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EDITORIAL PREFACE

This is a distinguished contribution to the philosophy and sociol-
ogy of technology by one of the pioneers in these fields. The latter are
comparatively new and they are not being cultivated vigorously enough.
This is surprising given that technology, together with capital, was the
motor of the industrial revolution that startedin mid 18th century and that
may never be completed. The neglect of the philosophy and sociology of
technology seems to be due to three mgor factors. One is that many
scholars confuse technology with science, so that when dealing with &-
ther of them they believe to have taken care of the other aswell. A second
reason is that most scholars do not realize the conceptua richness of
technology: they do not understand that, unlike the traditional crafts,
modern technology presupposes science and involves research, design,
and planning, al of which pose intriguing conceptual problems. A third
reason for the neglect is the traditional contempt of the scholar for every-
thing that smells of manual work.

This situation has started to change over the past few years, partly
under the influence of Professor Agassi’s numerous writings and those of
afew other scholars who have explained that technology presupposes and
raises a number of interesting philosophical problems, and that technolo-
gists, unlike basic scientists, are accountable to both their employers and
the public at large. In fact, the philosophy and sociology of technology
are expanding quickly. There are professional societies and periodicals
devoted to them, and an estimated 2000 courses on science, technology
and society are currently being taught around the world.

A major problem faced by any teacher or student of a course in
the philosophy and sociology of technology is the dearth of good tex-
books on the subject. The present work, a product of two decades of re-
search and teaching on three continents, is a suitable textbook for any
course on the philosophical and sociological aspects of technology. It
covers an extensive ground in a clear and concise manner, and without
using professional jargon

Agass’s book gives us a faithful and clear picture of contempo-
rary technology as both a product of human ingenuity and a powerful
means for altering the world - for better or worse. It is aso an eloguent
plea for the demacratic control of technology, a cultural force that, though
ambivalent, is never socialy neutral.

MARIO BUNGE

Foundations Philosophy of Science Unit,

McGill University, Montreal
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PREFACE

The progress of man by the education of the mind - thereisno
safety but in that.
Victor Hugo, “The Mind and the Masses’

All societies have technology and contral it by diverse means and
with the aid of diverse social and political ingtitutions. The eighteenth
century thinkers of the Enlightenment movement considered technology
as a pecdiarly high form of applied natural science and disregarded all
tradition, including, incidentally, many traditional socia controls of tech-
nology. Adam Smith expressed the spirit of the age when he said, entre-
preneurs should control the machines they own, not the government; the
control of production as a whole should be effected by the individua car
sumers through the open market. In the nineteenth-century, thinkers of
the Reaction to the Enlightenment movement emphasized the ill effects
which industrialization causes, and called for the maintenance of trad-
tions and of communal life. Karl Marx expressed the view, which soon
became more influential than those of most modern thinkers, that the
technological stage of development of a society is the sole basic determi-
nant of its socia and political structures. In recent years, a new view is
emerging, to the elaboration of which the present volume is devoted,
which presents socia and physical technology as strongly interacting to
varying degrees of satisfaction. To achieve a satisfactory manmachine
integration we need a new technology - which should coordinate and
harmonize social and physical technology.

Technologies, especiadly agrarian, have destroyed societies that
could not control them well enough. Today technology threatens to @-
stroy the human race. This is why the task of the new technology is both
S0 important and so urgent.

The bias of the present book is frankly political: we have to im-
plement a drastic change in our policy towards the implementation of
technology, and center less on the physical and more on the social side of
technology: we should prefer the change of the organization of a system
to the introduction of a new piece of machinery. And we should study the
social side effects of technological innovation and decide whether they
are desirable or not, and if not, what to do about it. Such decisions are
political, and the chief politica question is, what politica machinery
should exercise such controls.

The political bias of the present book is frankly democratic: it
opts for democratic control and, moreover, for a broad public participa-
tion in the political process. The major task thus posed to us, before it is
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too late - .if itisnot too late already - .isthat of democratization.

The democratization bias of the present book is, finaly, educa-
tional: thereis no short-cut that circumvents education. Indeed, the major
contribution of technology from time immemorial is that of creating more
leisure time and more opportunities that are educational.

All anti-technological schools of thought are here opposed as e
actionary and as impractical. We need new technologies to help us fight
the ills of the extant technologies. We can use the means of mass com-
munication to create mass movements and use these as means for rapid
mass education for democracy and as means for pressure on legislatures
to enact new means of democratic controls of technologies.

Once we see democracy as the process of increased participation
of citizens in the political process through education, we cannot fail to
realize that the dissemination of politica knowledge and information is
essential to democracy and so calls for ingtitutionalization - .of both the
dissemination of information and of democratic control of it. This leads
us to perceive a once the terrible crisis in contemporary political life, the
credibility gap secalled, the popularity of the view that one cannot sLc-
ceed in politics without being a liar. The credibility gap is a top priority
target for al those who cherish democracy and who deem the future of
humanity dependent on the survival of the democratic way of life.

So much for the bias of this book. The discussion in it pertains to
this bias and to its background, historical and philosophical, and airs
guestions whose inadequate study in our society gives democracy less
than the credit it merits. The magor question, however, pertains to the
organization of institutions that handle technology on a large scale.

To say what the field of the organization of technology is, may be
to utter a prejudice concerning questions within this field. One might, to
avoid complications from the start, give a coarse description of the field
and the major activities current in it, and then move towards one's own
more refined view, and the prejudices it includes may then be a bit more
transparent than if the crude description is avoided.

Crudely, current philosophy of technology regrettably debates not
technological matters but technological society. It hardly notices ques-
tions such as, When is technology scientific? or, To what extent does
technology depend on natural science? or, What is the social organization
best conducive to the solution of certain major technological problems?
Rather, it centers on the question, Is technology good or bad for human-
ity? Have we lost control over our machines? What is the political ided-
ogy that makes technology bloom?
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Current philosophy of technology largely divides into the pro and
the anti, the optimists and the pessimists. For my part, | regard both
schools as pernicious, since they engage in a scholastic question. Clearly,
humanity is not able or willing to give up absolutely all techniques, and
clearly some techniques are forbidden in every society. The question is,
then, where and how to draw the line?

There are, by and large, two (alegedly) progressive dominant
schools about these matters, both (unintentionally) highly reactionary,
both preaching the politics of reaction based on the philosophy of politi-
cal impotence which rests on the speculative idea of socia or technologi-
ca historica determinism or the doctrine of historica inevitability. The
one school preaches the (allegedly) capitaist system as the chief cause for
the beneficial technological boom. It favors the maximal support for free,
competitive, market economy. People holding this view are known as
right-wing radicals.

The others preach the opposite, the (alegedly) Marxist ideology.
They are known as left-wing radicals. Both parties declare unavoidable
the concentration of immense political influence through the concentra-
tion of wealth, in what is known as the military-industrial complex and
the multi-national corporations - athough one party adores and the other
loathes the corporations that allegedly run the industrialized world and
that are obvioudy not built for political action and that out of short-
sighted considerations interfere with political affairs - often detrimen-
tally. The two schools of thought are very important in that they are nou-
ished by powerful traditional ideas of the modern world, they are very
popular, and they congtitute a positive danger to the world at large, and
may very well be instrumental in the process of the destruction of human-
ity in the near future.

For, no doubt, the anti-technological school, the pessimists, are
quite right when they remind us of dangers inherent in the division of the
world to rich and poor nations, the pollution of the environment, the
populations explosion, especially in the poor countries, and the prolifera-
tion of nuclear weapons, especialy to dictatorships of oil-rich poor coun
tries (the four P's: Poverty, Pollution, Population-explosion, and Prolif-
eration of weapons).

Unless something is done about these dangers, and on a global
scale, effectively, and soon and fast, we may very well be doomed. And
the current political ideological debate on the matters at hand pollutes the
intellectual space - perhaps enough to ensurefailure.

So much for the coarse picture. When we go to further detail, we
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find that economists are almost all on the side of the radical right. This
might be masked by the fact that there is in the west a powerful school of
economists who oppose the radical right - .the Keynesians - who are, it
seems, a-little-less-radical-than-the-radical-right. But they all endorse the
ideal of the open market, the theory of consumers preference of one sort
or another, and of similar alegedly individualistic tendencies. In this
book | will therefore attack these economic ideas, not the leftwing ones,
which are hardly articulated vague notions anyhow, and when one tries to
articulate them they sound so fantastically romantic one cannot trust
on€'s articulations. There is no left-wing economic theory proper, ary-
way.

The problem of world safety is organizational, and, in organiza-
tional theory jargon, it is the problem of balance between maintenance
and adjustment. For the sake of its maintenance mountains can be moved.
It is not standing still, but it moves with minima adjustments, so that
when it moves off course much is required to effect even a small adjug-
ment. The system does adjust, but with great effort and while greatly risk-
ing its maintenance. The same holds for the big corporations, and more so
for al military organizations. The military industrial complex is thus also
on balance more maintenance than adjustment. Y et, corporations compete
and so are forced to adjust more than a socialist government. This is the
point illustrated by the success of Japanese industry, which is much less
individualistic than the western one, yet has achieved more adjustment
than balance. The Japan has developed the most un-Japanese institution-
alized techniques of publicly insulting its unsuccessful administrators,
among other means.

This is not the place to discuss the possibility of a better balance
between maintenance and adjustment suffice it to observe that an indus-
trial organization is better ajustable in a mixed economy than in either
extreme system, and that the maintenance desperately needed today is not
of any specific organization but of the ecosystem - spaceship earth has
to be maintained, as Buckminster Fuller said. This is the main topic of
every philosophy of technology worthy of its name.

In this study, then, most of the attention will be given to an over-
view and to the general outline of how a middle -view may be forged, that
avoids both the optimist-pessimist controversy over technology and all
radical views of economics - right and left. And the chief objection d-
fered here is that they are al inherently anti-political and preaching @-
litical inaction they are thus expressions of helplessness and of anti-
democratic tendencies. Therefore, the argument in this study is to alarge
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extent broad and general - avoiding technicalities whenever possible,
and exploring those which could not be avoided, whether from the field
of the theory of science - meta-science - or of political theory. At times
economic arguments too could not be avoided, but they are chiefly meant
to expose the pseudo scientific parts of radical right, neo-classic eco-
nomic theory, which are the staple diet of all elementary economics tran-
ing, a least in the industrialized world. This book does not pretend to
contribute to economic theory but to support the “big-push” theory of
economic development, socaled, and place it in a reasonably compre-
hensive intellectual framework. In economics the radicatright, neo-
classic theory is a sinking ship but we have no time to wait until the last
rats have left it, since they have incentives to stay on board, employed as
they are as economic advisers and public relations officers and media-
apologists for the thoughtlessness that characterizes international politics
these days.
The timeis short and the task is vast.
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INTRODUCTION
This book is written in order to deliver to the reader an urgent message,
rooted in the following well-known facts.

(1) Modern technology has created the means by which humanity
can destroy life on earth, or at least bring an end to human existence as
known today.

(2) Most people, including humanity’s current political leader-
ship, ignore this fact; most of the rest are trying to force this fact into the
political agenda by one and only one means: the creating and spreading of
a sense of panic.

Now this means will not do: the panic leads to hostility to tech-
nology, yet we need more technology, not less. What we need urgently,
then, is the invention and development and implementation of means of
control’ - which isto say atechnology’ - so asto control technology to
the extent required for the prevention of the catastrophes it may bring
about’ - pollution, population explosion, and nuclear devastation. And,
no doubt, by its nature, such technology, such means of control of tech-
nology at large, is political. The bias of the present book is thus political.
And, within politics, the bias in this book is democratic. In brief, this
book is meant to be one small addition to the campaign for the intensifi-
cation of the search for better tools for the democratic control of technd-
ogy.

1. CONTROL IN GENERAL

People do things with or without awareness and forethought, with or
without training, along specific or general lines of actions. The genera
line of action that we can discern, we call a technique; the theory of tech-
niques is caled technology. The philosophy of technology is a collection
of attitudes towards technology, the evauations of technology’ - ingen-
eral or in particular’ - and the search for criteriafor such evaluations, as
well as of problems emerging from the presence of technology in our
midst, and most particularly the classical Golem problem, which is, how
can we avoid losing control over our machines? This problem is an ex-
ample of a very simple technological problem generalized and thus made
philosophical. An engineer may very well worry about controls over this
or that piece of machinery. A statesman may very well worry about car
trols over his generals. Goethe, that celebrated poet, worried about control
over his vocabulary, which worry he symbolized by the fable of the fable
of the sorcerer’s apprentice, popularized by Paul Ducas and Walt Disney
in Fantasia. Unlike the general problem of control that is a problem of
philosophy, each of the other problems mentioned presents a specific
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technical problem that can be solved with specific techniques or methods
or ways. Controlling a machine and controlling awar-machine’ - agen-
erd and his men’ - may be vastly different, and so it is useful to place
one under the heading of physica technology and the other under the
heading of political technology. We may also use the labels of biotech
nology and of social technology and more, including genetic technology
and the technology related to artistic techniques - including techniques
by which a writer should secure his control over his vocabulary, which in
itself is really fairly easy except that authors often lose their wishto con+
trol their vocabulary and enjoy the state of folly where words take over
and cease to be mere vehicles for deliberation or mere artistic building
blocks. This, however, also calls for some psychological technology.
There are, of course, known psychdogical techniques - whether tech-
niques for self-control, for maintaining peace of mind, or for the prolon-
gation of moments of delight of al sorts. Whether these techniques will
develop into technologies is a complex matter of specific conditions, of
specific accumulations of techniques, or of specific philosophies, perhaps.

An important disclaimer might be offered first. When we view
techniques as means of control of the environment, usually in the hand of
the technician or engineer, and when we view technology as the study and
control of the techniques which are in the hand of the engineer, then one
might at once conclude that since theory should guide practice, the eng-
neer should by right be the boss of the technician. By analogy, then, the
philosopher of technology is the natural candidate for the role of one who
aspires to be the boss of engineers. That philosophers do aspire to be
bosses is generally admitted” - and this means not only Plato’s legen-
dary philosopher king but also many philosophers throughout history and
also many more of our colleagues and acquaintances who actively seek
power. But some of us think bossing aways wrong. Thus, it is not in the
least the right of engineers to boss technicians; even in factories and
plants where engineers belong to management and do boss technicians,
the situation may be judged unhealthy, and for good reasons. Within phi-
losophy, the view of a human hierarchy parallel to levels of theorizing
simply cannot obtain: theory and practice aways mix. Thus, every tech-
nician is a kit of an engineer, and vice versa. And certainly every thinking
human being is a philosopher, regardiess of whether he philosophizes
well or not, knowingly or not.

What rational philosophy has to offer to engineers and technicians
is much more friendly, spesking not like a boss but like a friendly
neighbor who may offer both criticisms and alternative proposals but no
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command. And the chief criticism philosophy has to offer to modern e
gineers and technicians is of their organizational method: it is too hierar-
chical and so invites unnecessary bossing. The alternatives it proposes are
diverse, but chief among them is that we al develop a friendly attitude
towards our critics and towards the people we criticize. This may be
trandated into many detailed proposals.

Here are important examples. First, most people mix small-talk
and shop-talk with sales-talk. This is terrible. Try and hear yourself, and
make an experiment of reducing (and perhaps even eliminating) your
sdestalk and see if you do not like yourself better this way. One way
salestak pollutes is that people bend their views to suit their sales-
pitches. For example, in a buoyant mood engineers boast that every ex-
periment is repeatable to any desirable practical degree of precision, but
when in a defensive mood they declare that no experiment is assured of
ever being properly repeated. This kind of inconsistency makes poor
sense and presents people in a poor light. Second, it is common to view it
as responsible for every person in a responsible position to stick to his
specialty. Breaking away from this rule sounds as either the claim for
expertise in many fields, or as irresponsible, or both. This is particularly
important in view of the fact that most experts are trained in physical
technology. Ttere are as yet too few trained socia technologists around,
and some of these are poor specimens indeed. A responsible person ev-
dently confesses ignorance while raising problems that bother him' -
especialy when the problem pertains to his job but not to his specialty, as
occurs all too ofteninred life.

The magjor concern of rational philosophy should perhaps remain
with individual human beings: only individuals suffer and have problems
and aspirations and hopes - even when they suffer in groups and as
groups. Y et when they suffer as groups, those who wish to be helpful to
them have to address them as groups, whether as nations, as oppressed
minorities, or as the under-privileged. And technology is dmost always a
group affair and has its social aspects; especialy the problematic ones are
sadly neglected. Many simple improvements in the public domain that
can be implemented are not implemented unless and until disaster strikes.
Until we know why, this will remain the norm. Consider safety in case of
fire. The cheapest and most obvious improvement is to make doors of fire
exits open to the outside, rather than to the inside, which is particularly
important for places of large concentrations of people, such as public
theaters where fire may alarm people to crowd against doors which, if
opened only to the inside, may stay closed persistently just when they
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should open most urgently. This obvious fact was discovered in the
dreadful empirical way rather than thoughtfully, as it should have been. Is
it possible that no one thought about the matter? Clearly, it is more likely
that someone thought about it yet was not listened to until disaster struck.
Peter Benchley’s Jaws was read and seen by tens of millions of people; it
describes an even greater irresponsibility’ - of town fathers of a seaside
resort suppressing information about sharks for obvious financial reasons.
How true are such stories? We simply do not know as yet. Airline pilots
have a saying: no airport is improved, they say, before blood is spilled on
it. This matter should be examined, and, if true, it should call for political
action.

Without placing the philosopher above the engineer, then, we may
notice that problems of control are present everywhere, including the
problem of controlling technology in general and the checking of the
situation regarding controls in general’ - checking motivated not by pro-
technology or by anti-technology propaganda, but simply by the desire to
find out how things stand and how best they may be improved upon.

Without further ado we can examine the general answer endorsed
here. Whereas problems regarding specific controls belong to specific
technologies and are solved best by students of these technologies, the
general — ‘philosophical’ - problems of the control of technology in gen-
eral are not best handled by philosopher-kings. Rather, they nvite the
development of appropriate means of democratic control. If people will
wish to try and implement the suggestions and proposals made in this
book, then they will have to act as citizens of a democratic state, not as
citizens who have license to rde or to act in public simply by virtue of
their (true or aleged) superior knowledge. The pretext that the present
state of emergency calls for the suspension of democratic control is seri-
ously defective, as the urgent need is exactly for the implementation of
new means of control on al levels - local, national and global’ - and
these can evolve only democratically.

2. DEMOCRATIC CONTROL IN GENERAL

Learning is traditionally divided into specific fields of study or subject
matters. These evolved orgarically during their prehistory and early his-
tory. Fields or subject matters cannot be easily characterized (and cer-
tainly not by the use of the traditiond means, namely the Socratic -
Aristotelian theory of essentia definition). Yet this much can be said: the
idea of afield or a subject matter evolves, like most ideas, intuitively; and
it crystallizes, like most ideas, through critical assessments and canonical
formulations of theories. Thus, fields of study are traditional socia insti-
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tutions.

The function of dividing inquiry into fields or into subject matters
istwo-fold: to facilitate and to limit study; or to facilitate through limita-
tion; or to limit while facilitating and thereby opening new channels of
thought. That limiting may be accepted for the purpose of facilitating
study and research is obvious. One ready example is the tacit agreement
of physicists to overlook the problems caused by anima motion, so-
called: they had enough on their hands studying the movements of billiard
balls even if they altogether ignored the humans behind them. In the so-
cial sciences, most imposed limitations are very harmful and may at times
be parts of some overal ostrich policy imposed by irresponsible govern-
ments. Ostrich policies need not be imposed: at times they are chosen
freely. Whatever our conception of technology is today, it includes not
only physical engineering, but also the study of the spread of its services
among nations. The fact that the Western world depends on imported fuel
and raw materials is obviously a political matter of great technological
concern. The result that such a fuel-exporting country as Saudi Arabiais
one of the richest countries in the world when gross national product d-
vided by the number of inhabitants is the measure of wealth, but one of
the poorest where the welfare of humans is concerned, where traffic in
slaves and no rights for women or for aiensis concerned’ - thisresult is
obvioudy political. And by a policy chosen by most Western technolo-
gists, dl this is declared outside the field of technology. The political
concerns that emerge very quickly and obviously from any general study
of technology are usualy such that are characteristic of the industrialized
world; they have to do mainly with the ecology of Western countries or of
Spaceship Earth as a whole. The ecological impact of technology on
poorer countries, if studied, concentrates on overpopulation and the pov-
erty that results. Yet the fact that some of the poorest countries in the
world squander their fortunes on luxuries for their ruling classes and on
the most sophisticated weaponry systems - this fact is left dangeroudy
outside the specialized concern of technology and the policies which d-
rect it.

When technological innovations are entered into the socia sys-
tem, with a resultant change of the system, this inevitably raises new
problems within it. The disposition of technologists is naturaly to tackle
these new problems again by the application of more technology. In order
to make this process more rational, we ssmply must broaden our concept
of technology to include social and political technology. If social technd-
ogy in the coming decades will be nearly as successful as physica tech-
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nology was, our globe will soon resemble what early dreamers deemed a
mere utopia by comparison. Indeed, the obvious proposal is to channel

our limited resources devoted to research and innovation differently: less
to physical and biological technology and more to social and political

technology, especialy regarding democratic control and the training for
democracy. There are two factors preventing this, and they reinforce each
other. First, unlike physical and biological control, social and political

control may involve the manipulation of human beings and the setting of
constraints on their freedom; and social and political technology necessar-
ily involves social and political control. Second, social and political tech-
nology and control involve the world of politics and other social activities
not given to traditional rational control since politicians and socia activ-
ists often represent conflicting views and conflicting interests, and there is
no theory as yet of rational dissent and of rational compromise. *

It isthe ever-growing credibility gap that is the most serious threat
to our political life, and it is political irresponsibility that grows behind
this gap, and the disregard for population explosion, pollution and nuclear
war. Hence there is no way of controlling our ecosystem without regain-
ing political credibility. Hence, the most urgent task of the philosophy of
technology, of the concerned techndogists, of the ecologically minded
citizen (who still maintains some sense of proportion), of the responsible
citizens of their countries and of the world, is to contribute to the study of
the present, appallingly low, level of political credibility and to the d-
tempt to raise it to a manageable level. It is clear that under conditions of
great emergency, when lives of millions are concerned, responsible indi-
viduals are under enormous pressure to deviate from the mora rules
learned in stable society to fit and foster stability. Much that 1ooks atro-
cious under normal conditions appears imperative under enormous strain.
It looks as if to torture a captive and then deny the fact is less of a devia-
tion from ordinary morality than risking the lives of some young soldiers.
And so the temptation to lie is enormous when the choice is between ly-
ing and a military operation, for example. Yet this is afata error, asit is
the crack that widens into a credibility gap.

From year to year the risk of a globa ecological disaster is grow-
ing, yet nothing or aimost nothing is done about it. The reason seems do-
vious. People who become sufficiently aware of the centrality and gravity

! see my “The Logic of Consensus and of Extremes” in Fred D'Agostino and |.C. Jarvie,
editors, Freedom and Rationality: in Honor of John Watkins, Boston Studies., 117, Klw
wer, Dordrecht, 1989, pp. 3-21.
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of the problems of global magnitude tend to devote their time, at least
their free time, to globa problems. Nowadays these people are mainly
ecologists. Under the strain of the sense of urgency of the problem they
feel they must advertise their findings and the urgency of the problem.
And then they naturally tend to exaggerate. Thus, in addition to the rap-
idly declining credibility of politicians we now witness the even faster
declining credibility of ecologists. Rational communication is thus er
dangered and with it the hopes of survival: we are sinking into helpless-
ness.

And so it may be apt to conclude this introduction by a call for
truthfulness and for the search of the very establishment of social and
political norms that should put truthfulness as the very highest require-
ment on the ground that losing it is losing all. Truthfulness, however,
does not preclude error, only willful exaggeration, not to mention lies and
concealment and self-deceptions and, worst of al, half-self-deceptions.
Anyone impatient with the tenor of this book, with its leisurely and sedate
pace, may remember that it is dictated by a sense of urgency distilled out
of utter despair. If one finds this agreeable, one may wish to read it criti-
caly and try to improve upon its mistakes - again with leisure and due
care. We may have no time for that, but it is the quickest way: the tortoise
always wins the race with the rabbit, and the rabbit is too frightened to
stop and think why he keeps losing. Time is short: very short. We must
now stop and think. We must reform our most basic presuppositions, and
this requires that we gop and think. Since time is very short, we may
have to start developing some techniques and truthful critical thoughts
straight away or lose all hope in learning to control ourselves as is w-
gently required” - not only as individuals and nations, but also as a se-
cies.
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INTRODUCTION TO PART ONE

We need a proper setting for technology, a setting which may serve as
background for a more integrated picture of technology then was hitherto
offered. Yet it would be an excess to seek an ideal setting. Instead, what
will be attempted here is the elimination of two popular errors which may
be viewed as parts of current popular mythology, so pervasive and perni-
cious they are. The one is that scientific technology is more akin to sci-
ence (it is usudly part-and-parcel of science proper) than akin to art; the
other is that technology calls for élitist government (indeed for technac-
racy). In the following pages technology, no matter how scientific, will be
presented as art, no less than as science. The case of architecture illus-
trates how trivia this view is; but this view raises important questions
which are poorly answered, thus complicating a smple matter. And the
rise of technology to its enormous present power and (just) prestige will
be presented as inviting more advanced means of democratic control, on
the democratic principle that control raises credibility.
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CHAPTER 1

TECHNOLOGY AND LEARNING

It is customary to begin a study witha definition of the field of study. In
the present case what is needed is not so much the definition of the phi-
losophy of technology, as the definition of technology. Technology, how-
ever, can be defined in different ways, and the choice of definition, which
may seem rather innocuous an affair, may prejudice our attitude towards
it. Different definitions and/or different circumstances may lead to diffe-
ent prejudices. So perhaps we are better advised to move backward - not
from the choice of definition to the imposition of a prejudice but from a
choice of a prejudice to a definition that backs the prejudice. The preu-
dice here is the idea that human survival is our responsibility, that it can
best be democratically sustained, and that democracy invites the devel-
opment of better techniques of government and cortrol, namely better
techniques of increased public participation in government and in control.
Technological thinking has thus far led to the rise of antidemocratic
technocracy; it can be further developed to help create the democratic
antidote to technocracy. Technology may, then, be defined - democrati-
caly - asany means of socia control (of anything).

1. TECHNOLOGY AND SCIENCE

The proper place to start the study of the philosophy of technology is to
find the place which thinking about technology occupies in the world of
learning. Quite generally and with as little finesse as possible, we may
observe that the most genera division of the world of learning is into the
arts and the sciences, with technology in the division of science as a ma-
ter of course. The sharp and clear description d the division can be found
already in H. G. Wells science fiction Things to Come, where, in the
grand finale, the scientists of the distant future launch a rocket to the
moon despite enormous opposition from the world of art. Wells is even
more savage in his earlier “Time Machine”’, where he describes humanity
as split into two species, the softies who have evolved artistic sensibility
into away of life but now have lost all science and the hardies who are so
mechanically inclined that they tend machines even for fun but have lost
all sense of beauty; and with this, we are led to understand, they have lost
science and even the advantages of technology. Today’s division of learn-
ing into the arts and the sciences is very simple-minded. It puts on one
side history, together with language and literature and the fine arts and
music; on the other side we have physics and engineering and the life
sciences and medicine. When C. P. Snow, Lord Snow, delivered his fa-
mous lecture, The Two Cultures he explicitly omitted the social sciences
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and described his concern with the estrangement between the arts and the
sciences, and he described the arts as aesthetic, sensitive, intuitive, soft,

unlike the sciences which he described as hard, mathematical, factual,

employing cold logic. This enabled him to view the socia sciences as part
soft - art - and part hard - social statistics and al that. Nevertheless
he spoke of an unbridged cleavage. For examples of hard science he took
the second law of thermodynamics and machine tools; one is an article of
theoretical physics and the other is as technological as possible. The two
seemed to him to be one field.

This is a dangerous myth. One could attack it on various lines.
One could claim that creativity is not limited to the arts, that mathematics
and science depend on it no less than the arts. One could claim that disci-
pline and techniques are not limited to the arts, that mathematics and sci-
ence depend on it no less than the arts. One could claim that discipline
and techniques are not limited to the sciences, that the arts and the fine
arts depend on them no less than science. That is to say, both the sciences
and the arts require both techniques and creative intuition. (It is tempting
to interject here the obvious and regularly overlooked fact that true tech-
nicians are as soft about their engines and as imaginative about them as
artists are about their own materials. But let us stay in generalities.) One
could also divide al thinking into the contemplative and the practically
oriented, so as to have both arts and sciences, both pure and applied, with
technology and techniques on the applied side: techniques to cater both
for bare essentials, like food and shelter, as well as for luxuries, like gra-
cious living, including such techniques as wine making, which involves
all sorts of activity, from the fertilizing of vineyards to the cultivating of
good taste. These then are the obvious two lines of attack, the one show-
ing both soft intuition and hard discipline necessary both for intellectual
pursuits and for practical pursuits; the other showing both to be common
to both the arts and the sciences, and that technology proper combines
both. The attack on either of these two lines seems both very easy and
very deadly. Yet neither attack will be convincing: the myth seems very
sturdy.

The reason for this sturdiness of the myth of the division between
art and science and of technology being on the side of science lies else-
where - in a domain untouched by the two lines of attack described in
the previous paragraph. The myth rests on the fact that makes western
civilization so very different from any other. Obviously, what makes
western civilization stand out more than any other is western technology
- the means of mass transportation and mass media, big machines and
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small gadgets, sophisticated surgery and wonder drugs and all that. These
are all sciencebased. There are, however, things that we do not want to
be replaced by gadgets. The artificiad heart is partly here partly in the
stage of planning and experimentation, yet we all prefer the origina to its
substitute whenever possible. And no matter how magnificent the western
style muscle substitutes are - the bulldozer, the power engine, the pow-
erhouse - we want to retain our muscles, and try out the Canadian Air
Force exercises and jog and frequent Yoga classes. Yoga is a typically
eastern techndogy. Can we do without it or its substitutes? Should it not
count as technology? This question - is Yoga technology? - does not
differ much from the lines of attack described above as deadly yet uncar
vincing. There is no fundamental difference between the fact that arch-
tecture is both art and science in the vulgar sense, the fact that piano play-
ing includes both music and five-finger exercises, and that Yoga is a
technique to maintain good body condition and peace of mind as well as a
refined aesthetic and religion and more. Yet, whereas in western terms
technology is at least at first glance science-based, in India it is so steeped
in religion and so indigenous as to defy western categories. Now, we can
say, never mind India: the modern Indian society is acquiring parapherre-
lia of western civilization faster than the West is acquiring Indian influ-
ences of any kind. Yet here lies the strong reason for the sturdiness of the
myth of technology as a part of science, and it can be put thus.

The West influences India more than India influences the West.
Yet this is no proof of superiority. India must learn from the West in a-
der to survive, and so the resultant loss due to externa influences may be
unavoidable. Perhaps the loss of spirituality in the West is disastrous in
the long run and may be regained only by the encouragement and e+
hancement of Oriental influences. This argument is very appealing and
seems to support the myth in question.

This argument exhibits much good will and quite possibly uses
correct information. But it does not support the view it is meant to syp-
port. There ae two views about western civilization which are similar
and thus taken as one. There is the view that the West is overspecialized
and that its diverse sorts of specidization fell apart and want reunifica-
tion. And there is the view that the world is overspeciaized, with the
West having developed technology, become materialistic and lost its
spirituality, whereas the East, etc. Certainly we all want the arts and the
sciences in the West to come closer to each other, and we all want the
West and the East to come closer to each other. But over-praising the East
so as to compensate for its technological backwardness will not help any-
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one. On the contrary, we cannot avoid noticing that unification invites
either uniformity and thus conformity and thus oppression, or pluralism.
If we want pluralism we must alow diversity without constant fear that
parts will envy other parts and fedl inferior and simply demand compen-
sation - much less compensation by cheap means.

It remains incontestable, though, that we want a new civilization
which will be both diversified and global, a multitude and a unity, and
with the whole of humanity as one entity, socially as well as politicaly,
yet without losing its pluralism.

The most famous defense of pluraism is a philosophy known as
pragmatism and often identified as American though its native soil is
German. Pragmatism is, first and foremost, a theory of truth: it says that a
true belief is any belief worth holding. It is a preposterous theory, since in
fact only the truth is truly worthy of belief. Yet this fact is problematic. If
| hold the truth to be one, am | not putting my belief above yours? In
other words, possibly the belief that my belief is true and that truth is one
may make me intolerant of your view. It is thus a belief which makes its
holders dogmatic. And, admittedly, pragmatism was endorsed in order to
allow for pluralism. Technology is by definition a means, and so prag-
matic. Many philosophers who view truth as very problematic wish to
view science as devoid of truth and hope to achieve it by viewing science
as identical with technology. This, of course, enhances the division of
culture and civilization into art and science, since thereby science be-
comes the same as technology. But we can look at fine and applied art the
same way and deny that there is such a thing as fine art since beauty is no
less prablematic than truth, and then both the arts and the sciences will be
parts of technology. Technology will encompass then the whole of our
culture. Religion or history then will be not merely a possible means of
gover nment propaganda; it will be nothing but government propagandal
The government’s propaganda will then be necessarily true for the nation
and hence whatever its critics from within way will be sacrilege and nec-
essarily false! Thisis a nightmare that can result from taking technology,
which is a means, to be its own end. The myth of the Golem or of the
Frankenstein monster, i.e., of heartless science taking over, is not possible
as long as science is viewed as the search for the truth. In such a situation,
technology may - but need not - get out of hand. But giving up the idea
of truth, of the one and only truth, renders technology the same as sci-
ence, and thus it must get out of hand.

The pragmatist attacks the opposite view, the view of truth as one,
as dogmatic and intolerant. This attack was answered before pragmatism
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gained its popularity - indeed, the answer itself led to the rise of prag-
matism. Two hundred years ago the philosopher, publicist, and play-
wright Gotthold Ephraim Lessing answered the charge by a fable: A fa-
ther gave his three sons three rings - one of them genuine, two fake -
and none knew which was which. The three rings stood for the three
western religions; the reason Lessing used a play and a fable is that it is
not at all clear whether he held scientific truth to be on a par with reli-
gious truth. Those who say truth is one, usualy add, and science (proba-
bly or certainly) has it. Those who say, we have pluraity in science just
as in religion (or else we could have no case of Newton being supple-
mented by Einstein), usually also say that pragmatic truth holds both in
religion and in science. To break from these narrow confines, let us d»>-
serve that we cannot compare truth claims of different religions though
we can compare those of competing scientific theories. So truth is one,
but for science it is but an ideal: one scientific theory replaces another
when it comes closer to the truth.

This view need not be dogmatic, yet it is not too pluralistic. It is
quite al right that all physicists prefer modern theories to the classica
ones, but this does not mean that all physicists agree on all matters physi-
ca. Moreover, there is more disagreement outside science than within it.
How is rational disagreement at all possible?

A brief glance a the present fundamental presupposition then:
truth is one, but only as an ideal; at times it is easy to apply thisidea to
existing disagreements, but most often even its application is debatable -
some disagreements are eminently rational, some are eminently not, most
of them are in between. In particular, a debate may start as rational, but
one side may lose more and more conspicuously; staying with it becomes
increasingly irrational. Now, traditional views of technology were emi-
nently rational; they are becoming increasingly irrational to the point that
they endanger life on earth. This is surprising, since technical matters
offer less room for rational debates of fundamental and abstract matters:
techniques are easily tested by implementation so that claims for truths
about them are easily decidable, and so there seems to be no need for a
unified theory of techniques for their successful application, so that tech-
nology has seemingly no need for abstraction. Yet this very fact has fi-
nally created a crisis: we want diverse techniques and the freedom to gp-
ply them in diverse ways, yet we want an overview and means to control
all techniques so as to avoid global disaster. We likewise strive both for
technological progress and for international exchange, yet we want social
and physical technology integrated. We want both diversity and the striv-
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ing towards common goals, including truth and world safety.

The conflict can be eased by noticing that technology alows for
more diversity than science, since science is cumulative in a sense, yet
technology is not.

2. TECHNOLOGY ASNON-CUMULATIVE

Ever since Robinson Crusoe, the dependence of sheer survival on ingeru-
ity was a standard topic of fiction and of discussions of diverse sorts.
Ever since Jules Verne's Mysterious Island, the value of science for su-
vival enhanced the picture. The heroes of that novel make a lens to make
fire, use trigonometry to estimate the height of a cliff, and so on. On the
very popular television series Gilligan's Idland, the scientist on the island
produces electricity. The truth, regrettably perhaps, is nearer to E. M.
Forster’s classic “ The Machine Stops” of 1909, which describes a society
disintegrating with its loss of technology. Even The Admirable Crighton
saves his marooned company not by scientific knowledge but by his lead-
ership and practical skill. All this fiction of the desert island genre offers
much food for thought.

Science is not cumulative in the sense in which most people still
believe: science is not a house built brick by solid brick; in time each car
tribution to science is modified, if not rejected. After Newton, Copern-
canism altered radically; Einstein radically modified classical physics and
placed it in a surprising new context. Nevertheless, science is cumulative
in a more flexible sense: the contributions to science are stretched, car
tracted, 'emolded and change color. Enormous amounts of informative
details about electricity and magnetism to be found in books two hundred
years old are omitted from their modern substitutes. Yet they are easily
retrieved in improved form: they are hardly lost.

To the extent that scientific information is technologically appli-
cable with the aid of common sense, the technology thus accrued is aso
cumulative. Science fiction authors take liberty with this fact. For i+
stance, in the popular A Canticle for Leibowitz, the rediscovery of eec-
tromagnetism after the future atomic holocaust and the ensuing second
middle ages enables those who comprehend them to design electromag-
nets and dynamos without further ado. In historical fact there was a long
hard transition from electrodynamics to today’s dynamos, or even to Ed-
son’s dynamos with which he energized the light bulbs all over New
York City.

In this sense technology is non-cumulative. We risk losing the
ability to operate ocean-going sailboats because of the advent of the mo-
tor-powered boats, as is well-known: in small part we counteract this risk
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by the continued maintenance of some sailboats by sea scouts, by sports
clubs, and by the navy. This is not to say that the art is totally preserved.
Of course, it cannot be, since ocean-going sailboats bel onged to an organ-
ized inter-national network, subject to international law and custom and
linked to sailors' folklore, not easily forgotten by readers of Joseph Con-
rad.

The British historian of technology Donald Cardwell ended his
report of how much effort and learning went into his reconstruction of an
early - Newcomen - steam engine saying: “Despite my Ph.D. in phys-
ics and subsequent practical experience | would only just be qualified to
be an engineman in 1712" (G. Bugliarello and D. B. Doner, editors, The
History and Philosophy of Technology, 1979, p. 9). Of course, this is not
because an engineman two hundred years ago knew more science than a
professor of physics today, but because much of the detailed useful
knowledge available to the engineman in question by tradition has been
entirely forgotten. The same holds for singing a Mozart piece, as Karl
Popper tells us in his “Towards a Rational Theory of Tradition” (The Ra-
tionalist Annual, 1945; aso in his Conjectures and Refutations. (It isto
some extent even true of science, of course, as can be seen from the effort
that reading Archimedes book on floating bodies requires; but the phe-
nomenon is much less pronounced in science than in technology since by
and large science is cumulative whereas techniques - of making a New-
comen engine or of singing Mozart - arenot.)

One should not romanticize about lost arts. They are usualy e
placed by better arts or otherwise made redundant. The art of mummify-
ing, pefected by the ancient Egyptians, is lost, yet certainly nowadays it
is very easy to mummify with newer and better techniques. The arts that
belong to lost fashions are forgotten largely because we outgrew silly
ideas about the attractive appearance of the distorted and scarred human
body, especialy the face (including the tradition of fencing, in German
universities, which produced scarred faces). Forgetting these is largely to
the good.

Yet some lost techniques have to be rediscovered in appropriate
moments, such as the use of local plants as anti-toxins, known to the
primitive locals better than to the invading scientists. And, of course, trite
as these details may generaly be, or vital as they may be in moments of
stress, they prove the point: a technology may be lost due to progress, a
new technology which replaces an old one may make the old one forga-
ten. It is hard to say how many expert metalurgists could build any
primitive furnace and find a metal ore in the surrounding area and forge a
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primitive metal instrument. Of course, we all expect the expert metallur-
gist to be better at it than the less fortunately equipped. This is so because
technology involves scientific knowledge, we remember, some of which
is applicable with the mere use of common sense, some of which is appli-
cable with some level o ingenuity but not much. These will help the
modern metallurgist build a primitive furnace from scratch, no doubt, so
that he will be better at it than modern non-metallurgists, but probably not
as good as the origina primitive metallurgists. Probably an utterly igno-
rant member of the civilized world is much more likely to build a primi-
tive metal furnace from scratch, say, on a desert island than a person who
never came in contact with a civilization able to use metal. Yet thisis not
to say that a modern metallurgist knows all he needs to know in order to
construct a primitive furnace. How much he needs is a question of fact,
not a question theoretically decidable; in the parallel case of scientific
knowledge proper, however, the question is theoretically decidable, and
even decidable with relative ease. The difference between science and
technology here is a matter of principle.

There are two major problems involved in al or almost all trans-
tion from sophisticated technology back to primitive technology, one in-
dividual and one socia. The individual problem is that of personal re-
adaptation to hardships; it was described in Verne's School for Robn-
sons in Jack London’s Sea Wolf and in Forster’s “The Machine Stops’.
The socid problem is that of overcoming the disuse of the socia system
and organzation that supports the specialized sophisticated technology
and the need to develop anew a social system adequate to the more primi-
tive technology.

When the transition is made from a sophisticated to a primitive
technology, unless it is done on a strictly individual basis, it involves
complex socia organization and reorganization. This fact has hardly been
studied, beyond fantastic stories of how the collapse of a large-scale so-
phisticated technology causes chaos and how individuals (“Lot”) have to
struggle against the chaos while recreating primitive technology on an
individual basis or on the basis of the most primitive social organization
- the ruclear family.

There is much truth in al this, yet it is redly only a minor part of
the story. It is understandable that contemporary concern goes in the d-
rection of facing the disintegration of large-scale sophisticated systems,
but the concern does not go far enough, as a thought-experiment may
illustrate.

Suppose an atomic war starts without causing the expected imme-
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diate atomic holocaust - suppose only a few cities were attacked the
world over and nothing else happens on the military or diplomatic side of
things for a day or two. This will of necessity create an immediate and
unavoidable stampede out of the mgjor cities of the world before anyone
would be able to discover what was going on. The stampede would itself
cause enormous damage and loss of life, but the major disaster it will

create will be the irreversible destruction of the socia-technological com-
plex that makes a modern city what it is: the main services - supplies of
electricity, water, milk, bread - will al be destroyed at once and quite
irretrievably. Even if the machines will be kept in the best shape, and raw
materials, such as fuel, water, and grain, are still available (we can ignore
the fact that cows are much more problematic), even then there will be
the need to reorganize the social pattern that is essential to the services.
This would prove to be an enormous task because after a stampede it is
unlikely that a sufficiently large portion of the labor force essentia to
norma city life will return to work fast enough to make the damage 1e-
versible.

It is, to continue this line of thought, quite conceivable that an in-
dividua in the situation here envisaged would be able to struggle against
the chaos which the stampede would cause, and that he would have to go
it alone, with his nuclear family, at times also with a handful of people
who will be close friends, neighbors and associates. Nevertheless, clearly,
there is more to it than that: there is at the one extreme the current sophis-
ticated modern socia technological organization, and there is at the other
extreme the sheer chaos created by its enormously explosive disintegra-
tion. But al sorts of middle ground is conceivable, such as the society on
an off-shore island near a city, which normally integrates with the urban
conglomeration on the shore across the bay but under the explosive car
ditions just described remains relatively well isolated for the few days of
the period of transition. There ae many extant social experiments, even
large-scale ones, to do with local catastrophes like large-scale earth
quakes, or with local social and political collapses and regroupings, due
to war, civil war, revolution, and even to do with wars in remote places,
with the discovery in remote places of alternative resources which make
local export industries collapse overnight, and many other interesting
facts. So much for the thought-experiment. It shows how little physica
and socia technology are integrated, and how much is left to be done in
this respect. Since technology is noncumulative, and since the social
aspect or socia organization of physical technology is an infant science,
there is hardly a study of all this materia, vital for survival though it
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surely is.

Yet, clearly, if survival under emergency conditions calls for the
revival or the creation of relatively primitive physical and socia technal-
ogy, surely thismust cause aradical change - and even an emergency -
on the social side. But the socid side need not be very primitive, and
much depends on how much we can plan for such emergencies.?

For, it seems clear enough, if we want to prevent emergencies we
should be prepared for them, and if we study - andtrainfor - the social
and political regrouping under emergencies, and if the venture is not
doomed to be a total failure, then it will aso function as a magjor deter-
rent, since the public will then know in detail what they would have to
pay for some foolish rash moves of some paliticians (The Atomic Café).

It is hard to say why technology, unlike science, is non-
cumulative. To the extent that it is a bag of tricks, it is possible perhaps to
systematize these to some extent and try to present a theory that makes
some sense of them. The more sophisticated technologies offer examples
to this effect, from the evolution of computer technologies into parts of
computer science, to the development of parts of pharmacology, and in
particular of toxicology, to biochemical scientific knowledge proper. Of
course, in part, technologies are matters of training, and training can only
be improved, transferred, or intensified, not ever eliminated. Also, of
course, while some ad hoc techniques and procedures undergo systemati-
zation, others may be discovered, even as the outgrowth of the systemati-
zation, so that completeness is not ever to be expected. Some techniques

2 It is not that possible emergencies are ignored. There is, for example, a document
(available from the United States GPO Sal es Program) prepared by the United States
Nuclear Regulatory Commission, and its National Technical Information Service and
published by the U.S. Nuclear Regulatory Commission and the Federal Emergency
Management Agency in 1980, by the title of Criteria for Preparation and Evaluation of
Radiological Emergency Response Plans and Preparedness in Support of Nuclear
Power Plants, i.e., what should people in charge of nuclear power plants do in order to
be prepared for a disaster in their plant. The most significant item concerns public edu-
cation and information (pp. 49-5I ), and it says almost nothing. It lists a few current
means of publications, such as posting information once in awhile. Most of the doa-
ment takes it for granted that in case of a disaster there will be no disruption of the social
and the legal structure within which it might occur. This sounds reasonable, except for
the case, included in the document (pp. 1-10), of the possibility of a nuclear plant hit by
amissile, or the one not mentioned -- an earthquake. These three points will not go t o-
gether public information as described (and as happened in the Three Mile Island inci-
dent), amissile hitting a nuclear plant and social structures staying intact of the struc-
tures explicitly discussed in the document will have vanished from the vicinity in no
time. Back to the drawing board!
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are inevitably lost. Some can in part be recaptured by science and by later
and more sophisticated techniques; yet even when recaptured, they arein
away lost. Once we redlize this and observe that each technology is aso
bound to social conditions and organizations, then we shall be better able
to capture techniques, describe them as parts of ways of life - as social
anthropologists do with some primitive techniques - and so be better
able to preserve them. The ability to so preserve older techniquesisalso a
better way to ensure surviva in case of catastrophe, and also to prevent
avoidable catastrophe.

To conclude, a unified system of techniques is deficient unless it
includes some details of the social setting in which the techniques are
operative. Once we learn this, we can learn aso, and with relative ease,
how we can do away with fixed assembly-lines, with fixed working
hours, with discrimination according to race and to sex and other linger-
ing social ills. We shall then design better the social settings for all sorts
of technological improvements and implement them even in poor coun
tries and in the less fortunate parts of the rich countries. This aspect of
technology - socia technology - ishardly ever studied thus far, though
it is now very popular anong certain avant-garde students of the quality
of working life engaged in change research - development economists
and industrialists, as well as politicians and union leaders, sociologists,
psychologists, public-heath practitioners, industrial and computer engi-
neers, who aim to design democratic worker-machine complexes.

Clearly, it is possible to attempt to unify or create theories about
diverse techniques in their socia settings and devise theories of control
and their possible technical applications. Institutions for the control of
some industries aready exist, but to date they are very much in their le-
ginning stages. We may approach technology on alarge scale and attempt
to capture it and the modes of control it cals for.

3. THE TASK OF DEFINING TECHNOLOGY

The word “technology” is used loosdly in different contexts and it is not
a all clear how it may be understood in general. Scientific fields are tra-
ditionally defined by textbooks. The traditional definitions are static and
hence inadeguate: they ignore changes that textbooks undergo in time. To
improve upon this, one may view a scientific field as the textbooks which
belong to it plus the problems these textbooks give rise to, problems stud-
ied by researchers in this field, whose successful solutions are added to
successive editions or variants of these texts. This improved definition is
what is now called normal science, in the terminology proposed by Tho-
mas S. Kuhn. But fields of scientific inquiry, he observed correctly, un-
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dergo revolutions, and after the revolution normal problems are forged
anew. Also, of course, revolutions may create some new fields of science,
or aso destroy some fields of science. It is hard to say when a field of
science is transformed and when it is replaced by another, but this is of
little interest or significance. When we come to technology the picture is
radically different. Whole fields of techniques, studies and developments
of techniques, may become obsolete and give way to new ones. Steam-
ships and automoabiles replace sailing ships and horse-drawn vehicles in a
radical manner, so that we normally take it that sailing ship technology is
as obsolete as horse-drawn transportation - despite the continued exis-
tence of sailboats and of horseback riding.

Transportation networks are transformed as a result of the switch
from horse-drawn to motorized transportation; transportation administra-
tion and maintenance are transformed as well. The sailboats and the
stagecoach are not transformed - they are replaced. The fact that at first
the horseless carriage resembles a horse-drawn one had obvious technical
reasons, as well as obvious social reasons. the horseless carriage eng-
neers were concerned with engines and were glad to inherit the carriage
as it was, and the public was used to the carriage and was glad, to begin
with, to merely replace the horse with the motor. Yet by no stretch of the
imagination can one speak of the automaobile maintenance shop as a trars-
formation, rather than as a replacement, of the stable. We see, then, that
we intuitively judge the difference between modification and the re-
placement which goes beyond modification. Why? What is the classifica-
tion scheme which tells us where to draw the line?

We can classify a technique or a set of techniques in different
ways, al reasonable in their contexts or spheres of interest, but not in
general. We can classify it by its aim, we can classify it as a set of means,
and we can classify it as a set of techniques. As classified by its end, the
carriage and the car - the highway and the bridge aswell - are all parts
of transportation networks. As classified as means, all motors are class-
fied together as power engines. As classified by techniques, internal com-
bustion engines differ from external combustion ones, chemical fossil
fuel utilizing engines differ from nuclear energy utilizing ones, just as
coal differs from liquid fuel, fission from fusion. Similarly, metal partsin
diverse engines may come under one category, and then the metal blocks
of engines utilizing diverse fuels will be classed together and as separate
from engines built of ceramics or of other materials. Even flying ma-
chines of al sorts whose bodies are made of steel will be more akin to
motorcars whose bodies are made of steel than to flying machines whose
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bodies are made on non-metallic materials or of light metals and aloys.
All this shows the diversities of ways we can and do classify tech-
nologies. (For more details, see Paul W. DeVore, Technology: An Intro-
duction, 1980.) Some people are delighted by all this, others are dis-
turbed. They may try to classify all technologies together as the making
and maintenance of artifacts. There is no objection to this way of looking
at technology, provided it does not obscure certain facts, yet certain very
obvious facts are thereby often obscured: the purpose of using artifacts
may be ignored when technology is so defined. When we consider that a
primitive and an advanced technique can serve the same end, and that
under some conditions the primitive techniqgue may indeed be preferable,
we may want to be reminded - constantly reminded - of the availability
of the more primitive techniques. To take a very significant example, the
technique of using powerful magnets to extract shrapnels out of soldiers
wounds was replaced by far more powerful techniques of X-ray photog
raphy plus modern surgery. The primitive technology was forgotten very
quickly, to be rediscovered as preferable under field conditions for reb-
tively small and superficial shrapnel wounds. The same can be said of
techniques involving no artifacts, such as the use of horses as power
sources for transportation. Of course, even horseback riding usually in-
volves artifacts, but not aways. A technique based on the use of sophisti-
cated artifacts, such as the control of heartbeats by the insertion of pace-
makers in patients chests, may very well give way to techniques achiev-
ing the very same end involving less sophisticated artifacts, such as tak-
ing medication; or which involve the use of no artifact at al, such as in-
gesting foods which contain the chemicals of the medication, or a life-
style with plenty of exercise, or self-hypnosis, or the control of one’'s own
brain waves. The preparation of the diet and the way of life may involve
much sophistication, yet adopting the diet and the way of life may require
little sophistication. The self-hypnosis and brain-wave control techniques
go the other way: little sophistication goes into their design but their go-
plications require much sophistication. Whole technol ogies, from agricu-
ture to family planning, have evolv ed which are super -sophisticated, and
whose chief and amazing and admirable qualities are put in their design:
they are so designed as to require minimal sophistication from their user.
The birth-control pill requires little user sophistication, yet this ery -
phistication is excessive for those who need it most, and - side effects
apart - this makes the pill unsuitable for them. Sterilization is much
more sophisticated than pill production but requires sophistication only
from the ones who administer it, not from the ones who use it. Steriliza-
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tion techniques, however, are defective in their very finality, unless rever-
sal techniques are considered too.

So much for means. Also, the same means serve different ends, a-
ternatively or simultaneoudly. Birth-control pill, for example, are used to
control different things, alternatively or simultaneously: nations control
the size and growth of populations, communities or couples control the
size and growth of their families, and women control of their own bodies.
These three goals are extremely different, as anyone with fantasy can
easily find out by describing logically possible models where one of these
three goals is called for but not the other two, or two of them but not a
third. And when speaking of populations, one significant factor in making
the pill effectively usable is offering the population of young women a
little education so as to enable them to use the birth-control pill ineffec-
tively.

In brief, technology in general is not definable in any narrow
clear-cut definition. As socia anthropologists well know, no description
of the techniques used in a primitive society can be adequate to any a-
gree without an account of the values and structure of that society, at |east
to some extent. It should not surprise us, then, that with more sophisti-
cated and large-scale societies this truism holds too - and even more
forcefully.

This disturbs quite a number of people when they begin to think
about it. They may be disturbed merely because they wish their intellec-
tual system neat and ordered; yet they may think there is a serious prd>-
lem here. They may feel that the serious problem is: in what respect is the
modern western or westernized society superior to other societies? And,
indeed, they usually have an answer ready: the superiority is due merely
to better physical technology. If this were the case, the fact that some
chemical additives to diet may be provided either as pills or as raw food
stuff, or the fact that self -hypnosis can serve as a cure, has to be viewed
as a minor curiosity. We may then admit that, by and large, though not
necessarily in al detail, mental control of the body is better achieved by
the oriental expert, be he a Yogi or a Zen Buddhist; yet the physical car
trol of the body through drugs, surgery, or otherwise is typicaly western.
The superiority of the East over the West in one respect is only one i+
stance to show the unity of humanity: East can learn physical technology
from West; West can learn Yoga from East. The readiness to classify
some Y oga techniques together with some pacemaker techniques by their
common end spoils this picture, and so seems perverse. Moreover,
whereas we may agree with social anthropologists that practicing a tech-
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nique is related to values and institutions, we may want to ignore these
when we wish to devote attention to the study of sophisticated means -
technology proper - and leaving values to users, thus highly widening
the narrow choice of pairing means and ends, and thus, perhaps leaving
Yoga out of the sphere of technology altogether as pertaining chiefly to
values.

Now, the objections voiced in the previous paragraph are deeply
rooted in the western libera tradition. It seems only highly commendable
that we should develop the theory and practice of the control of our
physical and biological environment, not of mental control, much less of
the control of our neighbors. John Dewey was fully aware of it when he
introduced the terms “social technology” and “socia engineering”. Nev-
ertheless, the fact is that we do have socia technology and social eng-
neering, that we do control our own selves - individualy as well as
when considered a socia body - and that we do control our neighbors to
this or to that extent. If the liberal idea of valuefree technology and e
gineering were pursued to the fullest, and techniques of self-control and
of the control of others were deemed useful to describe, then we would
not object to describing technologies usable for evil ends. One need not
hold the view that value-free technology is entirely possible, but if one is
a liberal then one has to endorse the value of value-free technology to a
large extent. It is easy to understand that liberals refuse to study and a-
velop and perfect and escribe techniques of, say, endaving people (as
sketched, say, in Aldous Huxley’s Brave New World); it is likewise easy
to understand the traditional liberal wish to stick to value-free technology;
together these amount to the understandable traditional liberal proposal to
exclude socia technology from technology. But this proposa will not
work. It is better to admit slave-making technology as a technology, espe-
cialy when it involves sophisticated technical and scientific knowledge
(such as the use of euphoric drugs, electric shocks and conditioning, men-
tioned in Brave New World). It is better to face the present problem of
defining technology squarely than to dodge it by defining human technd-
ogy as non-technology, and it is important to see that objecting to the
knowledge of slave-making technology is classified by its purposes, and
is therefore no different than objecting to the knowledge of prison build-
ing, of handcuff making, of whip making and of whipping.

The idea of a value-free technology is the root cause of our wish
to study techniques and means, not ends; the end of value-free technology
is the end of the libera gilosophy to which it belongs. Yet value-free
technology, being value-free, can serve the ends of illiberal philosophies.
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There is no paradox here, since it is well-known that the liberal should
tolerate the illiberal, not unconditionally but to a greater extent than the
illiberal is usualy ready to tolerate the liberal. The value-free attitude of
the liberal must permit the classification of technologies by their ends.
Classed by their ends, horse-drawn transportation networks and motar-
ized ones serve the same purpose; classed by their maintenance tech-
niques they are as different as the stable is from the mechanic’s work-
shop; classed administratively, they are similar and different in other re-
spects. Our intuitions, therefore, are quite pliant, as can be ®en when
comparing classifications of the same material in very different contexts.

At the very least, we must notice, then, the implementation of any
technique whatsoever involves both physical and social activities. Of
course, implementing an innovation of a physical nature, say, the horse-
less carriage, is rightly considered chiefly physical technology, despite its
social aspects, such as the proliferation of gas stations al over the coun
try, which must involve legisation. Also, of course, every act of social
engineering, say legislating universal compulsory education, is social
rather than physical, despite the physical aspects of implementation, n
cluding the proliferation of school buildings and of safe pedestrian cross-
ings. Hence, even in the extreme cases technology must cross the inter-
face between the physical and the social: pure cases do not exist.

This is a trite and obvious fact which has revolutionary corollar-
ies, opening the road to far-reaching criticism of 18th-century classical
liberal thinking, thinking which has traditionally gone into the making of
modern western technology. For, it was this thinking which invented the
ideal of purely physical technology. Peter Caws has noticed that the word
“technology” which is the descendant of the Geek word “techne” which
may apply to any manner of doing any sort of thing, so that the Greek
word “erotike-techne”, which means ways or techniques of love making,
should not really raise an eyebrow. Yet it puzzles us because we are used
to the 18th century use of the word to denote physical technology aone.
4. EDUCATION FOR TECHNOLOGICAL SOCIETY
The classical liberal philosophers assumed that science is a central item in
the curriculum of an adequate education, regardless of any other consid-
erations corcerning education, the curriculum, or professiona training;
they deemed it important that the average citizen should be reasonably
well-educated and hence scientifically proficient. They took for granted
both that scientific proficiency brings about technologica prof iciency and
that a society whose average citizen is technologically proficient is a
technological society. Conclusion: a reasonably acceptable program for
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public education brings about a satisfactory technological society.

This philosophy is long superseded. This fact calls for a rethink-
ing, including the rethinking of the curriculum. Instead, educators have
clung to bits and pieces of the superseded philosophy which may still
seem acceptable.

The main result is that some science is imposed o the average
student causing much hatred of the subject.

Two other results which concern us here are that in specialized
science departments often science is taught as a handmaiden of engineer-
ing and that engineering is taught as devoid of all social asgects.

These three results are central for scientific education today. The
resultant situation is of crucial importance in our social lives. It reinforces
the doviously erroneous view that scientific and technological proficiency
are the same. For, when the population is divided into the vast majority
who have no idea of elementary mathematics - the calculus, matrix d-
gebra, analytic geometry - and the rest, then the rest, the scientists, re-
semble each other simply because only they know elementary mathema-
ics, yet elementary mathematics is elementary: the view that all scientists
and all tecnologists are alike since they al know elementary mathema-
ics is like the view that all musicians are alike since they can all read a
page of music. The division of society into scientists and non-scientists
while ignoring the political effects of science, is to invite technocracy or
scientific élitism or some other meritocracy to replace western demac-
racy. The readiness to let things be is the acceptance of the risk to let a-
mocracy slip away in the vain hope that a technologically oriented meri-
tocracy will be able to find the proper place of science and technology in
our culture and in our environment. This readiness runs contrary to the
democratic tradition which distrusts experts and tends to check their ten-
dency to exaggerate the value of their speciaty in our society. Un-
checked, the technocrats may well put the whole of their society under
technological control. Even if we assume that technocrats will not be hos-
tile to the arts and will not be hostile to education in other than scientific
and technological matters, even then the question will remain. If the cu-
rent Situation persists, how far will technology be legitimately extended?
How far will physical and biological technology be developed and socid
and political technology neglected? Will such a trend not necessarily end
in a technocracy which has no socia and political guidelines? Will the
technocrats of the near future then take it for granted that all technologi-
ca advancements be available to the public? Will genetic technology be
developed and made publicly available? Will techniques coveted by
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criminals be aso publicly available? Will there be no social and political
controls? Will this question be natural or social? If social science will be
applied, then there will be socia technology after all. Should, then, social
technology be administered by technocrats or by a democratic system?

Alas, without being asked, these questions are gaining popular an-
swers. Science and technology are these days already organized in order
to go together. They share a common ethos. The words characterizing the
new ethos, “hard”, “toughrand-no-nonsense” and “formalize-it-or-dump-
it", are not new; nor is the ethos itsdlf, realy, as an ideology; it is new as
an ethos, as the spirit of the age, rather than of a school of thought or an
intellectual leadership. “Tough” work has its rewards which are immed-
ately visible. This, redly, is the meaning of “tough” - hic Rhodos, hic
salta! do not tell us how marvelously you did (or will) jump in Rhodos;
jump here and now! Yet this is the contempt which the literate shows to
the illiterate when he should rather offer to help him acquire an education.
And so it is also the hardening of the intellectual arteries. This is what the
present work is about: it aims to draw the limits of toughness: the tough-
ness of the experts which rests on popular illiteracy is not tough enough!

The advocates of toughness will dismiss my strictures with a
shrug, and they will argue in tough arguments, as follows. The dangers of
toughness were noticed long ago. The economist Lord Lionel Robbins
observed that in ignoring economics and centering on production prac-
esses we may build first rate factories which will not begin to produce
because of the collapse of a market. Nowadays, of course, tough econom-
ics is extant and is supposed to take care of that. No longer do we allow
for the surprising appearance of large shifts in markets which trade and
industry cannot cope with. This can be generalized: whatever snags tough
science and technology come up against, they may tackle them by tough
measures. Tough measures are, and this is the point, tough because they
are quickly tested for efficiency, and, if found wanting, get remedied or
replaced. Hence, tough measures are deemed not dangerous. Hence, no
concrete example of the dangers and limits of current toughness need
convince us that toughness is risky or limited; on the contrary, it may
serve as achallenge to broaden the applicability of toughness yet again.
Moreover, the tough way to go about efficiently is precisely this. the
places which should call for our attention first, call for quick and urgent
improvement, of course. Hence, toughness is doviously the correct atti-
tude! Conclusion: develop new kinds of tough specialization and open
departments for them in the leading universities and educate young peo-
ple to be tough in whatever they do.
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The previous paragraph represents a socia and political philoso-
phy - including an educationa philosophy - which is very important
and well-known. It considers socia affairs pragmatically - it is a socia
engineering, to use the term coined by the famous American pragmatist
philosopher and educator, John Dewey, and it is a piecemeal social engi-
neering, to use the adjective appended to it by the most famous contem-
porary methodologist, Sir Karl Popper. (However, Popper advocates
piecemeal socia engineering on the condition that it is effected demac-
ratically.) The important point to notice is the genesis of tough (piece-
meal) socia engineering. We began with classical liberalism which rec-
ognizes only natural science as central for technological society and with
science education for al. Science education then split to by and profes-
sional, where the professional was the natura scientist and physical eng-
neer. The need to control the free market somewhat has permitted mini-
mal tough socia engineering and professional social science education.
But by now the emerging picture is al patchwork. It needs overall reu-
sion.

The major defect in contemporary education has to do with early
specidization. The complaint usualy voiced against specialized educa-
tion isthat it islimiting. This complaint is not very serious - it isdiffuse
and non-specific. All education is, of course, limited and insufficient:
even the best educated person is willing and able to expand his or her
harizon. The more serious complaint is that unless one is trained early
enough and in specialized enough a manner in the hard sciences, one is
never able to catch up with them. In the modern world, dominated by
scientific technology, more and more people find greater parts of the
modern world closed to them. With computer technology becoming i+
creasingly pervasive, people lose contact even with the fields of their own
specialization, and irretrievably so.

The toughtand-no- nonsense approach includes the myth that noth-
ing can be done about this. A mathematician who has not “made it” by
the time he is thirty - or twenty-five, or twenty - is lost, and the same
goes for any mathematically rich specialization, for all hard fields. Simi-
lar myths hold for the performing arts.®

Now these myths are false. Education can be remodeled in order
to overcome the barrier to the comprehension of experts. And what is
required is a total readjustment, beginning with the rgjection of the hard-

3 See my “The Myth of the Y oung Genius’,Interchange 16, 1985, 51-60, 109-10 and
116.
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soft dichaomy, and with it the lay-professional dichotomy.

It is hard to believe that we can revolutionize education so as to
make technological thinking available to al people with an average edr
cation. To attempt to allay the serious reader’ s doubt, an author may have
to examine the details. The examination would make his book atreatise in
technological public education, and so this task cannot be undertaken
here. But a few hints will illustrate both the problems and the opportuni-
ties. The purpose of the illustration is to indicate that perhaps these - the
problems and the opportunities - are misplaced. For, it is dl too com-
monly agreed upon by educators, from kindergarten teachers to profes-
sors of medical education, that opportunities do dwell in the educational
system and that problems stem from the limited capacities, attention
spans and interests of the modern young bras. The facts go the other way.

Consider Maria Montessori, the educator who managed a minor
revolution in her instituting the school system named after her. She began
her revolution when she noticed, with an enormous sense of profound
surprise, that a child can concentrate intensely on a task for an ena-
moudy long span if she is interested in it. This discovery is till not gen
erally utilized. Nor has Montessori’s proposal to utilize games been taken
up as it should have been. Computers are terrific tools and using them to
calculate probabilities will aready make the simplest and most prevalent
games of chance, old and new, enormous sources of incentive for pre-
schoolers for arithmetic self-training. Language instructors are familiar
with the fact that a child’s acquaintance - even her merely nodding ac-
quaintance - with aforeign language suffices to facilitate the acquisition
of that language at any later stage. The analogous fact is that some tran-
ing with machinery in childhood has similar effects: it estroys for good
the all too popular and pernicious inability to hold an instrument in hand
or to try to locate a defect in a simple apparatus. A child taught once to
plane a table more or less well, if he or she was taught the skill with no
excess of disdplining and aggravation, has aready better training in
manual skill than most people have these days.

Many educators doubt the truth of the previous paragraph. Thisis
to be expected and encouraged. Yet no one will easily fail to notice that
were the content of the previous paragraph true, it would decidedly be of
a great significance. This will then naturally lead one to wonder, has the
content of the previous paragraph been examined? Why have the people
in charge of the educationa system not gone Montessori? Of course, to
some extent they have. But to what extent and why? And have they ex-
amined the proposals of thinkers more radical and more significant than
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Montessori, such as Bertrand Russell and Albert Einstein? Where is the
literature on that subject? How is it that so many experts in education
know so little about education? All these questions indicate that all too
often the educators in charge of our future generations are merely not up
to their tasks yet al the same guilty of criminal negligence. Although
many individuals are exempt from this dreadful charge, no part of the
complex western educational system is, neither the kindergarten system
which forces children to play with stupid sexist toys, nor the teachers
colleges, nor the professors n engineering and in medica schools and
colleges; though, no doubt, the very worst are the schools of education in
the most celebrated ingtitutions of higher learning.

Those who are interested in details should read educational tech-
nologists, such as Caeb Gattegno, to learn how problematic is the attempt
to implement the dightest educationa innovation - especially those
which raise the technical proficiency of the average student, of the non-
speciaized student, even if he or she be not very brilliant. This holds for
all attempts to raise the technical proficiency of the non-expert, regardliess
of whether the proficiency in question has to do with language, with writ-
ing, mathematics, the arts, or technology of any other sort. And the obsta-
cles grow - they are not psychologica but built into our social system
which is geared to prefer the raising of expert proficiency to the raising of
non-expert proficiency. This must be changed by accepting in practice the
aim of making the language of the expert accessible to all.

5. CONCLUDING REMARKS

Scientific technology has invaded almost every part and every aspect of
modern life. Yet the average, educated, nonrtechnologically educated
person knows least about technology and is frightened of both logarithms
and the screwdriver. This is a terribly dangerous state of affairs, and
should be atered by the reform of dl education - from kindergarten
education up. The commonly accepted mythology that justified the cu-
rent state of affairs, or at least proves it unavoidable, is the identification
of science and technology as “hard” and as “tough-and-no-nonsense”, as
well as the identification of the “hard” with the “tough-and-no-nonsense”.
Both these identifications are serious and damaging errors. These errors
are now deeply entrenched in modern society since they are religious
dogmas of the people who run the educationa systems of the West.

Y et we cannot hide behind the defects of our educational system.
The global disasters they prepare will hit us al alike. We must start a war
on the evils of our educationa system; we must run out of town the edr
cator who accepts the technological ineptness of his charges and we must
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run out of town the educator who takes the technological aptitude of his
charges to be a mark of exceptiona distinction. Technology should be

demystified by making its tools available to the general public at popular
prices.
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CHAPTER 2
TECHNOLOGY AND ART
Technology is often viewed as merely instrumental. Technology is aso
often viewed as having some aesthetic value too. When two conflicting
views are repeatedly voiced, it is likely that something has gone amiss
and should be attended to. The view that technology is merely instrumen-
tal is uttered in a certain context. Indeed, all disclaimers put in such terms
are highly context-dependent since, obviously, anything can be viewed
from different viewpoints. The view that technology is merely instrumen-
tal is usualy a disclamer not of its aesthetic value but of its epistemic
value, i.e, of its value as knowledge. To be more precise, it is not the
value of technology as knowledge that is disclaimed, but the technolo-
gist’s need to explain or understand why his techniques are useful. Never-
theless, the same words often serve another disclaimer - to deny the
beauty of technology. That disclaimer is obvioudly false, yet may be res-
cued when it is taken to mean that technology may be useful even when
ugly, though it need not be ugly and may be beautiful. All this is rather
trivial. It was presented here as a means to free the literature on the topic
of the worthless misunderstandings which infest it.
1. ASSURANCE
The question, Is medicine an art or a science, has been examined and
toyed with for many generations. Even the meaning of the question has
undergone change in various ways. In particular, most modern writers
have overlooked the fact that the word “art” is Latin in origin and the
word “technique’ is Greek in origin, and the originals are synonyms.
Thus, when we ask of medicine whether it is an art or a science, we may
be asking, is medicine a technology or a science? Technology and science
overlap but are not the same: characteristicaly there is science devoid of
any practical application and perhaps applicability, and vice verse. There
is aways a part of technology that is ad hoc or governed by rules of
thumb, a part that is noncumulative, not science based, and of little sci-
entific concern. Thus, contemplating medicine as an art or as a science,
with “art” meaning techniques, we can conclude that there is a medical art
and a medical science. The same holds for al sorts of technology, from
architecture to plumbing, from automobile design to automobile mainte-
nance and repair, from oil painting to oil - picture reconstruction.
Inarticulate as the discussion about whether medicineis an art or a
scienceis, it is clear that there is more to it. In particular, one may notice,
the claim that one’'s professional work is an art rather than a science, is
rather humble a disclaimer, and therefore usually made apologeticaly.
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Thus, when an enormous sum of money is sunk into the improvement of
the acoustics of a concert hall to no avail, the acoustic engineer is almost
sure to say that acoustics is an art, not a science. If he is also honest, then
he warns his customer beforehand that perhaps the investment will be a
total loss. If the acoustic engineer claims that acoustics is a science before
he undertakes the job, and admits it to be an art only when he fails, then
his disclaimer cannot absolve him, and his clam to science is open to
censure. In this sense the acoustic engineer may (but need not) be a
pseudo-scientist. A well-organized society will offer him incentives to
behave well.

This can be seen more sharply by a contrast: when a physician qo-
erates on a patient with symptoms of acute appendicitis, only to find him-
self having removed a healthy appendix, he appeals not to art but to sci-
ence: it is scientifically attested that about one-tenth of the acute appendi-
citis symptoms are miseading, and doctors are better erring on the safe
side. Thisis not to say, however, that al appendix surgery can be justified
or that any surgeon who appeals to science to justify his error is absolved.
This is why we need control over medical error. Nevertheless, the very
fact that an erring physician may honestly hide behind science in some
cases but only behind art in other cases is illustrative of the point: the
claim that medicine, or acoustics, or any other technique is an art rather
than a science, is often a disclaimer concerning guarantees: science guar-
antees, art does not, and when one offers a guarantee without justification
then oneis in the wrong as a pseudo-scientist.

How much can science guarantee and how far can art go with no
guarantee? Finally we have arrived. These are, indeed, the central prdo-
lems of traditional philosophy. Indeed, philosophy of science traditionally
raises the question, by what criterion do we distinguish a vaid guarantee
from an invaid one? This is the traditional problem of the demarcation of
science. Let us take this point slowly for a moment. Though it relates to
science proper, not to art, since traditions have altered under the influence
of Einstein, and mainly through the enormously powerful and influential
writings of Sir Karl Popper.

The Einsteinian revolution has demolished all hope to find ary-
thing like a guarantee in science: if Newton’s theory has been superseded,
nothing can assure us that its successors will do better in this respect.

The previous sentence |ooks obviously true to some and obviously
fase to others. It is, therefore, a sign of a profound disagreement or of a
misunderstanding (or both). The claim that Newton’s theory has not been
superseded is repeatedly backed by major scientists with the true obsene-
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tion that it is still being used by scientists and technologists of all sorts,
from navigators to artificial satellite launchers. Now, whatever one may
say, some old theories are till in use (Galileo’s, Newton's), some not
(Aristotle’s, Ptolemy’s, phlogistonism). Some superseded theories are
thus technologically better off than others (Newton’'s theory is better off
than Ptolemy’s). Nevertheless, intellectually they all share the same fate:
they are replaced by a better view of the world; each of them is in the
pasition of a mere predecessor.

Popper’s theory of demarcation of science puts Newton and Ein-
stein on the side of science and Aristotle and Ptolemy, along with astrd-
ogy and necromancy, on the other side. Whereas scientific theories are
refutable, he says, in the sense that it is possible to test them and for all
we know find some of the predictions based on them false, the others are
S0 vague that there can be no predictions based on them that may be in
conflict with experiment.

Popper’s demarcation between science and pseudo-science is ak
mirable, since it exposes certain cases of pseudo-science as views that
cannot be empirically criticized. A theory can resist criticism either le-
cause it isreliable or because it is shifty. Popper, and before him William
Whewell, stressed the significance of this point. As Popper shows, things
can get tricky: it is possible to present ideas which will not be undermined
by experiment if false, but may be backed by experiment if true. To take
au example from technology, we may consider the theory that there is a
chemical cure for syphilis, cancer, or any other disease, or for all dis-
eases. Once a cure for syphilisis found, the idea is verified, but we may
try six hundred chemicals, fail, and still not refute the idea. Indeed, Paul
Ehrlich called his cure for syphilis six-o-sx because it was his six-
hundred-and-sixth trial. Moreower, an assistant was so used to failure he
let it go unnoticed and the discovery was nearly missed. Each of the six-
hundred-and-five hypotheses concerning some given chemical’s ability to
cure the given disease is digtinctly refutable and was refuted, but not the
blanket hypothesis.

This example also shows that Popper’s criterion of demarcation is
wanting: it is important to note that Ehrlich’s belief was not empirically
testable, but this is no ground to call it pseudo-science. Also, some emi-
nently pseudo-scientific claims were refuted: for example Faraday refuted
many spiritualist claims in very interesting experiments. But as our cat
cern here is with the demarcation between science and art, we should not
pursue this point. Popper’s demarcation does not tell us the demarcation
between art and science. It is an art to try and cure syphilis by chemical
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means as Paul Ehrlich did, yet a science to cure it by the use of his med-
cine or by the use of antibiotics. If aresearcher like Ehrlich embarks on a
research program he has no guarantee for success, whereas today a |-
tient suffering from syphilis in an early stage can be more or less assured
of a cure once he fals into good hands ! Here, then, is the difficulty peo-
ple have in their effort to comprehend Popper: in a sense no theory is &-
sured (of being final and irreplaceable) and in a sense some theories are
(concerning antibiotics, for example).

The idea that research is an art has been traditionally contradicted
by most philosophers of science. Sir Francis Bacon spoke of the drafts-
man’s craft that used to be an art, yet with the introduction of the compass
and ruler became a science. In other words, the artistic draftsman is not
guaranteed success, but the scientific one is. And, said Bacon, research
used to be an art: its findings were not assured, sparse, accidental. Given
a compass and a ruler, the researcher will make discoveries in abundance
- “in streams and buckets’, as Bacon has so beautifully put it. This ruler-
and compass of scientific discovery i the inductive method. The induc-
tive method, says Karl Popper, is a science-making sausage machine: the
input is factua data, the machine's handle gets cranked, the output is sci-
ence! Just like that.

A science-making sausage-machine, said Popper, is impossible.
Nowadays, most philosophers of science agree with Popper, either be-
cause of the authority of Einstein, who said so earlier, or because Popper
has a strong supporting argument: many great scientists who had made
great discoveries also spent many swccessive research years with no find.
But a century and a half ago, William Whewell too said science-making
machines are impossible - one needs intuition and luck for success in
scientific research - and John Stuart Mill declared Whewell an intuition-
ist and a defeatist and . thought and declared that he had refuted Whewell
by describing the science-making machine, known as Mill’s four canons
for induction. These four canons are still taught in many universities. Of
al of Mill’s wonderful ideas, none is half as well-known as this one
redly foolish one. If he knew how to make science, why did he not pro-
duce at least one lovely law of nature for us to credit him with?

Back to our difficulty. Popper says scientists must take risks; to be
found in error if and when they are in error is the risk they must take. He
says, scientific research is an art. But why do we accept the assurances of
bridge builders but not of acoustic engineers? From whence the assurance
of science? This question is overlooked by Popper.

William Whewell’s theory of science can be presented with the
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aid of Popper’'s terms; such a presentation is sharper and more concise
than the original. A scientific theory, then, is an explanation of facts and
of older theories. It is a hypothesis ( 1) dscovered somehow, (2) tested
properly - i.e., attempts were made to refute it by new experiments -

and (3) it withstood the tests. A theory which withstood the test, said
Whewell, and Popper disagrees, is assured of permanent success: it will
never be refuted. A theory which withstood the test, said Whewell fu-
ther, must be endorsed. Does Popper agree with this point or not? It is
better to avoid this question atogether, since science has nothing to do
with any endorsement whatsoever.

Science in the post-Einsteinian sense, or in Popper's sense - that
is, the theories that scientists propound and examine for explanatory
power and for testable true-ar-false predictions - science in this sense
has nothing to do with endorsement, guarantee, credibility, forecasts, etc.
Not so in technology. Science in the sense of art versus science, science
in the technologist’ s contrast between art and science, is just the matter of
guarantee. Science as an intellectual activity knows no guarantees. even
Newton was finally superseded. But science as engineering guarantees
some projects, not al; and similarly scientific medicine guarantees some
treatments to have success, other treatments to have no success, and still
others it deems to have possible success and possible failure. What kind
of a guarantee is this? Unless we clearly distinguish the two senses of
“science”, we will not manage to be clear on the matter at hand.

Philosophers of science speak of guarantees as confirmations of
hypotheses, accrued by the repetition of instances in accord with it. For
example, each white swan confirms a little bit the hypothesis that all
swans are white. Whewell and Popper object and say that we do not seek
instances, we do not go where we expect to find white swans; rather we
try to efute, we seek a non-white swan. and a theory is confirmed when
attempts to refute it fail. Whewell says, a confirmed theory is guaranteed
to be true. Popper says, ho matter how well-confirmed a theory is, thereis
no guarantee that it will hold true the next time around.

We have to agree that confirmations are outcomes of tests, not of
finding instances. And we have to agree that in science there is no guar-
antee. But this is not the case in technology, where guarantees are e-
quired in many cases and in civilized countries they are required by the
law of the land: no guarantee, no airworthiness license for a new design
of an airplane; no guarantee, no license to dispense a new medication.
Truth in advertising means just this: the guarantee that advertisements are
true. Now, it isnot at all clear what is a guarantee, nor what needs licers-
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ing. Acoustic engineers are permitted to design with no guarantee. Con-
structing an elevator for a high-rise building without a guarantee is legally
forbidden in most civilized countries, and a guarantee that is very hard to
obtain. Nor is this all. We do not have unanimity about what calls for
guarantees. In most countries driving a car or a tractor is licensed, in
some not; flying a plane requires a license everywhere. Licenses are
given after some assurances are found, some guarantees. Rachel Carson
started the ecological movement by demanding that no industria plant be
licensed unless a guarantee is given that it would not pollute the envirar
ment (The Slent Spring). Was she right? Are such guarantees needed?
How are they to be found? Legislators have to know before they can heed
her advice: the legidative process invited discussion and decisions on
procedures by which guarantees may be procured. Carson had no ack-
quate proposal in that direction.

Some technology, then, is by law a science in a legaly defined
way: it has passed legaly specified tests. Other technology is not. It is
hard, at times impossible, to say what makes a technology science, what
makes legidation decide matters one way or another, what makes the
legidators decision at times wise.

2. INTUITION

Intuition is hard to pin down. Let us return to the question, is technology
an art or a science, and agree it isin part art and in part science. Surely it
is aso in part sheer accident: one may need some technique to perform a
given task and see before on€'s eyes just the right pieces of a machine
come together in just the right way to perform the required task. Even
then one needs some intelligence to notice the relevance of one's obsena-
tion to one’'s task. And however incredible it is that a machine will &
semble itself to do the required job, and however easy it is to notice that
this is what happens when it does happen before one's very eyes, cases
have been recorded where the machine did happen to assemble and per-
form the required task, and yet the observer failed to notice the fact. Oh,
at times the pieces just fall together; at times they are wrongly assembled
for one task and happen to have been rightly assambled for another. Or it
may be a living being naturally performing a natural function that is just
what technologists are trying to perform artificialy. It does not really
matter. In any case, we may ignore the accident and center on the intui-
tion of the discoverer or the inventor - regardless whether we are speak-
ing of a mere observation or of a design and an observation combined.

We can see at once that intuition sits nicely between science and
accident. Thus, the job of the inventor and the discoverer - in brief, the
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job of the researcher - isnot ascience, or else we would have a science-
making sausage machine; and it is not sheer luck, or else it would not be a
permanent job. Where exactly do we place intuition?

This question is baffling and is by no means limited to research.
To take a technological example, let us consider the technician with the
proverbia golden hands. Golden hands are, by definition, rare. Yet they
occur in each technology. We have the researcher with golden hands, the
surgeon with golden hands, the garage mechanic, the designer or drafts-
person (Bacon's metaphor was understandably an exaggeration: compass
and ruler do not solve all drafting problems). Golden hands are beautiful
to watch; yet we do not know where to place them in the scheme of
things. They perform what cannot generally be guaranteed; yet they can
be guaranteed to perform - and even to perform beautifully. Nor is it
merely afeel: there is much more to it than a feel when a surgeon, be he
or she a heart surgeon or a brain surgeon, is the artist with the golden
hands. Surely they are not alowed to take chances as our proverbia
acoustic engineer, or as the proverbial plumber. The acoustic engineer or
plumber may be brought to court and called to pay damages, yet when a
brain surgeon is brought to court, more than damages may be at stake:
surgeons are not alowed to experiment with patients' lives. Yet one who
could only do what other brain surgeons do, will not be rightly reputed as
having golden hands. How does one manage the trick? How are surgeons
permitted to use their golden hands?

It is easier to learn what the surgeon with golden hands manages
to do than how. It is permitted, we remember, to have a standard rate of
ill success in surgery. The standard may vary according to patients car
ditions as specified by law and custom. The surgeon with the golden
hands exceeds the standard. The surgeon with golden hands takes cases
other surgeons refuse to take without thereby exceeding the standard.
This is no mean trick. How does one manage the trick?

One may have dexterous hands,; one may have really good hands;
one's knack may, indeed, be in one's hands. In this case there is no mys-
tery. Yet this is seldom the case. Dexterous hands are very useful for a
surgeon, yet generally a person whose hards are not very dexterous is not
a surgeon anyway. So thisis not it. What then?

The word “intuition” is but a name for the quality described, for
doing better than the statistically expected, yet with no known cause, rea-
son, method, or system. By definition, whatever can be explained is no
intuition. What intuition brings forth that can be understood, belongs to
intuition no longer. Thus, most mathematical theorems and even whole
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mathematical fields or subject matters are brought forth by sheer intui-
tion, i.e., by the act of some extraordinary minds, yet understood by na-
mal minds with the aid of norma methods. This, indeed, is also true of
many arts or artistic ideas, created by extraordinary minds but generally
understood and repeatedly emulated by many.

This does not close the matter. There is a world of a distance le-
tween something that only a mind of genius can achieve and something
that any average person can. Golden hands belong in the middle. Also, in
the middle there are partial methods.

What a partiad method is, again, is hard to say but easy to illus-
trate. Let us take a problem easy for a human to solve but very hard for a
computer. Almost every problem posed in a high-school-geometry tex-
book is such. For sure, we can formalize both the textbook and the prdo-
lem and then the computer will solve the problem and print out the solu-
tion faster than a human can say one word. Y et formalizing geometry, or
even formaizing any old problem in any old geometry textbook, is not
easy and may call for the expert’s help, maybe for the help of an expert
programmer with golden hands. Until then, an average or above average
high-school student can try her hand at it and succeed. Girls are intuitive,
say sexist teachers, so they’d better choose geometry rather than algebra
In agebra there are methods everywhere, yet in geometry not fully so.
We have a heuristic - the word means rules helping to find, just as &
ked A rchimedes running in the streets shouting Eurekal declared he had
found his solution - and the heuristic comprises half-articulated rules of
thumb one can fiddle with. Fiddling is no method; but perhaps it helps.
Yet, more often than not, fiddling with a good heuristic helps often
enough to count as a method of sorts.

Chessis a standard example for al this, but we need not go into it
here. Anyone familiar with chess knows the science and the art of it, as
well as the middle ground between the two.

Nor isthisall. Intuition was called upon to divide between acceft-
able and unacceptable guarantees, and so it became a messy business. It
led many to claim that intuition is - properly used - quite unerring. For,
if intuition judges the propriety of a guarantee but can itself err, then we
need a criterion to judge the propriety of the intuition that judges the pro-
priety of a guarantee. This has led some thinkers to ridicule al intuition
on the ground that sometimes intuition errs. Thus, since in mathematics
certainty must be guaranteed on each step and since intuition is falible,
many mathematicians declared mathematical intuition worthless. Jacques
Hadamard (The Psychology of Invention in the Mathematical Field, 1948)
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objects that with no intuition mathematical proof ceases to make any
sense. What of intuitive errors, then? Hadamard does not touch upon this
question.

Mathematics needs no guarantee, said revolutionary Imre Lakatos
(Proofs and Refutation, 1963-64), but rather proofs and their refutations.
Therefore, we need not fear using falible intuitions when inventing
proofs: intuition can err and then be corrected: we can educate our intui-
tions.

With this Lakatos heralded a new era: we can educate our intu-
tions. Of course, the same can be said of partial methods: they are fallible
and can be corrected. Moreover, they usually stem from the general prin-
ciples or the intellectual framework or the metaphysics of the field to
which they belong and then the general principles which give rise to e
fective methods may have to be corrected (J. Agass, “ The Nature of Sci-
entific Problems and Their Roots in Metaphysics’, 1964).

Yet it is one thing to say intuition and partial methods can be ca-
rected, and quite another thing to dismiss all guarantees. Why mathemat-
ics has no guarantee, why mathematical research is adventurous, Lakatos
has discussed in a most bvely and inspiring and revolutionary manner.
But mathematical adventures are not for technology: if engineers could
not trust their mathematics when designing a bridge, then they could not
be called to task or jailed when bridges collapse. Engineers designing and
executing faulty bridges do end up in jail, and they cannot hide behind
Imre Lakatos.
3. REPETITION
We are slowly approaching art proper, that is to say the delicate object of
art appreciation, the object of aesthetic quality. The introduction d aes-
thetic considerations proper into technology, not to mention aesthetic
criteria, may be required for the discussion of assurance, intuition and
uniqueness. In any case, little is said on the topic other than to acknow |-
edge some obvious facts: all too often technology and its products are as
ugly as sin; sometimes their beauty is divine; this holds not only for spe-
cific objects but also for whole traditions and ways of life. The beauty of
the excitement of youths repairing a jalopy seems a sufficient argument
against those aesthetes and connoisseurs who sneer at technology and
turn to the latest digital Dolby reproduction of the most exquisite per-
formance ever of Vivadi’s concerto for a viola d’amore or Schubert’s
Arpeggione Sonata on an arpeggione or Robert Cogan’s No Attacks of
Metallic Organs for organ and prepared magnetic tape.

The reproducibility of a work of art is what turns it from an art to
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ascience. Thisis a hard fact. It annoys and bothers all aesthetes and car
noisseurs of fine art. The celebrated art historian Ernst H. Gombrich has
said that no reproduction, however good, can ever replace a good origi-
nal. He even refuses to view photography and phonography as art, much
to the chagrin and objection of his keen admirer, the art historian and
photographer Carl Chiarenza and contrary to the lifework of Glenn
Gould. And so, the irony of the last sentence of the previous paragraph
may make good sense to Chiarenza and Gould, but will be lost on
Gombrich, who will disdain any reproduction of any Vivaldi or Schubert
(of Robert Cogan he will not wish to hear anyway, let alone listen to his
music), Dolby or no Dolby, but will rather go to hear it in a live concert.
Gombrich is right to declare something lost in the reproduction. But, do-
serve Chiarenza and Gould, something is thereby also gained - not only
technologically, but artistically too.

Engineers too are annoyed at people like Gombrich. Sir Ernst
Gombrich will be sufficiently critically minded (as he must, being a dis-
ciple and afriend of Sir Karl Popper) to accept the verdict of atest of the
sound of a Stradivarius against a good modern violin, of a live organ as
opposed to an electronic organ, of a quadraphonic Dolby reproduction as
against the original. These engineers will say, in every case we can have a
reproduction good enough to fool the expert. But they overlook some-
thing important. The excitement of going to a concert and witnessing a
live perfor mance is decidedly not reproducible. Nor is the excitement of a
Hollywood screening of a raw film, or even of a gala performance of a
movie in New York or in London or in Paris. As lan Jarvie has emphe-
sized, even seeing a movie on afirst run in aloca theater is significantly
much more exciting an experience than watching its rerun in an arts play-
house, not to mention seeing it on television on the late late show.

Art is fresh; reproducing it makes it a science, repeatable, dead.
Not valueless, but not quite art either. What case, then, do Gombrich’s
opponents have? What possible case? For, they do have a case and they
even have won thisround.

To get to the root of this we must go more slowly. A concert is not
its Dolby quadraphonic reproduction, and by the same token a concert is
not a reproduction of the first performance of the items on its program.
Professor Gombrich will be al too glad to be transported to Beethoven's
Vienna to join the audience of the first performance of the Ninth Sym-
phony, and were any means of such a transportation possible, he would
surely use them. Were technology able to reproduce that performance, he
would be glad to witness the reproduction of the first performance in lieu
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of witnessing the event itself. Similarly, Professor Gombrich was not pre-
sent at the unveiling of the Mona Lisa, yet he prefers the origina to a
reproduction, even though it isin this sense only areplica; areplica of its
old sdf as it was in the unveiling, and for all we know a rather inferior
one by comparison. Proof: if a time machine were available, Professor
Gombrich would love to witness the original unveiling.

By high standards, no art is art except insofar as it is irreproduci-
ble, like atasty dish or an ancient Egyptian piece of sculpture, which was
on exhibition at a funeral and then left in the dark recesses of a pyramid
to be seen no longer until the awakening of the dead. Yet the tasty dishis
areplica of the chef’s standard replica of the idea of the legendary origi-
nator of the conception of the dish just tasted, and the ancient Egyptian
statue comes from the workshop, etc. In brief, by some standards no event
isrepr oducible, by other standards every event is.

Now metallurgy is unquestionably technology, usually considered
a science rather than an art. This does not mean that any step in its evolu-
tion was science, rather than art: the knack was important and the prad-
uct, as the leading historian of metallurgy, Cyril Stanley Smith, tells us,
was usually a decoration rather than a useful artifact. It developed in
workshops of artisans or artists. Processes of casting, alloying, and weld-
ing, he says, began with works of jewelry and sculpture. More than that:
“There is amost nothing metalurgical prior to 1900 A.D. that began by
someone having a theoretical idea and then applying it.” Indeed, the idea
of science as art crystallized is a running theme in Cyril Stanley Smith’'s
exciting writings, especially when he speaks of the influence of orienta
art - past and possible future - on occidental art and science. He seems
to think that oriental and occidental processes of crystallization make the
real difference between the arts East and West, not the arts themselves.

Thisis of crucia importance both to the philosophy of science -
especialy of the socia sciences - and to the philosophy of technology.
Endless wasteful confusion can be cleared up by recollecting that every
one of usisin asense areproduction of Adam or Eve, and as such (scien-
tifically) reproducible, yet in a sense every one of us is unique and irre-
producible (and as such a veritable work of art). The discoverers of clon-
ing have questioned this and declared that since in principle genetic “in-
formation” is reproducible and since we ae described by “message”
“written” on our DNA molecules in a genetic “code”’, each of usis repro-
ducible. Information theory tells us the opposite. No message is assured
of precise repetition, no matter how hard one tries (Shannon’s theorem,
the central hypothesis of information theory). And we know that the g
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netic “message” is not confined to the genes. And we know that the g
netic “message” will be “deciphered” differently in different envirav
mental conditions. Cloning is no method of reproducing identical twins
- if conditions are near ideal, cloning can bring about a most only d-
most identical twins. No twins are utterly identical anyway, not even at
birth.

Do we not get finicky here? How close to identity do we need to
get in order to be alowed to overlook differences?

We have to ask Professor Gombrich, or any other connoisseur and
aesthete, for that matter. For, the standard of reproducibility is determined
by the answer to such a question once it is taken without bias and applied
across the board.

Is puppy love reproducible? Is love? According to what has been
said above, it depends on standards of reproducibility. In one way, yes,
indeed, puppy-love is reproducible. In another way, never. The same
holds for any artistic venture and for any scientific experiment. Yet there
is a great difference between reproducing a scientific experiment and re-
producing a work of art. The standards of repeatability of a scientific ex-
periment are given in the description of that experiment. This, indeed, is
why scientists need not wait for Gombrich’s answer: it is the crucial char-
acte