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INTRODUCTION

The highly sophisticated techniques of modern engineering are normally
conceived of in practical terms. Corresponding to the instrumental
function of technology, they are designed to direct the forces of nature
according to human purposes. Yet, as soon as the realm of mere skills is
exceeded, the intended useful results can only be achieved through planned
and preconceived action processes involving the deliberately considered
application of well designed tools and devices. This is to say that in all
complex cases theoretical reasoning becomes an indispensable means to
accomplish the pragmatic technological aims. Hence the abstracting from
the actual concrete function of technology opens the way to concentrate
attention on the general conceptual framework involved. If this approach
is adopted the relevant knowledge and the procedures applied clearly
exhibit a logic of their own. This point of view leads to a methodological
and even an epistemological analysis of the theoretical structure and the
specific methods of procedure characteristic of modern technology.
Investigations of this kind, that can be described as belonging to an ana-
Iytical philosophy of technology, form the topic of this anthology.

The type of research in question here is closely akin to that of the
philosophy of science. But it is an astonishing fact that the commonly
accepted and carefully investigated philosophy of science has not yet
found its counterpart in an established philosophy of technology. Hitherto
only sporadic and widely scattered attempts have been made to investigate
the structure of thinking in technology. It is the aim of this work to focus
interest on this field by bringing together for the first time in book-form a
collection of articles written by Eastern and Western scholars and per-
taining exclusively to this subject. Logic and methodology being basically
neutral to any Weltanschauung, possibly arising ideological divergences
will be confined to the social implications of technology. As the state of
the art does not allow for a systematic and embracing account, the papers
included necessarily concern only selected topics and exhibit diversified
approaches. Yet, taken together they seem to be able to give a survey of
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the prospects for this kind of inquiry by raising characteristic problems
and giving provisional and tentative answers. A more complete view of the
available literature and of works concerning specific topics can be gained
from the select annotated bibliography on pp. 210-223.

Surely this lacuna in the investigation of technology cannot be due to
the lack of importance of the subject, for it is hardly possible to over-
estimate the role of technology in our time. There must be other reasons.
Obviously one of them is due to the complexity of the subject-matter,
because in an analysis of technology one cannot disregard its social genesis
and its actual function as easily as in the case of science. Being a synthesis
of systematic knowledge and purposive action, technology requires a
methodological analysis, which in addition to the relevant pattern of
deductive reasoning also takes account of the pragmatic aims involved
and the concrete actions performed. Yet this complex structure of techno-
logy is not only an obstacle to easy investigation. It also offers, at the same
time, a chance to examine the much-disputed relationship between the
logical and pragmatic approaches by means of an interesting and impor-
tant paradigm, which in addition is likely to throw new light on the prag-
matic aspect of science.

Furthermore, the practical approach of technology seems to be respons-
ible for the rarity of reflections upon its theoretical structure. Being used
to regarding a problem as solved as soon a solution has been found that
‘works’, the practitioner cares little about further scientific analysis. Thus
only a part of the papers reprinted here has been written by engineers
interested in a methodological analysis of their field ; the majority of the
contributions come from philosophers of science. Because they have to
concentrate on practical tasks, engineers and technologists are normally
not mindful of purely theoretical questions. Their main interest is in
increasing the efficiency of the methods applied. In order to achieve this
goal theoretical research is often carried out, too. But even in the more
theoretical fields of cybernetics and systems engineering the intention
generally is to serve certain practical aims and not to provide a better
theoretical understanding for its own sake.

In contrast to this practical approach the inquiries of an analytical
philosophy of technology are generally of no immediate use. They consist
of investigation about the body of theories and the patterns of action rele-
vant in designing and manufacturing technological objects. The results of
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such an analysis are necessarily too abstract and too general to be of
direct concern to the professional engineer. The situation here is similar
to that in the philosophy of science, which is also unable to give the
scientist concrete advice for his research work. This of course does not
mean that in specific fields, such as engineering education and design
methodology, the conceptual analysis of technology cannot also lead to
immediately useful results. Furthermore, the theoretical analysis may in
the long run also have indirect practical consequences by providing a new
understanding of the theoretical framework and the methods of procedure
and thus influencing the further development of the discipline.

Moreover, the traditional view, which regards technology either as a
sort of art or craft or at best as an application of science, may also have
prevented a penetrating and comprehensive logical and methodological
analysis. Indeed, if the pattern of knowledge and reasoning and the
modes of procedure applied in technology could really be reduced to those
of other fields, there would be no specific subject for the investigations of
an analytical philosophy of technology.

But it is impossible to regard modern technology with its impressive
results and its highly sophisticated methods as a mere craft supplemented
by ingenious inspirations. The scientific influence in technology is quite
evident; it consists in the application of the methods and findings of
scientific research. And it is precisely the introduction of the systematic
and scientific approach which stimulates interest in a methodological
analysis of technology. Yet, the formula of applied sicence is an undue
oversimplification. By no means all knowledge made use of in technology
can be obtained from science, and not all scientific results are of relevance
to technology. And modern science, in turn, depends on a high standard
of technology which provides the apparatus and the instruments to
produce the experimental conditions required to carry out the correspond-
ing observations. As a result, science and technology are closely inter-
related in many respects. Hence it will be one of the central tasks for an
analytical philosophy of technology to reveal in detail the mutual
dependence of the two areas, their common traits and their differences and
thus to render their specific characteristics more evident.

The papers compiled here were originally published in quite different
contexts. They can all be regarded as contributions to a philosophy of
technology, though some of them were not explicitly intended to serve
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this purpose. Quite deliberately, studies written by engineers have been
included. As their analysis is based on first-hand knowledge of the specfic
problems and procedures of technology, it can serve as a useful counter-
part to theoretically stylized schemes. Furthermore, the collaboration of
engineers is necessary, as a philosophy of technology cannot simply omit
the modern techniques of engineering design and systems engineering,
although only the basic features and not all the details are relevant.

In order to limit the number of papers a certain selection had to be made.
In doing this, the chief consideration was to refer to a broad sequence of
relevantissues. Three of the items —those by Agassi/Wisdom, Skolimowski/
Jarvie and Pippard et al. — consist of discussions, which are reprinted in
full, as it is the contrast of the positions, which is the most revealing. The
latter comprises letters to the editor of the The Engineer. The other two
as well as Bunge’s article, are part of the stimulating symposium entitled
‘Toward a Philosophy of Technology’, organized by the Society for the
History of Technology.

L. Tondl gives a general introduction to the philosophy of technology.
After listing the main relevant problems he elaborates a definition of the
concept of technology, outlines the main trends of technological progress,
and analizes the relationship between the natural and the technological
sciences.

The article by M. Bunge consists of an investigation of the theoretical
elements of technology due to the application of scientific method. Bunge
denies the validating force of practice as opposed to controlled research;
his further discussion includes the relation of technological rule to scien-
tific law.

The discussion between J. Agassi and J. O. Wisdom concentrates on the
role of corroboration in science and technology, and on the chance for
reducing invention to an algorithm. The authors differ especially in the
assessment of the value of corroboration to science and technology (as
derived from Popper’s theory of falsifiability).

The discussion between H. Skolimowski and I. C. Jarvie centers upon
the relationship of technology to science. Skolimowski discriminates
both fields by examining their respective ideas of progress and investigates
the specific thought patterns prevailing in various branches of technology.
Jarvie points out that the way of thinking in technology depends on a
social and traditional context.
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F. Rapp explains how, in spite of their close interconnection, science
and technology can be distinguished by means of their respective aims
and procedures but not by referring to the difference between natural and
artificial phenomena.

In his analysis, M. I. Mantell arrives at three different patterns of prob-
lem solving within the sequence of the scientific method: basic research,
applied research, and systems approach; he also mentions the component
elements of each pattern.

E. Jobst investigates the historical and the actual function of technology
and science with regard to research and development as a source of techno-
logical progress.

D. Teichmann discusses and evaluates five different approaches to the
classification of the technological sciences.

T. Kotarbinski examines technology in a broader and more elementary
sense as that part of the theory of efficient action (praxiology) in which
certain instruments and devices are applied.

M. Asimow’s article gives an introductory survey of the basic features,
problems, and principles of engineering design.

R. J. McCrory investigates in detail the structure of the design method
and the various steps to be performed in order to arrive at satisfying results.

A. D. Hall elaborates and illustrates a general model of systems engin-
eering by applying the morphological approach, i.e. by analyzing and
describing a problem in terms of its basic variables.

The letters to the Editor comprise the discussion of various participants
concerning the need for experimental work in engineering, the different
types of experiment, their respective functions, and the complementary
roles of theory and experiment.

The final article, by F. V. Lazarev and M. K. Trifonova, puts techno-
logy into the more embracing context of epistimology by analyzing the
information properties of various types of apparatus as means of cogni-
tion.

Some further reflections on the subject-matter and the prospects of a
philosophy of technology may be appropriate. Being the result of a process
of social action, technology allows for an analysis from different points of
view. For any of the manifold, closely interwoven components that are
relevant in bringing about and making use of technological artifacts can be
chosen as subject-matter for research. Applying a very rough classification,



XI1I INTRODUCTION

one could distinguish between two different approaches: (1) Attention
may focus on the logical and methodological structure of the action proces-
ses performed, the knowledge applied within them and the objects thus re-
alized. Investigations of this kind belong to the field of engineering, systems
analysis and management. Normally they are of a pragmatic nature, de-
signed to arrive at more efficient methods in research and development
processes, or in planning, design and implementation. (2) The inquiry
may concentrate on the people involved in the action process; this leads to
the social aspect of technology. Here the main problem consists of giving
an adequate account of the sources of technological change and of describ-
ing and evaluating its impact on human society.

With regard to philosophical inquiries the same distinctions hold. The
logical and methodological analysis of the structure of technology can be
distinguished from the philosophical investigation of its social impact.
Thus the philosophy of technology, which forms the topic of this book, is
characterized by a specific objectivizing point of view due to the disregard
of the human element. Its counterpart consists in a far-reaching techno-
logical philosophy, not treated here, which explicitly refers to the people
concerned in producing and making use of technical objects. While the
first approach can be assigned to the field of a general methodology and
theory of knowledge, the latter is part of a broadly conceived social and
cultural philosophy.

Needless to say, the two aspects are complementary. Only together they
can give an adequate and comprehensive view of the complex phenomenon
of technology. Thus, for example, the analytical findings of the method-
ological analysis will also enter into philosophical inquiries about the
social control of technological innovations or into discussions on prob-
lems of ecology. And even more speculative issues like reflections on the
intellectual presuppositions which enabled the development of technology
or discussions of the much-disputed question of the value of modern
technology for mankind presuppose a former clarification of the relevant
methodological problems.

Furthermore, the articles contained in this book generally do not take
into account the kistorical development of technology. Although there are
detailed descriptions of the specific traits of technology at different
historical periods, a comprehensive and systematic methodological
analysis is still wanting. But it should be kept in mind that in principle the
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history of technology is also open to an inquiry into the structure of
thinking and the procedures prevailing at the various stages. Such invest-
igations would surely be helpful in delimiting the ‘historical contingency’
of technology as opposed to its alleged ‘inherent essence’.

However, one may doubt whether it is worth while to apply the fresh
heading ‘philosophy of technology’ to a collection of problems which in
principle could also be attached to already existing scientific investigations.
Indeed, with some effort it would be possible to find a place for most of the
questions raised here. Thus, for instance, the analysis of the action proces-
ses involved could be regarded as belonging to a general methodology of
social actions; the formation and structure of technological knowledge and
its theoretical formulation might be treated as part of the established
philosophy of science; and the investigation of the production process and
the structure of technical objects could be considered under the heading
of systems engineering and cybernetics. But in this connection it should
be kept in mind that the borders of scientific fields are the outcome of an
historically contingent process of development. What really matters is the
degree of understanding and systematization they yield. Following these
criteria, it seems reasonable to collect the problems of a methodology of
technology at least tentatively under a common title, as the patterns of
thinking and action in the important field of technology exhibit so many
specific traits which really deserve an investigation of their own.

Another suggestion might be that it would be better to split the vast field
of an analytical philosophy of technology into more precise and detailed
areas instead of treating it as a whole. As a matter of fact there are many
special problems involved, such as the acquisition and application of
technological knowledge, the stages of the production process and the
preconceived structure of the objects thus produced, which could be
investigated separately. Furthermore, the various branches of technology
exhibit differences in procedure and in the levels of their theoretical ela-
boration. Yet, this situation is much akin to that that of the philosophy
of science, where the unified - though necessarily simplified - approach of
treating the different fields of science as having the same patterns has
turned out successful. Likewise, the common traits of the various issues
and branches of technology would seem to merit a unified analysis of their
conceptual structure.

F. RAPP
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L. TONDL

ON THE CONCEPTS OF ‘TECHNOLOGY’
AND ‘TECHNOLOGICAL SCIENCES’ *

The fact that the explanation and solution of philosophical problems is
closely connected with science, is nowadays no longer a source of doubt
for anybody. As a counterweight to the original, purely humanistic
orientation of philosophy, in recent times the method connected with the
results of the most important natural sciences has become current. Philo-
sophers devoted their attention mainly to theoretical physics (more
precisely, to some parts of it: quantum theory and the theory of relativity)
and further, to astronomy, general biology and physiology and, to a lesser
degree, to some other natural sciences.

In the analysis of certain basic philosophical categories, such as matter,
movement, time and space, certain branches of the natural sciences attain
greater or lesser importance. However, it has to be noted that, for example,
the achievements of chemistry, biochemistry, biophysics and certain other
sciences have remained as it were outside the sphere of interest of philo-
sophy, not because they were not interesting or even not relevant from a
philosophical point of view, but, above all, because the majority of philo-
sophers underestimated the importance of such concepts as structure,
organization, function, etc. And if hitherto philosophers have paid
virtually no attention to chemistry, biochemistry, biophysics and certain
other sciences, just as little, perhaps even less attention has been paid to
the large field of technological sciences.

So for a long time it has been considered that those branches of science
described as ‘applied’ cannot be connected directly with philosophical
questions but only by means of those fundamental scientific disciplines
which have been regarded as their theoretical basis. We think that this
view is incorrect. Apart from the fact that the traditional differentiation
between ‘theoretical’ and ‘applied’ sciences once promulgated by positiv-
ism is debatable (not only in the last few decades, but practically always,
a number of theoretically important discoveries have been made in the
so-called applied sciences), it is necessary to recognize the existence of
directly philosophical problems of technology and the technological

F. Rapp (ed.), Contributions to a Philosophy of Technology, 1-18. All Rights Reserved
Copyright © 1974 by D. Reidel Publishing Company, Dordrecht-Holland
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sciences and not only problems posed via physics, mechanics, etc. The
results and successes of the so-called cybernetical technology of recent
times have been especially convincing examples of this kind of problem.
The existence of computing machines, self-regulating devices, complex
automatic mechanisms and adaptive systems has led to questions which
are of immense importance to philosophy. It would not be superfluous if
the attention hitherto devoted only to certain narrow fields of technology
and the technological sciences were also to be extended to the broad
field of technology as a whole. It is certainly true that analysis of the
process of knowledge and examination of such concepts as consciousness
etc. have been based on the results of neurophysiology, psychology (and,
unfortunately to a much lower degree, social psychology, linguistics etc.).
But as a rule the role of technology, technological knowledge and techno-
logical sciences has not been taken into account, although this is not only
important in the analysis of the concepts of practice but also in the deter-
mination of the relation between means and ends, the fixing of ends etc.

It is impossible to give a short outline of all the problems of the philo-
sophy of technology and of the technological sciences. This can only be
done on the basis of collaboration between specialists in technology and
philosophy. It seems to us that the most important of these problems are:

(1) The analysis of the concept of technology, and this especially with
reference to production, and to the forces and relations of production, in
connection with the human activity of work, the classification of the basic
means of technology etc.

(2) The explanation of the character of the technological sciences. In
this connection we once again emphasize that the conception of techno-
logical sciences as merely ‘applied’ sciences is hardly tenable. In the field
of the technological sciences basic research can exist alongside a broad
spectrum of applied research. It would also be false to deny the cognitive
function of the technological sciences. Cognition does not consist only in
finding out that something exists within defined relations governed by
natural laws, but also in finding out how, by making use of these relations,
particular tasks can be performed.

(3) The relation of the technological sciences to the natural sciences
and to the socio-economic sciences.

Hitherto great attention has been paid to the relation between the
technological and the natural sciences and much less to the socio-economic
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sciences, especially the relations between the technological sciences and
economics, although it is precisely this connection which is of exceptional
importance.

(4) The explanation of certain basic concepts, in particular the concepts
‘task’ and ‘to solve a task’, the concepts of technological efficacy, technolog-
ical norm, the concepts of technological and techno-economic criteria, etc.

In the following part of this paper we attempt to point out certain prob-
lems concerning the precise definition of the concept of technology which
relate to the field of the first of the above-mentioned groups of problems
involved in a philosophy of technology.

I. ON THE CONCEPT OF TECHNOLOGY

To the question of what technology is or can be, we can answer that
technology consists of various instruments, machines, means of transport
and communication, and measuring and experimental equipment; nowa-
days we also speak of agricultural technology, medical technology, com-
puter technology, etc. It is evident that this enumerative approach is only
an auxiliary means for explaining the concept of technology and can be
neither complete nor exhaustive. Therefore besides such an extensional
approach, the approach through the content is also justified. But here
we already meet with the first difficulties.

Very often we meet with an explanation of the concept of technology
which combines technology with material production. In simple terms,
technology consists of the means of material production. But quite simple
deliberation will convince us that such an explanation necessarily leads to
doubtful consequences: in this case even the most primitive hammer of
the Stone Age belongs to technology, whilst the telephone, television and
the rocket certainly do not belong to technology as long as they are not
used as means of material production.

In the History of Technology recently published in the U.S.S.R., Prof.
Zvorykin gives such an explanation of the concept of technology in which
he too emphasizes the connection between technology and material
production. In his opinion technology consists of the means of labour
which develop within the system of social production. Zvorykin stresses
especially that the means of labour become technology only within the
process of social production.
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This explanation can, in my opinion, lead to a double interpretation:
if technology becomes a creation of human labour only after being used
directly in the social material production process, then medical, tele-
communications, measuring and experimental technology are simply
excluded from the concept of technology. Thus it is evident that such an
interpretation, based on the identification of technology with production
technology, is very narrow. In the other, broader interpretation, the
connection between technology and the process of social production can
be understood genetically and not functionally. In this case technology is
what originates in the material production process and need not always
and under all circumstances be used as means of material production.

It would seem that this broader interpretation is more acceptable,
though there are also imperfections in it. First of all, this conception is
limitless, because in it the concept of technology merges completely with
the concept of material culture. For housing, clothing, food products and
many other things are the results of material production. Therefore one
cannot completely reject the functional point of view. But evidently it is
not possible to reduce this functional approach exclusively to the tasks
of production. There are also other tasks of human activity which in the
process of the development of the human species became sundered from
the original production tasks which are their basis and starting-point. But
how can one nevertheless regard this functional point of view in a broader
sense, so that one can separate the concept of technology from the broader
concept of material culture?

In a certain sense the etymological term can help us. The word ‘techno-
logy’ is derived from the Greek téyvr, which means skill, art. This is,
strictly speaking, what one could call the ‘subjective, purposive moment’
of technology. In order to explain this moment more precisely, we turn to
the classical characterization of the essence of man which Karl Marx gave
and which develops a remark by Franklin about man as a ‘tool-making
animal’. Man produces instruments (and also machines of all kinds and
technical equipment which becomes more and more complicated and
expensive) in order to reach certain preconceived goals, in order to realize
his intentions, plans, etc. Thus, man first creates the final result of his
activity ideally, as the image of his creation, as a goal, a plan. But what is
important and essential here is not only that this is not a passive image of
the planned or intended result, but also that it relates to consequentiality,
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to the appropriateness of the means to the given goal and the manner of
their use; in short: the ideal image of the results includes not only the
‘what’ but also the ‘how’. And precisely this ‘how’ is especially important
for the elucidation of the subjective moment of technology. Of what
use are the most efficient and perfect means if we do not know for what
goals and how we can use them. Thus we cannot limit the concept of
technology to the concept of the means of human activity taken as a whole
without taking into account the level of technological knowledge, the
degree of control of technological processes etc. One can also add that in
every historical society there has always existed a certain hierarchy of
what we have expressed by the words ‘what’ and ‘how’. There always
exists a certain scale of goals, the basis of which consists of those goals
which are connected with the sustenance of human existence. Therefore
the needs of social production also constitute the basis of the development
of technology. But technology on every level of its development itself
creates new production needs. The need to accelerate the transport of
people and goods was the basis for the creation and improvement of
railways, cars, aeroplanes, etc. But at the same time the existence of these
and other means of transport technology gave rise to such social needs as
were connected with it (maintenance, further improvement, etc.).

The subjective moment of technology is thus closely connected with
two factors:

(a) the purposive character of human behaviour, in which the decisive
criterion is the final result of this behaviour,

(b) a certain knowledge of appropriate procedures, of appropriate
technological consequentiality (in the widest meaning of this word).l

So in the explanation of the concept of technology we cannot ignore
the subjective moment but at the same time it is by no means sufficient for
our purposes.

We shall not succeed on this basis either in distinguishing more clearly
the concepts of technology and material culture. The main emphasis must
therefore be laid on the objective moments. To characterize these objective
moments of technology one single definition is not sufficient. We shall
therefore give some definitions of this kind which of course must not be
considered in isolation but in their relations to one another.

(1) The most general characterization of technology can be given in the
following way: technology is everything which man in his activity puts
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between himself and the objective world and its individual parts with the
goal of transforming this world in accordance with his needs and inten-
tions. The concept ‘to transform the objective world’ must here be under-
stood in a broad sense: to change any properties of the phenomena of the
objective world, including, for example, spatial, temporal and other
properties.

(2) Another characteristic trait of technology is that it comprises the
sum of the resources which increase the efficiency of human activity. Here
the concept of efficiency, too, must be considered in a more general sense,
not only in its physical, energetic sense.

Man can increase his efficiency, i.e. achieve better results, while expend-
ing the same or even a lesser amount of his own force, in the most varied
manner. Above all, it is possible to increase the energetic capacities
of man: man cannot break a log into pieces with his bare hands, but
the axe helps him to do so. He cannot raise heavy tree-trunks without
the help of a lever, etc. (Thus one can enumerate all the so-called classical
tools.) Man as a source of energy and as a driving force evidently has very
limited capacities. But the strength of the human hands can be increased
many times in the most varied ways: by the use of means which directly
increase the efficiency of the physical activity of man, by employing in
conjunction with the tools of labour sources of energy outside the human
organism which man applied and still applies (the strength of animals, the
energy of wind and water, heat energy and the power of heat engines in
general, and of various transformations of energy, etc.). The Soviet
logician G. N. Povarov calls this sphere of technology that of production
or work.

Besides this sphere, there is also a field concerned with raising the
efficiency of the human senses, and not with increasing the efficiency of
human physical activity. Povarov speaks in this context of instruments of
the senses and instruments of perception. The telescope, the microscope
and a whole series of other instruments are also components of technology,
but ones which increase the efficiency of human sight and hearing, not of
the muscles.

Another sphere of technology comprises the means which increase the
efficiency of the intellectual activity of man. These are not only the
equipment which we know from the most recent developments in techno-
logy. For thousands of years man has raised the efficiency of his in-
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tellectual activity by making use of aids to memory and communication.
The ability of the human brain to retain information and to recall it at a
certain time and in a certain place has thus been broadened. Aids to
memory and communication have basically one and the same function:
the transmission and storage of information, in the first case in time and in
the second in space. So the aids to memory and communication are not
the product of modern times, although recent years in particular have seen
far-reaching revolutionary changes in the development of these resources.

Printing, photography, telegraphy, broadcasting, television, computing
machines, etc., all these are nowadays an important component of techno-
logy. But all these aids have a great and important history, which begins
with the first primitive written notation and calculating machines and
leads to modern computing machines. The efficiency of intellectual activity
is also increased by devices capable of decision-making on the basis of data
which they themselves procure. The ability of decision-making means here
choosing from two or more possible alternative procedures. This sphere of
technology includes the wide field of automata, beginning with the simplest
devices, such as for example, the cross-bow. It is evident that at present we
are only on the threshold of a far-reaching development of this field of
technology concerned with broadening and deepening the efficiency of the
control, decision-making and other intellectual functions of man.

(3) To characterize the concept of technology one can also point to the
following important trait, which is based on the concept of causality.
In this connection we shall refer to some ideas of the Soviet mathematician
A. A. Markov: technology is always a certain synthesis of causal nets, im-
plemented by man with the aim of attaining certain desired, planned
results.

In nature a great number of changes take place which can be explained
causally, which can be understood as causal nets. These changes take
place independently of man, his will, and his plans. In this sense nature is
constantly changing and reproducing itself. But man is able to create new
causal nets and in so doing, strictly speaking, create a ‘new nature’. Of
course, he can create this new nature only by making use of the objectively
existing causal relations, by effecting a synthesis of the new nature from
that nature which really exists and which is already known to him.

But the idea of a synthesis of causal nets must be expressed more precisely
in some respects.
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First of all, it is necessary to point out that in the synthesis of causal
nets which he afterwards uses to bring about changes in nature, man can
base himself on various spheres of nature, on various forms of the motion
of matter.

The basis and starting-point of technology is thus not only the mechan-
ical and physical movement of matter. Scientific and technological progress
will evidently lead in the future to the so-called higher forms of the
motion of matter playing an ever-increasing part as the basis of technology.
Hitherto the overwhelming majority of the tasks which technology fulfils,
have been achieved by means of a synthesis of elements which have
physical character or, more precisely, the physical properties of which
are made use of (i.e. thermal, mechanical, electromagnetic properties, etc.).
But this does not exclude the possibility of a synthesis of technical devices
from elements in which other properties too are made use of, mainly
chemical and bio-chemical ones, etc.

Furthermore, it is necessary to remember that synthesis presupposes
analysis. Every synthesis of elements presupposes that to a certain degree
we know their cauvsal relations and their properties. In other words, every
synthesis which one can call technology presupposes a certain level of
knowledge. It is evident that the more complex the task of synthesis is,
the higher the level of knowledge must be. Therefore modern technological
progress is, strictly speaking, impossible without science, without exten-
sion of scientific knowledge. Science, and especially natural science, have
a double meaning for the formulation and achievement of the tasks of
synthesis: on the one hand they indicate which tasks are possible, and, on
the other hand, what are the limits of these possibilities, which tasks can
be solved and which not by making use of elements of a certain kind.

As already mentioned, it would be wrong to connect the idea of a syn-
thesis of causal nets only with the simplest forms of the movement of
matter, only with the physical properties of the elements used in the syn-
thesis. A necessary condition for every synthesis is the interaction of two
or more systems between which a certain exchange takes place. This ex-
change can involve all three fundamental levels of exchange: those of
matter, energy and information. In the case of turning metal on a lathe
the most important aspect is obviously a kind of exchange of matter.
In such technological machines as heat engines, generators of electrical
energy, etc., a certain energy exchange takes place. What takes place in
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storage, communication, and decision-making devices is primarily a speci-
fic kind of information exchange. At the same time it is necessary to note
that the three levels mentioned cannot be isolated. They can only be
isolated in abstraction. Therefore such concepts as ‘matter’ ,‘energy’ and
‘information’ do not express absolute properties but always only proper-
ties which manifest themselves in a certain interrelation, interaction and
mutual influence of two or more systems.

From this point of view one can describe the general function of techno-
logy as an exchange of matter, energy or information organized by man.
The concept of organization in its modern (i.e. cybernetic) sense is here
evidently of fundamental importance: man strives to raise the level of
organization of systems by means of technology. From this follows a
concept which one might characterize as the antientropic function of
technology. By means of technology man reduces the entropy of real
systems. Of course this definition can have only a relative meaning, i.e.,
it refers only to relatively isolated systems.

(4) The concept of technology can be characterized by defining, at the
various stages, the function of man in the tasks performed by technological
equipment. Thus one can distinguish various types of technological devices.
This point of view is contained — in a simple and to a certain degree naive
form - in the question: what does man do and what do the technological
devices do in his stead ? Of course this question simplifies the point of view
mentioned, if for no other reason than that it does not distinguish what
man does with respect to the direct operation of a technological device
and what he does in the way of preparation or programming of this opera-
tion. Nonetheless, this point of view (we have in mind the direct operation
of a technological device) can be a rough means for differentiating the
various types and, at the same time, the historical stages of technology.

The capacities of technological resources, translated into human activity,
are increased — roughly speaking — as the proportion of what man does on
his own in the direct operation of the technological device decreases and
the proportion of what the machine does in his stead increases.

In this not too precise statement the term ‘machine’ is applied in the
broad meaning of technological device in general. As a rule, the term
‘thachine’ is used in three different senses: (a) in the sense of the so-called
physical machine (mechanism) (for example: lever, wedge, inclined plane,
etc., i.e. in the sense of a device which transforms mechanical energy; in
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this sense even the simplest hoe is a machine); (b) in the sense of the so-
called classical machine, i.e. a device combined with some exterior source
of energy outside man and performing the required operations; (c) in the
sense of a technological device in general. Besides this, the term ‘machine’
can be applied in an extremely abstract sense. At this point we come to a
certain concept, i.e. the conception of a technological device, in the most
general meaning of the word, which to a certain degree effects a purposive
exchange of matter, energy or information, planned by man (this device
itself being in turn a product of human activity), which permits man’s
share in the indirect operation of the technological device to be classified
as follows:

(a) man himself constitutes the source of energy, the motive force, and
the source of information. A technological device of this kind man sets in
motion by the force of his muscles. In this case we usually speak of fools.
Such tools are, for example, a knife, an axe, a screw-driver, a chisel, etc.
Man operates a tool by putting it between himself and individual objects
in nature with the aim of transforming these objects, adapting them to his
needs, attaining certain desired results etc. Most tools operate in such a
way that man must guide and control them directly, i.e., he himself is the
source of information.

(b) Man can also operate these tools or certain organized systems of such
tools by making use of external sources of energy outside himself: the
tractive force of animals, the force of wind, water, etc. The higher devices
of this type are based on such kinds of energy conversion as do not take
place within the limits of a single form of the motion of matter but are
based on the transformation of one form into another. As is well-known, in
this respect, the steam engines brought about revolutionary change.
Nowadays steam engines constitute a particular field of technology,
based on the transformation of various forms of the motion of matter.
An analysis of this kind of technology, the so-called classical machine,
was given by Karl Marx in his Capital. Marx showed that in these classical
machines there is always a source of energy, a system of transmission, and,
finally, a system of tools which perform certain operations. It is necessary
to add that these machines always require the presence of man to guide
and control their functions. Thus for these machines man is no longer the
source of energy, but he is still the source of information.

(c) If we replace man’s share in the work of the machine by a techno-
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logical device, we pass from the classical machine to the automaton. The
automaton differs from the classical machine of the classical type by being
capable of decision-making and of controlling itself. In other words, the
automaton operates on the basis of its own information. Of course, such
a sudden jump from the machine of the classical type to the automaton
exists only in the abstract. With actual technological devices one can only
speak of a greater or lesser degree of automation. For example, Watt’s
centrifugal governor in the steam engine is an elementary automatic
device of this kind, capable of controlling itself. On the other hand, even
the most perfect computing machines are not complete automata, be-
cause they always operate on the basis of a certain programme prepared
by man (and depending on the level of automation attained). In this
connection attention is due to the endeavour to achieve higher types of
automation, especially in the form of ‘learning machines’, ‘self-organizing
systems’, etc., which represent higher forms of programming.

The three concepts: ‘tool’ — ‘machine (of the classical type)’ — ‘auto-
maton’ — cover, in a simplified and abbreviated form, the basic types of
technology and are at the same time distinct historical types. But once
again it must be stressed that, really, these types exist in an absolutely pure
form only in the abstract. In practice it is of importance to distinguish
that sphere of technology which replaces the physical efforts of man (the
sphere of mechanization), and that sphere which replaces the intellectual
functions of man, the functions of control and decision-making (the
sphere of automation).

If it is possible, as we have already noted, to combine the concept of
technology with intentional human activity aimed at increasing the degree
of organization in the exchange of matter, energy and information, then
it is also possible to indicate the principal trends in technological pro-
gress:

(1) In the first place there are problems involving materials. The princi-
pal prerequisites for increasing the degree of organization in the exchange
of matter are the discovery of new properties of materials already known
and acquiring more precise knowledge of these properties. (To this group
of problems belong, for example, the problems of elasticity and strength,
investigation of the properties of steel, concrete, etc.) We are, however, also
concerned here with the creation of completely new materials, such as, for
example, plastics, the investigation of polymers and the synthesis of
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materials with properties much more suitable for new tasks of technology
than natural substances.

(2) In the second place there are energy problems, the problems con-
cerning technically useful transformations of different forms of energy.
These include the broad complex of problems of raising the efficiency of
energy conversions already known, the problems of new, more efficient
sources of energy (especially the direct energy exchange, which does not
make use of mechanical elements with rotating parts, and also conversions
of chemical and thermal energy into electrical energy, the problems of
controlled thermonuclear fusion, etc.).

(3) Finally there are problems of the exchange of information, the
problems of control and controlled systems, and of the automation of
various tasks which presuppose the use of algorithms and the programm-
ing of these tasks for the technological devices concerned, and the vast
problem of technological modelling as a means to economize and opti-
mize the solution of various tasks.

This differentiation of the main trends of technological progress,
which are, of course, closely related, indicates at the same time the basic
perspectives of the further development of modern technology and its
various specialized fields.

II. THE NATURAL AND THE TECHNOLOGICAL SCIENCES

Very often the technological sciences are regarded as an ‘application’ of
certain basic natural sciences, especially physics. This conception was
introduced by the older positivism, and it is contained in a number of
positivist classifications of sciences. It is not quite clear what is to be
understood by ‘application’ in this view. From the historical point of
view the problems of technology are, as a rule, older than those of the
natural sciences. It was precisely the solution of tasks of a technological
character which gave a strong stimulus to the growth of knowledge in the
natural sciences.

The distinction between natural and technological sciences is a product
of the increasing division of labour in science. But the fact should not be
overlooked that the connection with technology was and still is a partic-
ularly important source of impulses for the natural sciences. Hence the
traditional division into ‘theoretical, natural sciences’ and ‘applied sci-
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ences’ cannot be regarded as satisfactory from a present-day point of view.
We do not want to underestimate the traditional problem of the classi-
fication of sciences, but it must necessarily be regarded as a problem
derived from others in two respects: (a) derived with respect to a differenti-
ation of the various ‘forms of the motion of matter’, a differentiation of
the various ‘levels’ on which one can investigate the objective world;
(b) derived with respect to the division of labour in science and the demands
of optimal organization of this division.

If we retain only point (a), be it in Engels’ original version or in the more
precise formulation of it as given, for example, in the works of B. M.
Kedrov, or, finally, on the basis of the ‘theory of levels’, established in the
works of D. Bohm, J. P. Vigier and others, we would unavoidably be
faced with a whole lot of difficulties, both in defining the place of the
technological sciences and in defining the term ‘application’ more pre-
cisely. If we turn to point (b), then we shall see that the present division
of labour in science is based on the difference between ‘basic research’,
concerned with long-range goals going far beyond the present possibilities
of practical use, and ‘applied research’, which is oriented towards the
possibilities of practical exploitation. (This distinction involves a number
of questions which are not the concern of this paper.) From the point of
view of the division of labour in science organized as described here, it
might seem absolutely natural that the technological sciences should be
concerned with ‘applied research’. But in fact the traditional division into
‘theoretical’ and ‘applied’ sciences and the differentiation between ‘basic’
and ‘applied’ research are not identical and overlap only partially. As far
as the technological sciences are concerned, the following points cannot
be ignored:

(1) The technological sciences today comprise a very broad and mani-
fold range of special fields, the differences between some of which are
greater than those between related natural and technological sciences.
In many cases (for example with the semiconductors), it is very difficult
to decide whether a given research project belongs purely to the
natural sciences or to an indivisible unified complex of science and tech-
nology.

(2) It is not possible to assign all that is covered by the concept of the
technological sciences to the field of applied research. Some parts of the
technological sciences can have the character of basic research, whilst
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others belong to applied research. The same thing, though not to the
same degree, also applies to some natural sciences. '

(3) If we regard the technological sciences merely as ‘application’, in
the sense of making use of knowledge already available to solve particular
tasks, then in this case a creative character could only be ascribed to the
natural sciences. In reality, creative and non-creative elements are inter-
mingled in both the natural and the technological sciences.

The term ‘creative work’ in science can be interpreted in different ways;
it is possible to associate with it an evaluative or an emotional point of
view. But when we speak of the interconnection and intermingling of
creative and non-creative elements in scientific work, what we have in
mind is something different, namely the methodological meaning of the
term ‘creative work’. In order to make this meaning more precise, we
must first explain the concept ‘to solve a task’,

In both the natural and the technological sciences the concept ‘to solve
a task’ can cover operations and procedures of very different character:
measurement, predictions, scientific explanations, technological and
construction projects, etc. ‘To solve a task’ means to divide it into a series
of tasks which it is possible to regard as solved. From this explanation the
connection between the concept ‘to solve a task’ and the concept ‘algorithm’
is evident. Hence one can say that scientific work has algorithmic as well
as non-algorithmic character, that it includes creative as well as non-
creative elements. The main purpose of science is to formulate new tasks,
to look for new solutions to these tasks and to ones already known, and
also to look for better solutions to previous tasks. Usually one endeavours
to make use of the method found and the final solution as guidance for
the solution of tasks of a similar or analogous type.

In science all three basic groups of tasks are found, tasks which are
totally insoluble or cannot be solved in a purely algorithmic way (these
concepts are not always identical, for there can be tasks which cannot be
solved in an algorithmic way but to which isolated solutions can be
found), tasks as yet unsolved and tasks already solved. The difference
between the natural and technological sciences does not consist in the
fact that in them only one of the three groups of tasks mentioned predom-
inates, but in the fact that on the one hand we have in view the possibility
of finding a solution (in the natural sciences) and on the other hand the
implementing of the solution (in the technological sciences).
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A related problem is that of determining the limits and the limiting
possibilities and explaining these limits by means of science. Above all, it
is necessary to note that stressing the limits of the possibilities of fulfilling
a particular task has nothing in common with agnosticism or fundamental
scepticism. Just the opposite: when we know the limits of the possibilities
of technology we can economize on human effort in achieving progress in
science and technology. The assertion that a heat engine with 1009
efficiency is fundamentally impossible (in more simple terms: there cannot
be a transformation of energy with 1009 efficiency) is not agnosticism,
on the contrary it has saved a great deal of useless effort.

The problem of limits has two meanings: in the natural sciences it
always consists in the exact determination of the limits of a certain action,
and of the ultimate properties of a certain process, and this always means
progress in theoretical knowledge. Only if we know the exact limits of a
certain relationship, do we know its precise meaning. Precise knowledge
of the location of this limit means in technology knowledge of the limiting
possibilities for technical constructions which any technological imple-
mentation can more or less approach, but never completely attain, let
alone exceed.

This is also the meaning of the most basic laws of nature, the laws of
conservation. As is well-known, only the exact explanation of the law of
the conservation and transformation of energy proved that the efforts of
many generations to create a perpetuum mobile were not feasible. In the
works of Carnot, based on theoretical experiments with the ideal steam
engine and on the laws of thermodynamics, the construction of heat
engines with 1009, efficiency was shown to be impossible.

In explaining the role of the limits and limiting possibilities in the inter-
relations of natural science and technology it is not necessary to refer only
to the nineteenth century. Discoveries in natural science in the twentieth
century are of similar importance. One of the presuppositions of the
special theory of relativity, formulated by Einstein and based on the
negative result of the well-known Michelson-Morley experiment, was the
hypothesis of the limiting velocity which cannot be exceeded by moving
particles.

Fhe so-called relativistic effects were only proved much later, but
despite this the original transformation formulae introduced by Ein-
stein have this same meaning of a limiting velocity, which cannot be ex-
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ceeded even in the most sophisticated apparatus of present-day physics.

Heisenberg’s well-known uncertainty principle also expresses certain
limits of possibility, for example concerning the possibility of representing
a microprocess by macroscopic means (by experimental or measuring
devices as well as by theoretical models corresponding to the macroscopic
world). Today we know that Heisenberg’s principle can be generalized in
a certain way, for example, in information theory through the relations
between a transmitter of information and a channel of a certain capacity
which never is and never can be completely unlimited. Finally, C. Shannon’s
Sfundamental theorem of information theory refers basically to certain
limits of the transmissibility of information, which it is impossible to
exceed by any technological means.

Not only the results of natural science, but some important achievements
of mathematics as well point to certain possibilities of technological
implementation. There is, above all, the famous theorem of Godel about
the limits of formalization, based on the proof of the so-called formally
undecidable theorems in formalized systems of a certain level. This theorem
brought about a revolutionary change in the hitherto prevailing views on
the foundations of mathematics. The impossibility of formalization (the
limits of formalization have been proved in the work of Godel, Church,
Turing, Markov, Novikov and others) also has a technological meaning:
what cannot be formalized cannot be implemented in a technological
device.

In a certain respect the possibilities of technology are expressed more
precisely by the concept ¢ Turing machine,” which is more exact than the
formulation of the original intuitive concept of algorithm. Here one can
see a certain analogy. The ideal steam engine of Carnot never existed and
could never exist, never became a technical reality; in the very same way,
the Turing machine could never become a technical reality, as it presup-
poses the infinity of the so-called external memory store (the infinity of the
‘tape’ of the Turing machine). But despite all this, the ideal steam engine of
Carnot contributed much more to precise analysis of the work of the heat
engine than, as F. Engels remarked, the inductive investigation of thou-
sands of steam engines. The ideal construction of the Turing machine has
a similar importance with respect to devices for information-processing,
or more precisely, with respect to the algorithmic characteristics of the
way they function.



TECHNOLOGY AND TECHNOLOGICAL SCIENCES 17

If we consider the examples adduced, which refer to the discovery of
limits and limiting possibilities we can sum up certain characteristic
traits of the natural and the technological sciences in the following way.

The main interest of the natural sciences is concentrated on the follow-
ing tasks:

(1) They aim at revealing the various laws in the ‘behaviour’ of systems
of very heterogeneous character; these systems can be:

(a) real, existing in nature;

(b) not as yet detected in nature, but assumed to be objectively
possible;

(c) created by man;

(d) abstract models of the systems of types (2), (b), (c).

(2) The concept of ‘behaviour’ generally has the character of a dis-
positional predicate. In the language of the natural sciences this character
can be expressed in very different ways, for example, by referring to the
conditions which do or do not bring about a certain kind of ‘behaviour’,
by referring to causal relations, in formulations of the type “if ..., then ...’,
etc. For example, under conditions of normal pressure, water between the
temperatures of 0 °C and 100 °C s in a liquid state, it “behaves’ as a liquid.
The concept of ‘behaviour’ can also be explained in the terminology of the
cybernetic approach: By ‘behaviour’ we understand the pattern of the
output sequence as dependent on the pattern of the input sequence.

(3) An important task of cognition in the natural sciences is precise
determination of the limit of the possible ‘behaviour’ of a system under
given or postulated conditions. The important role of the ‘nodal points’
in nature, where the ‘behaviour’ of a system changes qualitatively, was
already stressed by Engels. These limits of ‘behaviour’ or ‘nodal points’
also function as qualitative limits between different fields of nature and at
the same time as qualitative transitions from one field to another.

The main interest of the technological sciences is concentrated on the
following problems:

(1) Investigating the realization of the synthesis of acertain ‘behaviour’
from given elements. It is not necessary to draw special attention to the
fact that the original model of the ‘behaviour’ to be synthesized consists
of certain kinds of human behaviour relating above all to productive
activity, or of the ‘behaviour’ of other living or non-living systems.
So man originally imitated nature by technological means (and also
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himself, as a part of nature); he imitated the ‘behaviour’ of natural systems,
so that he synthesized this or a similar kind of ‘behaviour’ with the aid of
the means he was capable of creating.

(2) The investigation of the ways and means of optimal synthesis of
the particular ‘behaviour’ from given elements, the possibility of econo-
mizing on the synthesis and the possibility of optimizing the conditions
for the ‘behaviour’.

(3) But the technological sciences do not restrict themselves only to the
‘imitation of nature’ and the synthesis of ‘behaviour’ already known.
They can create a ‘new nature’, they can synthesize a new kind of
‘behaviour’, not existing as such in nature, the results of which can fulfil
social needs to a higher degree. Tasks of this kind are always circumscribed
by the specific limits existing for them. In such cases of new synthesis, one
can speak as a rule, of a maximal approximation to these limits.

In a certain sense some basic tasks of the natural and technological
sciences are coming closer and closer to each other, intermingling and
even becoming identical: if in our times the natural sciences develop in
such a way as to switch over from the investigation of the ‘behaviour’ of
a system under original conditions (ones that are ‘normal’, within man’s
reach, in nature as formerly or still accessible to man, under the existing
conditions) to the investigation of ‘behaviour’ under ‘extreme’ conditions
(for example, conditions of high pressure or high temperature, high
energy, conditions of the ‘fourth state’, etc.), then it is one of the tasks of
the technological sciences to induce these ‘extreme’ conditions. From this
point of view progress in the natural sciences is impossible unless the most
modern technological means find access to all fields of investigation, unless
there s close interaction between the natural and the technological sciences.

Prague

NOTES

* Originally published in Czech under the title ‘Slovo o filosofii techniky’, in Filo-
soficky ¢asopis 12 (1964), 281-293 and in Russian under the title ‘O ponjatijax ‘texnika’ i
‘texniCeskie nauki’ ’ in Organon 3 (1966), 111-125.

1 [At this point a paragraph has been omitted which deals with a further meaning of the
Russian term ‘texnika’ (mainly used here in the sense of ‘technology’). Since English
has a separate expression for this further meaning (‘technique’), the problem dealt with
at this juncture does not arise for the English reader.]
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TECHNOLOGY AS APPLIED SCIENCE*

The application of the scientific method and of scientific theories of
the attainment of practical goals poses interesting philosophical prob-
lems, such as the nature of technological knowledge, the alleged validat-
ing power of action, the relation of technological rule to scientific law,
and the effects of technological forecast on human behavior. These
problems have been neglected by most philosophers, probably because
the peculiarities of modern technology, and particularly the differences
between it and pure science, are realized infrequently and cannot be
realized as long as technologies are mistaken for crafts and regarded as
theory-free. The present paper deals with those problems and is there-
fore an essay in the nearly non-existent philosophy of technology.

I. SCIENCE: PURE AND APPLIED

The terms ‘technology’ and ‘applied science’ will be taken here as
synonymous, although neither is adequate: in fact, ‘technology’ sug-
gests the study of practical arts rather than a scientific discipline, and
‘applied science’ suggests the application of scientific ideas rather than
that of the scientific method. Since ‘technige’ is ambiguous and ‘epis-
technique’ unborn, we shall adopt the current lack of respect for ety-
mology and go over to more serious matters.

The method and the theories of science can be applied either to in-
creasing our knowledge of the external and the internal reality or to
enhancing our welfare and power. If the goal is purely cognitive, pure
science is obtained; if primarily practical, applied science. Thus, where-
as cytology is a branch of pure science, cancer research is one of applied
research. The chief divisions of contemporary applied science are the
physical technologies (e.g., mechanical engineering), the biological
technologies (e.g., pharmacology), the social technologies (e.g., oper-
ations research), and the thought technologies (e.g., computer science).
In many cases technology succeeds a craft: it solves some of the latter’s

Copyright © 1966 The University of Chicago Press. Reprinted in F. Rapp (ed.),
Contributions to a Philosophy of Technology, 19-39, 1974, D. Reidel, Dordrecht-Holland
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problems by approaching them scientifically. In other cases, particularly
those of the social and thought technologies, there is no antecedent
prescientific skill because the problems themselves are new. But in every
case a distinction must be made between artisanal knowledge and
scientific knowledge, as well as between pure research, applied research,
and the applications of either to action.

The division of science into pure and applied is often challenged on
the ground that all research is ultimately oriented toward satisfying
needs of some sort or other. But the line must be drawn if we want to
account for the differences in outlook and motivation between the investi-
gator who searches for a new law of nature and the investigator who
applies known laws to the design of a useful gadget: whereas the former
wants to understand things better, the latter wishes to improve our
mastery over them. At other times the difference is acknowledged,
but it is claimed that applied science is the source of pure science rather
than the other way around. Clearly, though, there must be some knowl-
edge before it can be applied, unless it happens to be a skill or know-
how rather than conceptual knowledge.

What is true is that action — industry, government, warfare, education,
etc. — often poses problems that can be solved only by pure science. And
if such problems are worked out in the free and lofty spirit of pure
science, the solutions to them eventually may be applied to the attain-
ment of practical goals. In short, practice is one of the sources of scien-
tific problems, the other being sheer intellectual curiosity. But giving
birth is not rearing. A whole cycle must be performed before anything
comes out from practice: Practice — Scientific Problem — Scientific
Research (statement and checking of hypotheses) — Rational Action.
Even so, this is far from being the sole way in which scientific research
and action mingle. Ever since theoretical mechanics began, in the
eighteenth century, to shape industrial machinery, scientific ideas have
been the main motor and technology their beneficiary. Since then, intel-
lectual curiosity has been the source of most, and certainly of all impor-
tant, scientific problems; technology has often followed in the wake of
pure research, with a decreasing time lag between the two.

This is not to debase applied science but to recall how rich its conceptual
background is. In applied science a theory is not only the summit
of a research cycle and a guide to further research; it is also the basis
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of a system of rules prescribing the course of optimal practical action.
On the other hand, in the arts and crafts theories are either absent or
instruments of action alone. In past epochs a man was regarded as prac-
tical if, in acting, he paid little or no attention to theory or if he relied
on worn-out theories and common knowledge. Nowadays a practical
man is one who acts in obedience to decisions taken in the light of the
best technological knowledge — not pure scientific knowledge, because
this is mostly remote from or even irrelevant to practice. And such a
technological knowledge, made up of theories, grounded rules, and data,
is in turn an outcome of the application of the method of science to
practical problems.

Since technology is as theory laden as pure science, and since this
either is overlooked or explicitly denied by most philosophers, we must
take a closer look at technological theories and their application.

II. TECHNOLOGICAL THEORIES: SUBSTANTIVE
AND OPERATIVE

A theory may have a bearing on action either because it provides knowl-
edge regarding the objects of action, for example, machines, or be-
cause it is concerned with action itself, for example, with the decisions
that precede and steer the manufacture or use of machines. A theory of
flight is of the former kind, whereas a theory concerning the optimal
decisions regarding the distribution of aircraft over a territory is of the
latter kind. Both are technological theories but, whereas the theories of
the first kind are substantive, those of the second kind are, in a sense,
operative. Substantive technological theories are essentially applications,
to nearly real situations, of scientific theories; thus, a theory of flight is
essentially an application of fluid dynamics. Operative technological
theories, on the other hand, from the start are concerned with the
operations of men and man-machine complexes in nearly real situations;
thus, a theory of airways management does not deal with planes but
with certain operations of the personnel. Substantive technological
theories are always preceded by scientific theories, whereas operative
theories are born in applied research and may have little if anything to
do with substantive theories — this being why mathematicians and logi-
cians with no previous scientific training can make important contribu-
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tions to them. A few examples will make the substantive-operative dis-
tinction clearer.

The relativistic theory of gravitation might be applied to the design
of generators of antigravity fields (i.e., local fields counteracting the
terrestrial gravitational field), which in turn might be used to facilitate
the launching of spaceships. But, of course, relativity theory is not par-
ticularly concerned with either field generators or astronautics; it just
provides some of the knowledge relevant to the design and manufacture
of antigravity generators. Paleontology is used by the applied geologist
engaged in oil prospecting, and the latter’s findings are a basis for mak-
ing decisions concerning drillings; but neither paleontology nor geology
is particularly concerned with the oil industry. Psychology can be used
by the industrial psychologist in the interests of production, but it is
not basically concerned with production. All three are examples of the
application of scientific (or semiscientific, as the case may be) theories
to problems that arise in action.

On the other hand the theories of value, decision, games, and opera-
tions research deal directly with valuation, decision-making, planning,
and doing; they even may be applied to scientific research regarded as a
kind of action, with the optimistic hope of optimizing its output. (These
theories could not tell how to replace talent but how best to exploit it.)
These are operative theories, and they make little if any use of the sub-
stantive knowledge provided by the physical, biological, or social sci-
ences: ordinary knowledge, special but non-scientific knowledge (of,
e.g., inventory practices), and formal science are usually sufficient for
them. Just think of strategical kinematics applied to combat or of
queuing models: they are not applications of pure scientific theories but
theories on their own.

What these operative or non-substantive theories employ is not sub-
stantive scientific knowledge but the method of science. They may be
regarded, in fact, as scientific theories concerning actions, in short, as
theories of action. These theories are technological in respect of aim,
which is practical rather than cognitive, but apart from this they do not
differ markedly from the theories of science. In fact, every good opera-
tive theory will have at least the following traits characteristic of scien-
tific theories: (1) they do not refer directly to chunks of reality but to
more or less idealized models of them (e.g., entirely rational and perfectly
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informed contenders or continuous demands and deliveries); (2) as a
consequence they employ theoretical concepts (e.g., ‘probability’);
(3) they can absorb empirical information and in turn can enrich
experience by providing predictions or retrodictions; and (4) conse-
quently they are empirically testable, though not as toughly as scientific
theories.

Looked at from a practical angle, technological theories are richer
than the theories of science in that, far from being limited to accounting
for what may or does, did or will kappen regardless of what the de-
cision-maker does, they are concerned with finding out what ought to be
done in order to bring about, prevent, or just change the pace of events
or their course in a preassigned way. In a conceptual sense, the theories
of technology are definitely poorer than those of pure science; they are
invariably less deep, and this because the practical man, for whom they
are intended, is chiefly interested in net effects that occur and are con-
trollable on the human scale; he wants to know how things within 4is
reach can be made to work for him, rather than how things of any kind
really are. Thus, the electronics expert need not worry about the diffi-
culties that plague the quantum electron theories; and the researcher in
utility theory, who is concerned with comparing people’s preferences,
need not burrow into the origins of preference patterns — a problem for
psychologists.

Consequently, whenever possible the applied researcher will attempt
to schematize his system as a black box; he will deal preferably with ex-
ternal variables (input and output), will regard all others as at best
handy intervening variables with no ontological import, and will ignore
the adjoining levels. This is why his oversimplifications and mistakes are
not more often harmful — because his hypotheses are superficial. (Only
the exportation of this externalist approach to science may be harmful.)
Occasionally, though, the technologist will be forced to take up a
deeper, representational viewpoint. Thus, the molecular engineer who
designs new materials to order, that is, substances with prescribed mac-
roproperties, will have to use certain fragments of atomic and molecular
theory. But he will neglect all those microproperties that do not show
up-appreciably at the macroscopic level; after all, he uses atomic and
molecular theories as tools — which has misled some philosophers into
thinking that scientific theories are nothing but tools.
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The conceptual impoverishment undergone by scientific theory when
used as a means for practical ends can be frightful. Thus, an applied
physicist engaged in designing an optical instrument will use almost only
ray optics, that is, essentially what was known about light toward the
middle of the seventeenth century. He will take wave optics into ac-
count for the explanation in outline, not in detail, of some effects, most-
ly undesirable, such as the appearance of colors near the edge of a lens;
but he will seldom, if ever, apply any of the various wave theories of
light to the computation of such effects. He can afford to ignore these
theories in most of his professional practice because of two reasons.
First, the chief traits of the optical facts relevant to the manufacture of
optical instruments are adequately accounted for by ray optics; those
few facts that are not so explainable require only the hypotheses (but
not the whole theory) that light is made up of waves and that these
waves can superpose. Second, it is extremely difficult to solve the wave
equations of the deeper theories save in elementary cases, which are
mostly of a purely academic interest (i.e., which serve essentially the
purpose of illustrating and testing the theory). Just think of the enter-
prise of solving a wave equation with time-dependent boundary con-
ditions such as those representing the moving shutter of a camera. Wave
optics is scientifically important because it is nearly true; but for most
present-day technology it is less important than ray optics, and its
detailed application to practical problems in optical industry would be
quixotic. The same argument can be carried over to the rest of pure
science in relation to technology. The moral is that, if scientific research
had sheepishly applied itself to the immediate needs of production, we
would have no pure science, hence no applied science either.

III. DOES PRACTICE VALIDATE THEORY?

A theory, if true, can be employed successfully in applied research
(technological investigation) and in practice itself — as long as the theory
is relevant to either. (Fundamental theories are not so applicable because
they deal with problems much too remote from practical problems.
Just think of applying the quantum theory of scattering to car col-
lisions.) But the converse is not true, that is, the practical success or
failure of a scientific theory is no objective index of its truth value. In
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fact, a theory can be both successful and false; or, conversely, it can be
a practical failure and nearly true. The efficiency of a false theory may
be due to either of the following reasons. First, a theory may contain
just a grain of truth, and this grain alone is employed in the theory’s
applications. In fact, a theory is a system of hypotheses, and it is enough
for a few of them to be true or nearly so in order to be able to entail
adequate consequences if the false ingredients are not used in the de-
duction or if they are practically innocuous. Thus, it is possible to
manufacture excellent steel by combining magical exorcisms with the
operations prescribed by the craft — as was done until the beginning of
the nineteenth century. And it is possible to improve the condition of
neurotics by means of shamanism, psychoanalysis, and other practices
as long as effective means, such as suggestion, conditioning, tranquil-
izers, and above all time are combined with them.

A second reason for the possible practical success of a false theory
may be that the accuracy requirements in applied science and in prac-
tice are far below those prevailing in pure research, so that a rough and
simple theory supplying quick correct estimates of orders of magnitude
very often will suffice in practice. Safety coefficients will mask the
finer details predicted by an accurate and deep theory anyway, and such
coefficients are characteristic of technological theory because this must
adapt itself to conditions that can vary within ample bounds. Think of
the variable loads a bridge can be subjected to or of the varying indi-
viduals that may consume a drug. The engineer and the physician are
interested in safe and wide intervals centered in typical values rather
than in exact values. A greater accuracy would be pointless since it is
not a question of testing. Moreover, such a greater accuracy could be
confusing because it would complicate things to such an extent that the
target — on which action is to be focused — would be lost in a mass of
detail. Extreme accuracy, a goal of scientific research, not only is point-
less or even encumbering in practice in most cases but can be an obstacle
to research itself in its early stages. For the two reasons given above —
use of only a part of the premises and low accuracy requirements —
infinitely many possible rival theories can yield ‘practically the same
resiilts’. The technologist, and particularly the technician, are justified
in preferring the simplest of them: after all, they are interested primarily
in efficiency rather than in truth, in getting things done rather than
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in gaining a deep understanding of them. For the same reason, deep
and accurate theories may be impractical; to use them would be like
killing bugs with nuclear bombs. It would be as preposterous — though
not nearly so dangerous — as advocating simplicity and efficiency in
pure science.

A third reason why most fundamental scientific theories are of no
practical avail is not related to the handiness and sturdiness required by
practice but has a deep ontological root. The practical transactions of
man occur mostly on his own level; and this level, like others, is rooted
to the lower levels but enjoys a certain autonomy with respect to them,
in the sense that not every change occurring in the lower levels has
appreciable effects on the higher ones. This is what enables us to deal
with most things on their own level, resorting at most to the imme-
diately adjacent levels. In short, levels are to some extent stable: there
is a certain amount of play between level and level, and this is a root
of both chance (randomness due to independence) and freedom (self-
motion in certain respects). One-level theories will suffice, therefore,
for many practical purposes. It is only when a knowledge of the relations
among the various levels is required in order to implement a ‘remote-
control’ treatment, that many-level theories must be tried. The most
exciting achievements in this respect are those of psychochemistry,
the goal of which is, precisely, the control of behavior by manipulating
variables in the underlying biochemical level.

A fourth reason for the irrelevance of practice to the validation of
theories — even to operative theories dealing with action — is that, in
real situations, the relevant variables are seldom adequately known and
precisely controlled. Real situations are much too complex for this,
and effective action is much too strongly urged to permit a detailed
study - a study that would begin by isolating variables and tying some
of them into a theoretical model. The desideratum being maximal ef-
ficiency, and not at all truth, a number of practical measures will usually
be attempted at the same time: the strategist will counsel the simul-
taneous use of weapons of several kinds, the physician will prescribe
a number of supposedly concurrent treatments, and the politician
may combine promises and threats. If the outcome is satisfactory,
how will the practitioner know which of the rules was efficient, hence
which of the underlying hypotheses was true? If unsatisfactory, how
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will he be able to weed out the inefficient rules and the false under-
lying hypotheses?

A careful discrimination and control of the relevant variables and a
critical evaluation of the hypotheses concerning the relations amoung
such variables is not done while killling, curing, or persuading people,
not even while making things, but in leisurely, planned, and critically
alert scientific theorizing and experimentation. Only while theorizing
or experimenting do we discriminate among variables and weigh their
relative importance, do we control them either by manipulation or by
measurement, and do we check our hypotheses and inferences. This is
why factual theories, whether scientific or technological, substantive
or operative, are empirically tested in the laboratory and not in the
battlefield, the consulting office, or the market place. (‘Laboratory’
is understood here, in a wide sense, to include any situation which,
like the military maneuver, permits a reasonable control of the relevant
variables.) This is, also, why the efficiency of the rules employed in the
factory, the hospital, or the social institution, can be determined only
in artificially controlled circumstances.

In short, practice has no validating force; pure and applied research
alone can estimate the truth value of theories and the efficiency of
technological rules. What the technician and the practical man do,
by contrast to the scientist, is not to fest theories but to use them with
non-cognitive aims. (The practitioner does not even test things, such as
tools or drugs, save in extreme cases: he just uses them, and their pro-
perties and their efficiency again must be determined in the labora-
tory by the applied scientist.) The doctrine that practice is the touch-
stone of theory relies on a misunderstanding of both practice and
theory, on a confusion between practice and experiment and an asso-
ciated confusion between rule and theory. The question ‘Does it work?’
— pertinent as it is with regard to things and rules — is impertinent in
respect of theories.

Yet it might be argued that a man who knows how to do something
is thereby showing that he knows that something. Let us consider the
three possible versions of this idea. The first can be summed up in the
schema ‘If x knows how to do (or make) y, then x knows y.” To ruin
this thesis it is enough to recall that, for nearly one million years, man
has known how to make children without having the remotest idea
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about the reproduction process. The second thesis is the converse
conditional, namely, ‘If x knows y, then x knows how to do (or make) y.’
Counterexamples: we know something about stars, yet we are unable
to make them, and we know part of the past, but we cannot even spoil
it. The two conditionals being false, the biconditional ‘x knows y if and
only if x knows how to do (or make) y’ is false, too. In short, it is
false that knowledge is identical with knowing how to do, or know-
how. What is true is rather this: knowledge considerably improves the
chances of correct doing, and doing may lead to knowing more (now
that we have learned that knowledge pays), not because action is
knowledge, but because, in inquisitive minds, action may trigger ques-
tioning.

It is only by distinguishing scientific knowledge from instrumental
knowledge, or know-how, that we can hope to account for the co-
existence of practical knowledge with theoretical ignorance and the
coexistence of theoretical knowledge with practical ignorance. Were
it not for this the following combinations hardly would have occurred
in history: (1) science without the corresponding technology (e.g.,
Greek physics); (2) arts and crafts without an underlying science (e.g.,
Roman engineering and contemporary intelligence testing). The dis-
tinction must be kept, also, in order to explain the cross-fertilizations
of science, technology, and the arts and crafts, as well as to explain
the gradual character of the cognitive process. If, in order to exhaust
the knowledge of a thing, it were sufficient to produce or reproduce
it, then certain technological achievements would put an end to the
respective chapters of applied research: the production of synthetic
rubber, plastic materials and synthetic fibres would exhaust polymer
chemistry; the experimental induction of cancer should have stopped
cancer research; and the experimental production of neuroses and psy-
choses should have brought psychiatry to a halt. As a matter of fact,
we continue doing many things without understanding how, and we
know many processes (such as the fusion of helium out of hydrogen)
which we are not yet able to control for useful purposes (partly because
we are too eager to attain the goal without a further development of the
means). At the same time it is true that the barriers between scientific
and practical knowledge, pure and applied research, are melting. But
this does not eliminate their differences, and the process is but the outcome
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of an increasingly scientific approach to practical problems, that is, of a
diffusion of the scientific method.

The identification of knowledge and practice stems not only from
a failure to analyze either but also from a legitimate wish to avoid
the two extremes of speculative theory and blind action. But the testability
of theories and the possibility of improving the rationality of action are
not best defended by blurring the differences between theorizing and
doing, or by asserting that action is the test of theory, because both theses
are false and no program is defensible if it rests on plain falsity. The inter-
action between theory and practice and the integration of the arts and
crafts with technology and science are not achieved by proclaiming their
unity but by multiplying their contacts and by helping the process whereby
the crafts are given a technological basis and technology is entirely
converted into applied science. This involves the conversion of the rules
of thumb peculiar to the crafts into grounded rules, that is, rules based on
laws. Let us approach this problem next.

IV. SCIENTIFIC LAW AND TECHNOLOGICAL RULE

Just as pure science focuses on objective patterns or laws, action-oriented
research aims at establishing stable norms of successful human behavior,
that is, rules. The study of rules — the grounded rules of applied science —
is therefore central to the philosophy of technology.

A rule prescribes a course of action; it indicates how one should
proceed in order to achieve a predetermined goal. More explicitly, a rule
is an instruction to perform a finite number of acts in a given order and
with a given aim. The skeleton of a rule can be symbolized as a string of
signs, such as 1-2-3-...-n, where every number stands for a corresponding
act; the last act, n, is the only thing that separates the operator who has
executed every operation, save n, from the goal. In contrast to law for-
mulas, which say what the shape of possible events is, rules are norms.
The field of law is assumed to be the whole of reality, including rule-
makers; the field of rule is but mankind; men, not stars, can obey rules
and violate them, invent and perfect them. Law statements are descriptive
and interpretive, whereas rules are normative. Consequently, while law
statements can be more or less true, rules can be only more or less effec-
tive.
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We may distinguish the following genera of rules: (1) rules of conduct
(social, moral, and legal rules); (2) rules of prescientific work (rules of
thumb in the arts and crafts and in production); (3) rules of sign (syntactical
and semantical rules); (4) rules of science and technology (grounded
rules of research and action). Rules of conduct make social life possible
(and hard). The rules of prescientific work dominate the region of practical
knowledge which is not yet under technological control. The rules of
sign direct us how to handle symbols — how to generate, transform, and
interpret signs. And the rules of science and technology are those norms
that summarize the special techniques of research in pure and applied
science (e.g., random-sampling techniques) and the special techniques of
advanced modern production (e.g., the technique of melting with infrared
rays).

Many rules of conduct, work, and sign, are conventional, in the sense
that they are adopted with no definite reasons and might be exchanged
for alternative rules with little or no concomitant change in the desired
result. They are not altogether arbitrary, since their formation and
adoption should be explainable in terms of psychological and sociological
laws, but they are not necessary either; the differences among cultures
are largely differences among systems of rules of that kind. We are not
interested in such groundless or conventional rules but rather in founded
rules, that is, in norms satisfying the following definition: A rule is grounded
if and only if it is based on a set of law formulas capable of accounting
for its effectiveness. The rule that commands taking off the hat when greet-
ing a lady is groundless in the sense that it is based on no scientific law
but is conventionally adopted. On the other hand, the rule that commands
greasing cars periodically is based on the law that lubricators decrease
the wearing out of parts by friction; this is neither a convention nor a
rule of thumb like those of cooking and politicking — it is a well-grounded
rule.

To decide that a rule is effective it is necessary, though insufficient,
to show that it has been successful in a high percentage of cases. But these
cases might be just coincidences, such as those that may have conse-
crated the magic rituals that accompanied the huntings of primitive
man. Before adopting an empirically effective rule we ought to know
why it is effective; we ought to take it apart and reach an understanding
of its modus operandi. This requirement of rule foundation marks the
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transition between the prescientific arts and crafts and contemporary
technology. Now, the sole valid foundation of a rule is a system of law
formulas, because these alone can be expected to correctly explain facts,
for example, the fact that a given rule works. This is not to say that the
effectiveness of a rule depends on whether it is founded or groundless but
only that, in order to be able to judge whether a rule has any chance of
being effective, as well as in order to improve the rule and eventually
replace it by a more effective one, we must disclose the underlying law
statements, if any. We may take a step ahead and claim that the blind
application of rules of thumb has never paid in the long run; the best policy
is, first, to try to ground our rules and, second, to try to transform some
law formulas into effective technological rules. The birth and development
of modern technology is the result of these two movements.

But it is easier to preach the foundation of rules than to say exactly
what the foundation of rules consists in. Let us try to make an inroad
into this unexplored territory — the core of the philosophy of technology.
As usual when approaching a new subject, it will be convenient to begin
by analyzing a typical case. Take the law statement “Magnetism disappears
above the Curie temperature (770 °C for iron)’. For purposes of analysis
it will be convenient to restate our law as an explicit conditional: ‘If
the temperature of a magnetized body exceeds its Curie point, then it
becomes demagnetized’. (This is, of course, an oversimplification, as
every other ordinary-language rendering of a scientific law: the Curie point
is not the temperature at which all magnetism disappears but, rather,
the point of conversion of ferromagnetism into paramagnetism, or
conversely. But this is a refinement irrelevant to most technological
purposes.) Our nomological statement provides the basis for the nomo-
pragmatic statement ‘If a magnetized body is heated above its Curie point,
then it is demagnetized’. (The pragmatic predicate is, of course, ‘is
heated’.) This nomopragmatic statement is, in turn, the ground for two
different rules, namely, R1: ‘In order to demagnetize a body heat it above
its Curie point’, and R2: ‘To prevent demagnetizing a body do not
heat it above its Curie point’. Both rules have the same foundation,
that is, the same underlying nomopragmatic statement, which in turn
issupported by a law statement assumed to represent an objective pattern.
Moreover, the two rules are equiefficient, though not under the same
circumstances (changed goals, changed means).
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Notice, first, that unlike a law statement a rule is neither true nor false;
as a compensation it can be effective or ineffective. Second, a law is
consistent with more than one rule. Third, the truth of a law statement
does not insure the efficiency of the associated rules; in fact, the former
refers to idealized situations which are not met with in practice. Fourth,
whereas given a law we may try out the corresponding rules, given a rule
we are unable to trace the laws presupposed by it; in fact, a rule of the
form ‘In order to attain the goal G employ the means M’ is consistent
with the laws ‘If M, then G°, ‘M and G’, ‘M or G°, and infinitely many
others.

The above has important consequences for the methodology of rules
and the interrelations between pure and applied science. We see there is
no single road from practice to knowlegde, from success to truth;
success warrants no inference from rule to law but poses the problem
of explaining the apparent efficiency of the rule. In other words, the
roads from success to truth are infinitely many and consequently theoret-
ically useless or nearly so, that is, no bunch of effective rules suggests a
true theory. On the other hand, the roads from truth to success are limited
in number, hence feasible. This is one of the reasons why practical success,
whether of a medical treatment or of a government measure, is not a
truth criterion for the underlying hypotheses. This is also why technology
— in contrast to the prescientific arts and crafts — does not start with rules
and end up with theories but proceeds the other way around. This is,
in brief, why technology is applied science whereas science is not purified
technology.

Scientists and technologists work out rules on the basis of theories
containing law statements and auxiliary assumptions, and technicians
apply such rules jointly with groundless (prescientific) rules. In either
case, specific hypotheses accompany the application of rules, namely,
hypotheses to the effect that the case under consideration is one where
the rule is in point because such and such variables — related by the
rule — are in fact present. In science such hypotheses can be tested;
this is true of both pure and applied research. But in the practice of
technology there may not be time to test them in any way other than by
applying the rules around which such hypotheses cluster — and this is a
poor test indeed, because the failure may be blamed either on the hypothe-
ses or on the rule or on the uncertain conditions of application.
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V. SCIENTIFIC PREDICTION AND TECHNOLOGICAL FORECAST

For technology knowledge is chiefly a means to be applied to the achieve-
ment of certain practical ends. The goal of technology is successful
action rather than pure knowledge, and accordingly the whole attitude
of the technologist while applying his technological knowledge is active
in the sense that, far from being an inquisitive onlooker or a diligent
burrower, he is an active participant in events. This difference of attitude
between the technologist in action and the researcher — whether pure or
applied — introduces certain differences between technological forecast
and scientific prediction.

In the first place, whereas scientific prediction says what will or
may happen if certain circumstances obtain, technological forecast
suggests how to influence circumstances so that certain events may be
brought about, or prevented, that would not normally happen; it is one
thing to predict the trajectory of a comet, quite another to plan and foresee
the orbit of an artificial satellite. The latter presupposes a choice among
possible goals, and such a choice presupposes a certain forecasting of
possibilities and their evaluation in the light of a set of desiderata.
In fact, the technologist will make his forecast on his (or his employer’s)
estimate of what the future should be like if certain desiderata are to be
fulfilled ; contrary to the pure scientist, the technologist is hardly interested
in what would happen anyway; and what for the scientist is just the final
state of a process becomes for the technologist a valuable (or disvaluable)
end to be achieved (or to be avoided). A typical scientific prediction has
the form ‘If x occurs at time ¢, then y will occur at time ¢ with probability
p’. By contrast, a typical technological forecast is of the form ‘If y is to be
achieved at time ¢'with probability p, then x should be done at time #’.
Given the goal, the technologist indicates the adequate means, and
his forecast states a means-end relationship rather than a relation be-
tween an initial state and a final state. Furthermore, such means are
implemented by a specified set of actions, among them the technologist’s
own actions.

This leads us to a second peculiarity of technological forecast: where-
as-the scientist’s success depends on his ability to separate his object
from himself (particularly so when his object happens to be a psycho-
logical subject) — that is, on his capacity of detachment — the technolo-
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gist’s ability consists in placing himself within the system concerned -
at the head of it. This does not involve subjectivity, since after all the
technologist draws on the objective knowledge provided by science;
but it does involve partially, a parti pris unknown to the pure research-
er. The engineer is part of a man-machine complex, the industrial psy-
chologist is part of an organization, and both are bound to devise and
implement the optimal means for achieving desiderata which are not
usually chosen by themselves; they are decision-makers, not policy-
makers.

The forecast of an event or process that is not under our control will
not alter the event or process itself. Thus, for example, no matter how
accurately an astronomer predicts the collision of two stars, the event
will occur in due course. But if an applied geologist can forecast a land-
slide, then some of its consequences can be prevented. Moreover,
by designing and supervising the appropriate defense works the engi-
neer may prevent the landslide itself; he may devise the sequence of
actions that will refute the original forecast. Similarly, an industrial
concern may forecast sales for the near future on the (shaky) assump-
tion that a given state of the economy, say prosperity, will continue
during that lapse. But if this assumption is falsified by a recession, and
the enterprise had accumulated a large stock which it must get rid of,
then instead of making a new sales forecast (as a pure scientist would
be inclined to do), the management will try to force the original fore-
cast to come true by increasing advertisement, lowering sale prices, and
so on. As in the case of vital processes, a diversity of means will alter-
natively or jointly be tried to attain a fixed goal. In order to achieve this
goal any number of initial hypotheses may have to be sacrified: in the
case of the landslide, the assumption that no external forces would inter-
fere with the process and, in the case of the sales, that prosperity would
continue. Consequently, whether the initial forecast is forcefully falsi-
fied (as in the case of the landslide) or forcefully confirmed (as in the
case of the sales forecast), this fact cannot count as a test of the truth
of the hypotheses involved; it will count only as an efficiency test of
the rules that have been applied. The pure scientist, on the other hand,
need not worry about altering the means for achieving a preset goal,
because pure science sas no goals external to it.

Technological forecast, in sum, cannot be used for controlling things
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or men by changing the course of events perhaps to the point of stop-
ping them altogether, or for forcing the predicted course even if un-
predictable events should interfere with it. This is true of the forecasts
made in engineering, medicine, economics, applied sociology, political
science, and other technologies: the sole formulation of a forecast
(prognosis, lax prediction, or prediction proper), if made known to
the decision-makers, can be seized upon by them to steer the course of
events, thus bringing about results different from those originally fore-
casted. This change, triggered by the issuance of the forecast, may con-
tribute either to the latter’s confirmation (self-fulfilling forecast) or to
its refutation (self-defeating forecast). This trait of technological fore-
cast stems from no logical property of it; it is a pattern of social action
involving the knowledge of forecasts and consequently is conspicuous
in modern society. Therefore, rather than analyzing the logic of caus-
ally effective forecast, we should start by distinguishing three levels in
it: (1) the conceptual level, on which the prediction p stands; (2) the
psychological level — the knowledge of p and the reactions triggered by
this knowledge; and (3) the social level — the actions actually performed
on the basis of the knowledge of p and in the service of extra-scientific
goals. This third level is peculiar to technological forecast.

This feature of technological forecast sets civilized man apart from
every other system. A non-predicting system, be it a jukebox or a frog,
when fed with information it can digest will process it and convert it
into action at some later time. But such a system does not purposely
produce most of the information, and it does not issue projections
capable of altering its own future behavior. A prediction — a rational
man, a team of technologists, or a sufficiently evolved automaton — can
behave in an entirely different way. When fed with relevant informa-
tion I, at time ¢, it can process this information with the help of the
knowledge (or the instructions) available to it, eventually issuing a
prediction P;, at a later time ¢’. This prediction is fed back into the
system and compared with the preset goal that controls the whole
process (without either causing it or supliying it with energy). If the
two are reasonably close, the system takes a decision that eventually
leads it to act so as to take advantage of the course of events. If, on the
other hand, the prediction differs significantly from the goal, this dif-
ference will again trigger the theoretical mechanism, which will elab-
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orate a new strategy: a new prediction, P,, will eventually be issued
at time ¢”, a forecast including a reference to the system’s own partici-
pation in the events. The new prediction is fed back into the system
and, if it still disagrees with the goal, a new correction cycle is triggered,
and so on until the difference between the prediction and the goal
becomes negligible, in which case the system’s predicting mechanism
comes to rest. Henceforth the system will gather new information re-
garding the present state of affairs and will act so as to conform to the
strategy it has elaborated. This strategy may have required not only
new information regarding the external world (including the attitudes
and capabilities of the people concerned) but also new hypotheses or
even theories which had not been present in the instruction chart
originally received by the predictor. If the latter fails to realize it or to
obtain and utilize such additional knowledge, his or its action is bound
to be ineffective. Moral: the more brains the better.

VI. TECHNOLOGICAL FORECAST AND EXPERT PROGNOSIS

The preceding account of technological forecast is based on the as-
sumption that it relies on some theory, or rather theories, whether
substantive or operative. This assumption may be found wanting by
anyone knowing that the forecasts issued by experts in medicine, fi-
nance, or politics are often successful and yet involve no great deal of
theorizing. True, most often expert prognosis relies on inductive (em-
pirical) generalizations of the form ‘4 and B occur jointly with the
observed frequency f’, or even just ‘4 and B occur jointly in most
cases’, or ‘Usually, whenever 4 then B’. The observation that a given
individual, say a human subject or an economic state of affairs, has the
property A is then used to forecast that it has, or will acquire, the property
B. In daily life such prognoses are all we do, and the same applies to
most expert prognoses. Occasionally such prognoses made with either
ordinary knowledge or specialized but non-scientific knowledge are
more successful than predictions made with full-fledged but false or
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