human socio-
economic activities on this planet, is there a kind of deferminism in
the evolution of technology ? If yes, is there then determinism in
future human actions ?

At this point one can go through the following reasoning-there
is robust evidence that these cycles really exist and if we scan
through history is not difficult to observe that the habits and cus-
toms, the way of life of human society is completely changed each
50-60 years, at least during the last two centuries®. This implies that
in the next 50-60 years another through and through change will
occurr-this dramatic change is already beginning with the rise of the
multimedia phenomenon. So, something underlying social behaviour
is determining that life on this planet will change dramatically in the
near future. And what causes change in the human way of life ? The
only possible answer for today’s society is fechnology! Thus we can
conclude that there is actually determinism in the evolution of tech-
nology, and therefore deferminism in the future of economics.

Society is a learning complex open system living on spaceship
earth, fuelled by the sun’s energy. It must obey the laws of nature
like any other physical system in the universe. The evolution of the
socioeconomic system is a flow of human energy, that must obey
some constraints of physical origin, such as the learning time neces-
sary to deal with a basic innovation. The constraints are the laws of
physics, that are simply the translation into mathematics of the
great number of things that cannot be done.

The individual path of a molecule in a gas is unforeseeable, and
if it we try to locate with precision its position in space, its momen-
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tum is disturbed, or if it we try to measure its momentum, we can
not say nothing about its position-this is Heisenberg’s uncertainty
principle. But on the other hand, the collective or macroscopic
behavior of the gas is well described by a set of physical laws, such
as the Gay-Lussac, Boyle and Clapeyron equations and the three
laws of thermodynamics. The same can be said for society-the indi-
vidual behaviour of a human being can not be foreseen, but the col-
lective behaviour of a set of individuals can. Let’s take a very simple
example-the crowd after a football match. The path of an individual
going out of the stadium can not be foreseen, but if we know the
number of gates and the total population in the stadium, and the
flow of people at each gate is measured, we can foresee very precise-
ly how long it will take the stadium to empty. And if one asks a
person to which gate he is intending to go, his movement will be
disturbed, suggesting the ubiquity of the uncertainty principle. This
is not only statistical aggregates of actions, there are much more
under these collective behaviour.

This is the case for society and economics, which can be under-
stood as the transfer of money, services and goods from one individ-
ual (whether a person or a company) to another in a way analogous
to that in which energy is transferred from gas molecule to gas
molecule by collisions, in a chaotic movement. Marchetti’s modell**?®
of society operating like a learning system, governed by logistic (or
Volterra-Lotka) equations, was very sucessful in describing the suc-
cession of past waves and demonstrated very clearly that invention,
innovation and entrepreneurship, generally perceived as the most free
of human activities, are actually governed by iron rules, in a very
deterministic way. In his words: “To a physicist’s eye, present day
econometric models still look much like toddling and stuttering.
What I think most dangerous and misleading is their blind devotion
to monetary concepts. All my analysis of economic systems tends to
show that monetary variables are the manifestation of a deeper
statum, where the real mechanisms lie”.

As it is so clear that there is a determinism in the evolution of
technology and society, the definitive question is: can we forecast the
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future of society ? The answer is obviously yes, but not yet.

The future of society: guesswork or forecast ?

Not yet because the rules of the game are not yet known. But it
is not difficult to see that science is already fumbling towards a
better understanding of the mechanisms. Today, futures studies are
to some extent guesswork, but in the near future there will arise a
real science of forecasting. The rise of this trend began with the
pioneering work of René Thom(1972) and E. C. Zeeman(1977) on
Catastrophe Theory, and with Hermann Haken, who created in 1970
the concept of Symergetics— ‘“Die Lehre vom Zusammenwivken” (Sci-
ence of acting together, or cooperation)?®. These were the first
attempts to describe some instabilities and complex phenomena not
only from the physical world, but also from biology, society and
economics. With Synergetics it is possible to understand the phenome-
non of self-organization and mnegentropy, and even to explain the
origin of life, seen as the self-organization of complex macro-mole-
cules. Manfred Eigen’s book, “Das Spiel” ?” was another attempt to
describe complex systems, by using an approach that differed from
Haken’s.

In the 1980s this trend was accentuated with many publications
on Chaos Theory, culminating with the publication of the excellent
book by James Gleick®®. More recently a special issue of Futures
with the title “Complexity: Fad or Future” ?° was entirely dedicated
to this subject. Today one can see the increasing use in economics of
mathematical models originating in biology®®?****! and the use of
the logic of physics to describe human society. Very recently De
Greene®? has developed a new theory of Kondratiev Cycles/Struc-
tures based on evolving informational fields and looking for suitable
complex—systems indicators.

Something else to be pointed out is the fact already observed by
Devezas?? that at each innovation wave one has seen the birth of
new scientific fields. The first wave saw the birth of Chemistry. The
pioneering work of Lavoisier and Laplace was carried out between
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1776 and 1789, immediately followed by the discoveries of
Proust(1806), Gay-Lussac(1808), Avogadro(1811) and Berzelius(1814).
More than fifty new elements were discovered between 1750 and
1850. Approximately fifty years after Lavoisier and Laplace pioneer-
ing work, new breakthroughs appeared in two areas of physics: the
first publications of Faraday(1831), Carnot(1823) and Clapeyron(1834),
setting the groundwork for electromagnetism and thermodynamics.
With the start of the third wave there was another revolution in
physics with the publications of Planck(1900) and Einstein(1905): this
was the birth of quantum mechanics and the theory of welativity,
which dominated the scientific scene during the first half of the 20th
century.

Half a century later came new breakthroughts-the discovery of
DNA(1955) and the beginning of the nuclear era (Project Manhattan,
the atomic bomb, 1945, and the first nuclear reactor, 1948). In the
1950s there was a race to discover new subatomic particles.

For the next future it is reasonable to expect some break-
throughs in at least four fields of science®®: genetics, nuclear fusion,
brain studies and physics (parallel universes and the wmany-universe
hypothesis). However, the most important scientific transformation in
the next wave might not be a particular breakthrough in any field of
science; it may be the birth of a new paradigm in science-the conver-
gence of different fields of science to explain open complex systems,
ie., to explain society amd economics. As already foreseen by
Marchetti?®: “The concept of a learning society...hints at the possibil-
ity of a unified theory for genetic evolution, ecology, sociology, and
economics”. With the development of this new scientific paradigm-a
theory for complex bio-socio-economics, futures studies will grow into
a valid and working science.

Conclusion

At this point it is interesting to recall Isaac Asimov’s trilogy
Foundation®. This trilogy is a science fiction epic, set some millenia
in the future, when humanity has spread throughout the galaxy. One
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of the heroes of this epic, a scientist and mathematician named Hari
Seldon, has established the foundation of a new scientific theory, the
psicohistory, which could allow a mathematical-statistical-historic
analysis of the evolution of galactic events and in this way could
forecast a possible future crisis, so that there can be adequate plan-
ning to overcome the crisis. Without doubt we are observing the
embryo of such a theory. The utopia will become reality sometime
in the future. Perhaps Asimov’s vision was prophetic.

Two aspects of major innovations mean that the future of tech-
nology is still unforeseeable. G for great impact, U for unforesseable,
E for enormous potential, S for synergistic. We need another S to
complete the acronym GUESS. We can find the lacking S in another
characteristic of basic innovations: they have a touch of serendipity.
As Rosenberg observed*: “Inventions have very serendipitous life
stories”. A basic innovation, once established for one kind of applica-
tion, normally has two kinds of consequences: first, new applications
are found by users (or other inventors, scientists, engineers, etc.) and
second, it sparks further innovations and investment across a wide
frontier. The steam engine was first developed to pump water out of
flooded mines and for a long time it was regarded as a pump. With
successive improvements it became a feasible source of power for
industry, and in the course of the early 19th century became a gener-
alizable source of power for transportation. Computers were devel-
oped to speed up calculations and decryption. Today they are even
displacing the old typewriters; who could have forecast this some
forty years ago?

Another aspect appears in Macrae’s comment® in 1972: ".. we
are already doubling our stock of knowledge in some of the most
important sciences every ten years (and thus multiplying it by 16
every 40 years). An acceleration of this rate presumably means that
far more than fifteen-sixteenths of what will be relevant in some of
the most important sciences by 2012 will be knowledge that nobody
has thought of yet”. How to overcome this fact remains an open
question.

The future possibilities of a given basic innovation are very
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difficult to forecast mainly because it is inherently difficult to iden-
tify all possible uses for this innovation. I can give here a very sim-
ple example: two of the references cited in this article are WWW
homepages-who could have forecast this a decade ago ? Perhaps we
don’t even need to look back as far as this.

While the new theory of complex bio-socio-economics is waiting
for the birth of a Hari Seldon, the best we can do is, with creativity,
insight and some measure of intuition, to build Sfuture scenarios, a
common practice today among futurists and decision makers.
Schwarz®® recently wrote: “Scenarios are powerful planning tools
precisely because the future is impredicable. Unlike traditional for-
ecasting or market research, scenarios present alternative images
instead of extrapolating current trends from the present. Scenarios
also embrace qualitative perspectives and potential for sharp discon-
tinuities that econometric models exclude”.

The publication by Macrae already cited * is a good example of
how, with insight and intuition, and good information, a very accu-
rate future scenario about a new technology can be constructed. At
the beginning of the 1970s he wrote: “... we are going to enter an age
when any duffer sitting at a computer terminal in his laboratory or
office or public library or home can delve through unimaginably in-
creased mountains of information in mass-assembly data banks...”.
This has already become reality with the Internet today. Particularly
interesting was his observation that “even before the end of this cen-
tury telecommunications may become virtually costless, and should
certainly be in no way dependent on distance for its price”. This
agrees with the vision of Arthur C. Clark®’, another greater builder
of future scenarios of this century, who a few years ago wrote: “
with the historical abolition of long distance charges on 31 December
2000, every telephon call became a local one, and the human race
greeted the new millienium by transforming itself into one huge,
gossiping family”.

The main thrust of this analysis is that the way is open to
develop a more precise method of forecasting the impact of major
innovations, and it lies in the modern trend of using chaos and com-
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plex systems theory to describe socio-economic phenomena®*** In

order to find this method, we need to understand society as a learn-
ing complex open system, obeying the laws of nature like any other
physical system in the universe. We just need to learn more about
these laws underlying the behaviour of complex systems.

The actions of an individual are characterized by chance. The
individual himself is the consequence of chance events-the casual
encounter of his parents, the chance of conception, one among mil-
lions of possibilities. According to Francois Jacob*’, Nobel Prize
—winner in 1968, even the existence of mankind is consequence of
chance-if the Dinosaurs had not been exterminated by some cata-
clysmic event (perhaps a comet colliding with the Earth) or some
chance mutation in the shell of their eggs-the appearance of man on
this planet would not have been possible.

This is perhaps a very difficult thought (concept) for our com-
mon sense, which is normally very anthropocentric, to accept. Per-
haps it is as difficult as thinking about infinity or eternity, two con-
cepts familiar to physicists and mathematicians, who are also famil-
iar with the concept of chance. The following issue arises: if da
Vinci, Galileo, Leibniz, Newton, Marx, or Einstein are merely the
products of chance, what would our world have been like if they had
not been born ? Perhaps the Mona Lisa would not now be admired
in the Louvre, or the Russian Revolution would not have occurred in
October 1917, but certainly the entire edifice of Mathematics, Physics
and Politics would have the same structure that we now know.

What place thén for free will? Perhaps none, if we look for-
ward in a collective sense. There is apparently a weakness in the
comparison between individuals in a crowd or in society and mole-
cules in a gas. In the first case there is free will; each individual
knows well where he is intending to go, or what he intends to do
with his money. But on the other hand, it can be said that the end
effect is the same: entropy grows inside the subsystems, work is
produced, and energy dissipated.

Thus, chance governs individual behaviour, but not collective
behaviour. In collective behavior there is a certain ncecssity. The
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necessity of following the laws of nature. Or to quote Marchetti®*~ “...
decisionmakers-they are only the active tendrills of Big Brother, the
System”.

The balance between chance and necessity-this is the rule of
thumb of the origin and evolution of the universe. And human soci-
ety is just a very small part of an enslaving universe.
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