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INTRODUCTION:

What Is Science?

BECAUSE we can ask this simple question, many of us expect a

simple answer for it. But in fact we need a complex answer to

tell us the many different things that science has been and is, or,

to put it another way, the several aspects that science has. There is,

of course, a certain unity and integration in science, a unity which

is something less than complete, to be sure, but which is neverthe-

less an important condition of its existence. We shall have much
to say of this unity later on. But science also has many separate

aspects. We shall find that a satisfactory understanding of science

requires the isolation and study of these several aspects of science

as much as it does the careful study of the unity itself.

We have only to examine the multiplicity of public and private

images there are of science to see how many different facets it

presents. Science is a man in a white coat, most often, probably

bending over test tubes in a laboratory. Or science is Einstein's

theory of relativity, known by a formularistic tag, E=mc2
. A com-

plicated machine, perhaps one of the new electronic mathematical

computing machines, described by some writers as "mechanical

brains/' is still another common symbol of science. In the Great

Depression of the 1930's, science meant technological unemploy-
ment to many, a Frankenstein's monster turned on its own creator,

Society. More often, despite the atomic bomb, science still means

the fulfillment of hope and the persistence of hope it discovers

insulin, penicillin, perhaps even a remedy for that trivial scourge,
the common cold; it is always enlarging our material welfare; and
it never stops seeking a cure for cancer, for poliomyelitis, for psy-

chosis, and for myriad other ailments of mankind.
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SCIENCE AND THE SOCIAL ORDER

Science shows all these aspects and a great many more. Each of

us can multiply his own conceptions of science. But we need a sys-

tematic understanding of science, a way of relating this diversity of

its nature to its underlying integrated unity. Science is no randomly
collected assortment of elements and activities, but a coherent struc-

ture in which the parts have functionally interdependent relations.

In short, we need a more scientific understanding of science itself.

One way, an obvious but somewhat neglected way, of gaining
this systematic comprehension of science is to consider it first and

fundamentally as a social activity, as a set of behaviors taking place
in human society. In this perspective, science is more than disem-

bodied items of guaranteed knowledge and more than a set of

logical procedures for achieving such knowledge. In this perspective,

science is, first of all, a special kind of thought and behavior which

is realized in different ways and degrees in different historical

societies. We often take our own society and our own science for

granted, as if they were universal in just their present form. We do

not see that other societies have dealt quite differently with rational

thought and activity, which are the essence of science; we do not

see that our own great approval of science is historically unique.

By taking science systematically as a social activity, we can per-

haps see the determinate connections that it has with the different

parts of a society, for example, with political authority, with the

occupational system, with the structu e of class stratification, and

with cultural ideals and values. And because these political and

occupational and class and cultural systems vary among societies,

we can see that some societies notably our own are much more

compatible with science than are others, and also we can seek out

the social sources of this variable compatibility. We can, for exam-

ple, see how certain great and interwoven changes in a society, such

as those that occur in revolution or war or economic depression,
affect both the rate and the direction of growth in science. '

This social approach permits us to make yet further progress in

deepening our understanding of scientific activity. Science is car-

ried on, we shall see, in different kinds of social organizations in

different societies. In our society, it is almost wholly carried on in

universities and colleges, in industry and business, and in Govern-

ment groups. Science had a different social locus in Greek society.

[4]



WHAT IS SCIENCE?

Each of the different types of social organization performs different

functions for science and presents characteristic problems. Analysis

of these several social contexts of scientific activity should provide
us with a better understanding of the nature of science.

Still further. When we take this view of science as a social

activity, we can see how its products its inventions and discoveries

are the products of a process that has essential social characteristics.

Here are some of the questions that need to be asked and answered

in the light shed by seeing science as an irreducibly social activity:

Is necessity the mother of invention, as is so often asserted? How
does society define "necessity?" Do inventions occur by chance? in

clusters? What is the relation between the individual and society in

the process of discovery?

And finally, seeing science as a social activity can direct our

attention more fruitfully to some of the ''social problems" of science,

to the problems of the social control of science. Not only is science

in part dependent upon its supporting society, but also it acts in

part independently upon that same society. This is only to say
what everyone now knows and cannot blink, that science has social

consequences. To mention only a few of these, science changes the

structure of the economy, it seems to challenge established religion,

and it shakes up the relations among the members of families and

communities. We develop mixed feelings as a result of these and

other social consequences; because we think some of them good,
others bad, our attitudes toward science become confused or am-

bivalent. Then scientists are challenged to justify their ideals and

their activities. Indeed, scientists and laymen alike discuss with

considered seriousness "the social responsibilities of science." Some
who discuss this problem propose that science be "planned," some
scientists and some laymen; whereas others in both camps have

very strong objections to "planning." We need to see in what sense

science as a social activity can be "planned," in what degree, not

This then is the approach we shall take to the study of science,

these are some of the questions we intend to put and to answer at

least tentatively. Our task is to get a better understanding of science

by applying to it the kind of sociological analysis that has proved
fruitful when directed to many other kinds of social activities. This

is not, of course, a task in which we have to start from scratch.

[5}
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Many scientists and many students of the history of science have

noted, with greater or less clarity, that science is a social activity.

The results of their observation and analysis are freely available and

have been used throughout this study. What we wish to build upon
these foundations is a fully explicit and systematic sociological analy-

sis of science, so far as that is now possible with current general
social science and current factual knowledge about science. The
structure of understanding here erected will serve its purpose if it

can be used as a foundation for further progress in this area of

sociological study and as an instrument in dealing with the practi-

cal social problems of science-in-society.
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I

The Nature of Science: The Place
of

Rationality in Human Society

MAN HAS always dreamed of, but never actually lived in a

Garden of Eden. It is of the essence of the human condition that

man lives not in a compliant but in a resistant environment, an

environment which he must constantly make an effort to control, if

he cannot wholly master it. Man's physical and social situations are

ever setting tasks for him in which he must somehow efficiently

adapt means to ends. For if it is inherent in man's situation to have

to expend "effort" to cope with the environment, it is also in his

nature to have a limited amount of energy for this general effort.

Man everywhere and at all times, therefore, has had to make at

least some of this effort efficiently and economically.
In his need to economize energy, in his need to adapt means to

ends efficiently, man has always had the indispensable aid of his

power of rationality and of some knowledge about his environment.

In our next chapter we shall give historical evidence of this fact

from a variety of societies widely scattered in space and in time.

Here it is enough to recognize the universality of human rationality,

to examine its characteristics somewhat more closely, and to show
its connection with science. For this is the essential point from

which our whole investigation starts: that the germ of science in

human society lies in man's aboriginal and unceasing attempt to

understand and control the world in which he lives by the use of
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rational thought and activity. I take it that Professor Percy Bridg-

man, the Nobel Prize physicist, was making much the same point
when he said, "I like to say there is no scientific method as such,

but rather only the free and utmost use of intelligence/'
1 We shall

see, of course, how rationality and intelligence must be disciplined
before they become the highly developed science we are familiar

with, but it is essential to understand first this prime human source

of science.

Let us look a little more closely, then, at what we mean by
human rationality. In its most general sense, by ''rational thought"
we mean simply any thought which is in accord with the canons of

Aristotelian logic, or, for certain cases, with modem, non-Aristotel-

ian logic.
2 We mean, for example, that rational thought keeps non-

identical things separate (A cannot be both A and non-A) and that

it follows the processes of syllogistic reasoning about the connections

between things. Thought may be rational in this fashion whether

men who use it are explicitly aware of these logical canons or not.

Thus there was rational human thought, in which logical rules of

reasoning were implicit and effective, long before Aristotle made his

brilliant formal statement of the rules. And also, a great deal of

rational thought since Aristotle and even today proceeds without

any self-conscious use of formalized logical rules. Whether they use

logic explicitly or only implicitly, all men are in some measure po-

tentially capable of rational thought and activity and use them in

their everyday lives.

It is well to be clear that our definition excludes certain kinds

of thought which are sometimes also labelled "rational." We in-

clude only those which conform to the rules of logic and not those

which are in accord with other kinds of norms and canons of rela-

tionship. Thus we exclude thought which may be called "rational"

because it follows certain moral norms or certain norms of esthetics.

These canons of beauty, of taste, and of ethics may indeed be

"rational," in terms of their consistent relations one with another,

but this is another sense than the one intended here. We mention

these other canons of relationship because, like the canons of logic,

they occur not only in our own society but in all other societies,

though of course they vary in substance. In all societies these

several types of relationship must be kept separate, and it is per-

[8]



THE NATURE OF SCIENCE

haps significant of the power of logical canons and of scientific

rationality in our own society that we are constantly trying to extend

both of them into areas where other norms of relationship are

relevant. Perhaps it is because we are so much impressed with sci-

ence that we sometimes speak of a "rational art" and a "scientific

ethics." In any case, here and now we are interested only in that

rationality defined by logical norms, for it is from these that science

springs.

We must next recognize that logical rationality does not have

any one-to-one relationship with science and that it is therefore the

source of much else besides science. This is to say that rational

thought as we have defined it may be applied to different kinds of

goals which occur in society and that science exists only when
rational thought is applied to one of these kinds of human ends.

It is not science when men talk about the existence of God or the

nature of Evil, although their discussion of these subjects may be

carried almost up to its final point in full rational accord with the

rules of logic. Science exists only when rational thought is applied
to what we may call "empirical" ends, that is, ends which are

available to our several senses or to the refined developments of

those several senses in the form of scientific instruments. It is at

once apparent that there is a vast range of such empirical ends in

society. A very large number of such ends are summed up, in every

society, under the general empirical goal we refer to as "the control

of nature." It is an empirical end of every society to achieve a suffi-

cient control of nature to make agriculture and industry reliable

undertakings. And therefore science is applicable to industry and

agriculture insofar as men expend their energies in these activities

in accord with the rules of logic. In sum, science must be both

rational and empirical.

It is beyond our present purposes to define the other kind of

ends, the non-empirical ends, other than residually, as ends about

which we may and do use rational thought but which are not avail-

able to our sensory equipment and its instrumental extensions. We
need simply note that such ends always do occur in society; in

short, that there is always social thought in connection with such

matters as salvation, good and evil, justice, and the like. Indeed,

as anyone can see who reads the great religious thinkers of any soci-

B [9]
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ety, the application of logical thought in these matters has reached

a very high level of development. The philosophy and theology of

the scholastic thought of the Mediaeval period in Western society

is only one notable example of such a development of non-empirical

rationality.

In all societies, then, rational thought is applied to both kinds of

end, the empirical and the non-empirical. But it is a very important
fact that the degree of interest in these two different kinds of end

varies widely among different societies. We shall look into this

variation in our next chapter. We shall see, for example, that our

own modern Western society has a uniquely large, though far from

exclusive, concern for empirical as against non-empirical ends. Hindu

society has not shared this relatively greater emphasis on the em-

pirical; it has had a relatively greater interest in the non-empirical
than does modern Western society.

Rational thought about either one of these two kinds of end

is not, of course, without influence on rational thought about the

other kind. Thus, although it is from the application of rational

thought to empirical ends that science derives directly, the devel-

opment of rational thought about non-empirical ends has had an

indirect connection with the evolution of science. Religious ration-

alism, for example, provides skills in rational thinking which have

often been diverted later to empirical ends. On this view science is

the indirect heir of the great achievements of skill in the rational

treatment of non-empirical subjects made by Greek and Mediaeval

Western societies.

It may seem that we have now drawn a universal, fixed, and

sharp line between empirical ends and non-empirical ends. Such a

line does not exist. The ends which are defined as empirical vary
somewhat from society to society. For instance, many human ends

which the science of biology and its medical applications in our

society treat as empirical are in other societies not so treated. That

is to say, we consider disturbances of health as suitable objects for

the application of scientific techniques of diagnosis and treatment.

In many other societies, a great many diseases which we consider

sickness have been presumed to be rather the effect of offenses

against some supernatural, non-empirical powers and therefore not

at all a proper object for empirical techniques of curing. The scope

{10}



THE NATURE OF SCIENCE

for science varies with the realm which is conceived as empirical.

Moreover, not only does the area of what is considered empirical

vary within important limits among different societies, but also its

size changes historically within any given society. Even in our own

society, the problem of physical and mental health has only slowly
come more and more into the realm of the empirical. Social prob-
lems have been among the last to gain empirical status, and only

recently have we come to treat alcoholism, to take only one such

example, as partly a matter of science rather than entirely a matter

of sin.

To say that the realm of the empirical varies somewhat among
societies and somewhat in time is not, however, to assert that all

non-empirical ends in society are potentially reducible to the em-

pirical. Such a reducibility has indeed been held to be possible by
some extreme versions of empiricist philosophies. The course of

recent history has seemed to some of us to be bearing out these

philosophies, to be reducing constantly through science the area of

the non-empirical. As science has advanced steadily into certain

areas that were formerly considered non-empirical, some of us

have assumed that eventually only science would remain and no

non-empirical problems. But this view has come to seem less tenable

even to many who formerly held it, and, indeed, there has been an

important development in recent social science which asserts quite
the contrary position.

8 The newer assumption is that the non-

empirical entities referred to by social values, religious ideas, and

social ideologies quite positively do have a necessary and inde-

pendent status. They are, of course, affected by scientific ideas, just

as they in turn affect scientific ideas, as we shall see, for example,
when we discuss the influence of religious ideas on the rise of mod-

ern science. But they have a margin of autonomy and are not wholly
reducible now or ultimately to proper empirical science. Since this

is so, science alone can never provide for man a complete adjust-

ment to the natural and social world. We shall have many occa-

sions to see the dependence of science upon certain ultimate, non-

empirical social values and world-views. Yet, there is a certain impiri-

cist philosophy which still believes that science is all-sufficient for

human adjustment, and we shall have to consider this fallacy again
in our discussion of the social consequences of science.
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We have up to this point in our discussion been concerned to

locate the origin of science in empirical rationality. But there are

other problems than those of origin; there are problems of relative

development. Not all valid rational thought about empirical ends

is of the same degree of development; all such thought is not science

as we know it in the modern Western world. While every known

society necessarily has considerable rational knowledge of its em-

pirical environment, based in what we may call "common sense"

and empirical lore, not all societies have the highly developed sci-

entific theories which exist in our society. The forms of empirical

rationality in society are many, that is, and have evolved over the

course of history. Relatively undeveloped forms, what we may con-

sider relatively undeveloped science, are limited to particular em-

pirical situations and to fairly specific empirical ends. Such science

is "not detached from the craft;" it is rule-of-thumb rationality; it

is not highly general or systematic. It is, for example, a lore of

curing, like that which exists in many non-literate societies, and

not a highly generalized science of chemistry and biology, such as

forms the basis of modern medical therapy. Relatively highly de-

veloped forms of empirical rationality, by contrast, like those which

make up the essence of modern science, are extremely general and

systematic sets of ideas. Such science abstracts from a near infinity

of particular situations. It is, for example, a Newtonian or Ein-

steinian theory of the whole universe, expressed in a few general

ideas, not a craft of weather prediction or a lore of astrology.

Nevertheless the less developed and the more developed forms of

science have a common origin and the latter have evolved out of

the former. In our next chapter we shall trace the historical course

of this development of science in some detail, trying also to show
how different social factors have influenced it directly and indirectly.

But before we can take up that task, we need to consider more

closely than we yet have the nature of highly developed science.

Here we have a set of problems the understanding of which is an

essential preliminary to our analysis of the social aspects of science.

President Conant of Harvard, who is himself a chemist, has

recently described the essential functions for all science of those

highly generalized and systematic sets of ideas which we have

just said are the heart of highly developed modern science.4 He

[12]
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calls these ideas
'

'conceptual schemes." It is with the nature of

conceptual schemes and their relations with such matters as experi-

mentation, mathematics, and "common sense" that we now wish

to deal.

In a formal definition, conceptual schemes might be said to be

more and less general systems of abstract propositions of empirical
reference which state the determinate conditions under which em-

pirical phenomena are related among themselves. By "related among
themselves" we mean both remain constant and change. Science

has learned that only if it can know the conditions under which

things change can it satisfactorily explain also why they don't

change. Without adequate conceptual schemes, scientific research is

either blind or fruitless. President Conant has demonstrated this

essential fact about science with examples from the history of sci-

ence, especially of the seventeenth and eighteenth centuries. For

example, what Aristotle and Galileo following him could not do

with the theory of the vacuum and with the air pump because of

their inadequate view that "nature abhors a vacuum," Torricelli

and Robert Boyle could do when they devised a more adequate con-

ceptual scheme for the same phenomena based on the notions that

air has weight and is an elastic medium. Or similarly, Lavoisier in

the eighteenth century laid one of the important foundations for

modern chemistry when he abandoned the ancient phlogiston theory

to explain the process of burning and replaced it with a more ade-

quate conceptual scheme about oxidation and combustion. Further

examples could be multiplied from the history of science. Indeed,

the history of science, and especially of modern science because of

its rapid rate of progress, could be written in terms of the suc-

cessively greater development of conceptual schemes and of the

correspondingly greater reduction in the degree of empiricism in

science. Good conceptual schemes, says President Conant in sum,
are the essential cumulative component of all science.

For reasons not only of adequacy but also of parsimony and

elegance of thought, the ideal conceptual scheme at any given time

is that which has the greatest generality, that is, the one in which

the number of conceptual categories or variables in terms of which

abstract general propositions are stated is very small. The greatest

ideal of this kind yet achieved in science exists in the physical

[13]
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sciences, for example, in the Newtonian conceptual scheme, which

is constructed in terms of such extremely few and general vari-

ables as mass, force, motion. In the same sciences, the Einsteinian

and quantum mechanics re-formulations of the Newtonian theories

seem to be even more general conceptual schemes. Unfortunately
not all scientific conceptual schemes are anywhere near so general
and systematic as those of the physical sciences, although what these

sciences have accomplished is the ideal toward which all others

strive. At least one other of the natural sciences, namely, biology,

has not yet achieved a conceptual scheme of very high generality
like that of the physical sciences. Therefore it is less adequate as a

science. As for the social sciences, they tend to be still in a quite

empiricist condition, with few if any general conceptual schemes

that are widely accepted among professional workers in these fields.

But of this we shall say more when we come to discuss the nature

and prospects of the social sciences.

An understanding of the essential functions of conceptual
schemes in science explains a certain paradox that has struck the

attention of many students of the history of science. This is the

paradox that mediocre minds and even the untrained minds of stu-

dents in school often find it easy to understand things which

baffled the minds of some of the greatest scientific intellects for

centuries. 6
Things which elementary physics teachers find it easy

to communicate to high school students, things which seem to every-

one to be the obvious and natural way of regarding the universe,

the obvious way of considering the behavior of falling bodies, for

example, these things perplexed such great intellects as Leonardo

da Vinci and even Galileo, when, as Butterfield puts it,

"
their

minds were wrestling on the very frontiers of human thought with

these very problems/' The point is that conceptual schemes always

appear deceptively simple aper they have been made and accepted.

This is, of course, also an essential virtue, for otherwise they would

not provide continual foundations upon which their successors could

be constructed.

Despite the common and essential functions which they all

perform, conceptual schemes may also vary in type, as well as in

generality and systematization. Perhaps "type" implies a greater

difference than actually exists, but certainly some differences must

[14]
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be noted. Probably the essential difference consists in the degree
of precision or determinateness with which statements of relation-

ship can be made. This difference occurs, for example, between the

conceptual schemes of the physical sciences and those of the bio-

logical sciences. In the physical sciences, a much higher degree of

precision and determinateness is possible because the empirical data

to which their general abstract variables like mass and force refer

can all be ordered to these variables in precise metrical terms. These

data constitute genuine mathematical series, conforming to tech-

nical logical criteria like transitivity, etc.
7 As a result, for any given

concrete system to which the conceptual schemes of the physical
sciences apply, a precise system of differential equations can be

formulated. These equations both describe the present state of the

system and make it possible to derive determinate statements about

changes which any part of the system will undergo as a result of

even minute changes in any other part of the system. To take what

is perhaps a stereotyped but clear example, Boyle's Law of Gases

is a simple version of such a precise statement of variation in a

concrete system to which the concepts of pressure, volume, and

temperature are relevant. A similar but much less familiar example
to the novice in science would be something like the Second Law
of Thermodynamics, which states: When free interchange of radiant

energy or heat conduction takes place between two bodies at differ-

ent temperatures, it is always the hotter of the two that loses energy
and the colder that gains energy.

Although many of the laymen among us may think the oppo-
site, nothing like this degree of generality, precision, and determi-

nateness is yet possible in the biological sciences. Biological analy-

sis proceeds not in terms of differential equations, but rather mostly
in terms of structural-functional analysis. That is, biology has still

to content itself with describing first the structural components of

its concrete systems and then with describing the junctions of the

processes of these systems. It does this by showing the contribution

which these processes make to the maintenance of the stability and

constancy of the structure of the system. For example, in order that

a human organism may maintain what the physiologist W. B.

Cannon has called "body homeostasis," or constancy of the struc-

ture of the organism, the supply of oxygen to the cells must be

[15)
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maintained. This is to say that the function of the respiratory and

circulatory processes in the human body is, among other functions,

to maintain this vital oxygen supply. However the processes of this

function cannot be described in any very precise metrical form, as

one may read in Cannon's fascinating book, The Wisdom of the

Body* And the same is true also, he shows, for a great many other

functional needs of the body system. To take a few other examples,
this is so too for the need for constancy within certain imprecise
limits of the salt content of the blood, of blood sugar levels, and

of body temperature. In consequence, as Ellice McDonald, Director

of the Biochemical Research Foundation says, "Biological research

in general is upon the experiment and error basis."* We may take

it that this is an only slightly exaggerated way of saying that, rela-

tive to the physical sciences, biology is still in an empiricist con-

dition.

Yet for all its relative lack of metrical precision and determinate-

nessand of course it is important to see that this is a relative lack

biology is a respected science which has a great range of useful

application in medical and other technologies. It is important for

the understanding, as well as for the future advance of, certain

branches of science to see that rational knowledge may be fairly

highly developed without being identical in form to the physical
sciences. Holding the opposite view is an error which is not foreign
even to some scientists.10

Our preceding discussion of "types" of conceptual schemes

should not be taken to mean, of course, that the use of mathematics,

in any fashion, is the essential difference between the physical sci-

ences and the biological and other sciences. The other sciences also

try to order their data in metrical series whenever they can, but this

is much less often possible. Indeed, even in biological research, it

is sometimes asserted, there is a fruitless straining after the use of

mathematics. The pressure toward quantification comes from the

higher prestige which the mathematical forms of the physical sci-

ences have for many scientists. But Professor Cannon has asserted

that "such intellectual snobbishness" is not justifiable so long as

there are many important fields of investigation to which mathe-

matics is not applicable. "The biologist," he says, "should not be

looked upon with disdain because his studies are sometimes not
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quantitative in method/'11 The eminent physical chemist, G. N.

Lewis, has declared, "I have no patience with attempts to identify

science with measurement, which is but one of its tools, or with

any definition of the scientist that would exclude a Darwin, a

Pasteur, or a Kekule." 12 To these three men Cannon would add

such other great scientists whose work does not depend on meas-

urement as Harvey, Virchow, Pavlov, and Sir Charles Sherrington.

Thus, the use of mathematics is not the only sign of the existence

of conceptual schemes and of highly developed science. This is a

lesson which some social scientists may also learn, for often their

researches seek quantification at all costs, even the cost of scientific

relevance. Metrical precision and determinateness are the ideals to-

ward which all science may aspire; they are not, however, the hall-

mark of useful science.

Since there is some confusion on the point, an even more gen-
eral statement of the nature of the relations of mathematics and

science seems to be required. Mathematics is sometimes called "the

only true science." But although mathematics is of the essence of

rational and logical thinking, and despite its close connection with

science, mathematics is not substantive science at all. It is instead a

language, a logic, of the relations among concepts, an extremely
useful and precise language which has made possible great advances

in many areas of science but which is not to be mistaken for scien-

tific theory. It is true that in physics so much theory is cast in

mathematical terms that it sometimes seems to be simply mathe-

matics and nothing more. But there are in addition to the relations

among concepts which mathematics expresses so precisely, these

substantive concepts themselves: mass, energy, etc. As the modern

non-Aristotelian semanticists express it, mathematics is a language
of relations, not of classifications and identifications. Mathematics

is a language of relations in the same way that Aristotelian and

symbolic logic are languages of relations. As such, in sum, it is

extremely useful for science, but not to be confused with the con-

ceptual schemes of science. The construction of these conceptual

schemes is a difficult enough task in itself, about which we shall say

more when we discuss the functions of imaginations in the process

of scientific discovery.

The nature and functions of experimentation in science, like
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those of mathematics, are also sometimes misconceived. It is often

thought that experimentation is peculiar to modern science, that it

has existed only for the last three hundred years. The extent and

elaborate precision of present techniques of experimentation are

peculiar to modern science, but the logic and even the practice of

experiment are not. All rational thought implies the comparison of

like and unlike cases and the consequent assignment of causal

priority or functional relationship on the basis of that comparison.
In this important sense, experimentation is as old as rational em-

pirical thought and therefore coeval with human existence. The
construction of determinately controlled experiments is only the

highly developed modern form of what was previously at least

implicitly and sometimes explicitly employed. Modern science has

been remarkably successful in defining and isolating "concrete"

systems of phenomena which correspond precisely to the abstract

systems of ideas which compose its conceptual schemes. As Pro-

fessor H. Levy has indicated, this isolation of systems is highly

important for science.13 Once a system is isolated, by controlled vari-

ation of one part, the effect on other parts of the system can be

ascertained. In this fashion, experimentation, as we call this proc-

ess of controlled variation which compares like and unlike cases,

discloses the effect of the several variables in the conceptual scheme.14

At least this is the situation for much of the physical sciences,

but the possibilities of controlled experiments are not nearly so good
in the biological sciences. Perhaps this is why the biologist, Rene

Dubos, biographer of Pasteur, is skeptical of the alleged powers of

experimentation. "Nor is the experimental method, he says, "the

infallible revealer of pure and eternal fact that some, including

Pasteur, would have us believe."15 It needs hardly be said that up
to the present time controlled experimentation has been quite rare

in the social sciences. These sciences have had recourse chiefly to

the logic of comparison among like and unlike cases, with the com-

parisons unfortunately all too uncontrolled.

The reservation which Dubos has expressed about the experi-

mental method is probably in part a reaction to a certain prevalent

exaggeration of its significance in science, especially of its signifi-

cance in comparison to that of conceptual schemes. It is usually so

much easier to see a scientific experiment than the conceptualization
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which has made it possible that the conceptualization is overlooked.

On this view science often becomes a thing of techniques and

gadgets, involving a minimum of difficult rational thought. But

experiments, as we have now seen, can be scientifically significant

only when they are comparing like and unlike cases which are

important for the variables defined by some conceptual scheme. Or,
to put it in another way, behind every good experiment there is a

good theory.

Professor Butterfield has noted this excessive emphasis on the

importance of experimentation in the common belief that the essen-

tial change accounting for the rise of modern science is the emer-

gence of the experimental method.16 An instance of this belief is

the credence we place in that apocryphal story about Galileo's ex-

periment of dropping weights from the Leaning Tower of Pisa.

Actually, behind such an experiment, if indeed it ever occurred,

there lay important new ideas, a whole new theory of falling bodies.

And so it was with the other important discoveries that occurred

in the sixteenth and seventeenth centuries. Great developments in

rational thought, especially in mathematics, and new conceptions in

astronomy and mechanics, about all of which we shall say some
more in our next chapter, provided a new guidance for the con-

tinual experimentation which Lord Bacon had recommended in his

Ncvum Organum. For centuries, says Butterfield, experimentation
"had been an affair of wild and almost pointless fluttering a thing
in many respects irrelevant to the true progress of understanding
sometimes the most capricious and fantastic part of the scientific

program."
17 In neither the Mediaeval Period, as we shall see, nor

certainly in the Renaissance, did men lack the inventive skill and

ingenuity to construct the technical devices for experimentation.
"Yet it is not until the seventeenth century that the resort to experi-
ments comes to be tamed and harnessed so to speak, and is brought
under direction, like a great machine getting into gear/'

18 The

dynamic of modern science inheres in the proper interweaving of

conceptualization and experiment.
The problem of experimentation in science suggests a related

range of problems which arises from the relations between con-

ceptual schemes and what is usually called "technique" in scien-

tific work. Since conceptual schemes have reference to empirical
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data, there must be observational techniques for gathering these

data and other techniques for ordering these data to the appropriate

conceptual categories. The relationship between conceptual scheme

and technique is not a simple one, however, for although there is a

necessary interdependence of the two, there is also a certain degree
of independence. Here is another example of the subtle process that

is science. Conceptual schemes may sometimes independently, by
deductive reasoning, predict data which the available technique either

cannot observe or at least has not yet observed. We have recently

seen an example of this sort in the award of the 1949 Nobel Prize

for Physics to the Japanese scientist, Yukawa. In 1935, entirely by

manipulation of the conceptual scheme of physics, which as we
have said is now very largely stated in mathematical terms, Yukawa
announced the existence of a particle known as the "meson." This

sub-atomic particle has since been observationally discovered by its

track on photographic plates and it is the center of a great deal of

study in contemporary physics. Note that only the existence of the

conceptual deduction directed the attention of technique to the

verification of this discovery.

Contrariwise, however, available observational and ordering tech-

niques may collect data which cannot be fitted into current con-

ceptual schemes. Indeed, this is happening all the time in science.

We shall give many examples of this when we discuss the phenom-
enon of "serendipity" in science, or the chance occurrence of un-

expected discoveries. Sometimes these eccentric data remain unas-

similated temporarily, but very often they immediately stimulate a

valuable reconstruction of the conceptual scheme. This is one impor-
tant path of scientific advance. In the late nineteenth century, many
scientific observations were made which could not be fitted into the

Newtonian conceptual scheme. It was the great virtue of Einstein's

theory that it assimilated these previously unexplained observational

data.

Thus we see again that science is not simply the collection of a

large body of "facts." It is, rather, the collection and ordering of

facts in terms of a conceptual scheme, the scheme always being

subject to reconstruction as its use or the use of technique result in

new facts. Conceptual scheme and techniques are probably never

perfectly integrated and it is often from this very discrepancy that
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fruitful facts emerge. By "fruitful" we mean, of course, facts which

serve in the construction of conceptual schemes of ever-greater gen-

erality and systematization. In his discussion of what he calls "Cer-

tain Principles of the Tactics and Strategy of Science," President

Conant has given us a detailed examination of the kinds of relations

between conceptual scheme and technique of which we have been

speaking.
19 It is a subject which is close to the heart of scientific

advance in all fields.

Perhaps we can now see very clearly the sense in which highly

developed science based on conceptual schemes of great generality

is essentially a dynamic enterprise. The endless making of improved

conceptual schemes introduces a dynamic element into the very
center of scientific activity. In this way, human rationality takes on

the unending power to move heaven and earth, for sooner or later

changes in conceptual schemes issue in changes in everyday life and

everyday technology. Veblen has said that "the outcome of any
serious research can only be to make two questions grow where one

question grew before/'20 This is a characteristic of science, this is a

dynamic quality it has, that modern man must not only learn about,

but learn to live with. For this is the source of the unending social

consequences of science. But of this we shall have more to say

later, when we discuss these social consequences.
One last problem about the nature of science remains, the prob-

lem of the relation between the conceptual schemes of science and

the body of belief and knowledge usually called "common sense."

We shall see in our next chapter that every human society has, at

the very least, a collection of rational empirical knowledge, or

relatively undeveloped science. This kind of knowledge, which we
may think of as "embryonic" science, out of which more mature

science may grow, constitutes a large part of what is usually thought
of as common sense and provides a fairly effective guide to action.

But though like all knowledge it is based on some implicit, particu-
larized kind of abstraction, the limitations on the effectiveness of

such empirical knowledge should now also be clear. For in the

degree in which common sense is not generalized and systematic

knowledge, as are the conceptual schemes of highly developed sci-

ence, it is not reliable knowledge, or, as we may now put it some-

what more technically, it is not determinate knowledge. That is,
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relatively speaking, common sense does not know the determinate

conditions under which its assertions of fact and of relationship
between facts actually hold. When these unknown conditions change,
the facts will change, and common sense, without determinate un-

derstanding of what the conditions are, has no satisfactory guide
for further action. The unreliability of common sense, its contra-

dictoriness in the face of changes in conditions which it cannot

describe, can perhaps best be seen in the large body of inconsistent

and contradictory common sense sayings and proverbs. A collection

of the innumerable errors, delusions, and misconceptions to which

common sense always has been and still is heir may be examined in

Professor Bergen Evans' book, The Natural History of Nonsense?1

Seen in this perspective, science is not, as Huxley said it was, simply

"organized common sense." That is, science does not have the limi-

tations of common sense. Of course, Huxley's remark holds if one

takes it to mean something else that we have asserted, namely that

both common sense and science have in part a common origin in

human rationality.

We may say that in every society there is some range in the

determinateness of its empirical knowledge. Where there is only

empirical lore, the rational knowledge of common sense will cover

only a relatively narrow range of determinateness. But where there

is highly developed science, the range is very much larger, all the

way from common sense to science itself. This is the situation in

our society. Indeed, in our society it has pretty widely become a part
of common sense to recognize the greater determinateness which

scientific knowledge has. This is of course a happy condition for the

further development of science. Common sense may, however, partly

oppose science and it is perhaps not impossible that it should turn

against it very strongly. This possibility we shall examine later on

when we discuss the sources of opposition to science that exist in

our society.

Even where common sense accepts the superiority of science, it

can have only a vague perception of the grounds for the greater

reliability which science has. The conceptual schemes of science are

now very highly technical systems of ideas, available only to pro-

fessionals with long training in the relevant fields. Insofar as the

untrained lay person understands these ideas at all, he grasps only
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some basic idea and not the full technical comprehension. Thus,

only the vaguest notions of the meaning of Einstein's theory of rela-

tivity can be had on the basis of common sense. Indeed, most of

us do not have even a vague understanding of the theory but rather

feel about it much the way the men of Newton's time felt about his

new and apparently absurd notions that also seemed to contradict

common sense. Newton's theory was based on what seemed to his

contemporaries to be most improbable assumptions.
22 The notion of

a force acting at a distance is quite a different thing from the notion

of a direct push, on which our intuitive, common sense understand-

ing of force rests. Gradually, of course, in Newton's case, con-

ceptual scheme and common sense were in some fashion reconciled.

"After a generation or so- most men managed to convince themselves

that action at a distance was a reasonable and comfortable idea/'28

Or at least conceptual scheme and common sense puzzled each other

less. Eventually, and this is true for us today, the Newtonian notions

came to be regarded as intuitively obvious, as common sense. As
Mach has put it, "uncommon incomprehensibility became a common

incomprehensibility."
24

The same process seems to be recurring in the case of the new
Einsteinian conceptual scheme. Einstein's assertions about the basic

principles of the physical universe conflict with our Newtonian com-

mon sense in the same way that Newton's mechanistic views once

conflicted with the earlier organismic views of Mediaeval common
sense. "There can be very few people, if any, who think naturally

or intuitively in terms of a curved universe whose geometrical prop-
erties have taken the place of gravitation."

25
Fortunately, although

they are otherwise great, the deviations between our common sense

notions of space, time, and motion and those introduced by modern

physics are negligibly small so far as the experience of everyday life

is concerned. One may have a glimpse of how fantastic ordinary

life would be, if this were not so, in George Gamow's charming

book, Mr. Tompkins in Wonderland. Mr. Tompkins' dreams of a

world in which the new notions of modern physics are realized

could only be dreams and not everyday reality.
28

Not all new conceptual schemes in science are so revolutionary,

of course, as Newton's and Einstein's. Such great scientific syn-

theses have not occurred very frequently. And yet there is a con-
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tant, and perhaps increasing gap between the technical conceptual
zhemes of science and our everyday common sense. This gap has

xial consequences for scientist and layman alike, as we shall see

iter on. But it is, to repeat what we have already said, a fortunate

edition for the advancement of science that such a gap is, on the

'hole, tolerated by common sense. This is so both because of our

loral respect for science and because of our conviction that science

as great usefulness for the practical problems of human society.
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II

The Historical Development of

Science: Social
Influences

on the

Evolution of Science

HAVING briefly explored the nature of science its source in

human rationality, the variability in its level of generalization and

systematization, its connections with common sense we have now
to make some further discovery of that nature by tracing out the

historical process
of the evolution of science. This is, of course, a

treatment which can only be sketched here. The history of science

is much longer and richer than we think, and only in the last forty

or fifty years has modern scholarship been writing it for us. Al-

though a very great deal more remains to be done, by now enough
of the story has been told so that we can have some sense of how
ancient and extensive our heritage of human science is.

1
.

Although it must necessarily be all too brief, our account of the

historical development of science will stress six major themes which

are essential for understanding the social aspects of science. They
are all themes or uniformities which have been explicit or implicit

in the preceding analysis of the nature of science but which here

find historical exemplification. These are the six themes, set down

separately, even though all of them, as we shall further indicate,

are inter-related:

1 % The universality of human rationality.
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2. The continuity of the evolution of science.

3. The variability of the levels of activity and accomplishment
in science throughout history.

4. The importance of many different social influences on the

development of science.

5. The relative autonomy of science considered as one compo-
nent of society.

6. The reciprocality of influence between science and the .other

components of society.

Before proceeding to the historical discussion, some general
comments on each of these six themes will help to clarify their

meaning and their inter-relations.

Perhaps the least needs to be said about our first theme, the

universality of human rationality, except as a summary of what we
have already said about this subject. It is basic to all that follows

to see the source of science in the generic human attribute of em-

pirical rationality. At this point we shall simply note the fact that

science has occurred in pre-historic and ancient societies, in so-

called
f

'primitive" or non-literate groups in all parts of the world,

and in the Graeco-Roman, Mediaeval, and Modern worlds.

The second theme, the continuity of the evolution of science,

needs to be stressed because of a provincialism about science which

exists in the modern world. Partly out of historical ignorance which

could not be avoided until recently, and partly out of a rationalistic

bias about the nature of earlier and other societies, many of us have

felt that empirical rationality and science are both uniquely modern.

But in this, as in other respects, there has been no radical discon-

tinuity in history. Not only has some form of science existed in all

societies, but the several forms have been built each upon its his-

torical antecedents. For at least the last three or four thousand years,

and even beyond that, the record of the evolution of science runs

fairly continuously, without unbridgeable gaps. Now running very

slowly, now slightly faster, the stream of science may be traced

through its constant and cumulative progress. Here, if anywhere,
we could profit our understanding by looking at the historical

record in its great detail, Our all too slight knowledge of the

historical record is too much structured into the delineation of

macroscopic "periods'
'

in science: Greek science, Arab science, Mod-
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ern science; and we do not see how these periods are related and

blend into one another. We do not often see how the science of the

Ancient Near East was the partial basis of Greek science; how this

in turn flowed into Hellenistic science; how the Greek legacy was

transmitted by the Hellenistic Alexandrians to the Arabs and thence

to the Mediaeval world, which also received the ancient science

directly, through the Church; and how, finally, the Mediaeval Church

and the Renaissance re-discovery of Greek science made essential

contributions to the foundations of modern science. Nor do we see

the additions which each period in the evolution made to the whole.

The growth of science is more a matter of many small steps than

of a few great leaps, it is more like a slowly enlarging coral reef

than like a Paricutin, created by explosive volcanic eruption.

Unfortunately, we shall not be able here to trace out the detailed

continuity in the growth of science. But if we too must carry on

our discussion in terms of large periods and great movements, we
shall always try to show the connections between earlier and later

events. They are always there, even when we cannot speak of them.

And later on, when we describe the social process of discovery and

invention, we shall return to this theme of the continuity of the

evolution of science, although in an analytical and not primarily
historical fashion. There we shall be able to demonstrate the close

dependence of each scientific innovator upon those scientists who
have gone before him.

To speak so emphatically of the broad unity of the evolution of

science is not, however, to deny the occurrence of some diversity

in the details of that process. Not every step in the development is

made inevitably and immediately upon its predecessor. There have

been, in the details of advance, independent lines of development,
but in the larger stream these smaller ones all flow into a single

great channel. There have been multiple independent discoveries in

science, and we shall give a long list of them later, in a more

appropriate place in our discussion, but all these are, on the larger

view, part of the continuous and unitary evolution of science. Of
course as the extent of communication has increased among human

societies, the unity of the growth of science has probably also in-

creased. As the many societies of the past have been knit by the ties

of communication into the more nearly one world of the present,
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science has more nearly become a unity in detail as well as in the

large. And yet even today, for all the increased effectiveness of

communications among societies, the incidental diversity of science

remains, witness the persistence of the phenomenon of multiple

independent discoveries. As a result of an increase in political

barriers to communication, this diversity may even increase some-

what. But this should never obscure the larger perspective, in which

science is, by its essential nature, an evolutionary unity.

Nor should our perception of the broad evolutionary unity of

science lead us into the error that scientific development is an easy

and inevitable thing. C. D. Darlington, the British biologist, has

said of this error, "Most people probably imagine that science ad-

vances like a steam roller, cracking its problems one by one with

even and inexorable force." 2 But a nearer inspection of any single

advance in the history of science reveals how false this notion is.

Science is always difficult, its evolution is always ''halting, complex,
almost irrational/'8 How difficult each next step in science is, how
much it is not inevitable but requires an act of individual creativity,

we shall see when we discuss the social process of discovery later on.

And still, on balance, there remains the large evolutionary con-

tinuity.

Our third theme, the variability of the levels of activity and ac-

complishment in science throughout history, is complementary to

the one of which we have just been speaking, and the two must

always be taken in relation if we are to maintain a proper balance

in our view of the evolution of science. Little need be said about

this third theme if only because the uniformity it expresses has been

typically over-emphasized rather than ignored. It has been over-

emphasized to the point where variability has been taken to range
all the way from the non-existence of empirical rationality to its

high development in modern science. We have now sufficiently

indicated that this is a greater range of variability than actually

exists. The range of variability which remains is real enough and a

constant awareness of this range is valuable if it leads us to inquire
into its sources.

And this leads us directly to the fourth theme, the importance
of many different social influences on the development of science.

Now this is a theme which by this time, and especially when it is
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put in this very general and rather vague way, may seem like a

truism to most of us. Yet this was not always so, not even quite

recently. At least as late as the 1920's the view that there was

something called "pure science/' by which was meant a science en-

tirely uncontaminated by the workings of social factors, this view

was widely held. It was perhaps then the predominant view of the

nature of science, not least of all among scientists themselves.

Now if our views on this matter have changed greatly, the

change cannot be so much the result of a greater intellectual under-

standing, although this too we do have. The change has probably
been even more the consequence of a whole series of social events

which have crowded in upon us since 1930. The great world-wide

economic depression of the 1930's, with its "frustration of science,"

of which we shall say more later; the rise of Nazi Germany, with

its preachment of an "Aryan science" and its violence toward

Jewish scientists; and World War II, with its urgent, large-scale

application of science culminating in the explosion of the atomic

bomb all these social events have brought home to scientists and

all the rest of us too, in a most immediate way, that there are im-

portant social influences on science. The old illusion of a "pure
science" is no longer tenable, at least not in the extreme form in

which once it was held. In what sense we may still speak of a "pure
science" is something which we must postpone for a while. In any

case, one has only to read the speeches and writings of scientists

since the 1930's take, for example, the annual presidential ad-

dresses of the British or American Associations for the Advancement

of Science to see how the old view has evaporated. Where our

social intellect alone had failed us, history has forced upon us this

more adequate understanding of the social nature of science.

Yet intellect had not really failed us, for the social view of

science had been for some time available in quite explicit form

in the Marxian sociology. Marx and Engels themselves had, quite

directly and in detail, asserted the dependence of science upon the

society in which it existed. This Marxian analysis had been expanded

by a group of German social scientists into the study of Wissens-

soziologie, or the sociology of knowledge, which tried to show how

science, as well as other forms of knowledge, were directly affected

by social factors.
4 And beginning early in the 1930's, a group of
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Marxist-oriented scientists and scholars produced a spate of histori-

cal studies which sought to demonstrate what they often referred to

as "the social roots of science." Most notable among these studies

were those by Benjamin Farrington on Greek science; by the Russian,

B. Hessen, on the science of seventeenth century England, especially
of the Newtonian physics; by J. G. Crowther on the science of nine-

teenth century England; by J. D. Bernal on twentieth century

England; by Lancelot Hogben on the whole history of science; and,

finally, by the American mathematician, Dirk Struik, on United

States science in the early nineteenth century.
6 To all these studies,

whatever the deficiencies they have, we have an intellectual debt,

not only for the specific information they contain, but for what

they have contributed to the increase in our awareness of the social

connections of science. This positive debt is great even when it is

not always obvious. And even the negative debt, that which emerges
out of the correction of their errors, out of the refinement of their

analyses, even this debt is great because the improvements on their

work have served to strengthen the sociology of science in general.
But for a long time the Marxian view of science was rejected,

and this for many reasons, not all of them intellectual, of course.

Whatever all these reasons may be, and most of them do not concern

us here, it is true that one important reason was in fact the intellec-

tual inadequacy of the Marxian view. We have refused to accept the

Marxian sociology of science as it stands not wholly because we are

irrational or are blinded by the presuppositions of a capitalist society

but partly because it does need correction and refinement. We can

profit by pointing out certain of these general deficiencies and by

stating positively what we can now consider a more satisfactory

account of the social relations of science.

The burden of the Marxian view on these matters is that science

is a wholly dependent part of society, molded fundamentally by the

economic factor; and that therefore there is no reciprocal influence

between science and the other components of society. This view is

not acceptable as an adequate understanding of these matters. We
leave aside the fact that what the Marxian sociology means by "the

economic factor" is often an ill-defined category, filled with what

are actually diverse elements; for example, sometimes the social re-

lations of production, sometimes technology as such, and sometimes
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the economic ideals which are prevalent at a given time. It is not

correct that only the economic factor, however interpreted, has an

effect upon science. As we have stated it in our fourth theme, and

as we shall show by our historical description of the evolution of

science, many different social factors have had and continue to have

an important influence on science. No one of the several alternative

factors is necessarily and under all conditions more important than

the others. The intellectual, the religious, and the political factors,

for example, are no less, and of course no more, influential always
than is the economic factor. Now one, now the other, now several

of these in conjunction, can be seen to have an effect on the devel-

opment of science. Indeed, perhaps the hardest tasks for analysis

are those in which several factors are working conjointly, often

together with an influence from the internal condition of science

itself. Yet this remains the proper task of the sociology of science, to

seek out the specific conditions under which each one of the several

possible social factors or many of them together have actually in-

fluenced the course of science.

If we cannot as yet always specify the precise conditions under

which the many different social factors do exert their influence,

still we can see that they are actually operative in some significant

fashion. The political factor, for example, had a beneficial effect on

French science in the early nineteenth century. During the Revolu-

tion, the Convention set up the Ecole polytechnique, in which, for

the first time, there was organized the practice of having expert
scientists teach students through apprenticeship to actual research.

This new practice trained up a generation of excellent scientists and

soon this training procedure spread from France to Germany and

to England.
6 We shall later on have occasion to refer to many other

instances of political influence on science, not least of all in the

cases of Nazi German and Communist Russian science. Or take the

influence of the intellectual factor on science. We shall see in just

a little while how a change in fundamental intellectual assumptions

during the seventeenth century, a change to the intellectual convic-

tion that there exists what Whitehead has called "an order of nature,"

we shall see how this change had a favorable influence on the

growth of modern science. Or, finally, take the influence of the

religious factor. We have already suggested that the men of the
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Mediaeval Period were more interested in religious rationalism than

in empirical rationalism. This could not but have a partially and

temporarily retardative influence on the evolution of science. And
so it goes, continuously, as we shall see at great length throughout
this book, now one, now another of the social factors has an in-

fluence on science, sometimes relatively favoring its growth, some-

times relatively hampering it. This is the inevitable rule, for science

is not something apart from society.

We include within our meaning of "the social factors," of

course, the economic factor. In our attempt to correct the deficiencies

of the Marxian analysis, we must not swing to the opposite extreme

and dismiss as unimportant what it so much stresses. For example,
as we shall also see again later on, the current state of technology
has an important influence on science. The technological possibility

of the atomic cyclotron and of the electronic calculating machine in

our own day has a most beneficial influence upon the development
of physics and the other sciences as well. Or, to take another case

from our own time, one which we shall discuss at length later, the

support which modern industry gives science has an important effect

upon both the rate and the direction of growth in modern science.

In these ways and in others, the economic factor is significant for a

sociology of science.

We should make it perfectly clear, of course, that when we

speak of social influences on science we are not implying anything
about the personal motives of individual working scientists. We
shall want to say a great deal more about the relation of motives

and social organization when we discuss "pure" and "applied"

science, but here we need only note that these are two separate

questions. "In fact," says Samuel Lilley, an English scientist who
has concerned himself with the social aspects of science, "the list of

scientists' motives would include virtually the whole range of human
desires and aspirations."

7 Social influences operate whatever, and

sometimes in despite of, the particular motives of scientists. This is,

indeed, only another instance of what is generally true about all

kinds of social behavior. And it follows from the existing discrep-

ancies between individual motives and social influences that

scientists may or may not be aware that one or another social factor

is directly or indirectly affecting their work. "Social movements can
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influence the work of an individual when he is not consciously

concerned with them. In fact the individual's lack of consciousness

might in some cases actually increase the social influence, by deny-

ing him the opportunity of consciously correcting for its effects/'8

As we shall see in detail later on, the very nature of science makes

it inevitable that science will have consequences which were unin-

tended by any particular scientists; by the same process, science is

directed and channeled in many ways of which scientists are not

aware.

There is one last important characteristic of the social influences

on science. This is that the influences are not only diverse but are

now stronger, now weaker, never continuously uniform. The degree
of social influence on science is a subtle process which we have still

only crude techniques to measure; but this present crudity should

not blind us to the gradations that exist and are important. Now
one social factor may have an important influence on physics, now

another; now the relevant social factors are more strongly affecting

biology and leaving physics relatively untouched, now they may
reverse this relative emphasis, or shift away entirely to some otner

science, like chemistry. The complexity of the process is great, not

in the sense that it is intrinsically beyond our understanding, but

in the sense that there are a multitude of different relations between

the parts of science on the one hand and the various social factors

on the other, and we must recognize as many of them as we can.

And this consideration of the relative strength of social influ-

ences introduces us to the fifth of our themes, the relative autonomy
of science considered as one component of society. For despite all

the social influences that mold its evolution, science always retains a

margin of independence, as do the other parts of a society, just

because it has an internal structure and a process of action of its

own. This internal structure and this special scientific process we
shall be investigating all the time in this book, and we shall see

how it provides a relative independence for science at the same time

that science is interacting with the several other parts of a society.

One important element in the relative autonomy which science has

is its development of highly generalized conceptual schemes. We
may say that the margin of independence which a science has is

the greater the more highly developed is its central conceptual
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scheme, although of course social influences are still operative no

matter what the degree of development is. For this reason, the

strength of social influences on the development of the social sciences

is probably greater now than it is on the physical sciences, because

of the weaker conceptual schemes of the social sciences. As they

develop, conceptual schemes determine a certain line of develop-

ment of their own; they do not then shape themselves simply in

accord with some "social need.'* For example, the conceptual
schemes of the biological sciences are not yet ready to deal adequately

with the phenomena of cancer, although there is a pressing social

need for an effective cancer therapy. But there are other important
elements in science which secure its relative autonomy besides con-

ceptual schemes. Of these, of such things as the strong values which

scientists have and the independent social organizations to carry on

their activities, we shall say a great deal more later.

And finally we may state our sixth theme, which has perhaps
been implicit all along above because all our themes are significantly

interrelated. This is the theme which asserts the reciprocality of

influence between science and the other components of society. If

science is affected by other social factors, and if it has a relatively

autonomous development of its own, it also has an effect upon the

rest of society. We have already said that science has social conse-

quences, and this fact will be a recurrent theme here. The view we
take is that society, including science now, is a web of interacting

structures in which the effects ramify and re-trace themselves time and

again. If the lines of influence are hard to trace through their inter-

weavings, it is only because our instruments of analysis are no
f

t yet

good enough, not because the lines are not in fact interwoven.

These, then, are the six general themes which are important for

understanding science as a social activity. They form the ground-
work for our whole investigation. We shall first try to show their

significance in our sketch of the historical development of science

which follows immediately. They will also be our guide-lines in the

next chapter, on science in modern society, and still further,

throughout the whole book. Perhaps, after the preliminary state-

ment we have given them, the reader will find them apparent in

our analysis even when they are not explicitly noted.

CM)
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Of all the creatures of the earth, man is the only one who is

born without elaborate instinctive patterns of adjustment to his

physical and social environment. Therefore man has always been,

and always had to be homo sapiens, man the thinker, and homo

-faber,
man the maker. Without the gift of empirical rationality,

human life in the face of a resistant environment would be impos-
sible. The gift is universal and aboriginal in man, reaching back to

the first moment of pre-history of which we have any knowledge.
That is why we can say with Crowther, "Early man's mode of living

was impossible without a considerable knowledge of elemental

mineralogy, geology, zoology, botany, and astronomy/'
9 And, we

may fairly add, sociology and psychology, for a certain minimum
rational knowledge of the behavior and feelings of fellow human

beings is as essential as knowledge of the world of nature.

The two aspects of man's activity, as homo sapiens and as homo

faber, have of course always been connected. Only in modern

science do they become somewhat specialized, although they are

still, as we shall see, in a close and important connection. Early man
was unspecialized, and therefore we must trace his history as homo

sapiens through his activities as homo faber. Only the tools of

earliest man are available to us and from these the archeologists

have reconstructed .the fundamental discoveries made by man in

pre-historic times. By Late Paleolithic times, man already had a

"vast variety of tools"~axes, knives, saws, spokeshaves, scrapers,

mallets, awls, needles of ivory, spears, harpoons, bows, spearthrow-

ers, and even tools for making tools.10 All through Paleolithic

times there was a continual advance in the development of tools for

controlling man's environment.

The Paleolithic advance in empirical rationality culminated in

what is called the Neolithic or New Stone Age. This was the age
that saw the discovery of hoe and digging-stick agriculture. It was

made possible, of course, by the invention of special agricultural

tools: the hoe, the sickle, the flail, and the quern to grind corn.

There was also in this time great progress in the arts of pottery-

making, mining, polishing of stone, and spinning and weaving.

Indeed, so great are the Neolithic advances in empirical rationality

that Lilley refers to this period as "the first great Industrial Revo-

lution." We can get some idea of how slow scientific evolution used
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to be and how relatively rapid it has been in historic times by

noting that this first Industrial Revolution occurred not much more

than seven thousand years ago. Conditions for the advance of this

Industrial Revolution were especially favorable in the valleys of the

Nile and Indus and in Mesopotamia. In these areas there was a

"great spate of invention in the couple of millenia before 3000

B.C."11 In these areas men first discovered how to smelt and use

metals, to harness animals, to plow, and to make wheeled carts and

sailing ships. As inventions always are, these inventions were all

interconnected. For example, metal carpentry tools were needed

before plows could be made. Incidentally, the smiths, the workers

in metals, who first emerge in this period may be the first occupa-
tional specialists in man's history.

Although we have spoken only of their tools, the ages before

3,000 B.C. were also the discoverers of another kind of more gen-
eral rationality, in the form of mathematics, which was increasingly

to be of assistance in the advance of empirical rationality. Developed
in close connection with empirical tasks like agriculture and irriga-

tion, mathematics occurs at least as early as the fourth or fifth

millenium B.C. among the Egyptians and Babylonians. And, says

Struik, who has written of the history of mathematics, "if we assume

that mathematics was born when men began to have some under-

standing of numerical and geometrical relations, then mathematics

is much older than those ancient peoples."
12

Its history, he says,

may go back even to the Old Stone Age.
In brief summary, then, of early scientific evolution, we may

say that on the whole it was continuous but very slow, although
there were periods of very much greater accomplishment than

others. Empirical rationality pretty much remained particularized,

bound up in technology and craft, without reaching high levels of

generality and systematization in conceptual schemes. Social in-

fluences are hard to specify, but probably the stable social organiza-
tion and complex division of labor in such societies as those of

Egypt and Mesopotamia were especially beneficial to scientific prog-
ress. For early societies it is perhaps more obvious than in any
other case that the advance of empirical rationality has social conse-

quences. From their earliest developments, science and the rest of

society have been in continuous interaction.
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We must turn aside for a moment from our account of early sci-

ence and how it led into Greek science to consider a set of societies

which exist at the present time but which are often grouped with

the earlier societies of which we have been speaking. These soci-

eties are what we may loosely call the
*

'non-literate" societies, which

have sometimes been referred to as "our primitive contemporaries."
It was the view of the older, social-evolutionary anthropology that

these societies were survivals from pre-historic times. Indeed, an

extreme statement of this view even had it that contemporary non-

literate societies were, like their ancient counterparts, "pre-logical"

and irrational. This conception of "primitive" man's thinking has

long since been rejected by social anthropology as a result of its

study of a large number of non-literate societies in every part of the

world. 18 And yet this view lingers on in common sense. So recently

as the Princeton Bicentennial Conference of 1947, for example, a

distinguished natural scientist spoke of the progress we have made
"from the mental attitude of the savage, where demons lurk be-

hind every bush." Actually, for all his magic, non-literate man

possesses a great deal of rational empirical knowledge.
For example, a systematic survey of invention in non-literate

societies adduces a wealth of corroborative evidence for the con-

clusion that "invention is indigenous in the nature of man." 14 Here

are some of the areas in which this survey shows that non-literate

man has a considerable body of rational technology: tools and

mechanical devices, the uses of fire, stone-working, the potter's

art, the uses of plants, the making of textiles, the capture and

domestication of animals, and devices for travel and transportation.
Or we may take the evidence from a single field of rational

activity, the field of medical therapy. Another anthropological

survey shows how extensive is non-literate man's rational equip-
ment in this field. 15 Including all his societies, primitive man has

discovered the following drugs as specifics in therapy: quinine,

curare, opium, and digitalis. So serious a surgical operation as

trephining of the skull has been practiced in the earliest times.

Among the Ashanti of West Africa, inoculation for snakebite is

successfully performed. Such techniques as cupping, bloodletting,

suturing and stitching of wounds, cauterization, and bonesetting
are widely used. Medicines are given in the form of decoctions,
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poultices, embrocations, salves and infusions. Non-literate man
knows about hydrotherapy, dietetics, and massage. And, finally, we
find him using fumigations, inhalations, snuffs, and nasal douch-

ings. The total of knowledge is indeed impressive.

Or, for a last example, we may consider a single society, the

Eskimo. Considering their inventions windows without glass, the

carpenter's brace, the first decked boat, a type of self-supporting
vault unknown to civilized architecture, drilling a curved hole

the anthropologist, Kroeber, remarks: "It is not amiss to say that

they have produced more inventive geniuses, man for man, than any
other people, not excluding the Anglo-Saxon race." 16

Bronislaw Malinowski's summary statement on this problem of

non-literate man's rationality is still the classic one. He speaks from

his experience among the Trobriand Islanders of the South Pacific,

but his remarks have a general reference. "If by science be under-

stood a body of rules and conceptions, based on experience and

derived from it by logical inference, embodied in material achieve-

ments and in a fixed form of tradition, . . . then there is no doubt

that even the lowest savage communities have the beginnings
of science, however rudimentary/'

17 In the Trobriand Islands the

native shipwright shows his knowledge of the principles of

buoyancy, leverage, and equilibrium in his construction of the

outrigger canoe. In a crude and simple manner, using pieces of

wood, his hands, and a limited technical vocabulary, the shipwright

explains some general laws of hydrodynamics to his helpers and

apprentices. This science is not, continues Malinowski, "detached

from the craft, that is certainly true, it is only a means to an end, it

is crude, rudimentary and inchoate, but with all that it is the matrix

from which the higher developments have sprung."
18

Now all this does not mean, it should be noted, that there was

not a great deal of magic in earlier and in non-literate societies.

But it should be clear now that the existence of magic is no evidence

for the absence of rational empirical knowledge. Despite the dis-

approval of magic in our own highly rational society, some of our

health and love practices still have magical elements. Magic is not

the product of a mind wholly incapable of empirical rationality.

Insofar as he has it, non-literate man uses all the rational knowl-

edge he has for his empirical ends. In addition, where he lacks
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fully adequate rational knowledge for such ends or where a large

degree of uncertainty of success still remains in some important

empirical enterprise, say in the planting of food crops, in these

circumstances he uses magic. Though its scope is larger than in our

society, partly because we have more science to achieve empirical

ends, magic in non-literate society is clearly distinguished from

rational knowledge. Magic has its social functions, as much as

science has. Both are necessary for successful social behavior, and

this is only especially true where science remains relatively un-

developed.
19

We may now come back to our account of the main line of

scientific development. We come back to the Greeks, who were the

inheritors of the great scientific legacy of their ancient predecessors,

a legacy which had been greatly enriched by the discovery of iron,

a metal which first came into widespread use after 1100 B.C. To
this heritage the Greeks added their own original contribution.

Whereas before the age of the Greeks rational empirical knowledge,
however extensive, had been essentially particularized and specific,

a thing of tools and lore, now there is an important change in

scientific evolution. For the first time in human history, we find in

Greek society the large-scale development of general and systematic

formulations of rational knowledge, empirical and otherwise, and

this for their own sake. They were the first people to desire, says

Taylor, in his history of science, "to make a mental model of the

whole working of the universe."20 .

With the Greeks, also for the first time, we come to a period in

the evolution of science when there is so very much scientific

achievement and so much historical evidence about it that the

record becomes somewhat confused. Historians of science have be-

gun to work on this period, but their product is still unsatisfactory;

it tells us more adequately what happened than how it happened.

Especially in the matter of the social influences on science we still

wait for a satisfactory analysis of the Greek accomplishment De-

spite these shortcomings, certain important general facts seem to be

clearly established. For one, the Greeks made enormous advances

in the development of philosophy, logic, and mathematics those

forms of rational thought which are fundamental auxiliaries in the

construction of empirical science. For another, logic and mathemat-
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ics apart, the Greeks definitely made many important discoveries

in empirical science, discoveries without which the whole course

of scientific evolution would have been much slowed and changed.

And, for a third important fact, Greek progress in science was

pretty continuous over a long period of time, and always at a

relatively high level, even though there was some fluctuation in

that level. Let us consider each of these general facts about Greek

science, and a few others, in some detail.21

Any history of Greek thought probably needs to say least of all

about the great new heights reached in logic, in philosophy, and in

mathematics, for this is what is usually emphasized in Greek history

and therefore it is what we all find most familiar. If our knowledge
of Classical Antiquity is not so widespread and ready as once it

was, still we all are somehow acquainted with the magnificent ac-

complishments running almost a thousand years, from the sixth cen-

tury B.C. to the fourth century A.D., the accomplishments of

Thales and Heraclitus, Pythagoras and Parmenides, Democritus,

Socrates and Plato and Aristotle, and Euclid and Archimedes. The
Euclidean geometry, deriving the whole of geometry by logical de-

duction from a small number of definitions, postulates, and com-

mon notions, may be taken as a type case of the power of Greek

rational thought. Another remarkable case is the Democritean atomic

theory, a most elaborate speculative theory of the structure and

process of the whole universe. There are, however, a dozen other

cases that at least equal these two in brilliance and scope in the

works of the other men we have mentioned. Had there been noth-

ing more than this great development, Western civilization would

still be greatly in debtas indeed it actually is for this wonderful

legacy to the new power and techniques of rational thought created

by Greek society.

But there was more than this. There were advances also in em-

pirical science, advances that we usually overlook, because we are

dazzled by the Greek success in rational speculation and because we

compare Greek science not with what went before but only with

the still greater achievements of modern times. As early as the fifth

century B.C. there is the highly rational therapy of Hippocratic

medicine, solidly based on generalized knowledge of biology and

physiology. Some one hundred years later, and surely based on Hip-
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pocrates, there is what Farrington, the historian of Greek science, calls

Aristotle's "tremendous achievement in the field of the biological

sciences/'
22 Aristotle left his school a tradition of organized re-

search; part of the equipment of his school were a library and lab-

oratories. Indeed, this line of development in the biological sciences

and in medicine continues to develop throughout our whole period,

reaching another peak in the work of Galen in the second century

A.D. Empirical science flourished also in other fields. Lilley points
out that in the three centuries after Aristotle more inventions were

produced than in any comparable period between 3,000 B.C. and

the later Middle Ages.
28 Of these we shall speak again below. In

the two hundred years after Aristotle's death in 322 B.C., the

Lyceum, which he had founded, and its successor, the Museum of

Alexandria, produced "a succession of great organized treatises on

various branches of sciencebotany, physics, anatomy, physiology,
. . . astronomy, geography, mechanics" which constitute what Far-

rington designates "the high water mark of the achievement of

antiquity and the starting-point of the science of the modern

world."24

Some may grant the importance of these advances for empirical

science but still ask, did Greek science use experiment? Science is

nothing, they hold, if not experimental. In this respect, too, what

the Greeks did is definitely science. Hippocrates and the other

doctors used experiment in the sense of comparison of like and

unlike cases all the time. Empedocles' use of the klepsydra, or

water clock, to establish the corporeal nature of air, is an example
of a type of experiment which is more familiar to us because we
think of experiment as necessarily using tools and instruments.

"With the name of Strato," who was the successor of Aristotle in

the Lyceum, says Farrington, "we reach the point at which Greek

science fully establishes a technique of experiment."
28 Archimedes

also was devoted to experiment. Now all this is not experiment as

a certain modern view has it, based on highly generalized con-

ceptual schemes, always highly controlled, and using elaborate phys-
ical instrumentation. Yet in its essential logical nature, as providing
a basis for scientific inference, the Greeks certainly knew experi-

mentation.26

Perhaps Greek empirical science has been underrated also be-
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cause it did not produce what modern science has given us in such

great abundance the basic need of the machine, prime movers. Even

windmills were unknown, despite the use of sailing vessels, al-

though the water wheel was invented about 100 B.C. But the

Greeks did develop many other instruments and a few labor-saving

devices, perhaps the most notable of which is the Archimedean

screw-pump. There was also the screw press, war-engines (cata-

pults and siege-instruments worked by compressed air), gradu-
ated water clocks, balances, compound pulleys, the ruled straight-

edge, and various angle-measuring instruments. The wonderful

work in astronomy, most highly developed in the Ptolemaic the-

ories of the second century A.D., however, did not have the ad-

vantage of the telescope. But certainly all the new tools and instru-

ments did have considerable effect on everyday life, although not of

course the great impact which came about in modern times with the

discovery of prime movers like the steam and internal combus-

tion engines. For all its progress, Greek science was not yfct ready
for this.

We have already said that the development of Greek science

covered nearly a thousand years' of continuous evolution. As always
in science, there were periods of greater and less activity and ad-

vance during this time. The peaks, perhaps, are such bursts of

effort as the School of Miletus (sixth century B.C.), the Athenian

Academy of the fifth and fourth centuries of the same era, the

Lyceum which succeeded the Academy, and the Museum of Alex-

andria, where what is often called "Hellenistic science" flourished.

Indeed, it was probably in the Museum, that occurred what was the

greatest amount of scientific activity the world had ever seen in

one place up to that time. Its libraries had half a million papyrus
rolls and they were used by about one hundred professors whose

salaries were provided by the King. There were special rooms for

research, anatomical demonstrations, lectures, and study. There were

an observatory, a zoo, and a botanical garden attached to the Mu-
seum. "Such opportunities for research and scholarship had never

existed before. Good use was made of them." 27 We shall see that

it is one of the special advantages of modern science that such op-

portunities and such facilities for research are extremely widespread.

Having described Greek progress in both rational thought and
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in empirical science, what summary characterization can we give

of Greek science? The predominant and most widely-held view is

that there was a lack of thorough-going concern in Greek thought to

test its generalizations empirically. The Greeks, it is usually held,

were more interested in the inner consistency of a system than in

objective experiment; they appealed primarily to "some subjective

sense of fitness," and to "the argument ex consensu gentium"**
As Whitehead has put it, briefly and perhaps too strongly, the

Greeks were "over-theoretical." On balance, this is probably a just

description. However, it should never cause us to think that the

Greeks were "just philosophers," and not excellent scientists as

well. Lest we do, we should note Farrington's summary: "In the

Lyceum and the Museum the prosecution of research had reached

a high degree of efficiency. The capacity to organize knowledge

logically was great. The range of positive information was impres-

sive, the rate of its acquisition was more impressive still. The

theory of experiment had been grasped."
29

On one important point we cannot follow Farrington, however,
and that is in his analysis of the social influences on Greek science.

According to Farrington, and his explanation has been adopted by

others, Greek science declined when it became a society divided

into freeman and slave. This is said to have happened in Plato's

time, and upon Plato is laid the heavy burden of blame for con-

structing an ideology justifying the superiority of citizen to slave,

of theory over practice, of philosophy over science. Yet Farring-
ton's own record of Greek history belies the claim that Greek science

declined after Plato. For example, he praises the men of the

Alexandrian Museum, he praises Ptolemy and Galen for their sci-

entific achievements, their observations and experimentations, yet

they lived some four hundred years after Plato. The interpretation
of all of Greek science as the product of a certain kind of class

structure and its accompanying ideology seems to be excessively

simplified by a doctrinaire Marxism in Farrington's point of view.80

The existence of a slave society may have been significant, although
there was continuous and large scientific development all during
the period that this kind of society prevailed. A satisfactory soci-

ology of Greek science still remains to be written. When it is

written, not only will it include more social influences than the
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class structure in its account but also it will have a vital sense of

the way in which the relative autonomy of science interacted with

these social influences to produce the Greek science we have been

examining.
The historical successors of the Greeks were, of course, the

Romans, who were chiefly distinguished for their achievements in

law, administration, and the military arts, and of whom it is well

known that they made no advances in philosophy or science, in

mathematics or technology. The Romans had other gifts to make to

Western civilization than the Greeks; but though they did not them-

selves become scientists, they at least supported the science already
in existence. It is no small virtue of the Roman Empire that it

permitted Hellenistic science to flourish during the first three or

four centuries of the Christian era. After the Romans, of course,

in the so-called Dark Ages that lasted for perhaps five centuries

after 500 A.D., there was a considerable decline in scientific activity.

Yet even this period of apparent decline needs to be seen in a

broader perspective than the one conventionally offered us by our

history textbooks covering the history of Europe from the fall of

Rome. For if we include the whole Mediterranean world in our

view and why should we not? and not just the continent of

Europe, then we must take note of a fairly high level of scientific

activity in this period by the Arabs, who spread their new religion

all along the southern rim of the Mediterranean and eventually

penetrated Europe through Spain. Where they were an offshoot of

Christianity in religion, in science the Arabs adopted the heritage of

Hellenistic science which the successors of the Romans, in compari-

son, greatly neglected. And the Arabs made important contribu-

tions to the evolution of science. Not only did they make progress
in medicine, in biology, and in all the technical arts, but they
discovered algebra and they invented the zero, thereby giving to the

world the decimal system in mathematics, the system which was to

make scientific progress henceforth infinitely easier than it had been

before.

In short, when we consider Arab science a much-neglected sub-

ject which deserves more extended treatment than the few words

we have given it here the historical evolution of science is much

less discontinuous than it sometimes appears. When we consider
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the Arabs as part of Western history, we see that the Dark Ages
were darker in Europe than elsewhere. We are not then unprepared
for the essential contribution which the Arabs make not only to

Mediaeval but to modern science. A history of science without the

Arabs taken in relation to the rest of what occurred in this period is

a poor history indeed.

By the Middle Ages the main stream of scientific evolution has,

however, come back to Western Europe, where it has remained

ever since. This may seem strange to some, that we find this early

source for scientific advance in the Mediaeval Period. It may seem

strange because the notion is so common that this was a time that

was at best un-scientific and at worst anti-scientific. Yet if we take

the broader view of science that we have here adopted, the view of

science as one form of rational thought which is continually en-

riched by progress in the other forms of rational thought, then

we can easily see the enormous contribution that the Middle Ages
has made to the development of modern science. To the Middle

Ages we owe not only a great enhancement of our powers of ra-

tional thought, so useful later on in empirical science, but also the

fundamental conviction that these powers are inalienable capacities

of man in society. These are gifts we often too cheaply value. And,
we shall also see, there was, even, more empirical science and tech-

nology in this period than our school histories customarily report.

The interest in and the development of empirical science, we
should now readily accept, is always a matter of degree, not of

absolutes. On this view, it is true that Mediaeval Western society

was much more but not completely, as is sometimes thought inter-

ested in the supernatural than the natural world. And therefore it

was in the area of the religious and the supernatural that the

Mediaeval Period, building upon its heritage from the Greeks, and

especially from its master, Aristotle, developed the power of ra-

tional thought to such a high level. Indeed, perhaps because of

our empiricist bias, Mediaeval Scholastic philosophy has become a

kind of symbol for the nature of fine and excessive rational specu-

lation. There is probably no greater single achievement in the his-

tory of rational thought than the monumental system of writings of

St. Thomas Aquinas. And this was only the greatest among a large
number of wonderful accomplishments by the Scholastics.
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Now how is this advance related to the evolution of science

which we are here tracing? In that book of his which has had so

great an influence on modern thought, Science and the Modern

World, Whitehead has shown the significance of Mediaeval thought
for modern science.81 Something more is wanted for science, says

Whitehead, than a general sense of the order in things. "The habit

of definite exact thought," so essential in science, "was implanted
in the European mind by the long dominance of scholastic divinity."

And, fortunately, the habit remained long after the philosophy had

been repudiated, "the priceless habit of looking for an exact point
and sticking to it when found/' Whitehead meantions ofter gifts

of Mediaeval thought to the development of science. For example,
"the inexpugnable belief that every detailed occurrence can be cor-

related with its antecedents in a perfectly definite manner exempli-

fying general principles," while existing to some extent in all so-

cieties, was broadened in its application by Mediaeval society to

include all of nature. A fundamental conviction of Mediaeval

thought, now transmitted to science and modern thought generally,

was that "there is a secret, a secret which can be unveiled." This is

not universally and in all societies an equally powerful habit of

mind. The Mediaeval thinkers who insisted on the rationality of

God and on the reflection of this rationality in Nature are, for

example, different from the great Oriental thinkers who have seen

only an inscrutable force in Nature. The implications of these two

radically different conceptions for the development of empirical

science have been made clear by history.

Now to say all this, as Whitehead has, is not to say that the

Mediaeval thinkers themselves favored empirical science and it is

certainly not to say that they did not consider religious problems
more important. The favorable influence of Mediaeval religious con-

ceptions on Western science was unintended, though large. "The

faith in the possibility of science," says Whitehead, "generated

antecedently to the development of modern scientific theory, is an

unconscious derivative from mediaeval theology." Sometimes the

most powerful elements in society are those which are unintended.

This is often the case with those basic cultural values about ra-

tionality and Nature of which we are "unconscious" because we
take them so much for granted. In our next chapter we shall con-
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sider explicitly the set of basic cultural values which have made
science so congenial an activity to the modern world.

We have said that interest in science is a matter of degree and

that it is not true that the Middle Ages were absolutely uninterested

in science. In the midst of the predominant concern they had for

rational understanding of the religious and the non-empirical, these

times saw a slow growth also in rational knowledge and control of

the empirical worli82 Our superficial knowledge of the Mediaeval

world has made us exaggerate its rigidity, its lack of change and

progress. This is a distorted picture which new work in the history

of science is changing. In the lay world outside the meeting-places
of the Scholastic philosophers, and even in the religious monas-

teries themselves, subject as they were to the rational discipline of

St. Benedict, numerous advances in generalized empirical knowl-

edge and their related improvements in technology occurred. The

"extraordinary list" of inventions which were made in this period
has long been overlooked. Between the ninth and the fifteenth

centuries of our era there were invented: the modern method of

harnessing an animal for riding with saddle, stirrups, bit, and nailed

shoes; also the modern method of harnessing draft animals, with

shoulder-collar, shaft, and disposition in file; the water-mill and

the wind mill; the mechanical saw; the forge with tilt-hammer; the

bellows with valved sides; the pointed arch and window glass; the

domestic chimney; the candle and taper; paved roads, as distinct

from the Roman walls of concrete buried in the earth; the wheel-

barrow; spectacles; the wheeled-plough; the rudder attached to the

stern-post of the ship, not the ancient method of steering by oar;

the canal lock; powder; the plane; the brace and bit; the lathe, and

nuts and bolts; and, perhaps most important of all, printing from

movable type.

This is indeed a remarkable list, so impressive in fact that Lilley

has spoken of it as the beginning of The Second Industrial Revolu-

tion.83 There was a great shortage of labor in the early Middle Ages,
and this, together with all the technical progress, resulted in a very

much greater use of water-power, wind-power, and animal-power.
For example, as early as 1086, there were 5,000 water-mills in

England alone, used for the fulling of cloth, for trip- and forge-

hammers and for pumping and winding. The new technical devel-
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opments and especially the new sources of power greatly contrib-

uted to the development of early machines and thereby to the rise

of modern science.

Thus, in sum, considering the great growth of rational thought
in the Mediaeval Period and considering its advances also in em-

pirical science and technology, we see again that there has been no

radical discontinuity in the evolution of science. From its earliest

history, Western society and its antecedents have experienced con-

tinual, if sometimes slow, progress in rational empirical thought
and in the control it gives over Nature. Each age has made its con-

tribution to the stream of development; and in modern times the

consequence is a broad river of new knowledge and new applica-

tions of that knowledge.
In our sketch of the historical development of science we come

now finally to the period roughly included in the sixteenth and

seventeenth centuries, the period which is usually inclusively la-

belled as "the rise of modern science," and here the inadequacies

of a sketch become nearly overwhelming. Here certainly there is

a need for at least a whole volume, a tight-packed volume. And

yet, for our present purposes, certain important points need to be

understood, the significance of some of our themes needs to be

revealed in the historical record. But we cannot too much emphasize
that this should only be the prolegomenon, should only be the

invitation, to the further study of the history of science in these

two wonderful centuries.

We need, first of all, to understand the relation of the many
events that make up the rise of modern science to all that has gone
before. It should of course be clear by now that this was not some-

thing that occurred "ex nihilo," a wholly strange or new phenom-
enon in human society. More specifically,

a closer reading of the

history of science than we usually make will show that we have

marked off this period too sharply, that the Middle Ages and the

early modern period run into one another in a great many ways,

and not least of all in scientific development. This is to say, once

again, that the evolution of science has not been discontinuous. And

yet "something big" did occur in the sixteenth and seventeenth cen-

turies, something so large that it seems to some to be a "mutation"

in the evolution of science.84 The basic historical fact is as striking
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as anything can be, the fact that one of the most important changes
in all fiistory occurs at this time. "Since the rise of Christianity/'

says the English historian, Butterfield, in his recent book, The Ori-

gins of Modern Science, "there is no landmark in history worthy to

be compared with this."85 Science takes on a new scope and a new

power both so great that the evolutionary change in quantity seems

to be almost a change in quality. But we may accept the metaphor
of "a mutational change" only with caution. We may accept it,

that is, only if we think of a mutation as related in a fundamental

way to its antecedents, and not otherwise. For then we should do

violence to the continuity of scientific evolution and to the absence

of any radically new occurrences in the realm of empirical ration-

ality.

We must adopt another caution too. We may profitably think

of the rise of modern science as a "mutation" only if we understand

that it is related to its concomitants, as well as to its antecedents.

Here we are recalling our theme that science, while in part inde-

pendently developing through its own structure and logic, is also

constantly interacting with a great many concomitant social fac-

tors. We have already noted that it is easy to think of science as a

whole in too simple a fashion. So also is it easy to think too simply
of what the rise of modern science means. This great complex of

events does not limit itself to a single man, like Newton, or even a

small group of men, including Kepler and Boyle; it is not limited

to a single branch of science, like physics; it does not occur in a

single country, like England or France; and it certainly is not en-

tirely explained by some single, or even a few, social or economic

or religious changes. The rise of modern science, even in its most

narrow delimitation, covers two centuries. It involves a multitude

of social changes and a multitude of scientific changes, many of

them proceeding on their own course, but many also interacting

continuously.

We have chosen to stress the complexity of what is represented
in the simple phrase, the rise of modern science, only because the

opposite view is the common "knd, we believe, the misleading one.

A notable and valuable exception is the book by Professor Butter-

field, to which we have just referred. "The historical process," says

Professor Butterfield, "is very complex. While the scientific move-
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ment was taking place, other changes were occurring in society-
other factors were ready to combine with it to create what we call

the modern world." 88 And he has also noted the interaction of

these several factors, the scientific and the others. 'Indeed, the

scientific, the industrial and the agrarian revolutions form such a

system of complex and interrelated changes, that in the lack of a

microscopic examination we have to heap them all together as

aspects of a general movement/'37

The perception of an existing complexity is often the begin-

ning of understanding: it can indicate the real nature of the prob-
lems that confront historical and sociological research. We can do

a little better as does Professor Butterfield himself than take the

several parts of the rise of modern science and "heap them all to-

gether as aspects of a general movement." We can make a first

approximation to the isolation of some of the significant factors

in the complex process. This is by no means a full or adequate
account of what occurred in the sixteenth and seventeenth centuries;

it only shows the direction which such an account would take. We
may conveniently group the factors we shall mention which are,

it should be noted, not all of equal importance necessarily into

two rough categories: the internal and the external factors. The
internal factors include those changes which occurred within sci-

ence and rational thought generally; the external include a variety

of social factors. The two kinds of factors are separated only for

analysis, of course; over the course of the period we are considering

they often interacted with one another to produce the final result

of modern science.

First, then, we may take some of the internal factors, those

which have to do with the relative autonomy of science and ra-

tional thought in general. Here one of the fundamental changes
which occurred was the emergence of the Cartesian philosophy, a

new philosophy for science and rationalism. Descartes did have

great debts to the older Scholastic philosophy. Indeed, he had been

trained by the Jesuits, and St. Thomas' Summa was one of the few

books that he carried with him. But his philosophy made a sharp
break with Scholasticism by rejecting final causes and by stressing

the obligation to seek out the necessary connections among events

through precise observation and rigorous logical and mathematical
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calculation. His conception of the reign of mathematical law was

opposed to the older historical traditionalism and became an impor-
tant guide for the new science.88 In his great concern for mathe-

matics, of course, Descartes struck a note which was most har-

monious for his time. The sixteenth and seventeenth centuries were

a period of important discoveries in mathematics, not the least of

which was the invention of the differential calculus. This dis-

covery, incidentally, was made independently by both Leibniz

and Newton. The differential calculus was an indispensable tool

of the new substantive theories in science, especially in physics and

mechanics. Astronomy particularly was aided by the new develop-
ments throughout mathematics. Other sciences, however, were not

yet ready to make much use of such sharp tools of analysis. "With-

out the achievements of the mathematicians," says Butterfield, "the

scientific revolution, as we know it, would have been impossible."
89

It is of the new theories in science that we may now speak, the

new conceptual schemes that achieved an order of generality and

systematization that had never before been reached in empirical

science. The rise of modern science consists in part in this efflo-

rescence of original conceptions that has been equalled perhaps

only in our own time by the developments in relativity and atomic

theories. It was an "age of genius," and the accomplishments of

giants like Copernicus, Kepler, Galileo, and Boyle followed each

other in dazzling succession until they culminated in the magnifi-

cence of the Newtonian synthesis, a fundamental groundwork for

science which was to go unchanged for over 200 years. All these

new conceptual schemes built partly on what had gone before, yet

they were also the product of imaginative creativity by individual

geniuses. Discoveries in science never simply "have to happen/'
But of this problem, of the relation between individual creativity

and scientific inevitability, we shall say more later. Now we need

only note the triumphs of scientific theory, the triumphs not only

in individual theories but also, and perhaps even more important,

the triumph of theory in general. Although it has its anti-theoretical,

empiricistic biases as well, modern science is essentially marked by
its understanding of the primary significance of theory for all re-

search.

Modern science is also characterized by refined experimental
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techniques. In this area too, progress was made in the sixteenth

and seventeenth centuries. There was a new importance attached to

systematic controlled experiment and there was a new generalized

understanding of the method of experiment. "The secrets of na-

ture," said Francis Bacon, the chief exponent of the inductive,

experiment method, "betray themselves more readily when tor-

mented by art than when left to their own course/* In the new
societies of scientific amateurs which grew up in this period, in the

newly-founded Royal Society, for example, Bacon's "new philos-

ophy," as it was called, was taken quite self-consciously as a funda-

mental canon of research. In the work of such men as Boyle and

Robert Hooke and Huygens the results were excellent. The new

experimentation was, of course, considerably enhanced by the dis-

covery of wonderful new instruments of observation and measure-

ment: the telescope and miscroscope, the thermometer and barom-

eter, the pendulum clock, and the air pump. Here we see, too, how

technology and science influence one another and make each other

more fruitful, for these new instruments were often partly the result

of technological changes. For example, the improvements in the

Dutch glass-making industry in the sixteenth century made the

telescope and microscope possible. And the navigational require-
ments of the expanding sea commerce of the time helped stimulate

the invention of the pendulum clock. But we must not think that

scientific instruments are only the product of craft and industrial

technology. The barometer, for example, like many scientific instru-

ments today, arises out of the internal needs and creativity of

scientific research itself.

We may see, then, in what consisted the importance of the

internal changes in rational thought and empirical science during
the sixteenth and seventeenth centuries. It consisted in making ex-

plicit the virtues of coupling rational thought with direct observa-

tion of the empirical world. This was a new emphasis, and the

men of the time, realizing the novelty of this powerful combina-

tion, might well speak of the "new philosophy." Whitehead has

best of all characterized "this new tinge to modern minds." It is,

he says, "'a vehement and passionate interest in the relation of

general principles to irreducible and stubborn facts. It is this

union of passionate interest in the detailed facts with equal devo-
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tion to abstract generalization which forms the novelty in our

present society."
40

Running parallel and intermixing itself with these internal

changes in science and rational thought was a whole series of im-

portant external changes. Even without science, perhaps, the six-

teenth and seventeenth centuries mark a great turning-point in

Western history. Of the very many new developments in the other

parts of society which were provocative of or congenial to the rise

of modern science, we may, however, single out just a few. The
whole story of science and society in these times has not yet been

written.

One important change was an aspect of the Renaissance, the

great revival of interest in the ancient works of knowledge and

thought. The Renaissance was interested in these works for their

own sakes, not in Mediaeval commentaries on them, and it read

them with a fresh, critical spirit which made the old knowledge
more available for modern use. This was as true for science as for

other fields of thought. The works of Archimedes, for example,
were translated in 1543 and thus entered more directly into the

stream of scientific evolution than they had for almost a thousand

years. The new translations, moreover, were printed, and printed

usually in the vernacular languages, and so became accessible to

new companies of men, men challenging the old authorities or put-

ting rational knowledge to new uses. The Renaissance, then, espe-

cially in Italy but also elsewhere in the emerging national societies,

had a freshening influence on science as well as on art and literature.

One focus of many of the social influences on the rise of modern

science may be found in the new societies of amateurs devoted to

cultivating the "new philosophy."
41 The amateurs were found in

all countries, Italy, France, England, Holland and Germany; and

everywhere they organized societies in which they joined themselves

in scientific enterprise and experimentation. In Italy there was the

Accademia del Cimento; in England, the Royal Society, which is

still in existence and the proud possessor of a noble tradition; in

France, the Academic des Sciences, which flourished only during the

lifetime of its spiritual father, Colbert; and in Germany, the Aca-

demia Naturae Curiosorurn. There were many similar, smaller, more

short-lived societies in all these countries and in others as well.
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These societies provided the first beginnings of scientific specializa-

tion. Science was becoming large enough and technical enough so

that it was full-time work. Hence the initiation of that trend to-

ward professional specialization in science which is so essential a

characteristic of modern science and of which we shall say a great

deal more later in speaking of the social organization of science.

The societies also became the channels not only of intra-national

but of international communication in the new knowledge. Each

society had regular foreign correspondents charged with reporting
events in his country; and reading the letters of these correspondents
was a feature of the meetings. For example, in the late 17th cen-

tury, every important scientific experiment and article was reported
in this fashion to the Royal Society just as soon as it occurred on

the Continent. When scientists travelled, they found that they were

known and studied in other countries, and they were invited as

honored guests to describe their scientific work.42 The societies pub-
lished the first scientific journals, of which one may still read the

Philosophical Transactions of the Royal Society, and they published
scientific books by their own members and by foreigners alike. We
may recall that it was at the urging of the Royal Society that New-
ton first published his new discoveries, which he had made many
yeajrs before.

\Ornstein tells us that "it cannot be sufficiently emphasized that

it was the experimental feature of science which called forth the

societies." This was certainly an important part of their nature, for

with the growth of experimental science, scientific laboratories and

instruments were both essential and costly. Only joint groups could

finance suitable work-places and necessary instruments like air

pumps, telescopes, and microscopes. But the societies were more

than experimental; they were anti-authoritarian in general. The so-

cieties were, for example, a safer place to challenge the old authori-

ties in thought than were the contemporary universities, where

Aristotelianism and scholasticism still prevailed. The new science

comes chiefly from the laymen of the societies and not from the

established universities, as science in modern times does. Still, the

universities were not entirely without beneficial influence; Coper-
nicus and Galileo were at the University of Padua at important peri-

ods of their lives, and of course the medical school of that university
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has the glory of having nourished Vesalius, Fabricius, and William

Harvey, the latter the discoverer of the circulation of the blood.

This conception was a radical challenge to the ancient authority of

Galen and Aristotle. It expressed the "radical doubt" preached by
Descartes fortified with the confirmation of experiment and ob-

servation.

For all their devotion to science for its own sake, the amateur

societies were a manifestation also of the utilitarian bent, that other

important value of modern science. "They concerned themselves,"

says Ornstein, "about matters of homely interest such as trade, com-

merce, tools, and machinery, and tried to improve everyday life by
the light of science." Pure and applied science, about the relations

of which we shall say more later, had their important connections

in those days as much as in ours. This point has, as we have said,

been overdone by certain Marxist writers, notably the Russian, B.

Hessen. The English historian, G. N. Clark, in rebuttal of Hessen,
has admitted the connections between science and technology in

the seventeenth century, but he thinks they were not of a general
and mutual kind but rather more "piecemeal" than they are now.48

Especially close were the connections, in England at least, between

science and the technology of navigation. The rising English mari-

time interestsof both her commercial and navy shipping required
a more reliable method of navigation than could be had without

good chronometers and easy techniques for determining longitude.
These requirements were a direct stimulus to scientific work in this

area and so we owe to them advances in the basic science of astron-

omy and fundamental discoveries on the nature of the spring, the

latter making possible finally the construction of accurate chro-

nopieters?)

We may take another example of the influence of economic and

technological factors on the rise of modern science. Lilley has

pointed out that from roughly 1550 on, men in many countries

were trying to develop new sources of power for the heavier and

more powerful machinery which was coming into use.44 In the

expanding mining industry, for example, because of the great in-

crease in the use of coal and the greater depth of the mines, there

was a need for a more efficient pump than the old Archimedean

screw type. There was also a need for a more efficient form of
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power than human beings and animals. No satisfactory solution

for the latter need was to be achieved until the late eighteenth

century, but the seventeenth century did see early forms of the

steam engine like the Newcomen and Savery machines. The need

for a pump, however, as we have already said, was more speedily
met. In the sixteenth century, Archimedean pumps were found

everywhere and became very familiar tools. Galileo seems to have

learned from the pumps he saw in operation that no suction pump
could raise water more than thirty feet. He tried to explain this, but

he had the wrong theory. His pupils, however, Torricelli and

Viviani did construct the proper theory of the relation between

water level and atmospheric pressure. This theory not only made

possible the construction of a suction pump for industrial use but

had fruitful consequences for scientific theory itself. For on the

basis of this theory, Torricelli constructed the barometer, a valu-

able tool of early research. And von Guericke used the now well

known pump in the seventeenth century to make a vacuum. This

led to the development of the so-called '"air pump," which later,

Lilley says, "in the hands of men like Boyle became perhaps the

most important instrument in the advance of 17th century science."45

Science and technology are mutually helpful.

All this is perhaps enough to say about the economic influences

on sixteenth- and seventeenth-century science. The economic changes
of those times were very great, and they could not help but affect

the newly rising science directly and indirectly. Mercantile capital-

ism and exploration are very obvious background factors which

need to be considered when we are talking about any kind of

change in this period. But it will not do to explain any and all

changes simply through those factors. These and other external ele-

ments were interwoven with internal developments in science
ifself).

One last external influence on the rise of science should be

mentioned, the religious factor, and here we are fortunate in hav-

ing available some sociological investigations which are models of

what the attempt to relate science and social factors should be.

These are the studies by Max Weber, the German sociologist, in

the comparative sociology of religion and the study by Robert K.

Merton, which follows up Weber's lead, on Science, Technology
and Society in Seventeenth Century England.

4*
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As a result of his extensive historical researches on the "great

religions" of the world Hinduism, Confucianism, Christianity,

Judaism, Islam Weber had concluded that the religious values and

attitudes of different societies, especially the different views they

took on the meaning of Nature and its relation to the supernatural,

had a great significance for everyday activities. This may seem a

fairly obvious notion to us nowadays, but in the late nineteenth and

early twentieth centuries, when Marxist and English Utilitarian

philosophies about the primary importance of economics prevailed,

Weber's theories were not so readily accepted. Weber was particu-

larly interested in the effect religious values had on everyday eco-

nomic activities, and he argued that an essential stimulus to early

modern capitalism was the new complex of religious attitudes which

emerged in the sixteenth century in Calvinist Protestantism. This

is Weber's famous thesis of the significance of 'The Protestant

Ethic" for modern capitalism. With this argument we are not here

concerned, although it is related to the suggestion Weber made

about science, which is of interest to us. With his knowledge of the

great historical societies, Weber knew that men had always been

more or less successful in their adjustment to the empirical world.

He was convinced, however, that the religious values of the Graeco-

Christian society were more favorable to the development of em-

pirical science than those of the other societies he had studied. We
have already mentioned some of these more favorable views and

attitudes: the view that the natural and supernatural realms were

separate; the view that God was rational and that the natural uni-

verse reflected his rationality; and the view that man could discover

the rational order in the natural universe. These are not attitudes

taken by all religions and all societies. Weber has himself shown,
for example, that the view of the world held in Classical, Confu-

cian China was different from that of the West; and the predomi-
nance of what Weber calls "the magic image of the world" in

China helps to explain the lack of science in that society.*
7

What is of immediate relevance here is Weber's suggestion that

Calvinist Protestantism, or what he called "The Protestant Ethic,"

was an especially favorable version of Christian attitudes toward the

world for the development of science. Calvinism brought the great
forces of Mediaeval rationalism into everyday life, thus stimulating
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empirical science, because Calvinist theology held it man's religious

duty to order his "this-worldly" activity of all kinds, economic and

otherwise, in the most rational fashion possible. Gradually, of

course, over the centuries, this religious attitude has been secularized,

until the purpose and justification of rational empirical activity is

no longer immediately, but only indirectly, religious. In the seven-

teenth century, however, when the justification was still religious,

the new Calvinist view of the world furnished a strong impetus to

the growth of science. Rationality about the empirical world was

now, paradoxically, enjoined by the supernatural sanction of Calvinist

theology.

Weber's suggestion, made specifically in connection with the

Calvinist Puritans of seventeenth century England, has been, as we
have said, taken up by Robert K. Merton, American sociologist,

and put to a careful empirical test, a test which we can only sketchily

report here. First of all Merton made a detailed and quantitative

study of scientific activity in seventeenth century England, using

chiefly the papers in the Philosophical Transactions of the Royal

Society as his evidence, and demonstrated that the number of

Puritans who were active in science and the extent of their contri-

butions to it are disproportionately greater than those of other reli-

gious groups and particularly of the Catholics. Merton also, inci-

dentally, has collected statistical evidence to indicate that this dis-

proportionate participation in science by Protestants as against

Catholics holds right up to modern times for the European conti-

nent, as well as for Great Britain.48 Of this differential, so far as it

concerns the United States, we shall say more later.

Then Merton turned to the set of religious beliefs and attitudes

which constitute Calvinist Puritanism, beliefs expressed in theo-

logical writings, in sermons, and in books of moral guidance for

the layman. It is this set of beliefs, this thing labelled 'The Prot-

estant Ethic" for the sake of brevity, which makes the difference in

the propensity to scientific activity. What are some of these beliefs?

The Puritans held the view that man could understand God through

understanding Nature, because God revealed himself in the work-

ings of Nature. Therefore science was not antagonistic to religion

but rather a firm basis for faith. They felt that since "good works"

were a sign, if not a proof, of election to salvation, and that since
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one could glorify God through social utilitarianism, then science

was good because it was an efficient instrument of good works and

social improvements. And they valued reason highly because God
had chosen man alone to possess it and because it restrained laziness

and idolatry. The Puritans did not esteem the empirical world for

its own sake but rather as the stage on which rational, orderly

activity so useful for science was approved by God. The con-

geniality of these religious views for scientific activity is obvious.

"The combination of rationalism and empiricism which is so pro-
nounced in the Puritan ethic," says Merton, in summary, "forms

the essence of the spirit of modern science." 49

We have used Merton' s study to show the influence of religious

factors on the rise of modern science, but we may repeat that it is

of general methodological interest in the study of the social aspects
of science. It has the essential scientific virtue of showing a direct

and specific connection between scientific activities in a particular

place and time, on the one hand, and a carefully defined and isolated

social factor, on the other. For example, Merton does not claim

that Protestantism as a whole has this beneficial influence on science,

but only Calvinism, and Calvinism only necessarily at a given stage

of its development. And lastly, Merton, like Weber, does not claim

that the relation between science and "The Protestant Ethic" was

consciously intended by the Puritans of seventeenth century Eng-
land. Social influences on science, like the reciprocal influences of

science on society, we have already noted, are often most powerful

just when they are unintended.

And here we may stop in our all too brief account of the

historical evolution of science. There is, we trust, no further need to

exemplify the six themes which run through this account and which

could be as easily demonstrated in the history of science during the

few centuries which succeed the period of which we have just been

speaking, the period of the rise of modern science. We turn now,
in the next chapter, to an account of the social and cultural factors

which are most favorable to the maintenance of a high level of

science in the world of the twentieth century. From now on we shall

be more interested in the analysis of the nature and conditions of

a fully-developed science than in the history of its evolution.
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Science in Modern Society:

Its Place in

Liberal and in Authoritarian Society

AFTER OUR account of the historical development of science,

we can now understand in just what sense it is true, as we
so often hear, that science is unique in modern society. Our science

is not unique in kind but rather in its extremely wide scope and

in its high degree of development. Only in modern society do we
find that peculiar combination of elements which has evolved out

of earlier forms of empirical rationality and which is indispensable
for science as we know it: very highly generalized and systematized

conceptual schemes; experimental apparatus which greatly extends

man's powers of observation and control of data; a relatively large
number of professional scientific workers; and, widespread approval
of science in the masses of the population as well as in the elites.

This combination of elements, this science we know and take

for granted, is not, however, random, nor is it inevitable or im-

mutable. Recent events in Nazi Germany and in Soviet Russia have

suggested that some parts, at least, of science may decline as well

as grow, perhaps even be stifled altogether. Science, in short, is not

only dependent on its environing society, as we have seen in the

preceding chapter, but is more congruent with some types of social

conditions than with others. This relationship between science and

modern society has recently been noted by Professor Talcott Parsons.

"Science," he says, "is intimately integrated with the whole social
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structure and cultural tradition. They mutually support one another

only in certain types of society can science flourish, and conversely

without a continuous and healthy development and application of

science such a society cannot function properly/'
1

Throughout the rest of this book we shall be making as detailed

an analysis as we can of the relations between science and society.

In this chapter, however, we want to take a broader view of these

relations, a view which is the necessary propaedeutic to the finer

analysis which follows. We want to isolate some of those relatively

macroscopic social conditions which characterize the modern West-

ern world in comparison with other kinds of society and which

make possible a high level of scientific activity and advance. We
shall speak, therefore, of such things as our cultural value of

rationality, our highly specialized division of labor, and of the sig-

nificance of these things for science. How such features of our

society have evolved out of a large number of social changes covering

many centuries, changes including those owing to science itself,

will not concern us now. We are interested only in their present

congruence with science, the congruence Professor Parsons speaks of.

The purpose of singling out these broad characteristics is not

to describe precisely just what modern society is. What we want

for the present is a kind of model, an "ideal type" as some sociolo-

gists would call it, of what this type of society is in comparison with

other societies. This model is nowhere fully realized in the different

societies of the modern world, but it is realized in greater and less

degree. We can use our model, our set of characteristics of modern

society, as a rough but useful measure of the degree of relative

favorableness which these different modern societies present for the

development of science. Specifically, examination will show that

certain "liberal" societies the United States and Great Britain, for

example are more favorable in certain respects to science than are

certain "authoritarian" societies Nazi Germany and Soviet Russia.

We say that the latter countries are "less favorable"; we do not say

that science is "impossible" for them. This is not a matter of black-

and-white absolutes but only of degrees of favorableness among
different related societies. Now ideological thinking about these

matters does deal in absolutes; for example, it speaks of "the death

of science in Nazi Germany." Science is harder to kill than that in
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the modern world. Such thinking will not carry us far toward a

sociology of science which is useful for realizing our values as well

as for genuine scientific understanding.

Every human society has a set of cultural values, a set of moral

preferences for certain kinds of social activities as against their

alternatives. JLet us turn first to the system of cultural values which

characterizes the modern world as against other societies, the values

which realize themselves not only in science but in a great many
other social activities. This is the set of deeply-rooted moral pref-

erences which has made possible the uniquely high development of

the science we know. This is the set of values we must maintain

relatively strong if we wish to maintain science relatively strong.

These values are not, of course, officially nor even informally codi-

fied, so the particular list we give here can only be offered as the

consensus of numerous scholars and moral leaders who have tried to

discover them. Any similar listing would, however, probably have

a very large overlap with this one, especially when merely verbal

differences were eliminated by close analysis. In any case, these are

the values that are significant for science and other essential activ-

ities in modern Western society, even if it is difficult to draw them

up jn precise and final hierarchies.

One of the key cultural values we have to speak of is the value

of rationality, and the congruence of this moral preference with

science is obvious. We are not now referring just to the practice of

rationality, for as we have seen that occurs in all types of society.

By the value of "rationality" we mean the moral, the emotional, the

"institutionalized" as the sociologist says, approval of that practice

throughout wide areas of the society. This approval results in the

critical approach to all the phenomena of human existence in the

attempt to reduce them to ever more consistent, orderly, and gen-

eralized forms of understanding. Rationality of this kind is specifi-

cally different from what has been a predominant characteristic of

all previous types of society, namely, the cultural value of
'

'tradition-

alism." This value approves the acceptance of whatever exists, on

its own terms, simply because it has always existed, without wishing
to criticize it in terms of rational consistency and generality. The

"rational bent" of modern man, which Thorstein Veblen was one

of the first to compare with the habits of men in other societies,
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leads modern man to question the world in every direction, to

analyze all that has been passed down to him merely by the "rule

of custom." The modern world thinks the rule of reason more im-

portant than the rule of custom and ritual.

This value of rationality underlies much more than science in

our society, although it is most strikingly manifested there, of course.

For example, our economic activities can only be maintained in

their present form because of the widespread diffusion of this value

in the population. The moral norm for behavior in the economic

area, that is, is a rationality of which efficiency in industry and a

skillful orderliness in all affairs are the outward signs. When we

praise "the spirit of free inquiry" we are referring to another aspect

of our value of rationality. That spirit is chiefly exercised by the

professional groups and especially by the scientists among these,

but it is a cultural ideal in all social groups. Every man, we say, has

the right to ask questions and to satisfy "himself," by which we
refer to his reason. Indeed, this is not merely a right, but a duty.

That is to say, there is a notably active quality about the value of

rationality in our society. It requires man to strive for rational

understanding and control of all his affairs by a perennially active

effort, not just when events bafHe or thwart him. In science itself,

this spirit of rationality becomes an institutionalized self-generation
of endless inquiry, ever novel and ever more general hypotheses.
No realm of the world or of society is now immune to penetration

by the active rationality prescribed by our cultural approval of it.

Inevitably, of course, as we well know, this active rationality

comes into conflict with certain established habits and activities in

society, for example, with the "sacred" beliefs of religion or with

ancient economic mores. These other activities resist the "attacks"

of rationality, sometimes violently, more often in our recent history

by giving way slowly in adaptation to the corrosive effects of un-

bounded inquiry^ We shall look into the sources of this resistance

to rationality and into its significance for science more closely when
we discuss, later on, the social consequences of science. What we
need to remark at this point is that, on the whole, the relative

strength of the value of rationality continues to prevail, despite
counter-attack and resistance from some of the things it questions
and criticizes. Especially as it is embodied in the structure and con-
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sequences of science, thus, active rationality is the source of the

great dynamism which sets its mark on the modern world.

We need a term for another important cultural value of the

modern world and we shall use the term "utilitarianism" for this

purpose, even though it has certain connotations which we do not

here imply and which we shall therefore specifically exclude. By the

value of utilitarianism we mean that predominant interest modern
man has in the affairs of this world, this natural world, rather than

in other-worldly affairs such as supernatural salvation. This value

is also obviously favorable to a high development of science. Modern

rationality, in contrast to say the rationality of the Mediaeval

world, is primarily rationality applied to the empirical phenomena
of everyday life.\ In our discussion of the rise of modern science, we
indicated that this everyday empirical rationality was derived in

some part from the active interest in this-wordly affairs prescribed

by The Protestant Ethic of Calvinism, an interest which has been

so well analyzed by Max Weber*. By now, however, this interest in

mundane activities has become almost wholly autonomous, almost

wholly based on secularized derivatives from the earlier religious

interests, as well as on the consequences of other developments.
But perhaps this partial source of utilitarianism in what were specif-

ically religious interests should make it clear that the value of utili-

tarianism is not necessarily and invidiously
'

'materialistic." There is

no identity between materialism and utilitarianism, as some who
have opposed this latter value maintain. Although materialism is

a possible consequence of utilitarianism, so is an "idealistic" con-

cern for the affairs of this world also possible. The evidences of

idealistic utilitarianism are widespread in social reform and social

voluntarism. The most vivid evidence of all for the existence of

idealistic utilitarianism, however, may be found in science itself.

This too we shall refer to again, when we outline the specific cul-

tural values of science as an independent social activity.

(The approval our culture places upon universalism constitutes

still another value which has a special congruence with the main-

tenance of a high level of scientific activity. This value, derived

from and still expressed most fundamentally in the Christian ideal

of the brotherhood of man in God, has a secularized meaning in

modern industrial society. It means that, in this society, ideally, all
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men are free to find that calling in life to which their merits entitle

them. It means that each man's station in life is consequent upon his

achievement in his calling, that is, in an industrial society, in his

"job." Every man may compete for any occupational function and

for any specialized position within the hierarchy of an occupation.

Quite specifically, for example, any man who has the talent for the

job of being a scientist and who has the desire to take up that job,

has a social right to do so that is as great as that granted to all

other men. As the American expression of the value of universalism

has it, a man may become a scientist regardless of race, color, or

creed. Moreover, once a man has become a scientist, he has the right

to be treated by all fellow-scientists and by all fellow-citizens in

terms of the universalistic norms which apply to all who have that

job and that status. Where the value of universalism is realized

fully, Jews and Negroes are not barred from science or any other

occupation. And in science itself there is no "Catholic" science and

no "Jewish" science and no "German" science. Universal science

flourishes in those parts of the modern world where the value of

universalism is most nearly realized.

Another cultural value which lias great scope in the modern

world in contrast with other societies is the value that we shall call

individualism. By this value we mean the moral preference for the

dictates of individual conscience rather than for those of organized

authority; We have the libertarian conviction, derived in part, as is

utilitarianism, from Protestant theology, that it is our duty to seek

the inspiration for all behavior in our own consciences. (Modern man

grudges the sway of organized authority in a fashion which is new

among societies. This is an attitude which is most congruent with

science, for science rejects the imposition of any truth by organized
and especially by non-scientific authority. The canons of validity for

scientific knowledge are also individualistic: they are vested not in

any formal organization but in the individual consciences and

judgments of scientists who are, for this function, only informally

organized. Some of the resentment which scientists feel against

so-called "planning" in science, as we shall see more fully later

when we discuss this subject, derives from their individualistic fear

that formally organized authority will be substituted for the in-

formal judgments of peers in the control of science. \
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One last cultural value of the modern world seems to be im-

portant, and that is the value placed upon "progress" and meliorism.

There is, in present-day society, a widespread conviction that the

active rationality we have discussed earlier can and should improve
man's lot in this world. This is coupled with a belief in and an

approval of "progress" in this world, a progress which is not

necessarily of a unilinear evolutionary kind, but which is somehow
cumulative in the way in which science and rational knowledge
are cumulative. This value, too, has its source to an important de-

gree in Christian perfectionism and Protestant activism. And of

course our moral preferences for "progress" and meliorism have a

positive congruence with the essential dynamism of science. On the

whole, despite localized resistances and hostilities in particular

cases, modern society has been cordially receptive to the innumer-

able innovations fostered directly and indirectly by the advance of

science. If it be hard to live with the instability and change that

science makes a permanent feature of our society, and we all know
how hard it sometimes is, still our approval of science as an agency
of "progress" and meliorism makes us more willing to sustain this

condition, to take the bad with the good.

These, then, are the values we find in the modern world that

make it so peculiarly congenial to science.2 We have already said

they are differently realized in different societies, and we shall say

something of how this is so in a little while. We have also to notice,

right away, that this system of values is not rigidly constituted even

in the societies which realize it most fully. There is always some

ambivalence toward all cultural values in all societies. There is

surely some ambivalence, for instance, in modern society toward

such things as the value of rationality and toward science itself.

Since it is in such ambivalences that important possibilities for

social change arise, it is necessary to mark this lack of rigidity even

in cultural values that are central in a society. Later, we shall con-

sider in detail some of the ambivalences toward science which are

connected with its consequences for modern society. Any socio-

logical model for measuring societies, however roughly, must be a

dynamic model.

In addition to the cultural values that we have picked out,

there are in the modern world, in contrast to other societies, certain
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social conditions which are especially favorable to a high level of

scientific activity. We refer to such things as a highly developed
division of labor, a social class system which permits of consider-

able social climbing, and a political system in which the autonomy
of many diverse authorities is respected. Here too, in our discussion

of these social conditions, we shall be constructing a model which

is nowhere fully realized but only in differing degrees in different

modern societies. These social conditions, or social structures as

the sociologist might call them, are particularly congruent not only
with science but also with all the cultural values that are character-

istic of the modern world. They are not, however, merely derivative

from those values. The two kinds of things are somewhat independ-
ent of one another, for all their possible congruences. For example,
social action in terms of cultural values may have consequences that

destroy social structures. This is what the Nazis were doing,

weakening their industrial system by their espousal of the cultural

value of emotional irrationality. Contrariwise, of course, changes in

the social structures of a society have consequences for its cultural

value. For instance, the increasing value we put upon "security as

against "freedom" in American society is in part a consequence of

changes that have occurred in our economic system. Because of

these reciprocal influences between the different parts of a society,

we have to consider, as we here shall, both the social structures and

the cultural values. We turn now to these characteristic modern

social structures, starting with the occupational system.

In every society, whether it is small and non-literate or large and

"civilized," there is some division of labor and some specialization

of occupational function. The degree of this division and speciali-

zation, however, varies enormously among known societies. In its

very simplest form, for example, the division of labor may differen-

tiate only between the work functions of men and women, adults

and children. But even in such a relatively undifferentiated struc-

ture, the special skill or knack which particular members of the

group have in certain tasks is usually recognized, at least to the

extent that such people are informally recognized as the leaders

in group occupational tasks. Thus, among the Trobianders whom
Malinowski describes, there is a "canoe expert" who has greater

experience and skill in building outrigger canoes and who therefore
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is the leader in any enterprise of this kind. Now only very small

groups have the simplest division of labor we have just pictured.
In groups of even a moderately large size and of even a moderately

large accumulation of wealth and technique, the division of labor

segregates numerous specialized occupational roles. Such occupa-
tional roles are usually fused with other social roles in a way which
is different from modern industrial society. They are, that is, typi-

cally not segregated from the family roles which the craftsman has.

The craftsman's work or the farmer's work, for instance, is passed
down from father to son and thence to the next generation. This

close connection between family and job are symbolized in the

work-place, for workshop and family residence in this other type
of society are not separate, as they are with us, but in the same place.

Modern industrial society is quite different. It has carried the

division of labor to an extreme degree of specialization which has

been hitherto unknown in human society. For example, taking the

United States as a case, the Dictionary of Occupational Titles pre-

pared by the United States Employment Service of the Department
of Labor consumes more than a thousand pages in listing the titles

and descriptions of the different jobs which exist in this country.
The Dictionary defines some 17,000 different jobs, and this is

admittedly not a complete list. In the American textile industry

alone, there are about 1850 types of specialized skills.
8

Ideally,

moreover, these jobs are allocated on a basis which ignores dif-

ferences of family connection. They are supposed to be distributive

points in an occupational achievement system which is based on merit

alone. This kind of specialized and family isolated occupational

system is a late emergent in the history of human society and is

fundamentally important for the successful functioning of an in-

dustrial type of society. It was for this reason that the Nazi attempt
to re-establish "race" and family criteria for the assignment of

occupational functions was a threat to its industrial system, however

much the Nazis consciously may not have wished this consequence
of their actions.

In the light of these variations in the division of labor that we
have been describing, the occupational role of the scientist, let alone

all its extremely specialized sub-divisions, is by no means a

"natural" occurrence. Except within the last few hundred years,
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science has been very largely the by-product of occupational roles

devoted to quite other tasks than that of the development of gen-
eralized conceptual schemes tested by technical observational devices.

In doing his job the craftsman often produced substantial rational

empirical knowledge, sometimes all unwittingly, sometimes self-

consciously. But only in the modern industrial system, with its

elaborate division of labor, is there a socially recognized and highly

approved place for the "worker" whose job it is, and whose only

job it is, to know science and to advance it. Indeed, such occupa-
tional positions do not appear full-blown until even later than the

rise of modern science. We have seen that the great scientists of

the sixteenth, seventeenth, and eighteenth centuries were typically

"amateurs," or men for whom science was often an avocation, how-

ever passionate their interest in it. The men who then produced
science often lived by other means, and they did their science as best

they could, when they could. Benjamin Franklin was such a scientist,

and a man of great scientific accomplishments.
4 If the "amateurs"

were particularly fortunate, they might find a patron who admired

science and who would therefore give them funds for research.

Society as a whole laid out no clearly marked and generally approved
careers for scientists. Not until the late nineteenth century, as we
shall see later in some detail, is there a firmly established social

basis for large numbers of scientists in the universities, industries,

and governments of Western society. And in the twentieth cen-

tury, so much is the occupational role of the scientist taken for

granted and approved, that we may wonder at the need for pointing
out that this was not always so. With its very many different types
of jobs, its extreme specialization, and its internal organization
into professional societies of which, too, we shall say more later,

the elaborate occupational structure of science is now an essential

part of the complex division of labor which is required by modern

industrial society. This is as much true, we shall see, for a Com-
munist industrial society like Russia as for a liberal industrial society

like the United States or Great Britain. The continual advance of

science now depends on this provision for a large number of occupa-

tionally specialized roles for scientific workers. Anything which

diminishes this number and this specialization thereby potentially

diminishes science.
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The advance of science is in still another way related to the

complex division of labor in modern industrial society. Not only
are science and its products highly specialized, but an elaborate

specialization of industry and technology is now required to use the

production of science. In his very perceptive book, Mechanization

Takes Command, Siegfried Giedion has recently shown that indus-

trial technology of the kind we are familiar with is a function as

much of certain kinds of social organization as of certain kinds of

scientific knowledge.
6 The industrial assembly line, for instance, is

an important social invention in the division of labor, and modern

machine technology is impossible without it no matter how much
scientific knowledge we have. Therefore, since science and technology
are now extremely interdependent and fructifying for each other,

both are fundamentally dependent upon the maintenance of that

great division of labor which is so essential a characteristic of

modern industrial society.

The type of class system which is more characteristic of the

modern world than of other societies, the "open class" system as the

sociologists call it, that is, a system in which a relatively large

amount of social climbing is approved, is also especially congruent
with the maintenance of science at a high level. This is because of

the functions which social mobility has in society. That is, whatever

the causes may be and they seem to be in part genetic, in part
social and psychological the social elite of a society in any given

generation does not entirely reproduce its successor in the next

generation. This is true no matter what skills are required of the

elite, whether they be military, administrative, scientific, or other

kinds of skill. In every society, therefore, some form of social re-

production of the elite is necessary, and this is achieved through

varying amounts and types of social mobility in different societies.

If the channels of mobility in a society, for example, are nearly

closed, the elite may fail to reproduce itself in sufficient numbers,

with consequent harm to the effective functioning of the society.

The necessity for social reproduction of the elite group in any

given generation seems to be as great for science as it is for any
other activity, perhaps greater. Because of the highly developed and

highly specialized abilities which scientists must have, the advance

of science requires that it be a "career open to talent," one in which
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ability occurring in the lower classes may climb into the professional
scientific classes. And so it has been very largely in the modern
world. Science would soon stagnate if its functionaries were mostly
mediocrities whose occupational positions had been ascribed to

them on the basis of their family affiliations alone. Other particu-
laristic criteria besides family would be equally perilous to science.

No "race" or nationality group or class has a monopoly on scientific

ability. For this reason, the Nazis hazarded a great deal when they
excluded so-called "non-Aryans" from the profession of science.

An open-class system, providing opportunity for all talent to express

itself, is most congruent with the advance of science. Of course, the

relationship between these two is reciprocal. For by providing in

each generation a number of highly esteemed positions which are

open to achievement, science performs an important validating
function for an open-class society. We may say that where men
must and can rise, notions of social and racial caste will have

a harder time of it.

Science has another important connection with the open-class

system in the modern world. Although many different motivations

attract men to specific occupational careers, the degree of prestige
in the open-class system awarded to any given career is an important
differential element in the choices men make among the occupa-
tional alternatives that are open to them. In modern society, science

has a high class prestige. The job of scientist ranks near the top, as

we shall see later, in public evaluations of the scale of occupational

possibilities. Indeed, social respect for science and its practitioners

is widespread even among those groups where there is consider-

able ignorance of its nature and functions. We shall see that this

same consensus is characteristic also of Russian society, despite its

interference with the activities of particular scientists. In Nazi

society, on the contrary, there was at least an ambivalence toward

the prestige of scientists and even an hostility which greatly de-

pressed their social position. Men are less attracted to science when
its social prestige is lowered. On the whole, the high social status

which scientists have in the modern world symbolizes public recog-

nition of the social importance of their functions. No modern

industrial society can afford to lower that status very much or

neglect those functions.
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Like a highly developed division of labor and an open-class

system, the type of political system which does not largely cen-

tralize its authority also is particularly congruent with science.

This "liberal" type of political system is, of course, a peculiar

product of modern society in contrast to other types of social sys-

tem, even though its incidence is partial even in the modern world.

As we shall see more fully later, in the highly developed state to

which empirical science has now arrived, its effective functioning

requires a large degree of freedom from certain restrictive kinds

of external control. Science cannot advance without a large amount

of self-control, by which we mean control by the professional
scientists themselves in their informal and formal organizations.

This essential autonomy has, by and large, been granted to science

in the modern world. Before the rise of modern science, this auton-

omy was incompatible with the hierarchical religious organization
of the Church. More recently, threats to the freedom of science have

come most often from hierarchical political organizations, notably
in Nazi Germany and in Soviet Russia. The advance of science is

hampered where scientific work is not judged by the canons of

scientific activity but rather wholly by the political and social neces-

sities of the authoritarian state. All modern societies do not now

provide equally favorable political conditions for science.

We have seen, in the discussion of our six themes on the social

aspects of science, that the autonomy of science, like that of other

social activities, is a relative and not an absolute one. Science never

has been and never can be absolutely free of some control by other

elements in the society, including, of course, the political element.

The freedom of science is a matter of degree, a matter of specific

forms of self-control. It will be our purpose to analyze these specific

forms throughout this book, showing their functions for the advance

of science. Such an analysis will, correlatively, indicate which kinds

of control are not harmful to science. We cannot set science up
against all the rest of society; the task of the sociology of science is

to define their most fruitful type of interconnection.

Moreover, the relationship between science and the political

system may change its specific forms, although not its general re-

quirement of relative freedom for science. Such changes require

adjustment based on understanding. In American society, for in-
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stance, although a high degree of autonomy for science continues,

the relations between science and the political structure have been

changing, especially during the last twenty years. As science has

advanced and has grown in its social effects and social usefulness,

the results of its advance have become political problems. The
American Government has been continuously and on a fairly large
scale concerned with the political problems of science since the

Depression of the 1930's. Previously such a degree of concern had
been limited to periods of war, although, as we shall see, the

American Government has been somewhat involved with science for

quite a long time. And since World War II, more than ever before,

because of the relation of science to national defense and national

prosperity, science and the Government have had increasingly close

connections. This change has been remarked by President Conant

of Harvard, who has himself been an extremely active and powerful

participant in these relations. "Members of Congress and civilian

officials of the Federal Government/' he says, "have become involved

in intricate questions which in large part turn on judgments about

scientific and engineering problems. There can be no doubt that

politics and science, once quite separate activities, have become

intermeshed, and at times the grinding of the gears produces strange

and disturbing noises." 7 Some of these new problems we shall

consider in our discussions, first, of the place of science in the

American Government and, second, the planning of science. De-

spite these problems, however, the necessary kind of autonomy for

science seems to have been preserved in this country, most for-

tunately not only for science but for the whole society.

This, then, is the "ideal type," the model of the system of cultural

values and social structures which would provide the most favorable

conditions for science and its progress. In the degree in which one

finds all these things the cultural values of rationality, utilitarian-

ism, universalism, individualism, and melioristic progress; and the

social strictures of a highly specialized division of labor, an open-
class syiem, and a non-authoritarian political systemin that degree

science flourishes in a modern society.)

Before proceeding to a brief application of this model to certain

"liberal" and "authoritarian" societies in the modern world, we
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must remind ourselves of the limitations of this "ideal type." The
cultural values and social conditions that compose our constellation

are of crucial importance for science, but they do not exhaust the

factors in modern society which are in any way relevant to the suc-

cess of science. At any given time, certain other conditions are also

important. For instance, the matter of cultural values and social

structures apart, it makes a great difference to science how much
scientific knowledge has already been amassed in a given society.

Thus, when Nazi Germany diverged from the value of universalism,

say, it still made a difference that the earlier German society had

built up a great corpus of scientific work which remained available

to Nazi society. Similarly, of two societies with cultural values and

social structures judged roughly the same against our model, the

one with the more accumulated economic and natural resources,

with the more literate, educated, and skillful population, and with

the greater expedient awareness of the virtues of science as a form

of power, this one will be the more favorable to the development
of science. We leave these and other social factors out of account

here, although a full analysis of any given society would have to

include them. We shall refer to some of them in later chapters: for

example, we shall speak of the importance of the inherited body of

scientific knowledge in the process of scientific discovery and in-

vention. Just now, however, we want to isolate those cultural and

social factors which are often neglected, even though they are of

strategic significance.

Perhaps it hardly needs to be said again, especially after all our

explicit and incidental references to the situation in the United

States, Nazi Germany, and Soviet Russia, that the "ideal type" of

favorable social conditions for science which we have just con-

structed is more nearly descriptive of what we call 'liberal" societies in

the modern world than of those we call "authoritarian." Not exactly

descriptive, of course, but still more characteristic of the nature of

the "liberal" than of the "authoritarian" type of society. In the

modern world, however, both these kinds of society have had at

least some of the features essential for science: for instance, an

industrial economy based on a highly specialized and highly ration-

alized division of labor. This should warn us against making ab-

solute categorizations of the state of science on the basis of so rough
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a dichotomy as 'liberal" and "authoritarian." Indeed, the two
so-called "authoritarian" countries of which we shall speak shortly

Nazi Germany and Soviet Russia, while not so favorable to

science as the United States or Great Britain, are relatively un-

favorable each for quite different as well as for some similar reasons.

Indeed, in broad comparative perspective, taking whole society

against whole society, Nazi Germany was probably a much greater

divergence from our "ideal type" than is Soviet Russia today. These

important differences between the two countries can be brought out

by an analysis in the light of our discussion up to this point.

Just now we shall say very little about science in "liberal"

society beyond the most general remark we have already made that

it is most nearly favorable, among various types of society, to modern
science. Throughout the rest of this book, we shall be examining
in great detail science as it exists in one "liberal" society, the United

States. We shall point out many respects on which it diverges from

our model. But also, we shall see the relatively great congruence of

that society with our "ideal type." For instance, we shall find that

the values of its scientists and of its people are roughly similar to

the cultural values of that "ideal type." We shall examine how its

scientists are recruited through the mobility channels of an open-
class society, especially through its colleges and universities. We
shall look at the immense occupational specialization of science and

of industry in the United States, a double specialization which is

highly useful for scientific progress. And we shall describe the

relatively autonomous, informally organized structure of the scien-

tific profession and consider the functions and problems of that

autonomy as against external political controls. We could do all

of these things equally easily for another "liberal" society like Great

Britain, but we shall not. Simply for the sake of convenience, we
shall speak chiefly of the United States and only incidentally of

Great Britain. Despite his own dissatisfaction with the state of

science in Great Britain, Professor Bernal's book, The Social Func-

tions of Science, is a good demonstration of the relation between the

"liberal" character of British society and its excellent science. Leav-

ing "liberal" society aside for the moment, then, we shall take up
two different "authoritarian" societies.

Nazi Germany turned away, not completely, but in a degree
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which had harmful consequences for its science, from three of the

conditions which are component elements of our "ideal type": the

cultural values of universalism and of rationality, and the political

condition of relative autonomy for science. It is impossible to

measure these harmful consequences at all precisely, even now tfiat

we have been able to discover something of what was happening
in Nazi Germany during the '30's and during the war years.

8 While
Nazi science was not utterly destroyed, as it was predicted it would
be by some scientists in "liberal" societies in the first shock of their

moral and emotional reaction to the Nazi revolution, still the

damage done was quite considerable.

Consider, for example, the consequences of the Nazi denial of

the cultural value of universalism. Positively, this denial meant the

glorification of the particularistic virtues of "Aryan Germans" as

scientists. As a result of this attitude, candidates for scientific teach-

ing positions were required to meet certain "Aryan" standards of

physical, moral, and "racial" fitness, standards which have no de-

monstrable connection at all with scientific talent.9 And negatively,

of course, the denial meant a violent attack on German Jewish
scientists and on something that devout Nazis referred to as "the

Jewish evil" (judischer Ungeist) in science. The general conse-

quences of the Nazi violation of the universalistic right of German

Jews to continue as scientists or to train for the profession are

evident in the serious losses of scientific personnel that Germany
suffered during the '30's. Here are some rough figures. Between

1933 and 1938, 1880 scientific men of first-class distinction were

exiled from the universities of Germany and Austria. Professor Need-

ham, the English biologist, has estimated that more than 25% of

Germany's Nobel Prize winners were among the 18% of all the men
of scientific reputation who were banished. By 1937, the number of

students in the natural sciences at the German universities was only
about one-third of what it had been in 1932. 10 Some of the special

consequences of harm to German science should also be mentioned.

By denouncing modern atomic and relativity physics as "the Jewish

science," par excellence, the Nazis brought the whole subject so

much into disrepute that it became unpopular at the universities.

This, of course, was a great blow to the recruitment of new workers

in the field and to continuing research.
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The limitations placed upon universalism in Nazi society did

not mean, however, that all social mobility into the profession of

science ceased. But the attack on Jews and other "non-Aryans"

destroyed a source of scientific ability that had hitherto been ex-

tremely important in German science. The roster of distinction in

pre-Nazi German science had a great many Jewish names.

The German turning away from the cultural value of ration-

ality was also, of course, and necessarily, only partial. It is easier for

fanatic Nazis to recommend that Germans "think with their blood"

than it is to run a complex industrial society on that precept. The
esteem of irrationality probably was found more often in propa-

ganda speeches than in everyday administration of the society. It

was, to be sure, often found in the propaganda. Herr Bernhard

Rust, Reichsminister of Education, for instance, said at the celebra-

tion of the 550th anniversary of Heidelberg University in 1936:

"National Socialism is justly described as unfriendly to Science if

its valuer assumes that independence of presuppositions and free-

dom from bias are the essential characteristics of scientific inquiry.

But this we emphatically deny."
11

Probably the most harmful conse-

quences to science from the proud irrationality of the Nazi leaders

were unintended by them, rather than deliberately sought. Hitler,

it has been reported, often countermanded the advice of his assist-

ants, advice based on rational investigation and planning, in favor

of "hunches." Sometimes these half-irrational insights led to suc-

cess; sometimes to failure. For instance, because of his irrational

desire for miracle weapons, Hitler was susceptible to wild and

quackish notions about scientific possibility. In the modern world,

hunches are a weak foundation for decisions of state. National

policy has to be right more often than hunches allow; it requires

the best available rational empirical knowledge. Hence the impor-
tance of a strong value on rationality in the leaders as well as in the

followers of a modern industrial society.

The most directly evil effects upon German science came from the

new political authoritarianism of the Nazi government. The great

German universities, which had been the pride of the earlier

society, were very quickly subjected to political control by the Nazis,

who seem to have had an especial
distrust for academic scientists.

Not only were many "non-Aryan" professors dismissed, but those
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who remained were put under the authority of men chosen for their

party loyalty rather than for their scientific accomplishment. As a

result, charlatans sometimes competed with competent scientists

for funds and apparatus for research. Political authority could over-

ride knowledge established by scientific research and validated by
scientific peers. From 1939 on, for example, all scientific theses for

the Ph. D. degree had to be submitted to official Nazi censorship.

Even earlier, from 1935 on, attendance of scientists at any scien-

tific congress either in Germany or in some other country was sub-

ject to the approval of the Science Congress Center, an agency of

the Reichsministry of Propaganda, whose chief we have quoted
above. When delegations were sent to congresses outside Germany,

they went under an appointed leader, "chosen for his reliability as

a member of the Nazi Party/'
12 This is not, as we shall see later, a

satisfactory degree of autonomy for science; this is not the way in

which science can operate effectively in the modern world.

Despite all the harmful consequences from the three sources

we have treated, German science was far from extinguished, if we

judge by its performance before and during the recent war.13 The

particularistic attack on the Jews and political authoritarianism

harmed some parts of science much more than others. For instance,

though the Nazis had disparaged higher learning and pure science,

"they may have strengthened the position of technicians and persons

engaged in development."
14 Research in the German Air Force

was much better than that in the Army because Goering, head of

the Luftwaffe, "before and during the war, employed pre-Nazi
officials of known ability in technical capacities, even to the extent

of having General Milch (a man of Jewish blood) as wartime head

of the Air Forces Technical Office/' 15
Apparently there was always

some conflict among and within Nazi officials between a pragmatic
attitude toward the power of science and a moral disapproval of it

for its rationality. Even the anti-rationalist Nazis, therefore, toward

the middle of the war, under pressure of the impending loss of the

war, favored a heavy subsidy for scientific research. It was, how-

ever, too late. Nevertheless, the summary picture we receive from

accounts of German science during the war is that it was still very

good science on the whole, although much less good than it had

been twenty years before. It was a science living on the fat of basic
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research accumulated in the pre-Nazi period. It is hard to predict

what would have happened in the future if Germany had won the

war.

Now this variability in the quality of German science and this

perpetuation of certain kinds of science at a fairly high level in

Nazi Germany raise important sociological questions to which we
can only suggest answers here. If German science was not utterly

destroyed by the Nazis, but only seriously weakened, how long does

it take to "kill" science? Indeed, can it really be extinguished in a

modern industrial society? Prabably not, and probably it cannot

even be weakened beyond a certain point in such a society, as the

Nazis seem to have discovered in the middle of the war. Their

change of heart, based on expediency rather than on moral prefer-

ence, to be sure, indicates that the sheer necessity for science in a

modern industrial society may eventually cause a reaction against

the social conditions which are harmful to it. In the short run, and

what the short run is we cannot say at all precisely, a great deal of

harm can be done to science by those who despise it and put it

under too much political control. In the long run, another impre-
cise notion but also an important one, science could even be de-

stroyed entirely. But this could only occur on payment of a very

heavy social price, the loss of the ability to maintain an effectively

functioning industrial society. This is not to say that even the harm

done in the short run is tolerable to a modern industrial society.

Especially in a world where powerful national industrial societies

compete in peace as well as in war, the short run may be the sig-

nificant time-span for social calculation. We cannot prove that this

was so for the Nazis, but it does seem very likely that they greatly

weakened themselves by changing those social conditions which are

essential to a progressive science.

Soviet Russia is another modern "authoritarian" industrial

society where we may find the harmful consequences of excessive

political control of science. Here, in all accuracy, we must say that

we still know very little about the details of these consequences;

certainly we know even less than we do about what happened in

Nazi Germany. For one thing, until quite recently, which is to say

until after the late war, political control of science in Russia seems

not to have been excessive, despite the great pretensions to such con-
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trol that have existed "on paper."
16 The freedom of science in

Russia was once much greater than it is now. For another, not

enough time has elapsed since the imposition of direct political

control as in the Communist party approval of Lysenkoism over

neo-Mendelian genetics to weigh carefully the harm that will be

done to Russian science. But if the experience of Nazi Germany
counts for anything, and if relative scientific autonomy is as neces-

sary as we know it to be, then the Russians will have to pay a price

for their direct political control of at least some, and perhaps all,

parts of their science. For direct political control of science in

Russia for example, political control of the particular theories that

should be held in a given scientific field seems to be spreading
from biology to other fields most recently, to physics.

The spread of political authoritarianism in Russian science is

all the more striking when we note how congruent with science in

general other aspects of Soviet society are. In contrast with Nazi

Germany, the Russians had not abandoned universalism, although
of course there have been great violations against this value in

practice, particularly against "resistant bourgeois" and "enemies of

the state." More recently, unfortunately, an increase in strong Rus-

sian nationalism has diminished somewhat their support for social

universalism, but this is an attitude in which they are not alone in

the modern world. What is bad, though, is that they are now more

and more speaking of "Russian science" and "bourgeois science,"

as if science were not an international unity. The Russians have not,

however, lessened the emphasis the modern world places on the

cultural values of rationality and utilitarianism. Indeed, in these two

respects, the Russians are in the main stream of development of

Western society, and if anything, they have pushed their approval of

rationality and utilitarianism to an extreme.11 "More than one ob-

server," says President Conant of Harvard, "in the course of the

last two decades has been impressed by the deep concern for science

manifested by the Kremlin."18 The Russians have glorified science,

quite self-consciously, as an instrument of social revolution and social

planning, and they have given it great support both directly and

through the enlargement of their whole educational system. During
the first five-year plan, for example, beginning in 1929, the Russian

government expanded the number of scientific academies, research in-
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stitutes, research workers, and "aspirants," or scientific recruits. To
take only the planned expansion of the latter, the aspirants: in 1930,

there were to be 1,000; in 1931, 2,600; in 1934, 6,000; and in 1935,

4,000. This shows the order of planned increase in all scientific activi-

ties.
19

"According to an authoritative statement/' says Leontieff,
M
in

1942 there existed 1,806 research institutes: 452 devoted to funda-

mental research in natural sciences and mathematics; 570 in various

fields of industrial research; and 399 in agricultural research/'20 Their

whole social creed, the Russians constantly remind us, is not just

"Marxism," but "scientific Marxism." This creed, they feel, has the

rational solution for every empirical physical and social problem, and

therefore it is considered to be the most potent instrument for realiz-

ing the value they attach to social progress and social meliorism.

Hence the veritable cult of science among all classes in Russia today.

Hence also the great Russian striving for rational mastery over Nature

in man's interest. The idea of this struggle (borba, as the Russian

word has it) permeates all Soviet activities.

The changes that have occurred in several parts of the Soviet

social structure have also been of the kind that is favorable to the

development and maintenance of a high level of scientific activity.

The aspect of the great industrialization of Soviet society that most

interests us here is the vast increase in the specialization of scientific

and other occupational roles. The specialization in science and the

specialization in industrial technology have been mutually fruitful,

as they always are in modern industrial society. This transformation

of Soviet society has been possible, of course, only because of the

practically unlimited social mobility which has occurred, only be-

cause of the selection of scientific and other talent from all groups
in the society, wherever it may be found. Although the amount of

this social mobility now seems to be decreasing somewhat, as in-

evitably it had to, it still seems to be the equal of what occurs in

American society, and it is highly conducive to the recruitment of

competent scientific personnel.
21

Yet against all these changes that are favorable to science, the

change toward greater political authoritarianism over science works

its contrary effects. To quote further from President Conant's

shrewd observation: "That a wholehearted acceptance of science by

politicians can lead to the curtailment of the work of scientists
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seems to have been clearly demonstrated" in Russia.22 How these

opposing influences are to be weighed against one another, no one

can yet say. But we may predict certain possible consequences.
Since science is to some extent an interconnected web of activities

and theories, the several parts stimulating or retarding one another,

political control of even a few areas of science may diffuse its

harmful effects to other areas. The deterioration of Soviet genetics

has already spread its influence to biochemistry and neuropsychia-

try.
28 More immediately, perhaps, political intervention in any given

scientific area undermines the stability of established scientific con-

trol in that area. Scientific fanatics and quacks men like Lysenko
in geneticstake over when political authority demands what com-

petent scientists cannot conscientiously give it particular substan-

tive theories or results "on order/* Where scientific authority is

endangered or destroyed, competent men fear to take a position on

scientific theory itself, for the demands of political authority are

changeful and make almost any position insubstantial. Even further,

in such a situation, competent men avoid a scientific career alto-

gether. In all societies, men seek a relatively "safe" occupational

career. A "flight from science," perhaps only to the more applied
branches of scientific technology, as was the case in Nazi Germany,

may be one of the unintended consequences of the extension of

political control of science in Russia.

Not one, but two different pressures in Soviet society are ap-

parently responsible for the recent extension of political control over

science. The first pressure is the one which is the more commonly re-

marked, the need of an authoritarian political system to include

within its direct control every activity in the society in order to have

effective power over any activity. Analysis here runs as follows: in

order to keep the Soviet educational system "in line," for example,
the Communist Party must impose its organizational control even

into the far reaches of "pure" science. The second kind of pressure

that is evident in Soviet society is perhaps a more satisfactorily

specific and identifiable one. That pressure comes from the great

need the Russians have for immediate "results" from all activities

in the society, science included as much as industry. The pressure
for usable scientific theories in their agriculture and in their in-

dustry tends to force them toward demanding such theories from
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science, or, in the case of apparently competing theories, to choose

that theory which is more immediately useful. This seems to be one

of the causes for the Communist Party's support for Lysenkoism in

genetics. Lysenko promises immediately useful scientific theories

for the improvement of agriculture; for example, that he can create

stable genetic changes in plants and animals and thereby produce
breeds and species "on order" as required by Soviet society.

24 The
Russians are probably not completely unaware of the necessity to

let "pure" science have its head to some extent, but their determinist

philosophy and the immediate needs of their agricultural and in-

dustrial system, including planned advances of course, push them

towards the sacrifice of "pure" for "applied" science.25 Sometimes

the push delivers them into the hands of scientific incompetents. In

this perspective, Lysenko is not unique but only a prototype of the

men who may come increasingly to wield authority over Soviet

science.

The case of Russia, then, like the case of Nazi Germany, de-

monstrates how necessary for modern science is the whole con-

stellation of cultural values and social structural conditions that we
have included in our "ideal type." A violation of any of the values

or an alteration in any of these social conditions will have harmful,

if not necessarily fatal consequences for science. We may repeat the

quotation from Professor Parsons with which we introduced this

chapter: "Science is intimately integrated with the whole social

structure and cultural tradition. They mutually support one another

only in certain types of society can science flourish, and conversely

without a continuous and healthy development and application of

science such a society cannot function properly."
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IV
The Social Organization of

Science: Some General Considerations

WE HAVE just been examining the relative congruence of

certain macroscopic features of liberal and authoritarian societies

with highly developed science. Now we move from the more to the

less macroscopic, and even to the relatively microscopic, in order tc

inquire further into the actual functioning of such science in

liberal society, the type of society which, we have seen, is some-

what more favorable to the continued advance of science. Hence-

forth we shall be concerned primarily with science in American

society, and that means we shall need to look more closely at the

social organization both of science itself and of American society as

well. In this chapter we shall take up some general considerations

about the social organization of science, and in the next several

chapters we shall try to see just how these manifest themselves in

the actual scientific activity of the United States. Most of what we
have to say is, of course, generally applicable to other liberal

societies in the modern world; allowances can easily be made for

minor differences which do not alter the nature of the essential

relationships between science and liberal society.

First of all it has to be understood that science is, like all

socially organized activities, a moral enterprise. Science, that is,

can not be construed simply as a set of technical rational operations
but has to be seen also as a set of activities devoted to definite moral
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values and subject to clear ethical standards. The proximate a-

morality of the individual scientist is only possible, we shall see,

because of a more ultimate, relatively absolute morality of science

as a whole. Sometimes the moral ends of science are obscured by
concentration on the a-moral means to those ends, but moral values

are always present in the everyday working practices of scientists,

however unconscious of them some scientists may be. Indeed, it

seems to be characteristic of the values of science, as it is of other

deep-felt moralities, that they should mostly remain implicit. Only
seldom are these values made explicit; even less often are they
codified by some official organization of science. Ceremonial gather-

ings and times of crisis are the chief occasions when the values of

science are paraded. We must look chiefly to such occasions and to

the reflective self-examination that occurs sporadically among ma-
ture and wise scientists if we wish to see the morality that governs
science. 1

We wish to discover this morality because it sets so many condi-

tions for the social organization of science with which we are now
concerned. If we look to the sources we have already mentioned,
and to writings about "the scientific attitude," especially when they
come from the pens of experienced scientists, we can find a very

large area of agreement about the integrating moral components of

science. There is even a certain tendency among those who hold the

scientific values to glorify them as the special moral virtues of scienti-

fic activity alone and to ignore their connections with the larger values

of liberal society, those values which we described in our last

chapter. Such moral provincialism is often characteristic of the

enthusiasm of the morally devoted; it is not peculiar to science. It

is essential to the sociological understanding of science, however,
to see how very largely the morality of science coincides with the
more general morality of liberal society, and how, even where it

differs somewhat, the difference is only made possible by that same
more general morality. This mutual harmony of the more general
and more special moralities is, in fact, positively functional for

both: for if there are moral appeals that science can make to other

participants in liberal society, appeals that find a responsive audience,
so also the achievements of science furnish moral exemplifications
that strengthen the fabric of values that binds the whole society
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In a certain sense, perhaps, science is morally typical of liberal

society. Nevertheless, though coincidence and congruence between

the two moralities are what we shall now examine, there is no

simple identity. The special problems of the social organization of

science in liberal society require certain separate as well as common
moral norms.

Let us look first at some common values and their relationships

in science and society. Faith in the moral virtue of rationality, we
have seen, is one constituent of the "ideal type" of liberal society.

Such faith is, if anything, strongest in those sections of liberal

society where science prevails, for approval of the utmost powers of

reason is a central moral value in the social organization of science.

Here the interaction is quite clear: the general liberal faith in

rationality probably receives its strongest reinforcement from the

continuing achievements of science. When men waver about the

virtues of reason, science is a powerful and insistent reminder of

its worth. We can see how this occurs even among the scientists

themselves. "As a participant in the most successful intellectual

enterprise of the human race to date," says Professor Percy Bridg-

man, the scientist "is in a peculiar position to have won the convic-

tion that not only is there no substitute for using one's mind, but

that the problems which confront us are soluble, and soluble by us."

And, he goes on, "if physicists will only make others see their own
wider vision, their ultimate influence will far transcend that of

any possible technological contribution."2

The faith of the scientist in rationality is peculiarly intense, and

necessarily so, for it must be strong enough to persist in the face of

great difficulty and repeated failure in scientific work. This intense

moral conviction, no matter what the difficulty, has been beautifully

expressed in a sentence by Einstein which has been engraved on the

fireplace of a room in Fine Hall at Princeton University: "Rafiniert

ist Herr Gott, aber boshaft ist Er nicht." We may translate the sen-

tence freely: "God Who creates and is Nature is very subtle and

difficult to understand, but He is not arbitrary or malicious." All

things are possible to Reason in the form of high developed science,

Einstein believes. And we need only observe that this belief in the

virtue of rationality is not simply an act of intelligence; it is also a

testament to moral conviction.
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But this belief in rationality, this devotion to the "truth" which

the rational conceptual schemes of science can discover, however

sacred it may be to the moral community of scientists, is not, of

course, a belief either in Absolute Truth in the large or in any

particular truths. Scientific morality holds only that it is worth

endless human striving to attain those inherently provisional and

approximate statements of truth that make up the substance of

science at any given historical moment in its course of develop-
ment.8

It is this conviction that science is necessarily ever-changing,

ever-growing, that resists as immoral any attempt to fix Truth once

and for all by tradition or by political authority. This is a "hard"

faith, but it maintains itself in the social organization of science.

In its theoretical substance, then, but not at all in its moral values,

science is "eternally provisional." The great French physiologist,

Claude Bernard, has spoken of this in his classic work, An Intro-

duction to the Study of Experimental Medicine. "My theories," he

says, "like other men's, will live the allotted life of necessarily very

partial and temporary theories at the opening of a new series of

investigations; they will be later replaced by others, embodying a

more advanced state of the question, and so on." Scientific theories,

he says, "are like a stairway; by climbing, science widens its horizon

more and more, because theories embody and necessarily include

proportionately more facts as they advance. Progress is achieved by

exchanging our theories for new ones."4

Because of its intense faith in rationality, science appears to be

characteristically "critical," even to men imbued with the general

values of a liberal society. This is so because the morality of science

tends to drive it into all empirical areas. We now see, however,

that the inspiration for this activity is not the fear of empirical

problems which so often underlies "critical" investigations. The

goal of science is not attack, but understanding, and this goal is

based on the moral value that all things must be understood in as

abstract and general a fashion as possible. If the goal is sometimes

misconceived as attack, and it is, especially when the problems are

social phenomena, this is not the intention of the conscientious and

self-controlled scientist. Nevertheless, this misconception causes

troubles for science, and we shall have to see, later on, what these

troubles are.
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There is a value in science which is ancillary to faith in ration-

ality and which is more important in science than it is generally in

liberal society, although it is far from uncommon also in applied
sciences like medicine and even elsewhere in the occupational

sphere. This is the value scientists set upon emotional neutrality as

an instrumental condition for the achievement of rationality. Science

approves of emotional neutrality not primarily for its own sake,

and certainly not for all social activities, but insofar as it enlarges the

scope for the exercise of rationality, and its power as well. Emo-

tional involvement is recognized to be a good thing even in science

up to a point: it is a necessary component of the moral dedication

to the scientific values and methods. But in the application of those

techniques of rationality, emotion is so often a subtle deceiver that

strong moral disapproval is placed upon its use.

This is not to say that strong emotions are entirely absent in

the relations among scientists themselves. If they are less fre-

quently expressed than in other social activities, if they are more

controlled, still, enthusiasms and fervent conviction, vehement at-

tack and violent defense sometimes occur in science as they do
elsewhere. Pasteur, to take but a single, notable example, engaged
in a number of what his biographer calls "passionate" controversies

on problems of theoretical interest: with Liebig on the germ the-

ory of fermentation; with Pouchet and Bastian on spontaneous

generation; with Claude Bernard and Berthelot on the intimate

mechanisms of alcoholic fermentation; with Colin on anthrax of

chickens; with Koch on the efficacy of anthrax vaccination; and

with Peter on the treatment of rabies.5
*

'There were also," says

Dubos, himself a scientist, "conflicts involving priority rights, or

those arising simply from the clash of incompatible personalities.

Whatever the cause of the argument, scientific or personal, Pasteur

handled with the same passion those whom he believed to misrep-
resent the truth, or to be prejudiced against him." Pasteur was

"jealous of his right to his discoveries/' and, "he wanted to be one

of those for whom cities are remembered." Pasteur is not at all

unique in the annals of science. In all their specialized fields, scien-

tists have been something more than bloodless automatons. The
ideal of emotional neutrality, however, is a powerful brake upon
emotion anywhere in the instrumental activities of science and most
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particularly in the evaluation of the validity of scientfic investiga-

tion. Pasteur was a great scientist despite his emotionality, and he

has always been a greater hero to the public at large than to the

scientific public. The scientific ideal runs more to the dispassionate

genius Hike Claude Bernard, Pasteur's contemporary who is so

much less well known.

Another value of science which is connected directly with the

larger morality of liberal society is the value we have called "uni-

versalism." In science all men have morally equal claims to the

discovery and possession of rational knowledge, as in liberal society

all men have equal claims to life, liberty, and the pursuit of hap-

piness, and as in the sight of the Christian God all men have equal

rights to charity and grace. The universalism of all three of these

spheres, we have seen earlier, is not unconnected in origin or pres-

ent basis. Scientific truth is not conditional upon the social or

personal qualities of the individual scientist. Regardless of his

race, creed, or color, every contributor to the corpus of scientific

theory becomes a member of the "community of scientists and

scholars," sharing in its privileges and esteem in proportion to the

merit of his achievement. This is a community of moral partners,

and its reach is beyond the national group; science is international,

it is universal in its ideal. The notion of an "Aryan" or "Russian"

science is therefore abhorrent to science. In the "brotherhood of

science," as some of its members speak of it, tolerance deriving

from universalism is an absolute moral virtue. No scientist can

safely harbor any preconception that certain new ideas in science

are necessarily good or bad. It is required of scientists that they

tolerate the possibility at all times that any new idea, no matter

what its social source, may be a useful idea in science, that is, that

it may subserve the essential scientific task of constructing better

conceptual schemes. Hence the necessity to tolerate the whole

universe of people, because scientific contributions have already

been made by men of all sorts, and all sorts of men have the poten-

tial ability to be trained to make such contributions.

One last value which is essential for the social organization of

science and which is shared with the larger liberal society is the

value we have called "individualism" and that expresses itself in

science particularly in anti-authoritarianism. The moral approval
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of "freedom" is not, of course, a charter for caprice in scientific

activity; indeed, science is one of the most disciplined of social

activities. But the discipline of science is that which the individual

imposes on himself because of his faith in rationality and his

moral convictions about the proper methods of realizing that faith.

This discipline is supported mainly by the similar moral convic-

tions of the individual's scientific peers and also by the numerous

informal types of social control which express these moralities. The
individual scientist obeys the moral authority of his peers because

they share his values. All other authorities in science he rejects as

immoral. Freedom of investigation, in both direction and extent,

limited by no authority alien to the absolute morality of science, is

the ideal that scientists cleave to.

A striking case of the internal anti-authoritarianism of science

has been described by the mathematician, Leopold Infeld.6 Infeld

was invited by Einstein to collaborate and he did so for three years

at the Institute for Advanced Study in Princeton. During this time

Einstein was interested in building a bridge between the gravita-

tional and quantum theories, and Infeld soon felt skeptical that this

could be done. "It seems presumptuous," he says /'that I would

dare to differ with Einstein on any subject, but I know that there

is nothing so dangerous in science as blind acceptance of authorities

and dogmas. My own mind must remain for me the highest author-

ity." Accordingly, he told Einstein of his doubts and objections.

"Looking back on it now," he continues, "I must admire the pa-

tience with which Einstein treated my objections. When we started

he was far ahead of me in this problem and I had difficulty follow-

ing him. But he was never impatient; he came back many times to

the same explanation of ways and methods, considered all my doubts

seriously until I had absorbed the principal idea." The pattern of

anti-authoritarianism was as much respected by Einstein as by Infeld;

both recognized the moral duty of the scientist to follow the author-

ity of his own judgment.
We come now to certain ideals of the social organization of

science which are somewhat different from the dominant patterns

of liberal society as they exist today, although these ideals are

important in some other areas than science proper and could even

some day become the dominant moral values for the whole society.
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The first of these is what we may call the value of "communality."
7

Where liberal society as a whole values private property rights in

scarce goods, in science such rights are reduced to the absolute

minimum of credit for priority of discovery. Beyond this minimum,
all contributions to the fund of scientific knowledge and concep-
tual schemes are community property, accessible to all competent
members for use in the community's interests. In science, if any-

where, the Utopian communist slogan becomes social reality: "From
each according to his abilities, to each according to his needs/' In

the community of scientists, all scientific peers have the right to

share in the existing knowledge, because many men have contrib-

uted to it in the past and all are potential contributors to it in the

future. It is in the sharp light of this value of "communality" that

secrecy in science becomes an immoral act. The man who takes

from science according to his needs has the moral obligation to

publish any new discoveries he builds upon the goods that the com-

munity has lent him. Secrecy in science is also, of course, dysfunc-
tional in other than moral terms.8 Secrecy shuts scientists off from

the work that their fellows have already done and deprives them

by that much of the necessary materials of their own work. It also

eliminates what we shall see is essential to all scientific innovation,

namely, the informal discussion among scientists of new work and

new ideas. Much innovation in science is the product of the slow

increment of smaller novelties. Such increments occur everywhere in

science as fruitful consequences of informal discussion of work-in-

progress by busy scientists. A scientist shut off from personal con-

tact with his colleagues by the requirement of secrecy in his work,

even though he have access to their publications, is always handi-

capped in some small degree and sometimes his handicap is insu-

perable. We shall speak of this again in our analysis of the social

process of invention and discovery.

Only in times of extreme crisis, when defeat in war threatens

not only science but liberal society itself with destruction, will

scientists accept the restriction of secrecy. And even then they accept

it only in limited areas and only temporarily, as "a dire necessity"

in the interests of sheer survival in order eventually to restore the

customary morality of science. In times of peace, the requirement
of secrecy say by the military, as has happened recently in the
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United States arouses moral conflict in many of the scientists who

participate in research under this condition. Academic scientists

seem to disapprove of such peacetime secrecy more than do their

peers who are in the employ of the Government and of industry,

but only 47% even of the last group, the industrial scientists, approve
without qualification of secret research.9 The anti-secrecy norms of

science are powerful and pervasive.

Closely connected with the value of "communality" in science

is the ideal that has been called "disinterestedness" or "other-

orientation" by Talcott Parsons. 10 This too is a moral ideal that is

not universally expected in our society but is essentially limited to

science and to certain areas within the liberal professions, most

notably in scholarship and medicine perhaps. In the larger society,

men are expected to be "self-interested" in their occupational

activities, "self-interested" in the sense that they serve their own
immediate interests first, although any such activity may of course

indirectly conduce to "the greatest good of the greatest number,"

and, indeed, it is part of the ideology of laissez faire society that it

will necessarily do so. But in science a different moral pattern pre-

vails. There men are expected by their peers to achieve the self-

interest they have in work-satisfaction and in prestige through

serving the community interest directly, and this is done through

making contributions to the development of the conceptual schemes

which are of the essence in science. The different moral ideals, it

should be clear, are not matters of typical differences in the per-

sonalities of scientists and other men. In science, as in other social

activities in liberal society, for example, in business, men seek the

generalized goal of "success." In science, however, the rules of the

game for achieving success are different: they enjoin the individual

to serve himself only by serving others. Without "disinterestedness"

as one of the rules of the game in science, it is unlikely that the

value of "communality" with regard to scientific innovations could

prevail. If too many men should draw upon the scientific theories

held in common only to use them for their own immediate purposes,
for example, in the service of their personal power rather than in

the service of science itself, then the community property would
cease growing and thereby lose its essential scientific characteristic.

These two moral ideals, of "communality" and "disinterested-

[92]



THE SOCIAL ORGANIZATION OF SCIENCE

ness," are not, we may repeat, limited to science. In liberal society,

as in other types, these are values which are always at least in some

small degree relevant to men's everyday behavior. All of us are

expected to make some direct contributions to the community wel-

fare. In science, however, the scope for these values is much larger
than it is in other kinds of social activities.

We may see this greater scope in the attitudes which scientists

have toward the patenting of their discoveries. There is a difference

here between so-called "pure" and "applied" scientists a difference

about which we shall say a great deal in a little while but for the

former at least, patents are an immoral infringement on the com-

mon property of science. "Applied" scientists in industry conform

more nearly to the business ideals, of necessity. For "pure" scien-

tists, patents are accepted, like secrecy in research, as necessary
evils under certain special conditions, for example, when some

scientific discovery should be protected in the immediate public
interest and should not be published for possible exploitation by
commercial enterprises. This is the case typically with biological

and chemical discoveries which have medical applications that are

immediately apparent to the research scientist. In such circum-

stance, the morals of science hold that a scientist may permit his

discovery to be patented in the public interest, but only on condi-

tion that he himself receive no direct financial benefit from such a

patent. The University of Wisconsin Alumni Research Foundation,

for example, was specifically organized to develop in the public
interest the patents on the use of ultra-violet rays to enrich foods

with Vitamin D as an anti-rachitic agent, these patents being based

on the discovery of a Wisconsin professor, Harry S. Steenbock,

who has not himself profited from the returns on this patent.
11

These several values, then, shared in greater or less measure

with the other social activities of liberal society, are what consti-

tute science as a moral enterprise. The morality of science is not

always immediately apparent, and perhaps least so when it is most

effective. When the social organization of science is operating

successfully, under the control of these values so deeply held and

widely diffused among working scientists, the controls are taken

for granted. Only when violations occur within science itself, or

when non-scientific authorities seek to impose new values on sci-
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ence, do these moral codes become more apparent. In some recent

times of crisis for the whole society, as in war and economic depres-

sion, scientists have become more self-conscious of their values, and

their leaders have sometimes proposed that these values be general-
ized to the whole society. Perhaps nowhere is the morality of sci-

ence more evident than in such proposals. Thus, in a recent presi-

dential address to the American Association for the Advancement

of Science, the members are urged to use the resources of science

"as a means of enriching and strengthening the spirits of men and

breaking down the barriers which now divide them." This address

speaks of the "high adventure with the universe which science is."

It recommends that "the brotherhood of science" be used to pro-
mote the universalistic brotherhood of man. Another fundamental

aspect of the morality of science is expressed in the phrase, "this

ministry of science to mankind/'12 These are deep-felt convictions;

science, like all other social activities, has one of its foundations in

a set of moral values.

But of course, we say immediately, science is more than just

the set of values we have sketched. There are other determinants of

science as a social activity. We have said that scientists act some-

what differently in different kinds of organizations, in the uni-

versities and in industry, say, with regard to such matters as secrecy

in research and the patenting of discoveries. The nature and pur-

poses of the kinds of group in which scientists work have a sig-

nificance which cannot be neglected; we need to specify what this

general significance is. One convenient way of doing this is now
to consider intensively the differences between "pure" and "applied"

science, differences to which we have already several times loosely

referred. This approach is especially convenient because it will

also give us an opportunity to look at some other important aspects
of science.

We have already dealt at length with science as a set of con-

ceptual schemes and with science as a set of moral values. We have

also just now suggested the importance of the different social

groups in which scientific work is organized. And we have also

earlier referred to the matter of the personal motivations that in-

dividual scientists may have in their own work. To understand the

distinction between "pure" and "applied" science we shall have
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to see how all four of these variable aspects of science conceptual

schemes, values, social organization, and personal motivations are

implied in the distinction and why each aspect has to be dealt with

separately as well as in relation to the others.

Probably the essential reference point for any distinction be-

tween "pure" and "applied" science is the significance of general-

ized and systematic conceptual schemes for all science. These, as

we saw in our first chapter, are the primary cumulative component
of science. In this regard, "pure" science may be defined as science

which is primarily and immediately devoted to the development
of conceptual schemes, such development including their extension,

revision, and testing, an inherently endless process of establishing

provisional "truth." Those who have this aspect of "pure" science

in mind often refer to it as "basic" or "fundamental" science, a

recognition of the importance of conceptual schemes for scientific

progress. "Applied" science, on the other hand, in this regard,

is science which is devoted to making conceptual schemes instru-

mental to some other social purpose than that of the pursuit of

conceptual schemes as ends-in-themselves. Much "applied" science

in the past has rested on relatively empirical, low-level conceptual

schemes, indeed, on notions and assumptions that could hardly be

generalized at all. This is still true even in modern times; here is

the realm of a great deal of "cut-and-dry" rule-of-thumb technology
in highly rationalized industry. Much useful knowledge in the

photography industry, for example, is of this relatively empirical
kind.18

This aspect of the distinction between "pure" and applied"
science is, of course, an analytical one. Both kinds of science, in

this sense, may be involved, and very often are so involved in any

given concrete program of scientific research. Both kinds of science

occur in different types of scientific organization.

A second important dimension of difference between "pure"
and "applied" science consists in the moral values which are ex-

pected in different kinds of scientific activities. All the ideals we
have described rationality, universalism, individualism, "commu-

nality," and "disinterestedness" are expected of "pure" science,

although as we have seen and shall see further, these are not with-

out their limits even here. The limits on some of these ideals are
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characteristically greater in "applied" science. Perhaps even the limit

on rationality is somewhat greater in
'

'applied" science, since this

is a virtue which must be maximized for the development of con-

ceptual schemes, and "applied" science is often more "traditional"

in its methods than is "pure" science. Certainly the limits are

usually greater with regard to universalism, individualism, "com-

munality," and "disinterestedness;" but some "applied" work in

science may be as much devoted to the universal good of mankind

as is "pure" science, it may be as anti-authoritarian, as "communal,"
and as "disinterested." We have already given an example of this

kind of "applied" work, namely, medical research. Such a case indi-

cates very clearly the necessity of keeping separate these two aspects

of science that of conceptual schemes and that of moral values.

They cross-cut one another and must not be assumed always to go

together in the same way. The development of conceptual schemes

may be limited by nationalistic particularism; and "applied" science

may be in the interest of the universal community.
"Pure" and "applied" science in both of the first two respects

we have considered also vary independently with the type of social

organization in which they are carried on. The development of con-

ceptual schemes and the full realization of the values of "pure"
science are typically found in the universities and colleges of lib-

eral society. In contrast, in industry and in government research

organizations, these purposes and values do not so much prevail.

In government research, for example, "disinterestedness" extends

only to the national community, at best, and not to the whole

world, as it does in the university ideal of "pure" science. And of

course the social organization of private industry requires each enter-

prise to maximize its own gain from all activities, scientific or

otherwise, however much it may hold a "service" ideal and ulti-

mately contribute to the general welfare. Such national and private

limitations on the "communality" of science are not, to be sure,

absolute, but they are greater than those that occur in university

science.

There are, then, these typical differences in purpose and values

set by these different kinds of social organization. The chief dwell-

ing of "pure" science is in the university and of "applied" science

in government and in industry. But in actual fact, some of both
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kinds of science considered either as conceptual scheme or as moral

value can be found in all these places. Much science in the uni-

versity is at least incidentally "applied," and more of it is explicitly

so. Where medical schools and biology departments overlap in the

university, for example, there will be found considerable "applied"
research in the direct interest of human health rather than of con-

ceptual schemes. Similarly, in industry and in government, much

"pure" or "basic" research often has to be carried out in order

to have theories to apply to the solution of problems which are set

by the restricted interests of those organizations. Especially in some

modern industries which rest on "basic" science e.g., the chemical,

radio, and electrical industries there is provision in research de-

partments for some theoretical scientific research, as well as for

more immediately "applied" work. That is why two winners of

Nobel Prizes for discoveries in "pure" science have come from

American industry: C. J. Davisson of the Bell Telephone Labora-

tories and Irving Langmuir of the General Electric Company.
In every case, however, in the not too long run as we shall

see more fully in our chapter on science in industry the "basic"

research of industry has as its purpose some application in the

immediate interests of the enterprise which subsidizes it. To think

otherwise would be to ignore the social purposes of industrial or-

ganizations. The directors of industrial scientific research groups
are well aware that their activities are subject to the same institu-

tional imperatives as all other industrial activities, well aware that

they must lead to the maximization of profit in the not too long
run. Dr. C. M. A. Stine, Vice President in charge of research for

the Dupont Company, with long and successful experience in his

profession, has spoken of the "implied monetary motive for funda-

mental research in industry." Fundamental research in his labora-

tory, he says, "is not a labor of love. It is sound business policy. It

is a policy that should assure the payment of future dividends." 14

It was Dr. Stine himself, subject to this industrial imperative, who
was able to persuade Dr. Wallace Carothers to come from his re-

search on high polymers at Harvard to work on the same problem
for the Dupont Company. It was as a result of Dr. Stine' s "sharp
business foresight" in hiring Dr. Carothers for just this research

that "nylon was deliberately forced into being."
15 Dr. Stine and
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his employers were willing and able to wait almost ten years for

their investment in "pure" science that is, as conceptual scheme-

to pay off in application to the manufacture of the synthetic fiber,

nylon.

In still another way types of social organization are relevant to

the distinction between "pure" and "applied*' science. It is some-

times believed that "pure" research can only be carried on by indi-

vidual scientists working alone or in small teams, and "applied"
research only in large-scale, hierarchically organized groups. As we
shall see again later, these are perhaps typical differences between

"pure" research in the university and "applied" research in the

government and industry, but in point of fact both these modes of

organization of research are found in each of these areas. The
universities have organized large research hierarchies to exploit such

research aids as the atomic cyclotrons and electronic mathematical

calculators. Private industrial research organizations are glad to have

a few of their men work by themselves on relatively "basic" as

well as "applied" problems.
We have said that, in the long run, "basic" research in industry

is also "applied" research. So also, of course, although in the some-

what longer run, is research done in the university, for all research

ultimately has some application, whatever the more immediate pur-

poses for its development. This is true even of that allegedly most

"pure" of all scientific auxiliaries, higher mathematics. A recent

account of the wide range of usefulness of mathematics in industry

cites H. M. Evjen, mathematician in the geophysical research de-

partment of the Shell Oil Company, on this point. Mr. Evjen

says, "Higher mathematics means simply those brandies of the

science which have not as yet found a wide field of application/'
16

The author of the account himself adds, "The routine operation of

our industrial system today, therefore, involves the use of tran-

scendental equations, matrix algebras, Heaviside operational calcu-

lus, probability functions, analysis situs, and other mathematical

systems and devices previously known only in advanced academic

circles and dismissed by practical men as pure theory."

Yet the different time perspectives between "pure" and "ap-

plied" research, while not absolute and somewhat overlapping,
must be carefully distinguished, because the differences between
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short run and long run purposes in science are essential to the

social organization and the advancement of science. However much

"pure" science may eventually be applied to some other social

purpose than the construction of conceptual schemes for their own

sake, its autonomy in whatever run of time is required for this

latter purpose is the essential condition of any long run "applied"
effects it may have.

Now perhaps we can see why it cannot be asserted, as it some-

times is, that "pure" science is that which has no "social conse-

quences," as the phrase has it, and "applied" science that which

has such consequences. If all science ultimately has consequences
for some other social purposes than science itself, as we said in

one of the "themes" in Chapter Two, then the distinction between

"pure" and "applied" science on this ground can only be made
on the basis of the relative length of time which elapses between

scientific activity and its social consequences. The elapsed time is

typically greater in the case of "pure" science; but it need not be, as

the atom bomb bears witness.

The fourth and last of our variable aspects of the distinction

between "pure" and "applied" science is that of the personal mo-

tivations of individual scientists. All that we have said up to now
is probably sufficient to indicate that the distinction between the

two is certainly not wholly a matter of the motivations of the

individuals who carry on different kinds of scientific research. Yet

some "common sense" and moralizing discussion errs in just this

fashion.17 "Pure" scientists are said to have "better" motives than

"applied" scientists. Now there is no firm way of determining the

correctness of such allegations, since there is very little evidence at

all about the personal motivations of scientists. "Pure" science may
have some characteristic attraction to men of one or more particu-

lar personality types; and "applied" science, on the other hand,

may appeal to some still different personality types. It seems prob-

able, however, from what we know in general about the lack of any
fixed relationship between personality type and occupational role,

that there is a very large range of overlapping in the motivations

of men in different kinds of scientific work.

We can, at least, find testimony to this in what some scientists

themselves say about the matter. The very same scientist, says
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Professor George B. Kistiakowsky, professor of physical chemistry
at Harvard University, can "enjoy" both kinds of research. "I feel,"

he says, "that there is no great difference between so-called applied
and so-called fundamental from the point of view of the investi-

gator. During the war years I enjoyed working on applied prob-
lems of explosives and some other things just as much as I had

enjoyed the work without practical purpose which I had previously
done at Harvard and hope to do again/'

18 From the other side of

the fence, an industrial physicist has recently defended his col-

leagues against allegations of "inferior" motives. "We in industrial

physics," says John M. Pearson of the Susquehanna Pipe Line Com-

pany of Philadelphia, "find among us the whole range of human
attitudes toward science just as is found in the university."

19

In any case, as we can conclude from our preceding discussion

of this matter, we do not need in the first instance to call up con-

siderations of personal motivations. Typical differences in the kinds

of social organization in which scientific research is carried on are

at least as important in making distinctions between "pure" and

"applied" science. Provision for the different kinds of science de-

pends, therefore, upon the maintenance of the appropriate types of

social organization. Together with the influences on personal mo-

tivation from the larger liberal society, these types of social organi-

zationsay, the university, industry, and government provide ade-

quate mechanisms for establishing and controlling the requisite

kinds of motivation for scientific work. Just how this is done will

be the main subject of our next several chapters.

Finally, we have to note that "pure" and "applied" science al-

ways have an important influence on one another, whether they
are concretely separated, or not, in the same or in different types of

social organization. Indeed, they are necessarily mutually dependent,
for not merely does "pure" science provide new theories for social

application, but these applications in turn furnish instruments and

conditions for the easier advance of "pure" science. Their connec-

tions says President Conant, are "symbiotic" and "tight-knit."
20

The growth of science requires that "pure" and "applied" research

never be too sharply isolated from one another. A great danger in

misunderstanding the nature of the two, and their relations, is that

it may lead to such a strict and harmful segregation.
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V
The Social Organization of Science

in American
Society

THE SOCIAL ROLE of the scientist, taken in the light of

that conception of the essential nature of science which we have

described in Chapter One, may be said to have three different func-

tions: to develop conceptual schemes, to train other people how to

develop conceptual schemes, and to apply conceptual schemes to

the realization of various social purposes. These are of course ana-

lytic distinctions, and in the concrete role of any given scientist we

may well find them intermingled. In American society, we have

said, these different functions are typically performed by scientists

in three different types of social organization: the university and

college, industrial research groups, and Government research groups.
The university performs primarily the first two functions, to de-

velop new conceptual schemes and to train new scientists to develop
them. Industry and government have usually performed chiefly the

third function, to apply the conceptual schemes developed in the

university, but they have also made some independent development
of conceptual schemes, and their training function is not unim-

portant. Among these three types of social organization there are

dose, interdependent relations, arising not only out of the necessary

interdependence of the three functions they perform but also from

the concrete overlapping of these functions in each of them. All

three groups make important contributions to the development of
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science in American society. As the President's Scientific Research
Board has put it, "The programs of all three are important to the

national welfare. Governmental policies must be shaped in recog-
nition of the importance of this research triangle/'

1 In our next
three chapters we shall consider in turn and in detail each of these

three types of social organization, their special structures and special

problems. In the present chapter we want to take up some matters

that apply to all three: the public prestige of the American scien-

tist, his social rewards, and his work satisfactions; the professional-
ization and specialization of the scientist's role; the pattern of co-

ordination and control in American scientific activity as a whole,
and some of its problems; and, some basic facts about the present
size of American science and about the social characteristics of

American scientists. These are all general considerations which set

the stage for the special performance of the university, industrial

research, and government research alike.

The social role of the scientist, like all other roles in society,
is subject to evaluations by the public-at-large as well as to self-

evaluations. The two types of rating are, of course, intimately re-

lated, and also they are relatively harmonious in an integrated so-

ciety; otherwise the roles would not be filled nor filled 6uccessfully.
The social rewards of the scientist in public prestige, in money
income, and in other honorific symbols are largely an expression
of these public and self-evaluations. They constitute a body of

social goods which help, together with immediate work satisfac-

tions, to attract men to the role of scientist and to maintain the

appropriate moral sentiments and individual incentives for a scien-

tific career. These are general sociological propositions whose spe-
cific relevance for the social organization of science in America
we may now examine.

First of all, public prestige. Our commonsense impressions that

the prestige of scientists in the American occupational hierarchy is

very high have recently been substantiated by a reliable empirical

study. The sociologists, Professors C. C. North and Paul K. Hatt,

have investigated public evaluations of different American occu-

pations by means of a survey of a representative sample of the

national population.
2
According to the findings of the North and

Hatt study, when Americans are asked to rank 90 different jobs
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in their society, they give the highest rankings to positions which

have two characteristics: highly specialized training and a consid-

erable degree of responsibility for the public welfare. Americans

seem to feel that the role of scientist has both these characteristics.

Let us look at some of the high rating scores and see just where

scientists are placed.

Public Ratings of American Occupational Roles

1. U. S. Supreme Court Justice 96

2. Physician 93

3. State Governor 93

4. Cabinet Member in the Federal Government 92

5. Diplomat in the U. S. Foreign Service 92

6. Mayor of a large city 90

7. College professor 89

9. Scientist 89

10. U. S. Representative in Congress 89

11. Banker 88

12. Government scientist 88

13. County Judge 87

15. Minister 87

16. Architect 86

17. Chemist 86

19. Lawyer 86

20. Member of the Board of Directors of a

Large Corporation 86

21. Nuclear scientist 86

23. Psychologist 85

24. Civil Engineer 84

27. Owner of a factory that employs about

100 people 82

28. Sociologist 82

30. Biologist 81

Inspection of these relative rankings shows that the role of col-

lege professor, which of course overlaps that of scientist, and the

role of scientist itself stand pretty high. The generic role of scien-

tist ranks somewhat higher than the specific specialties within sci-
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ence, perhaps because attitudes are less mixed toward the more

abstract than toward the more specific conceptions of the role. The
more abstract conception may evoke public liberal values unmixed

with ambivalent feelings; the more concrete conceptions may, on

the other hand, evoke some of the unfavorable attitudes toward the

particular social consequences of certain scientific discoveries. For

instance, nuclear scientists stand a little lower than scientists in

general, perhaps because of their connection with the atomic bomb.

Among the several different scientific specialties, as we might ex-

pect from their relative degree of maturity, the physical sciences

rate slightly higher than the biological. The biologists themselves

are somewhat aware of this lesser esteem, and they have expressed
concern about the 'lack of public appreciation of the contribution

of the biological sciences" to the recent war.3 The social sciences,

at least so far as psychology and sociology represent them, also

stand fairly high, indeed surprisingly so. In the last chapter of this

book we shall look a little deeper into public evaluations of social

science. One last point about these occupational ratings. Professors

North and Hatt report that there is considerable consensus among
their sample on all these ratings, but that Americans on the higher
educational and economic levels rate the professional pccupations

slightly higher than do Americans on the lower educational and

economic levels. This would seem to indicate that those who have

directly experienced a liberal education or some scientific training

are somewhat more imbued with the values which support science

and also more aware of its functional importance in liberal, indus-

trial society.

Now we may ask, How do these public evaluations express
themselves in the "more tangible" form of money income. There

is, of course, in American society as a whole, no necessary and

fixed relationship between the public prestige of a job and its social

reward in the form of money income. This is certainly true for

the earnings of scientists. The evidence we have permits us to say
that scientists do earn a higher average income than most other

occupational groups, but that very few individual scientists com-

mand the extremely high salaries that occur in some areas of the

American occupational system. Only a very few men, and these are

the scientist-administrators in industrial research groups, earn even
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more than $20,000 a year.
4 A small proportion of all scientists earn

over $10,000. Those who work in academic institutions are less

well paid than those employed by private industry and government.
The following figures, taken from answers received in a Fortune

Magazine poll of scientists, indicate the relative earnings of scien-

tists in universities and colleges, in government, and in industry:

Academic Government Industry

Under $2,000 8% 1%

$2,000$ 4,000 20% 10% 10%

$4,000$ 6,000 33% 35% 31%

$6,000$ 8,000 18% 32% 24%

$8,000 $10,000 10% 16% 15%
Over $10,000 11% 7% 19% 5

The individual is interested not only in the maximum salary he

can achieve but also in the pattern of its increase during his career.

In science, salary ceilings do not come early, as they typically do in

relatively unskilled American occupations. The typical pattern, like

that in most professional careers, is rather one in which advancing

age, achievement, and experience bring slow, small, but steady

increases in salary. In the Fortune poll already mentioned, for

example, 65% of the men aged 25-35 were in the $4,000 $6,000

salary group. Of the men over 45, however, 25% earned more

than $10,000. The income for the successful scientist, therefore,

while not extremely high, reaches what most Americans would con-

sider a fairly comfortable level in middle and older age.

The figures we have given lump all scientific specialties to-

gether. They can be compared with some others compiled from the

earnings of a single group, the chemists, by the Committee on

Economic Status of the American Chemical Society. In 1941, just

before the war but when employment opportunities were good, the

median annual income of the members of the chemical profession
was $3,364., 50% earning less than this amount, 50% more. The

lowest 10% had incomes of less than $2,000., the lowest 25%
incomes of less than $2,500. Only 25% had incomes higher than

$5,000., and only 10% higher than $8,000. Among the older

members, those with more than 40 years' experience, 25% earned

more than $9,694.; and 10% of this group earned more than the

H U05]



SCIENCE AND THE SOCIAL ORDER

very high salary of $19,200. These are, of course, pre-war figures.

During the war the same Committee found in a study made in

cooperation with the United States Bureau of Labor Statistics that

the income of chemical scientists had increased from 14 to nearly
80%.6

Although scientists are in general, as we shall show later, a

fairly contented occupational group, they are not wholly satisfied

with the social rewards they receive in the form of public prestige
and money income, A survey of attitudes among scientists made
for the Presidents Scientific Research Board found that a majority
of scientists felt that

*

'money and prestige rewards are less than

they should be." T The feelings on this score were general and

showed little direct relation to actual income level. This feeling
and its generality would suggest not that scientists are an embittered

occupational group but rather that they are much like all other

American occupational and income groups, who feel that they
could get along comfortably if only they had an income greater by
ten per cent.

Perhaps all this talk about money income seems to imply that

it has precisely the same functions in scientific circles that it has

in other occupations. This is not so. In the business groups, for

example, money income varies over a very much greater range than

it does in science, and it is much more directly a symbol of one's

relative occupational status. This can be seen even among those

scientists who are attached to the business groups: the salaries of

industrial scientists cover a greater range and go much higher than

do those of their academic or government colleagues. Within each

of the types of social organization in which science is carried on,

the prestige of jobs and the salaries for them are roughly corre-

lated; but there can be no precise comparison between, say, academic

jobs and industrial jobs in terms of money income. High money
rewards are considered a more suitable incentive to achievement in

the business world. In university science, money rewards are not

supposed to furnish a primary incentive to achievement, and there

is some concern lest a system of monetary rewards displace the

motivation for making discoveries from its proper goal to the goal
of merely getting the money symbols of such achievement. The
values of "communality" and

*

Disinterestedness" in science, as we
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have seen, discourage the elaboration of finely graded invidious

distinctions based on money income.8

These different honorific functions which money income serves

in science and in industry are perhaps reflected in the different ap-

propriate "style of life" for the two groups. Symbols of "success"

for business achievement are the things which large amounts of

money can buy, like expensive homes, fine cars, and costly clothes

for wives. Among scientists, such symbols are considered inappro-

priate even when inherited income may make it possible for some

few scientists to procure them. Competition among scientists is

restricted to scientific achievement; "pecuniary emulation," as Veb-

len called it, is morally barred.

The most appropriate symbol of achievement in science is a

man's job, the relative prestige of jobs depending somewhat on gen-
eral public evaluations but much more on the evaluations that are

made by professional colleagues. As we shall see later, there is a

handful of American universities whose scientific professorships
award the highest prestige in their fields to the holders of these

positions. In industry, too, the research organizations of some com-

panies have much more prestige than others and those who hold

jobs in these groups share in the prestige. Neither in the academic

or industrial groups, however, are the ratings of jobs firmly and

finally fixed. Instead, they fluctuate somewhat as the achievements

of the present incumbents vary in the esteem of the relevant pro-
fessional group. In science, recourse to the test of achievement is

quick.

Because it is so quick, and because he knows how few of his

colleagues may be competent to judge his specialized work, the

individual scientist values very highly both the informally ex-

pressed and the formally manifested opinion of his colleagues. In

science, as is true everywhere, it is hard to get reliable evidence on

the operation of that most powerful means of social control, in-

formally expressed opinion, even though everyone knows of its

existence and feels its effects. It is somewhat easier to get more

formal expressions of esteem, such as elections to the offices of

professional societies and awards of prizes for distinguished scien-

tific accomplishment. In this respect, therefore, let us consider

the matter of prizes and awards in science. We could take as our
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examples the very large number of these for which national and

local groups of American scientists alone are eligible and about

which one may read every week in the news columns of the maga-
zine, Science, the journal of the American Association for the Ad-

vancement of Science which is read by practically all working
scientists. Instead, to show the generality of the system of prizes

in science as a whole we shall take the Nobel Prizes, which are

awarded without regard to nationality. In the relevant respects

these are typical of the nature of prizes as a symbol of prestige in

science.

The committees which participate in the award of the Nobel

Prizes in science are largely made up of men who themselves have

already demonstrated outstanding scientific accomplishment, men
whose opinion is therefore particularly highly valued. Not only may
no direct application for a Nobel Prize be made, but also not every-

one is allowed to suggest suitable candidates. The list of those who

may nominate candidates includes members of the Swedish academy
that actually awards the prizes in physics, in chemistry, and in

physiology and medicine, certain professors in Scandinavian uni-

versities, former Nobel Prize winners, and selected persons of sci-

entific distinction in other countries throughout the world. This

latter group of selected persons is appointed for twelve months

only, so there is a new selecting committee each year. This helps
eliminate favoriiism and also serves to incorporate the representa-

tives of new developments in science. To assist in the selection of

the 1949 prize in physics, for example, 237 scientists outside of

Sweden, including 42 in the United States, were asked to propose
candidates. It is, of course, an honor just to be appointed to the

nominating committee, since only distinguished men are so chosen.

The greatest honor of all, however, certainly one of the greatest

that can come to any scientist, is to be awarded the prize itself. A
Nobel laureate is honored wherever he goes in the world of science

and usually elsewhere as well.

The Nobel Prizes illustrate also another typical characteristic

of scientific distinctions, namely, that they are usually deferred

rather than immediate. In the whole history of the science prizes,

only once has an award been made for a discovery that was an-

nounced in the previous year. That was the prize in physiology and
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medicine awarded jointly to F. G. Banting and J. J. R. Macleod in

1923 for the discovery of insulin, which they and their co-workers,

C. H. Best and J. H. Collip, had announced in 1922. Perhaps only
in medicine could the significance of a scientific discovery be so

immediately apparent. Ordinarily, the Nobel Prizes are awarded

for achievements that are five to ten years old. The winners are

mature scientists: the average age of the winners in physics has

been 46 years, in chemistry, 49, and in physiology and medicine,

54.*

In addition to the social rewards of prestige and money income,

immediate work satisfactions are an important type of incentive for

satisfactory performances in scientific as in other occupational roles.

Here we have some evidence from the study conducted in 1947

for the President's Scientific Research Board, a study which looked

into the work satisfactions of a sample of 567 scientists in the

universities, in industry, and in the United States Government.10

This group made up the best possible sample that could be ob-

tained under somewhat unsatisfactory conditions. As one might

expect from the importance of the value of rationality in scientific

work, intellectual satisfactions are those whkh the individual sci-

entist rates most highly in his work and in his career. These

intellectual satisfactions include "understanding the way things work,

pioneering in the unknown, and exercising the creative impulse/'
11

A strong secondary source of satisfaction is the social value of the

work these scientists do. "A majority say the social contribution is

a matter of concern to them, and that they feel their work con-

tributes to the welfare of mankind." 12 This is an expression of that

scientific value we have called
f

'disinterestedness."

Work satisfactions are an important basis for choice among the

various types of organization in which these scientists could carry

on their occupation. "Opportunity to do the kind of work you want

to do the way you want to do it is named first by each group of

scientists (university, industry, government) as a basis for deciding
which type of organization is most satisfactory."

18 On this score a

very large proportion of these scientists are fulfilling their wishes.

A majority say that "they are doing the work for which they are

best fitted, have freedom of action to try out their ideas, and have

opportunity to advance their professional competence." There is
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little variation in these attitudes, either within the three groups of

scientists or among scientists of different income or age levels.14

Despite this actual work satisfaction among scientists in all three

types of organization, a majority of all of them taken together con-

sider the university the most satisfactory type of organization in

which to work. Industry ranks second and Government is a low

third. We shall see the significance of these relative rankings later.

The university is most highly valued because of its
*

'freedom from

restriction." Industry offers the satisfaction of "seeing tangible, prac-

tical results." And Government is attractive because of its "unlim-

ited facilities and resources" for research.16 Each work satisfaction

has been at least sufficient to recruit adequate numbers of scientific

workers for the different types of organization.

In sum, then, in the words of the Report,
i
American scientists

declare themselves to be comparatively well satisfied in their work

with regard to the criteria which they themselves describe as para-

mount." 16 Much the same rough result is expressed in the answers

of scientists to a Fortune Poll question, "If you had it to do over

again, would you choose the same line of study?". The answers:

Academic Government Industry

Yes 91% 86% 84%
No 9% 14% 16% 1T

Lest these problems of rewards and incentives seem peculiar
to American scientists, let us take the comparative perspective for

a moment and see how the same situations occur in the social or-

ganization of science in Russia. So far as public evaluations of Rus-

sian scientists go, we have no public opinion studies, of course,

but if we may judge from other kinds of evidence, then the prestige
of science and scientists is very high indeed in Russia. The British

scientist Eric Ashby reports an extreme admiration of scientists in

Russia, a public admiration so great and so widespread that it seems

to him to be almost "hero-worship" for the living and "lay-canon-
isation" for dead scientists. He thinks, further that this attitude of

"deep respect for science and scientists" helps to attract "the bright-

est minds in Russia." Great publicity is given in newspaper accounts

of the many fine awards to scientists and, as a result, "the ambition
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of many a young Russian is to be a scientific research worker."

There are even public festivals in honor of scientists and their

discoveries, much as have we honored such men as Edison by

issuing commemorative postage stamps.
18

All this has a most familiar ring, and so too does the system
of more tangible rewards which Russian scientists receive. The

greatest honor and largest financial rewards accrue to the scientists

who are elected to the several national and all-Russian academies of

science. These men, the number of whom has been greatly en-

larged in recent years, receive handsome salaries and, equally impor-

tant, get such perquisites as better housing and extra rations of

food and clothing, the right to buy scarce consumer goods like

autos, certain income tax exemptions, and access to facilities for

vacation and travel. There are also pensions for these men and for

their widows and children. These pensions are reported in the news-

papers, along with other special awards given to the families of

men who achieve distinction in the occupational sphere. Such

material rewards are not limited to men working in the fields of

"pure" or
'

'fundamental" science. So far as patents on inventions

are concerned, for example, the situation in Russia now seems to

be a great deal like that in Great Britain and the United States.
19

The Invention Act of 1941, replacing earlier legislation enacted

first in 1931, defined the conditions under which patents and

"author's certificates" may be granted and royalties paid thereon

to inventors. The title, "author's certificate," incidentally, appears
more suitable to the Russians than the more capitalistic one,

"patent," although the two things are sociologically the same. As a

result of the 1941 legislation, the career of the professional inventor

was made legally what it had been in fact before, a select one in

which the practitioners receive well above average income, food,

clothing, and educational advantages for their children.

The most important reward of all, perhaps, both for the prestige

they carry and the income they bestow, are the Stalin Prizes, which

have a great similarity to the Nobel Prizes. These are also awarded

in other fields than science, and the top prizes carry a very large

sum of money. In 1943, for example, the physicist, Peter Kapitza,
won a Stalin Prize paying about $30,000. for his discovery of super-

fluidity in helium. This is a discovery of great practical importance
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because it makes possible a much cheaper method of producing

liquid oxygen and, consequently, great savings in the process of

reducing ores in the metallurgical industries. Each year about

$1,200,000. is awarded in Stalin Prizes for the ''pure" natural and

social sciences alone. There are also sixty prizes for inventions in

"applied" science, including ten first prizes of about $16,000. each,

twenty second prizes of $8,000. each, and thirty third prizes of

$4,000. each.

So far as immediate work satisfactions are concerned, we have

no direct information on what they are for the Russian scientists

who work in the universities, in industry, and in government re-

search laboratories. We may safely assume, though, from the gen-
eral similarity of the various social incentives that are offered to

Russian scientists to those that prevail in more 'liberal" societies

that the different kinds of work satisfactions they have are also

much the same. The same, that is, so long as there are no intru-

sions of political authority into the social organization of science

to the extent of imposing some particular scientific theory. We saw,

in Chapter Three, that such intrusions have become more frequent
in Russia recently. Because of the importance for scientists of such

work satisfactions as "freedom from restriction," regardless of the

society in which they find themselves, it is very likely that Rus-

sian scientists are now a much less contented as well as less effective

group than they were formerly, before the recent increase of direct

political control.

We may return now to our discussion of some general aspects

of the social organization of American science. We have been

speaking as if professional and specialized scientific occupational
roles had always existed, but we have seen, in Chapter Two, that

this is not so. We saw there that in the seventeenth and eighteenth

centuries, when relatively mature science first emerged in Western

European society, scientists were not only few in absolute numbers

but also chiefly amateurs, that is, men whose main occupational
role was something other than that of being a scientist. The ama-

teurs of these early times were, to be sure, the equals of later-day

professionals in their enthusiasm for science and very often in their

actual competence. For example, Benjamin Franklin, who is almost

the prototype of the distinguished amateur in science, made con-
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tributions to the theory of electricity which earn him an important

place in the history of physics. When we speak of "amateurs"

now, we are speaking of a kind of social role, not of personal devo-

tion to science and not of the level of technical competence. The
course of development in the social organization of American

science, like that in roughly similar "liberal" societies, has been

an evolution from small numbers of amateurs to large numbers of

professional, specialized workers. We shall now trace this evolu-

tion, and some of its consequences, as it has occurred in American

society.

We have seen that the early amateurs in science joined to-

gether in societies to provide themselves with a common meeting

place for work and discussion. The first of these the Royal So-

ciety in England, the Academic des Sciences in France, the Ac-

cademia del Cimento in Italy were founded in Europe in the

sixteenth and seventeenth centuries.20 The first American society

of this kind which is still in existence was the American Philo-

sophical Society, founded in 1743 by Benjamin Franklin. The sev-

eral sciences were all much more lumped together in those days,

under the title of "natural philosophy," and amateurs usually tried

to cover the whole field. Not until the nineteenth century did both

professionalization and specialization occupy any sizeable part of

the province of science, and these developments were much more

retarded in the United States than they were in Europe. The "gen-
eral indifference to basic research displayed in the United States

during the greater part of the 19th century" was reflected in the

slower professionalization of science in this country than in con-

temporary Europe.
21 We often forget how recent a development

large-scale professional science is. For example, not many of us

know that the term "scientist" itself was unknown until the nine-

teenth century, when it was deliberately coined by the Reverend

William Whewell, Professor of Moral Philosophy in the Uni-

versity of Cambridge.
22

The pattern of increasing professionalization is clear. In the

first half of the nineteenth century it begins to appear in American

colleges and in the Government itself, which at this time hires its

first few full-time scientific employees. With the accumulation of

the first large American fortunes in industry and commerce, more
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financial support is available for professional scientists, because the

new capitalists were willing to endow positions for full-time scien-

tific teachers in the colleges and even to endow whole sets of such

positions in scientific schools. For example, the Lawrence Scientific

School at Harvard, established at this time, was endowed by Abbott

Lawrence, the pioneer New England manufacturer of cotton tex-

tiles; and the Sheffield Scientific School at Yale was similarly bene-

fited by Joseph E. Sheffield, a Connecticut canal and railroad mag-
nate. In the second half of the century, professional science was

continuously enlarged, and now large-scale industry also provided a

few jobs for full-time scientific workers.28 In the twentieth century,

as we shall see in our next three chapters in some detail, there has

been a vast increase in the number of professional scientific posi-

tions in the universities, in industry, and in the Government.

Unfortunately, we have few statistics to illustrate even roughly
this pattern of increasing professionalization in American science.

The following table, which goes back to the year 1876, shows the

increasing number of Ph.D.'s in all fields of scholarly activity, and
it is, therefore, only a very rough measure of the increase in the

number of men whose full-time occupational role is that of

scientist.

No. of Pb.D.'s No. of Conferring
Year Conferred Institutions

1876 44 25

1890 164

1900 342

1910 409 38

1920 532 44

1926 1,302 62

1928 1,447 69

1930 2,024 74

1935 2,649 84

1937 2,709 S624

The rapid acceleration in the number of professional scientists

during the twentieth century suggested by this table is more reliably

demonstrated in the following figures of the number of scientists

listed in American Men of Science, the who's who of American

science:
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1903 4,000

1910 5,500

1921 9,500

1928 13,500

1938 22,000

1944 _ 34,000
25

We are now concerned only with showing the pattern of increase

in the ranks of American professional scientists. It is a pattern which

is roughly similar for that in other
*

'liberal" societies. Later we shall

give some figures which describe the absolute numbers of profes-
sional scientists which now exist in the United States.

This professionalization of science is, of course, only in part a

result of the internal changes in science itself. It is in part also an

aspect of the increasing professionalization and specialization of

the whole occupational structure of American society. Just as science

has made a greater division of labor possible, so, reciprocally, the

increasing division of labor in American society has opened up
large numbers of jobs in science. Science now has the increased

stability which derives from its being an essential and regularized

career in an integrated occupational structure.

Increased and still increasing specialization is another aspect of

modern American science which comes equally out of changes
internal to science itself and out of changes in the larger occupa-
tional system. Norbert Wiener, professor of mathematics at M.I.T.

and the author of Cybernetics, has described the pattern of change
here and its present circumstance quite vividly. "Since Leibniz," he

says,
"
there has perhaps been no man who has had a full command

of all the intellectual activity of his day. Since that time, science has

been increasingly the task of specialists, in fields which show a

tendency to grow progressively narrower." In the nineteenth cen-

tury, he says, if there was no Leibniz, at least there was a Gauss, a

Faraday, a Darwin, men whose knowledge and work compassed a

whole large subdivision of science. "Today," however, "there are

few scholars who can call themselves mathematicians or physicists
or biologists without restriction. A man may be a topologist or an

acoustician or a coleopterist He will be filled with the jargon of

his field and will know all its literature, but, more frequently than

not, he will regard the next subject as something belonging to his

colleague three doors down the corridor."26
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Nowhere is the specialization of modern science more evident

than in the hundreds, the thousands of different technical scientific

journals that are published in the United States. The world over,

including a great deal of overlap and even identity, of course, the

number of professional scientific journals amounts to no less than

forty thousand.27 As a result of this proliferation of journals for

each scientific specialty, specialists sometimes complain that they
can manage only to keep up with the work in their own narrow

field. There are some devices for alleviating the task of "keeping

up" with other specialties and with general scientific interests, such

as publications of abstracts of papers and general science journals.

But one of the important problems of contemporary science, in the

United States and elsewhere, is to maintain fruitful relations among
the multitude of specialized scientific disciplines. Scientific con-

ceptual schemes are both generalized and abstract, we have seen;

specialization makes possible greater abstractness, but sometimes it

hinders the greater generalization of scientific theory to which it

should contribute.

Both increasing professionalization and increasing specialization

are reflected in the changing types and growing numbers of Ameri-

can scientific societies. We may get some sense of the amateur,

generalized interest of the early societies from the following de-

scription by Cotton Mather of a "philosophical" or scientific society

that met in Boston in the seventeenth century: "A Philosophical

Society of Agreeable Gentlemen, who met once a Fortnight for a

Conference About Improvements in Philosophy and Additions to

the stores of Natural History."
28

Today there are thousands of local

and national professional scientific societies in the United States,

and these represent hundreds of scientific specialties.
29

These professional organizations in American science are of

three kinds, the different types representing characteristic problems
for science today. Far and away the largest number of scientific

organizations are those devoted to highly specialized disciplines

within science; another type of organization, much smaller in num-

ber, is concerned with general interests and problems of science as

a whole; and there are a few examples of a third type, that concerned

specifically with the "social problems" and "social responsibilities"

of science. In 1948, for example, there were 208 specialized societies
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and academies of science attached to the American Association for

the Advancement of Science, the most inclusive of the organizations

with general scientific interests. These 208 societies were very large-

ly natural science groups, but there were included some social

organizations also. This number does not, however, include all the

scientific societies that are national in scope.
Another way of appreciating the proliferation of professional

scientific organizations is to note those for which a typical scientist

is eligible, whether he actually joins them all or not. He could

belong to the A.A.A.S., of which we shall say more in a moment
as an example of the general type of organization; to the main

national society in his field, say, mathematics; to some specialized

society dealing with his narrower interest within the field, say,

topology; to various state and local branches of the national societies;

and possibly to state and local academies of science, some specialized

and some cutting across the specialties in science. Most scientists,

however, probably belong only to a few of the organizations for

which they are eligible, because of the pressure of their professional

work and because of limited time and funds.

Now let us look a little more closely at each of these three types
of scientific organization. The specialized societies are concerned

with the problems, policies, and work of their own disciplines,

however specialized. As few as less than a hundred men may be

members of a national specialized society. Such organizations are

important agencies for providing a loose coordination of the

activities in their fields. Their annual meetings are occasions for

many valuable informal meetings among their specialist members

as well as for the formal presentation of papers reporting scientific

research. Sometimes the specialist societies deal with more general

problems, for example, the relation of their limited interests to

those of science as a whole or to those of the national welfare.

The general societies in science take as their purpose some loose

coordination of science as a whole and some concern for the rela-

tion of science to the larger society. Two organizations of this kind

are Sigma Xi, the national honorary science society, corresponding
to Phi Beta Kappa in the humanities and social sciences, and the

American Association for the Advancement of Science. It is the

ideal of the A.A.A.S. to associate to itself all the specialized national
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science societies and thus, in some rough fashion, to "stand for"

American science. It has already gone some way toward the achieve-

ment of this goal. Its annual meetings are vast affairs attended by

many thousands of scientists who come to attend the meetings of

the several specialized sub-groups of the Association as well as to

participate in its more general meetings. The officers of the A.A.A.S.

are members of many different specialized societies as well, and

their positions require them to take a more general view of Ameri-

can science than they do as specialists. The presidency of the

A.A.A.S. is one of the few most distinguished offices to which an

American scientist can be elected, and scientists from the universities,

from industry, and from Government have all received this high

honor, though most presidents have come from the universities. The

growth of this general scientific association since its founding in

1848 is a rough measure of the growth of American science as a

whole. Note especially the striking acceleration of the growth in

the last forty years.

Year Membership

1848 461

1858 962

1868 686

1878 962

1888 1,964

1898 1,729

1908 6,136

1918 9,000 (approx.)

1928 16,328

1938 19,000

1948 42,000
80

The third type of professional organization in American science

is the kind which is concerned for the "social problems" of science,

either in regard to the social responsibilities of science as a whole

or in regard to some particular issue, like that of atomic energy at

the present time. The Federation of Atomic Scientists, officially

organized in December, 1945, after informal meetings held during
the war at atomic energy research laboratories, is an example of this

type of scientific society. Although its general purpose was conceived
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while the war was still on, the F.A.S. came into active being only
when its members felt it necessary to oppose Congressional enact-

ment of the May-Johnson Bill for the control of atomic energy.
This bill, scheduled to pass virtually without a hearing, assigned to

the military the ultimate control of the new atomic science. In

opposition, "a scientists' lobby materialized suddenly in Washing-
ton. That lobby was the beginning of the Federation and, with

greater or less effectiveness, it has been in Washington ever since/'81

Although the atomic bomb was thus the immediate occasion for the

founding of the organization, the preamble to its constitution ex-

presses an inclusive social purpose: "The Federation of Atomic

Scientists is formed to meet the increasingly apparent responsibility
of scientists in promoting the welfare of mankind and the achieve-

ment of a stable world peace." The more general purpose does not

have the same power to attract members as did the more specific

one. In the early days of the organization, it had about 3,000

members. In 1950, the national organization had only 1,500 mem-

bers, grouped into 13 local chapters in 9 states, with members-at-

large in 21 additional states. Scientists in American society, like

other comparable groups of professional specialists, do not have the

time nor the interest to take a very active part in social problems,
even those more directly related to science itself. During the past
few years the F.A.S. has been less concerned with atomic energy
and its control and more with safeguarding the spirit of free inquiry

and with promoting "those public policies which will secure the

benefits of science to the general welfare/'32 Like many such small

voluntary associations, in all fields of activity, the F.A.S. has only

one salaried employee in its Washington office. Its work has been

chiefly carried out by local volunteers. Nevertheless, the organiza-

tion has been remarkably successful in creating political pressure for

good purposes, not only against the May-Johnson Bill, but on other

issues since then.

One thing that holds for all three types of professional science

organizations is that they manifest the same pattern of membership

participation that voluntary associations in all other fields of interest

do.88 That is, the membership is constituted of a small, active

minority and of a much larger, inactive majority. The active minority
takes the strongest interest and fills most of the offices. But, unliKe
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some other voluntary associations, the highest offices in science

organizations are almost never filled by men who have simply been

very active in the group. These highest positions, being symbolic of

the status and the values of science, are customarily awarded by vote

of the membership as a badge of high professional achievement to

the most distinguished scientists in the organization, whether they
have participated very actively in its affairs or not. Active partici-

pation counts, here as elsewhere, probably, but not nearly so much.

We have already seen that election to office as a formal recognition
of achievement by autonomous scientific organizations is one of

the most important of their several functions.

We have traced out, now, a great change in the social organi-
zation of American science. When we consider the proliferation of

specialized professional scientific societies, as we just have, we see

that science is no longer what Thomas Huxley asserted it to be in

1880, '"a third army, ranged around the banners of physical science

. . . somewhat of a guerilla force, composed largely of irregulars."

Science is now a standing army of regular professionals, loosely but

effectively organized in their own scientific organizations.

Still and all, there do remain a few amateur scientists in con-

temporary American society.
84 In certain fields of science it is still

possible to do some useful work during the leisure hours away from

one's regular, full-time job. Some of these fields are astronomy,

mineralogy, ornithology, and radio communications.35 Some ama-

teurs even become expert enough in a special branch of knowledge
to be on a par with some of the professionals. But, on the whole,

what little amateur work is done is dependent upon the professional
work in the same field. The universities, museums, and research

institutes serve not only as the source of their knowledge for the

amateurs but also as the continuing agencies to whose bulk the small

contributions of amateurs may be added. The American Asociation

of Variable Star Observers, for example, which has some 1 30 mem-

bers in the United States, performs valuable work in its field, but

it is valuable only because professional astronomers exist who can

organize it and use it in their work. In some fields of science,

"pure" physics and chemistry, for example, amateur work is prac-

tically impossible because of the degree of training, the amount of

time, and the expensive facilities required for satisfactory results. As

U20J



THE SOCIAL ORGANIZATION OF SCIENCE IN AMERICAN SOCIETY

professionals in other fields, for instance, social work, have dis-

covered, there are great organizational difficulties in using amateurs.

Even such an enthusiast for amateur work as Thomas says: "When
it comes to the actual use of amateur effort in carrying on important

experimentation, or even the gathering of facts to make that experi-
mentation possible, the professional who might consider such a

possibility is confounded by the administrative and organizational

problems which such a task involves. Use of volunteers in any capa-

city requires a great deal of planning and supervision/'
36 The diffi-

culties that lie in the use of amateurs in science only confirm how

important it now is that science as a whole should be in the hands of

professionals who have a regularized place in the occupational
structure of American society.

In our discussion just above of the functions of professional

organizations in science, we mentioned, in passing, the part they

play in providing some loose coordination of activities within the

specialized disciplines and in American science as a whole. This is

an important subject which now deserves our exclusive attention,

this subject of coordination and control in American science. We
shall return to it again in this book, especially in Chapter Ten
where we speak in detail about the social control of science, but for

the present it will be enough to pick out certain general features of

this aspect of American science.

The most obvious and the most fundamental fact has, of course,

to be stated right away, that there is no single, formally recognized,

hierarchical organization which coordinates and controls American

science. Like science in other "liberal" societies, American science

as a whole is only informally organized. Science is a pluralistic

world in which there is not one but many centers of influence, no

one predominant over all the others, although these sub-centers are,

as we shall see, related in definite ways. Why this is so, indeed, why
it must be so, is a matter that goes to the heart of the nature of

science. It is a matter that we have already referred to several

times in earlier chapters and shall speak of again in later ones;

when we come to speak of the social responsibilities of science and

planning in science, we shall try to draw the whole problem

together. Just now we need to see it as the basic pattern of coordi-

nation in American science, the pattern against which the several

minor ones take on their significance.
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Now just because it is only informally and not formally or-

ganized, American science as a whole usually appears to the indi-

vidual scientist and to the individual layman the way our market

economy usually appears to the individual worker or enterpreneur;
without any coordination or control whatsoever. But this is not so.

However informal and even relatively invisible they may be, there

are some definitely structured patterns of coordination running

through American science. We have already mentioned that some of

these center in the general and specialized professional societies.

Another important pattern of coordination and control, both within

the several fields of science and between these different fields, is

to be found in the informal relations among certain key influential

scientists. These are men who are distinguished usually both as

scientists and as administrators in science, men of universal prestige
and of wide acquaintance. They perform valuable functions in rec-

ommending personnel for jobs, in advising on the award of

research funds, and, in general, in taking a larger view and a larger

responsibility in scientific problems and scientific policies.
87

Ordinarily this pattern of control through influential scientists

is latent, only a few experienced and reflective scientists being
aware of its extent and significance. When the purposes of science

narrow, however, as they did in the last war, for example, the

structure of this informal control becomes somewhat more manifest,

although even then it was not apparent to all scientists. In American

science, men like J. B. Conant, President of Harvard University,

Vannevar Bush, President of the Carnegie Institution of Washington,
and Karl T. Compton, then President of the Massachusetts Institute

of Technology, men like these and a few handfuls of other scientists

wield very large, and beneficial, influence by the way in which they

integrate many separate centers of authority and control in science.

During the recent war, for example, reports one study of the Office

of Scientific Research and Development, the Government agency
which was responsible for our scientific war effort, "the administra-

tion of O.S.R.D. resolved itself into the triumvirate of Bush, Conant,

and Compton."
88

Indeed, Bush himself points out that, although

there were approximately 30,000 scientists and engineers working
on new weapons and new medicine during the war, there were

"roughly thirty-five men in the senior positions*' of control.8*
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However absolute the anti-authoritarian values of some of us may
be, this is only what is required and desirable for so large and so

successful an enterprise. It is only necessary to point out the informal

structuring of control in American science because our individual

perspectives ordinarily obscure its presence and significance.

Fortunately there has come into print a detailed description of

how the structure of informal influence operates, the case being
that of the staffing of a war-time science research project.

40 First a

scientist was chosen to head the project, chosen presumably at the

suggestion of some key figure like Conant, Bush, or Compton.
Then, "from his widespread knowledge of his special field, he

chose a group of colleagues to assist him." These men suggested the

names of another forty to fifty men, who were directly recruited.

Most of these men were in academic employment, "and leaves of

absence were readily arranged," presumably because of the influence

of the men already incorporated into the project. "The recruitment

of scientists for the major O.S.R.D. projects," Trytten says in

summary, "followed in most cases the tanning-out' pattern just

described. In the case of perhaps the largest and most successful of

the O.S.R.D. laboratories, this process began by a meeting of four

internationally known American scientists in a hotel room in New
York. From their combined experience they selected the names of

forty young and active but completely mature scientists. Through
this nucleus the contacts fanned out. . . . The laboratory grew to be

large . . . growing to a final level of about one thousand professional
scientists and engineers/'

41

The value of such informal coordination of American science

should never be underestimated.42 In his analysis of why the Nazis

"failed miserably" in their attempt to make the atom bomb, for

which they had much the same opportunity this country had, Van-

nevar Bush says that an important reason was their poor organization
of science.48 Nor should the great administrative skill of the key
American scientists we have mentioned be overlooked. Their suc-

cessful achievements as administrators dealing with Congressmen,
Government officials, and officers of the Armed Forces in wartime

Washington have been described as "one of the minor wonders of

the war."44 This success probably would have seemed less remark-

able if the similar, though lesser, accomplishments of these men in
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time of peace were known. Some American scientists have consider-

able talent as executives, although they prefer to neglect it in order

to cultivate their research interests exclusively. The war provided
an opportunity to bring out some of this latent talent, as well as

that which had already been demonstrated in scientific organizations.

For example, the scientific war effort developed a whole new group
of scientist-administrators: men like J. R. Oppenheimer, Director

of the Los Alamos Laboratory, now Director of the Institute for

Advanced Study; Lee DuBridge, Director of the Radiation Labora-

tory for radar research, now President of the California Institute of

Technology; and Frederick L. Hovde, Director of Rocket Research,

now President of Purdue University.

We may note one further important fact about this pattern of

informal coordination in American science. This is the fact that the

central importance of university science research is reflected in the

academic connections of most of the key influential scientists. It is

also important that some of these academic connections are with

the leading institutes of technology, for it is through these research

centers, which train many industrial scientists, that the patterns of

influence spread out to industrial as well as to academic research

groups all over the country. There is, also, through such men as

Bush, a link to the privately-endowed scientific research organizations

such as the Carnegie Institution, which itself sponsors research as

well as subsidizing research by other organizations. In this fashion,

informal relations among key scientists join and partially coordinate

all the different types of social organization in American science.45

This kind of informal coordination is an invaluable asset of Ameri-

can science. And not least of all is it important because it is one of

the essential conditions of the autonomy of science that such

coordination, whether informal or formal, be in the hands of the

leaders of science themselves, rather than in the hands of politi-

cally appointed non-scientists.

The existence of this pattern of coordination is not something
new in science nor is it peculiar to the American scene. In 1864,

for example, Thomas Henry Huxley and a group of his friends,

eminent scientists all, organized the X Club, a weekly dining society.

Huxley later reported that he overheard the following conversation

between two scientists who were not members of the club.
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l say, A, do you know anything about the X Club?"

"Oh yes, B, I have heard of it. What do they do?"

"Well, they govern scientific affairs, and really, on the whole

they don't do it badly."
This club lasted only for the lifetime of its founders and had

considerable influence on appointments and promotions in aca-

demic positions and in scientific societies.
46

Within the general pattern of informal coordination of Ameri-

can science as a whole, two subsidiary patterns of social organization
occur. The first is like the general pattern; that is, it is informal. A
great many American scientists pursue their research independently
as individuals or they carry it on in small "teams" in which the

leader is not so much an official administrator as a "primus inter

pares," very often in the relation of a master to younger, les$ experi-
enced apprentices. This informal pattern is indispensable in many
areas of scientific research and we shall have to return many times

later on to a discussion of its essential functions for the advance-

ment of science. We shall speak of this matter especially in Chapter

Nine, where it is related to the social process of invention and

discovery. The second pattern is the formal or hierarchical one,

the "bureaucratic" one, operating within the general informal pat-

tern, but different from it, and sometimes seemingly in conflict with

it. This is a pattern which is increasingly frequent in American

scientific research, and it reflects important changes that have oc-

curred in science itself and in its relations to the rest of "liberal"

society. "The large research laboratory," says Wilson F. Harwood
of the Office of Naval Research, "is a product of the twentieth

century." It is especially a product of the last twenty years. "For

example, in 1938," he says, "the Naval Research Laboratory in

Washington, D. C, the primary center of Navy research and devel-

opment, housed a few hundred employees in a few buildings and

had an annual budget that was substantially under a half million

dollars. Today this same laboratory has about one million square
feet of laboratory space, about three thousand employees and an

annual outlay of $18. million."47 This is only one of numerous

similar cases in university, industrial, and government science in

American society.

This change in the social organization of science is, of course,
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part of a larger movement of change in modern ''liberal" society,

the change toward an increasing "bureaucratization of the world."48

When we discuss "planning" in science we shall see how the

change in science is affected by the larger trend. We are now con-

cerned, however, with only those conditions which are specifically

relevant to the increase of formal organization within science. These

conditions include the increased applicability of science, the in-

creased incorporation of science in governmental and industrial

bureaucracies, and certain internal changes within science itself.

Let us consider first the significance of increased applicability

for the changes that have recently occurred in the social organization
of science in America. The great growth of modern science, that is,

the vast improvement in its fundamental conceptual schemes, has

meant that in an ever larger number of practical situations the

theories of science are useful. In such areas as the chemical and

electrical industries, in medicine, and in agriculture, to take only
a few examples, fundamental science is now applicable. Perhaps the

clearest recent instance of the application of fundamental science to

a limited, specifiable end is the case of the atom bomb. Now it is

in just this type of social situation where there is a limited, speci-

fiable end that the formal type of social organization is a most

efficient instrument. Ideological objections to "bureaucracy" to the

contrary, hierarchical social organization is not a device of the devil.

It is rather a great social invention which we are still improving;
it is a rational social instrument with some disadvantages to be

sure for the achievement of limited, specifiable social purposes.
And so it has been used not only in our own society at the present
time but in other societies at much earlier times. In Classical China,

for instance, and in the armies of a great many societies, formal

organization has served men well.49 Little wonder, then, that an

increase in the usefulness of science in practical situations has meant

an increase in the number of hierarchical organizations seeking to

apply fundamental science. Although there are situations in science,

as we shall see, where this type of social organization is unsuitable,

there are a great many others where the informal type would be

equally unsuitable. Here again, we have only to recall the case of

the atom bomb.

The suitability of formal organization in achieving a given end,
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whether in applied science or in certain limited ranges of funda-

mental science, is especially clear where a social crisis endows the

end with unusual urgency. For example, during the recent war,

large formal organizations were speedily set up in the fields of elec-

tronic and atomic research, the former for the development of such

newly specifiable ends of research as radar and proximity fuses. The

original plan for war research in science had been to leave each

scientist at his own university. That had appeared to be the happiest
situation for the scientists themselves. But as the volume of work

increased, the need for speedy consultation, for mutual help and

instruction, and for frequent intimate contact among scientists work-

ing toward the same limited end required that they all be brought

together in the same large organization. "The benefits to be derived

from teamwork of sizeable groups," says James Phinney Baxter, the

historian of the Office of Scientific Research and Development,
"were too great to be neglected/'

80
Large formal organizations for

research were accordingly set up at the University of Illinois, Chi-

cago, Northwestern, M. I. T., and Harvard. On the staff of the Ra-

diation Laboratory at M. I. T. alone there were men from 69 differ-

ent academic institutions.

The incorporation of science into established bureaucracies de-

voted primarily to other ends industrial and governmental bur-

eaucracies, for example has also increased the amount of formal

organization in scientific research. This is in part a consequence, of

course, of the increased applicability of science. But even where the

applicability of science is not at stake, at least not immediately, there

is a pressure upon groups of scientists to organize themselves more

formally in order to deal in a regular and orderly fashion with the

other parts of the bureaucracy in which they are now incorporated.
There is some of this even in universities, we shall see, where scien-

tists must elect "officials" to deal with "the administration." This

necessity is all the greater in other types of established bureaucratic

organization. Indeed, this pressure toward formal organization exists

even where scientists are not actually incorporated into the bureauc-

racy but depend upon it for financial support even while they remain

legally outside it. For example, groups of university scientists have

found it highly desirable to set up formal organizations to arrange
"contracts" and to deal with the officials of the bureaucracies which
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supply an increasing share of the funds for their research, namely,
the bureaucracies of the Government and the private philanthropic
foundations. It is sometimes a condition of the granting of funds

that separate research units will be integrated into a larger whole

in order to function more effectively vis a vis the granting organiza-
tion.

Certain internal changes in science itself have also contributed

to the need for increased formal organization. The first of these is

the greater specialization and division of labor in scientific work.

Everywhere in social life the division of labor creates the need for

coordination and control. Especially in application to specific prac-

tical problems must this control, or "organization," in science be

formal rather than informal, but this may be true also of research

which is more fundamental than applied. The former case, where

different scientific specialties must be applied conjointly toward the

same practical end, has been remarked on by the late Frank B.

Jewett, former Director of the Bell Telephone Laboratories and also

formerly President of the A.A.A.S. "In many fields," says Mr.

Jewett, "the products will be such as to involve a wide range of

physical, chemical, and biological problems so interwoven as to call

for scientific attack from many angles, and so we will have large

research organizations with specialists and specialized facilities in

many fields, all organized to function as a coordinated." He feels

that "experience has shown that this is the most powerful, effective,

and economical method of handling complex problems. It is greatly

superior to any scheme of farming out portions of the problem to

individual laboratories. This results from the fact that at all stages

of the work the several elements react on one another and that what

can be done in one field determines what can or cannot be done in

another." 61

A similar situation requiring the contribution of many specialists

in somewhat more fundamental research has been described by
Ellice McDonald, Director of the Biochemical Research Foundation.

Speaking of a "bacteriostatic and germicidal fraction" obtained from

soil bacteria, he says: "It was discovered by the microbiologists and

was fractionated by those running the Beams
1

air-driven centrifuge.
It was passed to the bacteriologists and the cytologists to determine

its qualities and powers, to the microchemists for analysis, identifka-
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tion and determination of its probable composition, to the organic

chemists for fractionation, to the spectroscopists for characterization

and for the determination of the spectrographic differences . . .

these fractions to the cytologists for toxicity and other experiments
on animals, to the microscopists for record of crystalline structure,

to the surgeons for study of its external effects upon badly infected

wounds, to the physical chemists for the measurement of the physical
constants and further study as to its structure. It went as we say

'through the mill/ All these were from our staff work and this is our

common procedure."
52 The need for formally organized controls

of some kind over such division of labor is obvious. This does not

mean that each stage of the work is directed by non-specialists, but

still there is a need for the special function of administration.

The second internal change in science which increases the need

for formal organization is the change which has occurred in some

areas of research, but not all, as a result of the development of

instruments which can keep many individual research units busy all

at the same time. The most notable case of this kind has occurred in

nuclear physics, where the cyclotron and betatron have become in-

dispensable tools of research.68 Lee DuBridge, now President of the

California Institute of Technology, has described the resulting situ-

ation.
*

Several problems/' he says, "could be carried on in parallel,

and the combined efforts of all groups are needed to keep the ma-

chine in operation and to carry on continued improvements."
54 In

general, he says, "some of the facilities required for modern work

in nuclear physics are so large and so expensive that a large staff is

required to operate and make full use of them. ... I believe it is

inevitable that a few great research centers will grow up, and that

they will be of greatest importance in the advance of nuclear

physics."
55 The need for formal organization in such a situation is

obvious.

In sum, then, for the several general reasons we have given, large

formal organizations are increasingly common in science. Such or-

ganizations can never wholly displace the informal pattern of

organization either in science as a whole or in many of its several

parts. But even where it is necessary in science, the pattern of

bureaucracy disturbs some scientists in just the same way that its

establishment in other areas disturbs some of the citizens of "liberal"
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society. "The imposition of an organizational framework," says L.

Kowarski, the Technical Director of the French Atomic Energy

Commission, "no matter how flexible or syncopated, may cause a

note of regret to professional scientists, most of whom have hitherto

lived the lives of independent small-holders."58

All apart from this diffuse regret which some scientists may feel,

there is room for genuine concern about some of the problems
which the pattern of bureaucracy now presents to scientists. Some
of these problems of hierarchical organization are inherent in the

nature of that type of social organization, whatever the specific pur-

pose of any group so organized, scientific or otherwise. Some of these

problems have already been noted in other bureaucracies in Gov-

ernment, in industry, and in labor unions and some progress has

been made toward understanding them and coping with them.57

The administrators of scientific organizations may well profit from

this general analysis of the difficulties of formal organization. There

remain, however, certain problems which are more specific to science.

Chief among these is how to preserve the essential autonomy and

originality of the workers in "pure" science while guiding them into

certain general areas and providing them with assistants and facili-

ties. It is hard to state this formal problem in any more concrete

manner, at least in the present state of our knowledge. Perhaps the

best we can do is to recognize the necessity to have as the directors

of large research organizations men who know from their own in-

timate experience the nature of scientific research and the problems
of its coordination. Only such men can translate the general problem
of maintaining autonomy for their subordinates into the specific

social situations which the particular scientific specialty and the par-

ticular scientific problem at hand require. This may be why some of

the most successful large-scale scientific research organizations have

been what one successful scientific administrator calls "the shadow

of a man."58
Jewett has spoken, out of his long experience as the

director of a very large research organization, of this very problem.

"Actually," he says, "what the director and his immediate subor-

dinates do is to provide a proper setup in which men with creative

ideas can work freely; to map out the general fields in which prog-
ress appears to lie, and finally to weigh the results of research work

together with many other factors in deciding how to proceed."
59
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We have seen that this inevitably involves direction in terms of the

purpose of the organization, industrial or otherwise, but it also

allows the proper scope for the autonomous processes of scientific

discovery.
60

Apparently in some cases we can rely on the individual

wisdom of particular administrators to maintain the proper condi-

tions for good scientific work. There is a great need for careful

empirical investigation of some functioning research organizations
to see what makes for success and what prevents the achievement of

research goals. "Application of management techniques to large-

scale scientific research and development is of such recent date,"

says one student of these problems, "that we have little documenta-

tion of management experience in this area. The outstanding cur-

rent need is for documentation and evaluation of experience, fol-

lowed by a codification of findings/'
61 The social science of adminis-

tration, of large scientific organizations or any other, is just coming
out of the "common sense" stage.

From the problems of organization and control in American

science we turn now to an attempt to indicate the scope and size of

American science, that is, the area within which these problems
occur. Here we must content ourselves with rough estimates and

general impressions, for American science today includes so multi-

farious and so changing a group of professional activities that it is

difficult to describe its size precisely. One basic general fact is dear,

however. "American science," says one man whose job it is to keep
track of the changing personnel situation in American science, "is

riding on a steep up-curve. Everything about it has been on an

exponential curve."62

Fortunately a recent survey by the President's Scientific Research

Board furnishes us some carefully compiled figures which indicate

at the very least the order of magnitude of the personnel, funds,

and facilities currently available to American science, excluding
social science, of which we shall speak in Chapter Eleven.68 The

Board's survey estimates that there were, as of 1946, some 750,000

professional scientists, engineers, and technicians in American so-

ciety, a group which makes up about Y2 of 1% of the total popu-
lation. Of this number, only 137,000 engage in fundamental scien-

tific research, in technical development, and in teaching. This

smaller group is obviously extremely important in American society.
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And within even this smaller group there is a nucleus of still

more important people. This consists of the 25,000 people who
have Ph.D.'s in the physical and biological sciences and who can,

even potentially, make contributions to fundamental scientific re-

search. Of the 137,000 total, some 50,000 are estimated to be in

the universities and colleges, 57,000 in industrial research, and

30,000 in Government research. From 1946 to 1949 this total

increased spectacularly by 30% to the larger total of 180,000.
64

Since 1940 the relative number of scientists in the universities has

decreased, that in the Government has remained stable, and that

in industry has greatly increased. In 1930 the universities had 49%
of the important scientific research personnel; in 1940, only 41%;
and in 1947, 36%. This diminution is not, however, necessarily

harmful.

This personnel in American science is not considered suffi-

cient. Because it considers science "a major factor in national sur-

vival/' and because it thinks that "only through research and more

research can we provide the basis for an expanding economy," the

President's Board recommended in 1946 a policy of planned expan-
sion of scientific personnel over the ten-year period, 1947-1957,

without specifying the exact goal to be reached by that later date.

We have seen above how rapid has been the post-war expansion,
from 137,000 to 180,000 in the numbers of the key scientific group.
This is an increase greater than foreseen by the postwar reports on

the scientific manpower situation, and indeed it may have been

that these reports stimulated part of the great increase. It is un-

likely that this rate of increase will be maintained, but large expan-
sion in our scientific personnel is very likely.

We can gauge the scope of American science also by means of

the funds it has available for research. Since 1900 the research

expenditures of all three types of scientific organization have in-

creased steadily, with Government expenditures growing even more

rapidly than those by universities and industry. This pattern of

growth has been especially strong since 1930. In that year, it is

estimated, American science spent $150. million; in 1940, $350.

million; and in 1949, $2. billion.65 Thus, during the 1930's, the

national expenditures on science more than doubled, but the total

amount was never greater than y^ of 1% of the total national
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income. The President's Scientific Research Board made a very strong

recommendation in 1947 that funds available to American science

reach a minimum of 1% of the national income by 1957. The war,

of course, greatly enlarged the amount of money spent for scien-

tific research. During the period, 1941-1945, for example, some

$3. billion was spent, most of it for applied research. Eighty-three

percent of this vast sum was paid by the United States Government.

In 1944 and 1945, more than $800. million was spent in each

year, practically all of it by the Government. Despite these large

expenditures during the war, the funds spent since have been

greater still. In 1947, $1.1. billion was spent; in 1949, $2. billion

was spent. The sum will probably go higher, and of course far and

away the largest share of it will continue to come from Government

funds. Industry spent about one-half of the 1947 total, but the

universities, although spending more than they ever used to, abso-

lutely, now spend only 4% of the total. This was a continuation

of the relative decline of university expenditures for science, which

had been 12% of the total in 1930, 9% in 1940.

Finally, the value of available scientific research facilities is an-

other rough indication of American science. In 1946 the value of

research facilities owned and operated by the United States Govern-

ment alone was $1.5. billion, two-thirds of which was in the Depart-
ment of Defense. This sum does not include the facilities of the

Atomic Energy Commission. Industry had about $1. billion, and

all educational institutions, including the universities, had about

$300. million in research facilities. Since 1946 research facilities

have also increased, in some rough proportion to the expansion of

scientific personnel.

Expansion of the sort that has occurred recently in American

science and that is likely to continue for a while does not occur,

of course, without some planning and without some difficulties.

Since personnel is the key element in growth, it is especially im-

portant to plan the training program for science, despite the diffi-

culties of this task. It takes some four to ten years to train a

scientist, and individual decisions made at one point may not be

realistic in terms of the job opportunities that will be available at

the end of the training period some four to ten years later. For

this reason, "American science, as it continues to grow, must have
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for its own guidance the best information that can be gathered

regarding the trends of its own growth/'
66 The collection of this

information has for some years now been the responsibility of vari-

ous groups in the Government science organization, and this function

has now been transferred to the National Science Foundation, of

which we shall say more later. Such information can help to keep

supply and demand for science personnel roughly in balance and

prevent any one of three important kinds of imbalance: among the

various fields of specialization; among types of skillsadministra-

tive, pure science, applied; and among levels of competence, for

there is a great need for highly trained and very competent people
in science.

Thus, whether measured in the numbers of professional per-

sonnel, in the size of financial expenditures, or in the value of its

facilities, American science is now an enterprise of considerable

scope and of the very greatest national importance. Unless funda-

mental changes occur in American 'liberal" society, the position
of science will be maintained, indeed advanced, in the university,

in industry, and in the Government.

One last general consideration about the social organization
of American science remains, the social characteristks of the sci-

entists who compose the working force in this field. Of these mat-

ters, unfortunately, we know all too little, but some things can be

said about the class origins of American scientists, their religious

backgrounds, and about the place of women in science. More re-

search in this area is an important task for the sociology of science

and for immediate practical purposes as well.

Along with other occupational careers in American life, the

scientific profession is one in which has been realized the strong
American value that talent ought to be rewarded wherever it is

found. To what exact extent science has been a channel for upward
social mobility, however, we cannot say. Early in this century, 1906,

J. M. Cattell made a study of the occupational background of the

fathers of the men listed in the first edition of American Men of

Science. Of his group, 4}.l% of the fathers had been in the pro-

fessional groups; 35.7% in the commercial group; and 21.2% in

agriculture. At that time, only 3% of the general population were

in the professional group; 34.1% in commerce; and 41.1% in agri-
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culture. Therefore, while the commercial groups furnished about

their proportional share of scientists, agriculture produced only

about half its share, and the professional groups furnished almost

fifteen times their share. It is the latter fact which is most significant,

for there seems at that time to have been a very large amount of

class self-recruitment, but with some opportunity for social rising.

Cattell's "commercial" and "agriculture" categories seem to have

included lower and middle class groups, however. The only clear

conclusion, therefore, is that a fairly large proportion of scientists

came out of the professional groups.
For more recent times, we have another bit of evidence. A For-

tune Magazine survey has found that physicist-mathematicians "gen-

erally come from middle-class and professional families" and that

"a large number of physicists listed in American Men of Science

are clergymen's sons." Chemists, according to this survey, "generally
come from small towns and petit bourgeois parents." And, "the

broadest generalization that may be made is that scientists tend to

come from the lower-income levels."68 The only evidence given is

that one great source of Ph.D.'s in science is in the smaller, less

expensive colleges. There is other evidence for this generalization,

though. A recent survey by the Office of Scientific Personnel of the

National Research Council has found that "about 90% of graduate
students (in sciences) are on some kind of financial support. It

shows that graduate students very seldom go to graduate school on

their own resources." More people pay their own way in law and

medicine than in the sciences.69

If we may hazard some generalizations, which ought to be

checked and made more specific by carefully designed studies, we

might say there is a good deal of social mobility through the scien-

tific profession, but that there is also a great deal of self-recruitment

from the professional classes. What social mobility occurs is prob-

ably more often from the lower-income segments of middle class

than from the very lowest social stratum, but this latter also fur-

nishes occasional recruits for science owing to the great opportuni-
ties provided by the system of free public education and scholarships
in American society. This general pattern of mobility for science

seems, indeed, to be roughly the same as that which holds for the

American business elite, according to careful statistical studies
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recently made in that field.70 There is a good deal of class and occu-

pational self-recruitment; most of what social mobility does occur

is from the lower-income portions of the middle class; and there

is some small amount of mobility from the very lowest social

class. These are facts which are essential for any recruitment and

training program for American science. For example, the National

Research Council study mentioned above suggests that about 25%
of competent eligible undergraduates do not go on to graduate train-

ing because of the lack of opportunities in the form of fellowships.

The continued expansion of science requires larger subsidies to

talented students who are without financial support from their

families.

We know as little about the religious backgrounds and present
affiliations of American scientists as we do about their class origins.

Recently, however, two Catholic scientists have pointed out that

American Catholics do not make their proportionate contribution

either to national scientific personnel or to national scientific pro-

duction. 71 Father Cooper says he "would be loath to have to defend

the thesis that 5 per cent or even 3 per cent of the leadership in

American science and scholarship is Catholic. Yet we Catholics con-

stitute something like 20 per cent of the total population/' The
lesser value which Catholics, as against Protestants, place on critical

rationality, the more emphasis they put on a teleological conception
of the universe as against what we have defined in Chapter Three

as "utilitarianism," these are some influences in the Catholic religion

and educational system which seem to result in this relatively low

participation in American science.

As for American Jews, we have no figures at all, but it is very

probable that they are at least proportionately represented in science

and learning, at least in the universities. This is what we might ex-

pect for two reasons. First, the Jewish values seem to favor learning
and empirical rationality. And, second, there is an important rele-

vant factor in the American social system. The Jews have been

remarkably socially mobile in the United States, and the free pro-

fessions, including science, have been more open to them than large

industry and many areas of business. Most Jewish scientists would

therefore probably be found in the universities and in Government
research groups rather than in industrial laboratories, because the
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industries which support research most heavily have been largely

closed to the Jews in all their branches.

Despite their increasing participation in the occupational sys-

tem generally, women make up another social group which does

not play an important part in the scientific profession.
72 In 1947, for

example, the A.A.A.S. estimates that only about 1% of its 33,000

members were women. In that year only 2 of the 350 elected mem-
bers of the National Academy of Sciences were women. Despite
all the gains in employment opportunities women had made during
the war, in the years just after the war there were still fewer than

15,000 women engaged in all kinds of professional work in the

physical, biological, and mathematical sciences and in engineering
and architecture. This small figure may be compared with the ap-

proximately 500,000 men in the same fields. Even if engineering,

which includes two-thirds of the men in these fields, is excluded,

women still comprise only 7% of the total in all other fields. The

largest professional science specialties for women are chemistry,

which employs 42% of all women in science; mathematics, 16%;
and 7-8% each in bacteriology, engineering, and physics. Women
in science have been limited chiefly to desk and laboratory jobs and

have been excluded from jobs requiring field work. There is some

prejudice against women as research engineers in industry.
73 Before

the war there were even fewer women in science than afterwards.

In 1946, for example, the number of women employed in chemistry,

some 5000, was three times that so employed before the war.

Women in science suffer career disabilities which derive from

the character of their social roles as family members. Women, for

instance, are less geographically mobile than men. Women tend to

prefer jobs within 25-50 miles of their homes. Studies of the

Women's Bureau (U. S. Department of Labor) indicate that the

responsibilities of single as well as of married women for financial

aid or for personal services to the other members of their families

are considerable. Meanwhile, lack of mobility limits the individual's

choice of jobs and makes a woman a less desirable employee on

jobs where travel or probable transfer may be involved.74 Many
professional women scientists are married.75 Because they think a

woman is much more likely than a man to interrupt her employ-
ment for marriage and subsequent family responsibilities, most em-
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ployers of professional scientists believe men of equivalent experi-
ence and training are more desirable as employees. Many married

women would, of course, like to work part-time, but most research

groups find this to be administratively difficult. Until organizational
schemes are worked out for making part-time work available for

women, not only in science but in other occupations as well, only
a few women will be able to carry on occupational and family
roles at the same time.

So much, then, for general considerations about the patterns
and problems of social organization in American science. In the

next three chapters we take a closer look at these matters by con-

sidering in detail the social organization of science in the universi-

ties and colleges, in industry and business, and in the Government

itself.
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VI
The Scientist in the American

University and
College

ALTHOUGH different kinds of research groups, we have seen,

are essential for its advancement, the heart of American science is

now in its universities. This was not always so. The university has

only recently been so important to science. The early scientists of

the modern world, the seventeenth century men who grouped them-

selves in the amateur societies, we remember, were not members of

university communities. Indeed in England, the older universities

like Oxford and Cambridge, resisted the growth of science until

far into the nineteenth century. Before that time, the happiest place
for a career in science was in Government research or in some

science institute or museum. The English Geological Survey and

the Admiralty were more likely places to find young scientists than

the professorships of the universities, which were still objects of

political preferment rather than rewards for talent in science. Dar-

win and Huxley had both served important parts of their training
in research expeditions sponsored by the British Government, Huxley
as a member of the Royal Navy. In France, and especially in Ger-

many, the university became the stronghold of "pure" science earlier

than in England or in the United States; the change had taken place
in the first half of the nineteenth century. In the United States, the

universities, largely influenced by their German counterparts, not

the English ones, did not begin to make their scientific faculties

really strong in research until quite late in the nineteenth century,
1
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Not, however, until the twentieth century is the change clear and

final. Insofar as science rests on the continual development of con-

ceptual schemes, as we have seen it does in Chapter One, it now

very largely rests on the universities in "liberal" society. "The

university," said Veblen, "is the only accepted institution of the

modern culture on which the quest for knowledge unquestionably
devolves. This is the only unquestioned duty incumbent on the

university."
2

That the American scientists who make contributions to "pure"
science are now almost wholly located in universities and colleges

we can see in the following tabulation made of the listings in the

sixth edition of American Men of Science, issued in 1938. This

edition listed the names of 28,000 scientists, of which 1,556 or

5.6% were chosen by their colleagues as particularly distinguished
in their accomplishments and therefore deserving of being "starred"

in the listing. The starred men were distributed as follows among
different types of research organizations:

Organization No. Per Cent

Universities arid colleges 1,135 73.0

Federal government 128 8.2

Industry and business 131 8.4

Private foundations 120 7.7

State governments 9 .6

Retired 33 2. 1
8

The American university performs two different functions for

science. First of all, it integrates science with the rest of American

society; and, second, it contributes to the internal development of

science by fostering those who make its essential discoveries. The
first function is a little less obvious than the second, but equally

important. This is because the university is in general a key place
for the maintenance, expression, and development of those cultural

values of "liberal" society which we have seen, in Chapter Three,

are the matrix for a strong science. The university, said Veblen, not-

ing this point, is "a corporation for the cultivation and care of the

community's highest aspirations and ideals." 4 The deep approval
of science which the university now gives almost without question,

the unity of science with the various disciplines of the Humanities
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in the Arts and Sciences faculty of the university, these represent
the implicit recognition of the direct derivation of science from the

cultural tradition of "liberal" society, indeed, of its essential place
in that tradition. By virtue of its secure position in the university,

a position which has been hard-won within the last hundred years,

science keeps in close touch with the other scholarly disciplines and

with the ultimate cultural values that underlie both kinds of re-

search activity, scientific and non-scientific. More than that, the uni-

versity trains in all its departments college teachers who pass on the

basic values and the cultural tradition of "liberal" American society

to the students they leave the university to teach all over the country.

Thereby, directly and indirectly, they win their approval for science,

an approval which is necessary for the perpetuation of science as a

highly respected social activity, and necessary also for the main-

tenance of financial support to science. Public attitudes toward sci-

ence do not exist in a social vacuum. In addition to other social

agencies like the newspapers, the "liberal arts" universities and col-

leges are a fundamental support for modern American science. Of
course they do more than inculcate values and appropriate attitudes.

The university also integrates American science with the rest of its

society by providing a generally respected status and career for

those who have the ability and the wish to be scientists. We have

already seen that the occupational roles of "professor" and "scien-

tist" have a relatively high position in the American hierarchy of

occupational prestige.

In addition to fostering the external relations of American sci-

ence, the university has the second function of promoting its in-

ternal development. American universities provide the facilities,

taken in the broadest sense to include social atmosphere as well as

physical equipment, for the research which underlies the formula-

tion of ever-changing, ever more generalized conceptual schemes.

Also they are continually training new researchers, the training usu-

ally being in close connection with the current research activities of

the mature scientists who make up the faculty. "Teachers who are

investigators," says the physiologist W. B. Cannon in his charming
and illuminating book, The Way of an Investigator, "filled with

an ardor for discovery and acquainted with ways to nature's hidden

secrets, arouse in young men the qualities they themselves possess."
5
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The training of new scientists involves more than the teaching of

theories and techniques, of course. It is also a process of subtle

moral indoctrination in the values of science. Thus the university
becomes a moral community which not only enforces scientific

standards but even incorporates new members into that moral com-

munity.
6 For these several reasons, then, the indispensable autonomy

of science requires not only a secure place for the university in

American society, but also an equally secure place for science within

the university.

The essential functions of the university for science are heavily
concentrated in American society in a relatively few institutions for

the higher learning. In 1939, for example, when there were 90

universities conferring the Ph.D. degree in all fields of scholarship,
science included, 3,088 degrees were awarded. Of that number,
"more that four-fifths were granted by thirty institutions, more

than three-fifths by fifteen, and more than two-fifths by ten leading
institutions.

1 '7 Such universities as Harvard, Chicago, Columbia,

California, Yale, Michigan, Cornell, Princeton, Wisconsin, Min-

nesota, Pennsylvania, and Johns Hopkins, and such scientific insti-

tutions as the Massachusetts Institute of Technology and the Cali-

fornia Institute of Technology are far and away the most important
centers for American science. These are the institutions which train

the largest numbers of new scientists, have the largest numbers of

faculty members listed in American Men of Science, and carry on

the bulk of the "pure" science research in the United States.

There are, of course, in addition to this key group, other uni-

versities and colleges which make contributions to the advancement

of science. Just before the recent war, a report of the National Re-

sources Planning Board described the situation for all American uni-

versities and colleges as follows. 8 At that time, some ten years ago,

there were between ten and twenty academic institutions which were

in every sense universities and in which the staffs of all departments
were chosen primarily on the basis of research ability. In these uni-

versities, facilities and time were freely available specifically
for

research activities by faculty members. In between eighty and one

hundred other institutions, research was a recognized part of some

departments, but not of all. Some of these departments conducted

research at a very high level of competence and at least part of the
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staff was selected with explicit concern for research ability. In

between fifty and one hundred further institutions, some small en-

couragement was given to research. And, finally, in about twelve

hundred remaining American colleges, research was only very slightly

or even not at all encouraged. Only his extreme individual initiative

could maintain an interested scientific researcher in these twelve

hundred colleges. These are the colleges where even those members

of the faculty who have won the Ph.D. degree do no research.*

Yet because there are some good science researchers in the

smaller colleges and also because these colleges train excellent can-

didates for graduate work at the larger universities, it has often

been recommended, only most recently by Vannevar Bush in his

report, Science, The Endless Frontier, that some of the Government

funds for the subsidy of scientific research be allocated to these

smaller institutions.10 Although the bulk of research goes forward

in the large universities, the small college should be encouraged to

contribute its share to the whole fabric of science. One scientist

bases his recommendation that "1 or, at most 2 per cent be appor-
tioned to the Little Researchers" on his observation that although
some professors in small colleges do not often contribute research

reports to the journals of the national biological and botanical so-

cieties, to take but one part of science, much more often their

research activities are reported in the proceedings of state and local

academies of science. For example, he says, about one-third of the

papers in the Illinois State Academy of Science Proceedings come

from the small colleges of the surrounding region and even from

the high schools.11 An editor of the Biological Abstracts has also

recently given his impression that there has been "a marked in-

crease in the research production" of biologists in the smaller

institutions.12 It is desirable, and it should be possible, to support
the contributions to American science of th^ men who work where

research is not a primary purpose. But the present concentration of

scientists and scientific facilities in a relatively few American uni-

versities makes it almost certain that they will continue to be the

great centers of scientific productivity. Hence their great importance
in any program of scientific planning.

In the last chapter we said that much of the internal social

organization of science is informally structured and coordinated.
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Now we can see that this is true, par excellence, of science in the

university, and we can look at some of the reasons why this should

be so. Ideally, the social structure of the university is in the form
of what Talcott Parsons has called "the company of equals" pat-
tern.18 That is, the university is a social group in which each perma-
nent member of the community of scientists and scholars is roughly

equal in authority, self-directing and self-disciplined, pursuing the

goal of developing conceptual schemes under the guidance of the

scientific morality he has learned from his colleagues and which he

shares with them. The sources of purpose and authority are in his

own conscience and in his respect for the moral judgments of his

peers. If his own conscience is not strong enough, the disapproval
of others will control him or will lead to his exclusion from the

brotherhood of science. We have seen that the values of science

resist external authority. Mature university scientists reject the strict

hierarchical pattern of social organization which issues detailed

directions and enforces rigid control. In "pure" science in the

university, each researcher expects considerable autonomy as his

moral right.

Scientific values apart, the "company of equals" pattern in uni-

versity science is necessary for other reasons. "A university faculty,"

says one member of such a body in an overstatement for effect, "is

composed of people who cannot speak one another's language and

who have only the vaguest idea of what one another is doing."
14

That is, in addition to sharing in the cultural tradition of "liberal"

society, university scholars each work highly specialized portions of

the field of knowledge. This extreme specialization has its virtues,

of course, for science often progresses by the union of specialized

elements of knowledge that have not been brought together before.

A university stimulates this kind of cross-fertilization. But special-

ization also raises problems, for it makes evaluation and control of

the specialist extremely difficult. For instance, it is all but im-

possible to compare one extreme specialist with another, for the

standards of judgment are internal to each of the activities and no

third person may be competent to make relative evaluations of the

two. Where scientists cultivate the very frontiers of theory, it is

difficult to judge the worth of their work and it is dangerous to

control it too closely. The difficulty and the danger are old matters
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in the history of science. The British mathematician, Professor H.

Levy, has given the following typical example of the fact that the

great majority of scientists are novices in all fields of scientific

work but their own. "At the end of 1811," he says, ''Fourier sub-

mitted his now classic memoir to the Paris Academy on the Propa-

gation of Heat. His adjudicators, Laplace, Lagrange, and Legendre,

greatest triad of mathematicians of almost any single period, criti-

cized the paper so severely that it was not published by the Academy.
As secretary of that institution thirteen years later, Fourier pub-
lished his results, now become a classic in the Memoires, without

alteration from the original form. By that gesture he exposed to

history the fallibility of scientific criteria."15

For these different reasons, in sum, the "company of equals"

pattern and informal coordination is required in the university,

whether in the departments of science or in the humanities. Each

group of scholarly specialists is made up of a number of permanent
members, who are usually professors and associate professors, and

of a group of aspirants to that status, the assistant professors and

the instructors. Those on permanent tenure and those who are

"apprentices" make up the self-regulating community in which the

several participants are relatively autonomous equals. Invidious com-

parisons which might be destructive of morale and purpose are thus

largely avoided. "For the everyday work of the higher learning, as

such," says Veblen, "little of hierarchical gradation, and less of

bureaucratic subordination, is needful or serviceable."16

The "company of equals" pattern and informal organization

are, of course, the ideal. Like other social ideals, this one has its

effect upon behavior, but is never fully realized. Probably the near-

est approach to full realization of the ideal occurs in those few

universities and scientific institutes in which scientific research in

the United States is concentrated. Some few of the liberal arts col-

leges also approximate the ideal. Everywhere, however, and espe-

cially in the other universities and colleges, some part of the daily

social reality for the faculty is structured along lines of formal

control and hierarchical authority.
17 This discrepancy between ideal

and reality, which occurs even in the best universities, is not, how-

ever, simply the outcome of ineradicable and unexplained human

shortcomings. It is, rather, itself the product of those very func-
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tions which the university performs for the internal development of

science and for its integration with the rest of "liberal" society. As
a social organization, that is to say, the university as a whole and

each of its several scientific departments require a certain amount

of hierarchical organization and formal control as well as a larger

amount of informal coordination. In each department some formal

authority is necessary to order the relations among the several com-

ponent specialties and to represent the joint and particular interests

of these several specialties in their relations with other departments
of the university and with the university taken as a whole. The

university administration, for its part, must have the authority to

introduce order into the relations among the departments and to

advance the interests of the university as a whole with other social

organizations with which it has necessary relations. The necessity,

then, for these two kinds of social organization in the university-
for the "company of equals" pattern and for formally organized

authority require the highest kind of skill in administration if these

two are to be blended properly.
18 The ideal president of a uni-

versity, the ideal chairman of one of its science departments, should

be a man who is competent, even distinguished, in both technical

scientific achievement and in administrative talent. There is no

excess of such paragons in America or in any other society.

There are, of course, various ways in which the social organiza-
tion of the American university, like all social organizations, falls

short in the achievement of its ideal purposes. Although the ideal

goals of university science are the development of conceptual
schemes and the training of new scientists, there are everywhere
some deviations from this ideal in the form of system-building for

its own sake, cultism, and even careerism.19 Such deviations are not

peculiar to science, to be sure. It is impossible to make even a rough

guess of the extent to which these deviations, which arise out of

other characteristics and purposes of the university, hamper the

development of science. Probably it is fair to say that they are a

perennial but pretty well controlled and limited part of university

science. Where the level of theoretical development in science is

already high and where the moral community of science is strong,

there are internal safeguards against too great a subversion of the

ideal purposes of science.
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One problem of American science which is especially relevant to

the universities is the problem of our strength in "pure" science.

In recent years, and especially since the war-time destruction of

much of European university science, some of our policy-makers for

science have expressed the fear that American strength in "pure"
science is not great enough. For instance, the President's Scientific

Research Board has said that, "as a people, our strength has lain

in practical application of scientific principles, rather than in origi-

nal discoveries. In the past, our country has made less than its pro-

portionate contribution to the progress of basic science ... we have

imported our theory from abroad/'20 Nowadays, of course, the old

circumstances of European science and the old conditions of free

exchange of ideas no longer prevail. Another scholar has taken the

same view as the President's Board. Although pre-eminent in tech-

nological invention, says the anthropologist, A. L. Kroeber, "Amer-

ica as yet seems to have produced no men of really first rank,

no general initiative and directive leadership, acknowledged as such

in Europe."
21

Although it is true that America has produced no scientific

achievements like those of an Einstein or a Pasteur, still there have

been many important innovations in "pure" science made by
Americans. One might mention here work like that of Joseph Henry
on electrical induction; Willard Gibbs in thermodynamics; Michel-

son-Morley on the speed of light; Millikan on the electrical nature

of the electron; Morgan on the gene theory of heredity; Anderson

on the positron; Davisson-Germer on wave properties of electrons;

Condon on the theory of alpha-particle radioactivity; and Stanley on

the nature of the crystalline protein virus. This is of course only a

representative and not a complete list of discoveries of a "second

order" of significance in "pure" science.22 It may be, however, no

matter how many names could be added to the list, that the United

States has been deficient even in people of this second order as well

as in "scientific geniuses of fundamental creative significance equal
to those of several European nationalities."28 The Nobel Prizes seem

to bear this out. "In some fifty years of Nobel Prize awards in

physics, chemistry, and medicine, the United States received only

20, against 119 for Europe and 36 for Germany alone."24 Lately,

however, Americans have been doing better, even apart from those
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"Americans" who are refugees from various European countries.

Indeed, America may now be "on the verge of the period," says

Professor Kroeber, "in which she will bid for leadership in science,

possibly seize it."

Whatever the exact nature of this American deficiency in pure
science may be, its causes undoubtedly go beyond the responsibility

of the university alone. They lie also in the attitudes and the

structure of American society as a whole. Professor Shryock has

shown how this was so in nineteenth century American society.
25

And yet the university, as the institutionalized center of creativity in

pure science, is the locus of the problem, and it is therefore the

place at which it can most immediately be treated. One conclusion

for an American scientific policy seems inescapable. Science in

American universities must be maintained, even strengthened. In

part this is a task for the university scientists themselves. But in

part it is also the responsibility of the whole society, that is, through
its agent, the national government. That this part of the responsi-

bility is understood can be seen in the strong recommendations of

the President's Board for increases not only in research subsidies but

in scholarship grants to American universities. There seems to be

no cause for great alarm that our science will fail us, but we shall

be wise to enlarge the sources from which all applications of science

ultimately come. The encouragement of pure science in the uni-

versities is both morally appropriate and expediently necessary.

The connection of university science with practical applications,
and its importance therefor, is nowhere more clearly seen than in

the significance of the university for the various scientific profes-
sions. Indeed, we may define as a professional scientific occupation
one which requires for its successful practice the kind of systematic

and generalized theory and knowledge which it is the especial

province of the university to cultivate. Such a definition permits a

useful distinction to be made among the different types of occu-

pation which apply scientific knowledge of different kinds. It per-
mits us to distinguish, for example, between the doctor who has

considerable generalized knowledge of biology and physics and
the medical technician who has only limited, specific knowledge;
between the "engineer" who has a large understanding of the

physical science principles underlying his activities and the "engi-
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neer" who has only been trained empirically to make some particular

machine or physical structure work. Such a distinction indicates

why it is essential that the scientific professions have a close and

continuing relationship with the universities, indeed that they be

somehow members of the university. Membership in the university

community represents for the American professional "schools" a

unity in the values of science and also a close relationship with

the ever-developing theories which the professions must ultimately

apply. All the best medical schools in the United States, for exam-

ple, are affiliated with universities, and the best engineering schools

are either so connected or else form in themselves "partial" uni-

versities which carry on large amounts of research in fundamental

science. The faculties of scientific professional schools in the uni-

versities usually incorporate the two functions; they are at once

researchers in pure science and distinguished practitioners in the

corresponding applied science. They make considerable contributions

to the development of conceptual schemes both in their own research

activities and in collaboration with the pure science departments of

their institutions. The professional scientific schools of the uni-

versity are an essential link in the close web of relations between

pure and applied science in the United States.

We may now look somewhat more closely at other links in this

web of connections between university science and applied science.

The relations of the universities, on the one hand, and the Govern-

ment and industry, on the other hand, are very important in this

respect. We have seen that on their side the universities develop
new theories, train research scientists, and do some research "to

order" for other scientific organizations. On their side, the Govern-

ment and industry provide some of the tools and even some of the

theories for university research. But most important of all, they give
the universities heavy financial subsidies in the form of research

grants and training scholarships. The changing structure of Ameri-

can science may be partially traced out in the history of these finan-

cial relations between the universities, Government, and industry.

Government financial subsidies for university scientific research,

which were relatively small in amount in the period before the

recent war, increased enormously in the war years, 1941-1946.

Moreover, most of the war research was heavily concentrated in the

C149]



SCIENCE AND THE SOCIAL ORDER

very large universities. Since war urgencies seemed to require that

essential research be placed in the large institutions which had the

personnel and facilities, very little thought was given to the pos-
sible harmful effects of this situation on the smaller universities

and colleges.
26 This pattern of support for university science has

persisted into the post-war period, a survey by Benjamin Fine, of

The New York Times, shows.27 First of all, as to the size of Govern-

ment subsidies. In the academic year 1949-1950, the Federal Gov-

ernment gave about 200 academic institutions more than $100.

million for research. This represents an estimated increase in amount

over what was given in the pre-war years of no less than 500%. As

a result of this increase, many academic institutions now have the

bulk of their scientific research directly subsidized by Government

funds, the largest shares of which come from the Department of

Defense, the Atomic Energy Commission, and the Department of

Agriculture, but other Government agencies contribute some small

amounts as well. The distribution among types of universities is the

same as it was during the war. 'Tor the most part, the Federal money
is concentrated in the larger universities and the big-name techno-

logical institutions," says Mr. Fine. We shall consider in a moment
some possible harmful consequences of these facts. Although there

were hundreds of subsidized research projects, in literally every
field of science, more than one-third of all Federal funds in 1949-

1950 went to the engineering sciences, and another half of these

funds went to the physical and medical sciences. More important,
almost all of these funds were for relatively applied research. How-
ever, in contrast to some other Government agencies, the Office of

Naval Research made a special effort to subsidize worthwhile basic

research. In 1949-1950 the O.N.R. supported some 1200 projects
in about 200 institutions, the total cost being $20. million. Nearly
3,000 mature scientists and 2,500 graduate students worked on
these 1200 projects.

The ever greater predominance of Government funds in univer-

sity science has not been accepted with complete satisfaction by

university scientists and administrators. "Many educators inter-

viewed by this writer," says Mr. Fine, "were worried lest the colleges
and universities 'slant* their research too heavily in the direction of

applied projects at the expense of fundamental research. Other of-
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ficials feared that the highly concentrated research program will

'freeze out* the smaller colleges and harm the whole field of re-

search." This draining off of scientific talent into relatively applied

work, even in the universities, may be one source of the apparent
American weakness in fundamental science. With respect to another

important aspect of scientific organization, however, there seemed

to be less to fear from Government funds. University scientists who

spoke to Mr. Fine did not complain of Government interference in

their internal administration. "Primarily/* they said, "the Govern-

ment is interested in results, and does not interfere with the college

administration/' Some might still ask, though, autonomy for what?

University science has also been receiving financial support for

a long time now from American industry. This support is of two

kinds. First, there are unrestricted gifts, grants, and graduate fel-

lowships which are given without any expectation of direct return

to the donor company or industry. These are considered contribu-

tions toward the general development of science as a whole or of

some special field of science. Secondly, some funds are given for

quite specific research projects of immediate benefit to the sponsors.

Probably the first kind of support is absolutely much smaller than

the second, though it is not necessarily any less important relatively

to university science. In pure science a little money may often go a

long way. Neither kind of support from industry is new, but the

volume of both types has increased greatly in the most recent years.

For example, 302 companies reported to the National Research

Council in 1946 that they were supporting research in colleges and

universities by means of approximately 1800 fellowships, scholar-

ships, and research grants. By contrast, in the year 1929, only 56

companies had reported only 95 similar awards. Another indication

of the financial dependence of university science on industry: in

the 1946 edition of the National Research Council's directory of

industrial research laboratories there is a list of about 300 educa-

tional institutions which do some research for industry. State uni-

versities, land-grant colleges, and technological institutes comprise
the largest part of this list.

28 The large private universities are not

so immediately dependent upon industrial subsidies as are these

latter institutions, which are constrained partly by political and

partly by financial reasons to have this dependence.
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University scientists have sometimes been as disturbed by this

subsidization of their research by industry as they are by Government

subventions. And at least one leading industrial scientist has joined

his university colleagues in expressing concern for the possible bad

effects of the increasing subsidy from industry. "Universities at the

present time," says C. E. K. Mees, Director of the Eastman Kodak
Research Laboratories, "are tending more and more to embark upon
industrial research in cooperation with industry, much of this so-

called research being really development work of a type calling for

energy and inventive ability rather than for scientific imagination.

This is likely to be far more disastrous to the free spirit of inquiry
in the university than the receipt of support from such an organiza-
tion as the National Science Research Foundation." 29 Of the Foun-

dation we shall say more below.

Thus in both cases, in the case of Government support and in

the case of industrial support, there is some fear that the increasing

financial dependence of university science on outside organizations

may have harmful consequences for its autonomy and its produc-

tivity in pure science. It would be alarmist to think that these conse-

quences are inevitable, but of course they are more likely to occur if

inadvertence prevails among university scientists. Government, in-

dustry and the university will have to join hands in forestalling the

excessive use of scientific resources on applied research, a circum-

stance which could ultimately do more harm than good to applied
research itself.

One matter arising out of their increased dependence on external

funds which American university scientists have had to pay more
attention to recently is the problem of patenting scientific innovations.

We have seen in Chapter Four that it is an ideal of the scientist

interested in "pure" research that his discoveries should not become

his private property but rather the common property of the com-

munity of scientific peers. We have seen also that it is functionally

necessary that this should be so, for otherwise parts of scientific

theory would be removed from the public domain and thereby the

advancement of science would be hindered. For these reasons the

university scientist is opposed to patenting his discoveries. A report
on The Protection by Patents of Scientific Discoveries, published in

1934 by the Committee on Patents, Copyrights, and Trademarks of
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the American Association for the Advancement of Science, summed

up the following chief sentiments and reasons against patenting of

research which university scientists have:

"1. That it is unethical for scientists or professors to patent the

results of their work:

"2. That patenting will involve scientists in commercial pursuits
and leave them little time for research;

"3. That publication or dedication to the public is sufficient to

give the public the results of the work of scientists;

"4. That patenting leads to secrecy;

"5. That a patent policy will lead to a debasement of research;

"6. That patents will place unfortunate stricture on other men
who subsequently do fundamentally important work in the same

field;

"7. That it is debatable whether one man should receive credit

for the final result he obtains after a long series of studies has been

carried out by others before him; and,

"8. That the policy of obtaining patents will lead to ill feeling
and jealousy among investigators."

80

The existence of this early A.A.A.S. report indicates that the

problem of patenting is not a wholly new one for university science.

Even when American university science was relatively more devoted

to pure research than it has been recently, patentable discoveries

sometimes occurred as unexpected results of such research. Some

scientific innovations in the university always had immediate com-

mercial application or required control in the public interest. In such

cases, almost always the problem was solved by assigning patent

rights to non-profit organizations set up for the purpose of managing
the patent and dealing with it commercially. In recent years, because

of the very great increase in research done by the universities for

the Government and for industry, the problem of patenting has

arisen much more frequently. As a result, universities and colleges

everywhere have had to re-examine their old policies in regard to

patenting and many of them have drawn up new formal statements

of policy in the last five years. The general problem having come
to the attention of the National Research Council, it sponsored a

study, right after the war, which indicates that the universities have

not yet settled the matter and are pursuing "a wide diversity of prec-
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tice . . . even at the same institution. There is no common pattern
of policy statement, administrative procedure, recognition of the in-

ventor, determination of equities, assignment requirement, patent

management plan, distribution of proceeds, or protection of the

public interest." 81 In accord with scientific values, however, "at

most institutions the compulsory asignment of patent rights is not

considered desirable, except when necessary in connection with co-

operative or sponsored research/'32 University scientists have com-

plied with these values by assigning the rights to any patented dis-

coveries either to local corporations specifically set up for that pur-

pose or to national organizations like the Research Corporation, a

non-profit patent managemenc foundation which is handling patents
for an increasing number of universities and colleges. By transferring

patents to an "ethical" agency of this kind outside the university

itself, scientists who make patentable discoveries can avoid the harm-

ful consequences which all of them so much fear.

In its turn, the Research Corporation has been able to help uni-

versity science by distributing the income on the patents it holds

for the advancement of pure research. From 1912, when it was

founded by Frederick G. Cottrell, who gave it the patent on his

electrical precipitation process, still its most valuable property, until

1945, the Research Corporation had given $1,250,000. to university

research. Among the research projects to which it has given assistance

are the cyclotron, the Van de Graaf high voltage generator, the

utilization of solar energy, computing machines, and the synthesis

of vitamin Bl. After the war, a special five-year program of grants-
in-aid to fundamental research was endowed with $2,500,000. by
the directors of the Corporation. In the first year, 163 grants amount-

ing to $865,000. were given to scientists in 32 different states, with

preference being given to young men who had been in war research

and who w^re going back to academic institutions.33 Thus is the

"disinterestedness" of science realized; thus is its value of "com-

munality" achieved.

University scientists would, of course, prefer to do only such

research for agencies of the Government or for industrial enter-

prises as would allow them freedom of patent assignment. But many
,of them now face the moral dilemma that they cannot have both the

outside funds and this freedom. This is only one aspect, to be sure,
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of the larger problem which university science now faces, the prob-
lem of maintaining its autonomy for the development of conceptual
schemes while taking funds and doing research for Government and

industry. On the finding of solutions for this problem the future

achievements of American science as a whole now depend.
In another area, that of its relations with the private foundations,

American university science has had a somewhat more favorable

experience with this problem of autonomy. These non-profit organi-

zations devoted, as the charter of the recently-established Ford

Foundation puts it, to "scientific, educational and charitable pur-

poses, all for the public welfare," have found it easier than govern-
ment or industry to square their own goals with those of the uni-

versities. Beginning roughly in 1900 and continuing to 1920, the

foundations, especially the largest ones like the Rockefeller and

Carnegie Foundations, gave most of their money for general edu-

cational purposes. Even by 1920, though, they were giving $2.

million a year for basic scientific research. Since 1920, scientific

research has been an increasingly important part of the program of

the foundations. From 1921 to 1930, $22,677,544. was expended
for the natural sciences alone; in the 1930's, more than $30. million

was spent.
34 The emphasis on basic science has been intensified in

the 1940's, and 1950's.

The foundations have tried to aid university science by giving as

much of their funds as possible on science's own terms. Toward this

end, lump sums have been given to various university research coun-

cils, which in turn have distributed the money among their col-

leagues in the fashion which seemed most useful to themselves as

scientists. In addition, the foundations have granted subsidies

directly to many individual research projects, and among these they

have especially favored pioneering work. One of the most important
uses to which foundation money has been put is graduate and post-

graduate training fellowships. The best known of these fellowships in

science itself are those awarded by the National Research Council with

funds granted by the Rockefeller and Carnegie Foundations. Former

National Research Council Fellows make up a good part of the

present elite of American science. The foundations have been able

to give their money wisely for research grants and fellowships be-

cause so many university-trained scientists serve in the administration
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of the foundations and on their grant- and fellowship-committees.
The most fruitful expenditure of funds for scientific research re-

quires a large measure of active participation by scientists themselves.

It is significant that the Government's National Science Foundation

has been given the title of
'

'foundation" and not "authority," and

that its administration is largely in the hands of scientists.
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VII
The Scientist in American

Industry and Business

THE HISTORY of the development of American industry to

its present very high level of productivity and efficiency is in con-

siderable part the history of the development of American science

and technology. We cannot stop here to trace out this history, much
of which is still to be written. We need only to note the present
result of that history for the social organization of science within

American industry. We need only to note, that is, the basic fact that

the widespread and intensive use of science is now an essential con-

dition of the successful functioning of American industrial enter-

prise.

This condition of its success is not something which American

industry leaves to chance. Science has been taken out of the garrets

and workshops of "genius" inventors and incorporated into the very
heart of the industrial firm. This has come about because the achieve-

ments of scientific research laboratories have now become one of the

indispensable components of the most important decisions of in-

dustrial policymakers. As a result, in most large industrial organiza-

tions, and especially in the newer ones which rest most closely of

all on scientific discoveries, the Director of Research is more than a

scientist and more than an administrator of other scientists. He is

now customarily also a vice president of the company and a member
of its top planning group. He has become the executive who must

take a larger view of the purposes and conditions of his company in
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the light of the general potentialities of science. His functions have

been indicated in the remark once made by a member of the Board

of Directors of the General Motors Company about Charles F. Ket-

tering, G.M.'s famous research director and inventor. Mr. Kettering,
it was said, is "a cross between a goad and a soothsayer."

1 Of course

industrial executives take more things into account than the recom-

mendations of the Research Director when they make large deci-

sions, but they seem to be increasingly aware that he speaks for

scientific actualities and scientific possibilities which they ignore at

the peril of their success. There is, says a report of the National

Resources Planning Board, "a widening acceptance of the thesis

that research promotes the growth and increases the earning power
of companies."

2
Indeed, American industrial leaders now explicitly

show their appreciation of the value of applied science by presenting
the advantages of research in their annual reports to stockholders

and in their prospectuses for new stock issues. Strong science re-

search is now good business.

As a consequence of this favorable attitude toward the use of

science, even before the recent war American industry employed
more than 70,000 research workers in more than 3,480 laboratories

at an estimated annual cost of $300. million. By 1947 the total of

expenditure had risen to $500. million, probably with a correspond-

ing increase in personnel. We are here speaking only of the uses

industry makes of natural science. Our figures would be somewhat

larger if we included the various uses it makes also of social science.

Of these we shall speak in Chapter Eleven.8

But if American industrial research organizations now probably
lead the world in size and in quality too, this has not always been

the case. Among the industrial nations of the modern world, Ger-

many was the first to make systematic use of highly-trained scien-

tists, men with Ph.D. degrees, in its industrial enterprises. In the

1860's and the 1870's, before Great Britain and the United States

had begun to do so, the German chemical industry, for instance,

employed university-trained scientists to control and advance its new

techniques of manufacturing synthetic dyes as a by-product of

coal-tar. This particular German priority was all the more remarkable

since it had been an Englishman, W. H. Perkin, who had been the

first to synthesize an aniline dye. During the last quarter of the nine-
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teenth century, American industry turned for assistance to university

professors and commercial research chemists only sporadically, with-

out an understanding of the new powers of science. This is not to

say that science was not important to the development of American

industry at this time. It was rather the lone scientist and the inde-

pendent inventor who made during this period the discoveries which

became the basis for new industries. These scattered, unorganized

researchers, often empirical "boil and stir" men, were financed by
industrial capitalists only after their discoveries had been made and

tested. Among the men of this kind, now great heroes of early

American industry, were Thomas A. Edison, who invented the

phonograph, the incandescent light bulb, and a great many other

things; John Wesley Hyatt, who in 1872 began the manufacture of

celluloid, the first modern plastic substance; E. G. Acheson, who
discovered the process for making abrasive carborundum and lubri-

cating graphite; and, Charles M. Hall, the discoverer of the electro-

lytic process for producing aluminum metal from its ore.

Not until early in the twentieth century did American indus-

trial firms begin on any considerable scale to organize their own re-

search departments and to employ university-trained scientists. The

first industries to do so were those which had themselves been born

in the laboratory, like the electrical industry. Older industries were

much less quick to bring science into their activities. "At the begin-

ning of the century," says Frank B. Jewett, retired Director of the

Bell Telephone Laboratories and himself one of the pioneers in

industrial research, "the first timid adventures were being made
with a handful of young men lured from the ranks of teaching."

4

Jewett has commented on how much more favorable to industrial

science university scientists themselves have become over the last

forty years. If industry was slow to take science in, the universities

were then not anxious to have their young men leave teaching and

research for the new industrial laboratories. The new pattern for

the use of science spread slowly in this country until the first

World War, when the actual and potential uses of science for in-

dustry were demonstrated for everyone to see. Thereafter, the num-
ber of organized research departments in industrial organizations

increased very rapidly, from about 300 in 1920 to 3,480 in 1940.

Over the same period, the personnel employed in scientific research
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in industry has increased from approximately 9,300 to more than

70,000. There has also been an increase in the number of large
research organizations, of which we shall say more later. Only 15

companies had research staffs of more than 50 persons in 1921; in

1939 there were 120 such companies.
Not all the industrial workers classified as "research" personnel

are professional scientists, of course. Some are technical workers and

others are maintenance workers. The ratio of professional to tech-

nical to maintenance personnel in industrial research organizations
is something of the order of 2:1:1. The following table indicates

the distribution of personnel in 1940.

Occupational Classification of Industrial Research Personnel

Type of personnel Number Per Cent

Professionally trained:

Chemists 15,700 22.4

Physicists 2,030 2.9

Engineers 14,980 21.4

Metallurgists 1,955 2.8

Biologists and Bacteriologists 979 1.4

Other professional 909 1.3

TOTAL PROFESSIONAL 36,553 52.2

Other technical 16,400 23.4

Administrative, clerical, maintenance 17,080 24.4

70,033 100.08

It will be noted that chemists and engineers make up about three-

fourths of all the professional people, with a very small representa-

tion from the biological sciences. This is because the largest indus-

trial users of scientific research workers have been the chemical,

petroleum, and electrical industries, which have depended very

heavily in their origins and for their advance on scientific discovery.

These are the fields in which the largest numbers of trained engi-

neers exist. Indeed, it is the expansion of
*

'scientific industry" that

is chiefly responsible for the great increase that has occurred in the

number of engineers in American society. In 1880, for example,
there was one member of a major engineering society for every

30,900 of the United States population. By 1900, there was one for
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each 8,900 people; by 1920, one for each 2,120; and, in 1949, one

for each 910 people.
6

Although industrial research is sponsored by companies of all

sizes, including the smallest, "the bulk of industrial research con-

tributions are being supported by a rather limited number of large

corporations/'
7 We have here the same pattern of concentration

that exists in university science. Only the very largest corporations,
as we shall see further in a moment, can afford a large research

staff. Consider the relation between the average size of the research

staff and the financial size of the sponsoring corporation shown in

the following figures:

Tangible net worth Average research

of company staff

1 million 13

10 million 38

100 million 170

1000 million 1,250
9

Financial size is not, however, the sole determinant of the location

and size of industrial research organizations. Another important
factor is management policy, that is, the attitude of management
toward the usefulness of scientific research. As a result, organized
research laboratories are found in all industrial areas in the United

States and in practically all types of industry.

American industrial research organizations themselves, the ac-

tual "laboratories," range in size all the way from something like

the Bell Telephone Laboratories, "by far the largest research labora-

tory in the world, employing over five thousand people and costing

about $3,000,000. a year," to the single engineer which is all that

some small companies can afford.9 The very largest research organiza-

tions, which we shall consider again further on, can do all kinds of

scientific workpure research, applied, and so-called "development"
work. The small companies, which of course make up the great

majority of all industrial enterprises, have research staffs which can

only handle relatively simple applied and development problems.
For other kinds of scientific research which they may need, they
must turn to outside research organizations. Fortunately, there is a

large number of different kinds of such research facilities now
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available to the smaller companies. They can turn to commercial

research laboratories, like the Arthur D. Little Co., for example,
one of the oldest of the proprietary research organizations in this

country. Such laboratories are also used by the larger companies for

some kinds of research, for instance, when special skills or appara-
tus are required which are not available in the larger company or

where the problem is one which does not require close operating
contact with the factory. Small companies can turn for help also to

the colleges and universities, to certain non-profit research labora-

tories, like the Armour Institute, and most important of all, to

their own trade association research organizations.

American industrial technology is now so much the stronger

because the trade association, whether in its own laboratory or not,

is an important sponsor of research for its component, small-sized

members.10 When the trade association does not have its own re-

search organization, it can use the facilities of the commercial

research laboratories, or it can get its research done through fellow-

ships and research grants to educational institutions. We have seen

in the last chapter that some 300 such institutions are making them-

selves available for this kind of research. In addition, the National

Bureau of Standards in the United States Government does a great
deal of research for trade associations as well as for individual com-

panies. Altogether this makes a wide variety of scientific resources

available for the trade associations and, through them, to the smaller

companies. The trade associations sometimes also offer other scien-

tific services than research itself. For instance, some of them review

all the domestic and foreign publications that have any possible

application in their industry and advise their members of new dis-

coveries and developments it is to their interest to know.

The scientific services of the trade associations are not, however,
the whole solution to the needs of smaller industrial firms. Very
often the trade associations find it difficult to finance research of

sufficient size and duration. Some member firms lose interest when
immediate results are not forthcoming, and they withdraw financial

support. It is important that trade association research, when it is

carried on, be so managed that it benefits all members equally and

not merely the special concerns of a clique of firms within the asso-

ciation. Some appropriate types of research work for trade associa-
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tions are the improvement of standard products for the industry
and the development of new outlets for these standard products.
These types of research are subsidized, for example, by the National

Canners Association and the Paint and Varnish Association. These

and other trade associations have found it best to have a special re-

search committee to direct the research program. A committee of this

kind, composed of members of the association, can mediate between

the industry and the research organization, stating the industry's

problems to the latter and carrying its solutions back to their

colleagues.

Another important outside scientific research asset for American

industry are the privately endowed but non-profit research institutes

like the Mellon Institute, which is connected with the University of

Pittsburgh, the Battelle Memorial Institute, and the Armour Re-

search Foundation. At these several institutes, industrial firms of

any size can have research projects done from which they alone get
the results. However, at the same time, they can have all the ad-

vantages of having the work done in a very large research organiza-

tion, with its many different projects all going on at the same time,

its excellent library and general equipment, and with its regular

administrative officers and directing scientists. Some idea of the

number and kinds of research projects carried on may be had from

the following sample account of activities for one year at the

Mellon Institute. "In 1944-45, there were 94 industrial research

programs in operation, employing 242 scientists and 232 assistants.

The service staff of the Institute numbered 169, and total expendi-
ture was slightly more than $2. million. The subjects under investi-

gation were diversified: for instance, catalysis as related to the syn-

thesis of butadiene; utilization of corn products, such as starch, oil,

and zein; improvement in waste disposal in streams; structural

glass; coal and coke products; synthetic lubricants; properties of

cotton fibers; petroleum products; organic silicon resins; and indus-

trial hygiene/'
11

Another way of enlarging the research facilities available to

American industry is through collaboration among several research

organizations in the smaller and middle-sized companies. Most of

such collaboration has up to now consisted of exchange of technical

information, but recently a new joint activity has been added. This
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is the exchange of experience on the organization and administra-

tion of research in industry. A new collaborative venture, the Indus-

trial Research Institute, affiliated with the National Research Coun-

cil, has as its purpose the improvement of management methods in

industrial science. For, as we have already said in Chapter Five,

there is still all too "little information or experience available on

how to organize and manage research. A research organization has

peculiar characteristics of function, operation, and personnel that

do not easily lend themselves to customary business management

practices."
12

Acting upon this deficiency, the Industrial Research

Institute seeks primarily to help the middle-sized research organiza-

tions, those with fewer than 100 people on their staffs. The very

largest industrial research organizations have by now very skillfully

arranged their activities in this respect. The Institute will hold

periodic meetings for the informal discussion of such common

problems as organization, personnel management, project selection,

budgeting and accounting, selling research, university relations, and

patent procedure.
Now we may finally come back to the very large industrial re-

search organizations. These have been the most strikingly successful,

perhaps, of all American industrial research groups, the ones which

have reaped the richest rewards for their sponsors. The numerous

personnel of these large laboratories carry on elaborate programs
of research in which many different kinds of scientific work are

being maintained simultaneously and in close interconnection. These

organizations represent the vanguard of industrial science. As we
have seen, research centers of this kind are a product of only the

last thirty to forty years. Willis R. Whitney began research for

General Electric in 1900, but for some time he had few colleagues.

It was in 1902 that Charles L. Reese organized the Eastern Labora-

tory, the pioneer among the several research activities which the

DuPont Company now maintains. Frank B. Jewett, whom we spoke
of earlier as the Director of the Bell Telephone Laboratories and

who is now retired from that position after long service, began
his telephone research in 1904. Among the first of the large indus-

trial laboratories was the Eastman Kodak research organization,

established under C. E. K. Mees in 1913. In 1917 Westinghouse
Electric first set up organized research as a separate activity. Other
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industrial giants which now have very large research organizations
are the Dow Chemical Company, United States Rubber, and

Standard Oil of California.

We have also seen that only corporations of great wealth like

those we have just mentioned can afford large research organiza-
tions. Good industrial research of any kind, and especially relatively

fundamental research, is expensive for a number of reasons. 18 In

the first place, good research talent and good research facilities are

not cheap. The scientists and the equipment available in the very

largest industrial research organizations are the equal sometimes of

the very best that can be found anywhere, even those in the uni-

versities. Indeed, some university researchers can be attracted to

industry by the superior facilities which companies are willing to

provide for research activities in which they are interested. This

seems to have been the case in the transfer of Dr. Wallace Carothers

from Harvard University to Dupont to work on what eventually
became nylon fiber. In the second place, research is expensive be-

cause there may be a period of anywhere from five to ten years

between the original fundamental scientific conception or "hunch"

and its application in an actual industrial process or product.
Fundamental research must therefore be subsidized by large sums

of money for several years without return. We have seen that

Dupont was willing and able to wait nearly ten years for Dr.

Carothers' research on high polymers to pay off in the manufacture

of nylon. 'The Badische Anilin-und-Soda Fabrik," says one student

of industrial research, "spent fifteen years of patient research and

five million dollars in 'patient money before they learned how to

make synthetic indigo."
14 And, last of all, the developmental work

which lies between pure research and industrial application is also

very costly, not only in equipment but in engineering talent. Only
the wealthiest company, sometimes, can afford to build the expen-
sive pilot plant which is usually necessary to test the industrial

practicability of scientific discoveries.15

Perhaps we should add the risk element to the reasons why
fundamental industrial research is so expensive. It is true that the

results of research are often highly remunerative, but it is also true

that research achievements can never be guaranteed. "Industrial re-

search is an adventure," C. E. K. Mees has said, "it is even a
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gamble, although one in which the odds are on success/'16 The

financial risk of this irreducible element of "gambling" is one

which can best be absorbed by companies with very large capital.

Moreover, although some of the results of research are quite ob-

viously profitable, some of its products, says the report of one very

large research organization, that of the Standard Oil Company of

California, "are not easily measured." 17 In this obscure case, the

large corporation can more easily take it on faith that research is

profitable, without inquiring too closely into every product of its

research organization. The less wealthy company does not often

have the financial margin for "faith" of this kind. "The fact is,"

says one research director, "that measured in terms of the usual

business standards, research is an expensive luxury."
18 A wrong

hunch, he says, may cost a quarter of a million dollars. Because

research has this speculative quality in the short run, there is a

tendency in industrial research for boards of directors to pour in

money in good times and to cut it off in bad times. During the

"dark days" of 1931, for instance, Bichowsky reports, the order

cam? to the research departments to "cut out work on all projects
not producing profit."

Even in good times, of course, large financial outlays for re-

search are not something which even the very wealthiest corpora-
tions make irresponsibly. Recently a group of corporations having

very large research organizations, which they consider permanent
parts of their companies, compared their "costing" experiences in

this field and found that they were still seeking satisfactory answers

to some common problems. Among these problems were "1. A
suitable principle or formula for the overall provision of research

funds, both current and long-range; 2. Procedures for the control

of expenditures ... to assure the selection of the most promising

projects; 3. Cost control, through which funds may be diverted

into more productive channels of research and development, or

saved; and, 4. The evaluation of results." 1'
Despite the difficulty

of making cost estimates and keeping cost accounts in industrial

research, still they are necessary instruments of planning and con-

trol. For although there may be some greater margin for risk in the

large than in the snlall company, nevertheless industrial research

must be made to pay on some roughly demonstrable basis, whether

it is financed in the long run or the short run.
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We have already spoken of this matter of the profitability of

industrial research and now perhaps, since it is so essential among
the conditions under which industrial research organizations oper-

ate, we may offer some further testimony on this point. Both our

observers have had long and intimate experience in this field. The

first is Mr. R. E. Wilson, a leading executive in the oil industry.

"Why did our industry," asks Mr. Wilson, "which 30 years ago

employed less than 40 research workers . . . expand this activity

until today it employs several thousand full-time research workers

and would like to hire as many more over the next few years?

"I should like to be able to tell you that the oil industry's

research was due to a broad, public-spirited interest in the welfare

of the country. Frankness, however, compels me to let you in on a

little secret. . . . The real reason why our industry has spent hun-

dreds of millions of dollars in research and development during
the past quarter century is that we thought we could make a

profit by so doing!"
20

The second is Mr. Bichowsky, industrial research director, from

whom we have already heard. "To work on soap films," he says,

"just for the fun of it or to increase the sum of human knowledge
is not good business or good sense except under certain conditions.

"To justify pure research requires the same reasoning that is

required to judge the most impure research. The difference is

simply in the factor of time. Langmuir played with poorly evacu-

ated bulbs because he or Whitney (in this case both) knew that

new methods and new ideas were needed if lamps were to be

improved."
21 General Electric, which employed Whitney and Lang-

muir, is in business foi profit like everyone else. Its industrial

research must eventually "pay off," however long the run in com-

parison with some smaller company. It hardly need be said that

this industrial imperative of profitability does not deny the signifi-

cance of other industrial purposes, like those of turning out a

good product, or gaining the respect of one's manufacturing col-

leagues and of the general public.

Even on the understanding that research will be profitable over

the long run, it is not easy to establish and maintain successful

large-scale industrial research organizations.
22

They must be admin-

istered to a large extent like "bureaucracies," and this, as we
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have seen in Chapter Five, presents some special problems when a

scientific group is involved as well as the general problems attendant

upon all hierarchical organizations.
28 In industry, as in the uni-

versity or in the Government, the Director is an especially impor-
tant person in the large-scale research organization. He must be a

man of great administrative ability in addition to being a scientist

of some achievement and experience. The Director of a large in-

dustrial research group must be particularly aware of the different

patterns of social organization, formal and informal, and of the

different types of leadership, which are suitable for relatively pure
and relatively applied scientific work. In such an organization, prob-

ably most of the work is applied, work in which researchers can

be assigned fairly specific tasks by hierarchical superiors. The more

fundamental research, however, requires more self-direction for the

working scientist and his team of assistants and staff. In the latter

case, the good Director serves to define the general area of research,

as Whitney of General Electric did for Langmuir, and is skillful

enough to grant just the right amount of independence. Skill of

this kind is best learned through actual experience in industrial

research. Fortunately, the men who now direct American industrial

research have actually "risen through the ranks" and have acquired
their great skill through long experience.

In the Bell Telephone Laboratories, for instance, which "have

no large number of professional scientists pursuing their own in-

quiries in an independent and largely unco-ordinated manner,"
the Director allows "a certain latitude for the more original and

individualistic effort." 24 One mathematician was allowed to work

at home and come to the laboratory only a few days a week. "The

physicist, Davisson, who won the Nobel Prize for research on elec-

tron diffraction, has pursued lines of inquiry of his own choice

much wider than the field of telephone communications," though

they lie close to the interests of the telephone company. "However,
the majority of personnel of the Laboratories are working on as-

signed projects under general direction. The degree of freedom of

inquiry achieved by Davisson and the 'mathematician who worked

primarily at home* is the exception/'
26 We could use more knowl-

edge of this kind. Unfortunately, despite their very great social

importance, we have no detailed, systematic study of how any one
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of these large industrial research organizations really operates. We
have studies of their formal organization patterns, but not of the

informal, day-to-day problems of recruitment, career patterns, in-

centives, and relations between scientific specialists
and general

executives. Most of our knowledge has been gained from casual

accounts of these organizations given incidentally to other pur-

poses.
26

The contributions of American industrial science not only to

the larger national welfare but to the immediate advancement of

the conceptual schemes on which science as a whole rests are now
considerable. American industry and the rest of American society

as well, therefore, have a great obligation to maintain and strengthen
industrial science.
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The Scientist in The American

Government

GOVERNMENT science may seem a new thing under the sun

to many of us, but actually the scientist has had a place in the

American Government almost since the very beginning of our

national history. Our Government has never been loath to employ
scientists who could give it assistance in its problems, whether of

war or peace, and so science has always been as much connected

with the Government as with the university and industry. The his-

tory of Government science, still as much unwritten as that of

industrial science, is an essential part of the history of American

science as a whole.

For instance, one of the longest continuous records of Govern-

ment scientific research has been written by the Department of

Agriculture and its predecessors. This record, which goes back

well over one hundred years to the early part of the nineteenth

century, was at first in the hands of a very few individuals. When
the Department of Agriculture was first established, it set up its

scientific program by hiring a single chemist, a single botanist, and
a single entomologist. In the years since then, each of these single
individuals has expanded into whole bureaus of scientific workers

in all the problems of agriculture. And now, after a long evolu-

tion, says T. Swann Harding, historian of the Department, "the

Agricultural Research Center alone, where a staff of over 2,000 per-
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sons works ... is almost certainly the largest agricultural research

institution in the world/' 1 And this is only a part of the Depart-
ment's scientific resources.

This pattern of growth has been the pattern for all scientific

research in the United States Government. At first, in the nine-

teenth and sometimes into the early twentieth centuries, only a

few scientists were employed in any given department. Over the

last fifty years, however, the numbers of Government scientists

have increased manyfold. By the time of the years just after World
War II, the Government was the home of some 30,000 specialists

in the physical, biological, agricultural, and engineering sciences.

About one-third of these are agricultural scientists and another

third are engineers of various kinds working for the Department
of Defense.2 In 1947, $625. million were spent by Government

departments for physical and biological research by these 30,000
scientists.

Although there are certain types of concentration of scientific

effort in Government science, as we shall see, the full range of

research done by Government scientists is very wide, indeed prob-

ably .universal in its scope. "Virtually every scientific discipline and

sub-discipline," says the President's Board, "is explored in the

Federal Government's program."
3 The very largest part of Gov-

ernment research, as we might expect, is applied, accounting in

1947 for $570. million out of the total of $625. million spent in

that year. But some relatively fundamental research is also carried

on. Always, however, as is the case also in American industry, this

more fundamental research is approved in the conviction that it

will, in the not too long run, be useful for some practical purpose.

Judging from the work of the Department of Agriculture alone,

the achievements of Government science in both pure and applied
fields have been of tremendous value to the American people "both

in scientific advancement and in monetary terms."4

Before the recent war, the largest part of the Federal research

budget was expended for agricultural research. In 1936-37, for

example, when the Government spent $120. million on research,

(about 2% of its total budget for that year) one-third of this

amount went to agricultural research, one-fifth to military research,

and the rest for other purposes.
6 Since the war, the balance has
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shifted quite definitely to research for military purposes, and the

military departments of the Government now pay for five-sixths

of the total Federal research program.
6 The Government has al-

ways, of course, spent very much more on research in the natural

sciences than in the social sciences. Just before World War II,

three-quarters of the regular budget was spent on natural science

research. In the period of the Depression, during the '30's, how-

ever, in addition to the one-quarter of the regular budget, most

of the emergency funds for research were given over to the social

sciences. 7
Although it is hard to obtain precise figures for the dis-

tribution, this predominance of the natural sciences certainly holds

for the post-war Government research program as well.

Since Government research, like that in industry, is under a

compulsion to demonstrate its value in the shorter run, it has been

concentrated in military and in agricultural research activities for

fairly obvious reasons. Military research is clearly the Government's

own vital concern, and agricultural research has become its con-

cern so heavily because no single farmer has ever been able, as

have some individual industrialists, to subsidize scientific research.

As a relatively under-privileged socio-economic group in American

society throughout much of our history, the farmers have sought
for and succeeded in getting a great deal of aid from the Gov-

ernment through its program of agricultural research. We often

forget that we have been through an agricultural revolution in the

last hundred years as well as an industrial revolution. In this agri-

cultural revolution Government science has had a large and pio-

neering part to play. 'Tor example," says one study of the matter,

"no other research was done in the field of nitrate fertilizer until

the Bureau of Chemistry and Soils had given 10 years to the work,

during which period costs were reduced by two-thirds. When the

profitable methods had been developed, the industry established

nitrate laboratories, hired the Bureau's nitrate specialists at three to

five times their Government salaries, and set about commercial-

izing the process."
8

Nevertheless, despite the great social contributions made by
Government scientific research, its public prestige has never been

very high, probably because the prestige of all Government em-

ployment in the United States has not been very high. There are
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very few American scientists who consider Government employ-
ment the most satisfactory type of career. Even among scientists

already employed by the Government, one survey of attitudes

showed, only 37% felt that the greatest career satisfaction could

be had in the Government. Of the university scientists, only 1%
felt this way, and only 5% of industrial scientists shared their

feelings. No wonder it has sometimes been hard to recruit scien-

tists for Government research. "Of all groups combined, only

11% preferred a Government career," says the survey summary.

"31% preferred industry and 48% the university environment.

The remaining 10% preferred consulting work or some other ac-

tivity."
9

Nevertheless, whatever the prestige their work had, many very

competent scientists have worked and are still working for the

Government. Like industrial research, Government science varies

quite widely in its average quality. Probably Government research

has been best where it has. not been in direct competition with

industrial research and with the high salaries which industry can

afford to pay. Government research has been particularly good in

at least two areas, those of agriculture and medicine. In the latter

field, for example, the Government research program constitutes

one-quarter of the total national effort. The Government is doing
all kinds of research in medicine and it has considerable influence

on the rest that is done in the universities and in industry. Of the

several Government agencies doing research in this field, the Public

Health Service spends perhaps the largest proportion of its funds

for basic research; the Army and Navy medical work is more in

the applied direction. Altogether, in 1947, the Government em-

ployed about 3,500 medical research personnel, who were using
excellent facilities, had adequate funds, and were given consider-

able freedom in the choice of problems. As a result of favorable

conditions like these, "the Federal agencies engaged in medical

research," says the President's Board, "have maintained a high

quality of work, respected throughout the world."10
Contrary to

some popular prejudice on this score, Government scientific work

is not necessarily mediocre. It must always be kept in mind that

"there? is as wide a difference in atmosphere and morale among
various laboratories within Government as there is among indus-

[173]



SCIENCE AND THE SOCIAL ORDER

trial establishments and universities/'11 There is no necessarily

fixed inferior quality in all Government science, and its present

variability suggests that where it is now weak it may be capable of

improvement. This, at least, has been the conclusion drawn by

both of the large investigations recently made of Government sci-

ence, one in the '30's by the National Resources Planning Board

and one after the war by the President's Scientific Research Board

All other factors apart, one important element in the problems
of Government science is the organizational one. Government re-

search organizations have labored under two kinds of organiza-

tional handicaps, and it will be worth our while to look at each of

these in some detail, and in this fashion we can see some of the

ways in which the average quality of Government science can be

improved. The first organizational difficulty is that our Government

research departments are in many respects controlled by general
rules which apply to all Government organizations, non-scientific

and otherwise, and which are not suitable in important degree to

the successful functioning of a scientific research group. And,

secondly, Government research has suffered as much and more than

industrial or university science from those organizational problems
which afflict all

*

'bureaucracies." Neither of these two kinds of

difficulties is in principle insoluble, and we shall look at some

efforts that are already being made to mitigate them in Govern-

ment science.

Almost all Government scientific workers, like most other

Government employees of course, come under the general regula-
tions of the Civil Service. Now for all their virtues, these Civil

Service regulations have up to recently, partly because of their

formal nature and partly because of the way they have been ad-

ministered, been more suitable for routine and mediocre jobs than

for positions requiring specialists of high competence. As a result

of these rules, for instance, the Government has been at a dis-

advantage in the competition with colleges and industry for the

recruitment of scientists. The universities and colleges, in this

connection, have the advantage of personal acquaintance with appli-
cants for jobs, and most such positions go by personal recommenda-

tions based on intimate knowledge of the candidates. For its part,

industry annually sends out teams of energetic talent seekers to
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communicate in person to college undergraduates the great attrac-

tions of jobs in industrial science. In contrast, the man who has

wanted a Government science position has had to search out his

own opportunities, take a written examination that may occur at

some place to which he must travel at his own expense, and then
wait some more time still before a Government job was even offered

to him. 'The competition," says a man who had considerable ex-

perience in hiring Government scientists during the war, "is be-

tween a dynamic process of energetically seeking out the best

available personnel and hiring with a minimum of delay or for-

mality and a passive process aimed not at seeking good candidates

but at resisting unworthy ones/'12 In this situation, Government
science has every year lost many potential employees to industry.
But it is possible to speed up the Government hiring process, and

happily the Civil Service has recently made changes in its rules

which accomplish just this. Something has also been done by
Government science organizations and by the Civil Service Com-
mission to develop a program of information for college students

and young scientists about the advantages of Government work:
its good facilities, good starting salaries, and genuine opportunities
for career advancement. For instance, the National Bureau of Stand-

ards, in order to compete with the "rushing" of the best college
seniors by industry, "rushed" the best juniors for summer jobs and

thereby they achieved Civil Service status. Very often these juniors
wanted to come back after getting their college degrees, and they
found this easy to do because of the Civil Service status they

already had.18 But more general improvement in the recruitment

process is necessary if the Government is to hire more of the better

young candidates for jobs in American science.

Government-wide Civil Service regulations also cover the sal-

aries that are paid to Government scientists. On the whole, the

salaries these rules allow are higher on the average than they are

in the universities but lower than in industry. For the younger
men, however, Government salaries are just as good as they arc

even in industry. But the highest salaries paid under Civil Service,

those around $10,000, are much lower than the highest ones in

industry. As a result of this salary ceiling, it is difficult for Gov-
ernment research to retain its best men after they have served for
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several years and reached the maximum salary. It is not impossible

to keep them, of course, because some men are attracted by other

features of Government science work, such as particularly excellent

research facilities in their field. But by and large, there is a drain

of talent out of Government research, and thus the Government

becomes a kind of training school for industrial scientists. This is

of course an indirect benefit to the whole national community, but

these advantages need to be weighed against the direct loss to

Government science itself. It has been recommended that the top
salaries in Government work for specialists of many different kinds,

not just scientific specialists, be increased somewhat, say to $15,000.

It is probable that an increase of this kind would help to retain

many men at all levels who are now lost to industry. Such an

increase is unlikely, however, except as part of a general change
in salary levels throughout Government work.

Government scientists suffer other disadvantages under Civil

Service rules. Because they have been devised primarily for admin-

istrative purposes other than scientific ones, these rules tend to

create more opportunities for promotions and top salaries for men
with seniority and administrative talent than to men with special-

ized technical competence. Government scientists, therefore, must

sometimes choose between job advancement and scientific oppor-

tunity. Since Civil Service general policy does allow for high job

ratings to professionals without administrative duties, this dilemma

could be made less common by creating more high-ranking posi-

tions open to full-time research personnel who want job advance-

ment without administrative responsibility. Administrators are es-

sential, of course, and some scientists do make excellent full-time or

part-time administrators, but there are some men who are anxious

to get ahead and yet unwilling to leave research work. The Gov-

ernment has need of scientists of this kind.

Scientists require other kinds of special treatment which are

not customarily granted Government employees under the Civil

Service rules but which are necessary for good scientific work. For

instance, Government research organizations should be able to estab-

lish in-service training programs for their personnel; they should

be able to allow them to go to scientific meetings without loss of

pay and preferably even with some subsidy of their expenses; and
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they should be able to grant leaves of absence to men who want to

take further university or other kinds of scientific training. Indus-

trial research organizations, especially the large ones, provide all

these opportunities for their employees. Since they are important
to good scientific work and indispensable means of career advance-

ment, the lack of these privileges makes Government scientific

work much less attractive than it would otherwise be. In these

respects too, fortunately, there has recently been improvement. In-

deed, there has even been some precedent for the changes that are

being made. Even before the recent war, the Department of Agri-
culture supported an extensive program of in-service training, with

some fifty courses being given to 3,000 students by excellent

teachers. Since the war this kind of program has been extended to

all Government scientific departments. After making a survey of

the graduate training needs of about 10,000 Government scientists

in the Washington, D. C, area alone, the Civil Service Commis-
sion's Advisory Committee on Scientific Personnel has arranged
excellent local training opportunities. "Local educational institu-

tions," at its behest, "have set up fully-accredited, off-campus
graduate science courses for the convenience of Government scien-

tists in the Washington area. More than 700 physicists, engineers,
chemists and mathematicians have enrolled in one or more of 26
such courses, usually offered immediately after working hours in a
room close to their place of work."14

In other local areas, and in particular scientific laboratories,
similar facilities are now offered to Government scientists. For

instance, in the Navy Electronics Laboratory in southern Califor-

nia, there exists a program of educational opportunity which is

even more elaborate than the Washington one. In addition to

formal courses at both undergraduate and graduate levels offered

in cooperation with the University of California at Los Angeles,
there are informal discussion groups for the whole Laboratory
which cut across the several specialized work groups. There are also

intensive seminars for specialized scientific subjects. But "the most

interesting and unique part of the program is that filled by the

visiting consultant. Leading scientists of known and outstanding

ability in fields related to, or directly in line with, the work of the

Laboratory are brought in for limited periods to act as consultants
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and directors/' 15 Such a consultant may organize a research program
to be carried on after he has himself left, he may give advice

on work under way, or he may for a time participate directly in

such work. He may also give occasional lectures and seminars. Even

though it is hard to measure, his influence on the ideas and outlook

of the Laboratory scientists is beneficial for their increased poten-
tial ability as well as for their immediate work. This program indi-

cates what is possible in Government science, says the author of

our report, who has come to feel that "there is no reason why,

eventually, the point cannot be reached at which a stimulating at-

mosphere of learning and free discussion exists throughout the

Laboratory to the same degree as at academic institutions."16

These, then, are some of the situations that require special rules

for the scientists in Government employ or that require the care-

ful administration of general rules already in existence. Much has

already been done and still more can be done, even in a system of

Government regulations which is necessarily designed to eliminate

political interference and other forms of discrimination, to create

the appropriate organizational conditions for Government science.

These changes will make Government employment a more attrac-

tive career to scientists and will help to improve the average quality

of Government scientific research.

But there is a second kind of organizational difficulty which

hinders Government science, the kind of difficulty which, we have

seen, occurs in hierarchically structured research organizations in

industry and the university as well. We refer to the conflict between

certain conditions of scientific autonomy and certain administrative

necessities of the formal type of social organization. In respect of

this class of problems, too, improvements are being made in Gov-

ernment research organizations which will make them generally

more effective instruments of the national welfare.

Let us, for example, consider some of the problems of financing
and planning Government scientific research. Like the adminis-

trators of other research organizations, Government science admin-

istrators are required to plan their research budgets some time

ahead and to account for expenditures that are actually made. Both

of these duties they find somewhat easier to fulfill in the case of

applied than of relatively fundamental research. Now all Govern-
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ment budget appropriations, the science ones included, must be

stated on a year-to-year basis and must be quite specifically described

and justified. But a great deal of scientific research, even of the

applied kind, is very hard to describe in detail before it is under

way and some of it is even harder to plan on a single-year basis. Of
course scientists in Government must understand the difficulties

which administrators have in drawing up research budgets which

can be approved by their organizational superiors and by Congress
itself. But it is desirable to have at least some Government research

that could be budgeted on a three-year or a five-year basis, in order

to provide the essential continuity that is required especially in

basic research. It is often hard to employ scientists, and it is cer-

tainly wasteful to build facilities for their use, unless relatively

long-term financial commitments can be made. It is also desirable

to have some Government research appropriations made in lump
sums for broad programs instead of in many small amounts for

many specific projects. The present Government budgetary and

accounting procedures, so far as science is concerned, says the

President's Board, are "costly in terms of money and in the time

and energy of administrators and scientists/' 17 On the whole, Con-

gress is only willing to grant money for fairly specific researches,

and it has made very few basic grants of authority for any and all

research which a Government science organization may consider

necessary. Such a basic grant has, however, recently been given to

the Office of Naval Research, and this practice could be extended,

with due care, to other executive agencies. Congress faces a dilemma

here, for although it is increasingly aware of the importance of

long-term, fundamental research, it is also seldom willing to sur-

render the control it has over executive agencies through the power
of appropriations. Insofar as Government budget appropriations
for science continue to be on the fiscal year schedule, the admin-

istrators of its research organizations will often be compelled to act

in accord with the laws of Congress and not in accord with the

needs of scientific research.

Perhaps the greatest conflict at the present time between admin-

istrative necessity and scientific autonomy in Government science is

over the increasingly extensive requirement of secrecy in research.18

Many scientists are unwilling even to work for the Government

179}



SCIENCE AND THE SOCIAL ORDER

because of this requirement, which offends their values, yet in a

great deal of current Government research, particularly for defense,

secrecy is necessary, or at least it is thought to be by Congress. The
kernel of the difficulty lies in deciding what work must be secret

and what need not be. On the one hand, administrative caution

presses toward making the secrecy restrictions stronger and more

inclusive. And on the other, scientific values predispose toward

rejecting the secrecy regulations altogether. Somewhere between

these two institutional imperatives the line of secrecy must be drawn.

It will always be hard to draw the line, because it is always hard

to weigh precisely the relative gains for science and the relative

gains for national defense security. The difficulty can only be dimin-

ished by mutual understanding between administrators and scien-

tists of the different pressure which their values and their roles

impose on them. If administrators must learn to give as full scope
as possible for the anti-secrecy values of the scientists, then tEese

in turn must learn to acknowledge the burden of responsibility for

security which falls on the administrators.

Another matter in which administrative requirements and sci-

entific ones differ is that of the evaluation of the work which is

done in Government science organizations. Of course scientific

work must undergo something of the same kind of administrative

and legislative review that all Government work is subject to.

Usually this review is cursory and accepts without question the sci-

entific work that has been doue. But sometimes other than scientific

standards of evaluation are applied, say, the standard of accepta-

bility to Congress, much to the distress of the working Government

scientist. Sometimes also sheerly administrative standards of evalu-

ation are vague. In reply to the question, "How is research work of

the unit evaluated?", addressed by the President's Board to the

several Government science agencies, these organizations attempted
to give satisfactory answers, but, says the Board, "the statements are

singularly vague and unilluminating."
19 Some research agencies now

use advisory committees to evaluate work, committees which are

competent to consider standards of scientific ability as well as the

more easily applied administrative criterion of immediate
utility.

While there is an inevitable pressure on Government science to

take demonstrated utility as the standard of evaluation, there is no
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reason why the criterion of the advancement of fundamental science

cannot also be applied. We have seen that in all science, industrial

as much as Government, too much emphasis on immediate practi-

cability is likely to yield smaller returns in the long run. Govern-

ment science administrators still have much to do in convincing

Congress of the value of fundamental research.

One agency which has confronted these several difficulties of

administering a Government science organization and has tried to

work out various solutions for them is the Office of Naval Research.

Its experience should be helpful to other Government science agen-
cies.

20 For instance, the O.N.R. uses distinguished non-Government

scientists as advisory consultants to those who will actually carry

out its research programs. The consultant is used exclusively for

scientific problems, not administrative ones, and he is used only
when and where he is needed. This device permits a fruitful use

of part-time, civilian scientists in Government work. The O.N.R.

has also sought to maximize the usefulness of its full-time em-

ployees by reducing their non-scientific duties to a minimum. For

example, where it is absolutely necessary that the scientist also be

an administrator, special administrative assistants are employed to

perform the most routine of his non-scientific tasks. As far as

possible, indeed, the Naval research program has tried to reduce

even the low-level scientific work of mature scientists. Such work

is given over to aides and laboratory assistants. Adequate clerical

and statistical aid is provided. In short, the aim has been to

organize the Navy's research laboratories so that each scientist is

working at his own full competence as much of the time as possible.

This is difficult to do, of course, because a laboratory is not like a

production line operated by semi-skilled labor which is easily

trained, exchanged, and replaced. One way to achieve maximum
use of actual competence would be to broaden the scope of per-

sonnel placement beyond the single laboratory, perhaps even beyond
a single agency like the O.N.R. Then scientists could be moved
about among jobs, among laboratories, and among agencies to the

place where their skills were most profitably employed for the Gov-

ernment and for themselves as well. There are limitations, of

course, on flexibility of this order, but it might be practical in some

measure for Government science as a whole.
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This suggestion for change indicates that some of the solutions

for further integrating administrative necessity with scientific auton-

omy in Government science lie in greater coordination among the

multiple Government scientific agencies. Some of this coordination

already occurs, not only through informal liaison and exchange of

information but through formal inter-agency committees. Also,

scientists do move about among Government organizations in search

of better opportunity. But a formally-established supervisory agency
with limited general responsibility for all Government science seems

desirable. This might be one of the functions of the National

Science Foundation, whose other functions, for civilian science, we
shall consider below. The improvements for Government science

which might come out of more coordination of its several parts
should not be exaggerated, however. The number of Government

science organizations is now so great, the amount of science they
do so large, that there are definite limits on efficient coordination.

Still in this area of Government activity, as in so many others, as

the Hoover Commission reports have shown, there is room for

improvement.
There is another problem of coordination within the Govern-

ment, a problem which reaches beyond science but concerns it very

much. TTiis is the problem of the relations between Government

scientists and the top-level military planners, relations which appar-

ently are still not as satisfactory as they might be.21 During the

recent war, scientist-administrators saw that there were many cases

in which only they could anticipate things that science might develop
for the uses of national defense. As the need existed then, so it

still exists for the incorporation of scientists into the military

groups which carry on the highest level of strategic planning.
22 Of

course the responsibility for ultimate decision remains with the

military and foreign policy planning groups, and even, in the case

of the atom and hydrogen bombs, with the President himself. It is

not the role of the scientist to make such decisions. But, increasingly,

the knowledge and the fore-knowledge that the scientist has is an

essential component of these strategic decisions. Any program for

the greater coordination of Government science as a whole must

therefore make some provision for its effective integration with

some of the larger reaches of national political decision.
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In all that we have said up to now about Government science

we have omitted the work done by the Atomic Energy Commission,
but perhaps we ought to say something about it even though to a

great extent it is cloaked in secrecy by Congressional statute. Al-

though we know few of the details, we do know that peacetime
Government science has entered a new phase of size and signifi-

cance with the establishment of the A.E.C Born almost directly in

pure science, atomic energy was developed into maturity during
the war with more speed probably than any other major discovery

in man's history. And the very intensive wartime program, although
now somewhat diminished, has its continuation in what is still a

vast scientific and engineering effort.
23 The purposes of the Atomic

Energy Commission have been stated as follows by Professor Smyth,
one of its members: "The first is to make more and better weapons.
The second is to develop possible peacetime uses of atomic energy;
and the third is to develop such scientific strength in the country
as is needed in the long run to support the other two."24

These are goals which obviously require the use of both pure
and applied science, and accordingly the Commission has estab-

lished a number of National Laboratories in which the different

kinds of necessary scientific work can be most effectively carried

out. There are five of these laboratories, each an organization of an

unknown but admittedly large number of scientists: Berkeley (Cal-

ifornia), Los Alamos (Southwest), Oak Ridge (Southeast), Ar-

gonne (Chicago), and Brookhaven (Northeast). Berkeley was the

only one of these which existed in some form before the war, when
it was by far the largest American university center for research in

nuclear physics. Its purpose was little changed during the war, only

pursued on a much larger scale, and since the war it has been almost

wholly subsidized by the A.E.C. Despite this, Commission control

is relatively weak, Berkeley having been left largely in the hands

of the university scientists who first established it. As a result,

mostly basic research is still carried on there. By contrast, Los Ala-

mos Laboratory was established during the war and is still used

for the specific applied purpose of research on the atomic bomb
itself. The Argonne Laboratory, closely connected with the uni-

versities which exist in the Chicago area Chicago, Northwestern,

Illinois, and Indiana, was during the war and remains a Reactor
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laboratory carrying on chiefly pure research. The Oak Ridge Lab-

oratory, also a product of the war, has mixed functions, being both

a service and a research laboratory. Lastly, there is the Brookhaven

Laboratory near New York. Brookhaven was established just after

the war because of the presence of a large number of scientists in

the universities of the northeastern part of the country, men who
could be used on a part-time basis for the program of almost

wholly basic research at Brookhaven. No one university could

afford to build the research facilities which this laboratory has, yet

these facilities were needed if the universities were to be able to

carry on certain kinds of physics research relevant to atomic energy.
The rotating staff of Brookhaven Laboratory brings university and

Government science into close and continuous relations.

The difficulties that attend the administration of scientific re-

search organizations so large as these A.E.C. National Laboratories

are obviously great.
25

Fortunately, the members of the Commission,
some of whom are experienced scientists, know something of the

problems both of science itself and of large research organizations.

They know, says one of their members, the different conditions

under which pure and applied science flourish.26 They know the

dangers of "big" science: getting too large, red tape, and not get-

ting new blood. Indeed, they are even aware that they may succeed

too well and draw off more scientific talent from the universities

than they should. The future of science in the United States now

depends a good deal on the success of the A.E.C. National Lab-

oratories, not only with respect to their scientific discoveries but

also on their skill in devising effective organizational arrangements
for the integration of university and Government scientists.

The Atomic Energy Commission is not the only Government

agency using outside research facilities. We have already seen that

American industry receives research assistance from the universities

and the Government. Just so, many Government research agencies

are using the universities and industry. Indeed ,all United States

Government scientific agencies now support research in various

non-federal organizations with grants of money, contracts, and

graduate fellowships.
27 Most of the research now done for the

Government by outside scientific organizations is, like that done

by the Government agencies themselves, military research. For
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example, nearly 80% of all the papers presented at the 1948 spring

meetings of the American Physical Society came out of projects

supported by Office of Naval Research funds.28 Among Govern-

ment departments, the older ones with research agencies, like the

Departments of Agriculture, Interior, and Commerce, have been

using outside aid much less frequently than the military. Indeed,

during the war itself, these Departments actually helped out in

military research.20

Research relations between the Government and university and

industrial organizations have presented special problems. One of

these has been the development of standardized procedures for

making grants and contracts so that the interests of both parties

to an agreement could be preserved. On the whole, where it is

more difficult to tell how a research will turn out, as in basic sci-

ence in the university, the Government has made general grants of

funds. Contracts with more specific terms have been feasible for

applied research. Even with this flexibility, Government budgetary

procedures have sometimes imposed on outside research agencies
the same planning difficulties that occur in the Government's own
scientific organizations. Many research projects cannot be planned
and executed in less than from three to five years. But Federal

grants, like Federal appropriations, are limited to one year. Some

partial change would be as desirable here as it would be within

the Government itself.

In the making of grants and contracts, one administrative

matter is of particular importance. That is, now that the Govern-

ment is expending such large sums in grants to outside agencies,

it needs to hire the best administrator-scientists available to super-

vise the making of these grants. The private philanthropic founda-

tions which grant subsidies for scientific research have long since

learned that it is hard to spend money wisely. They have accord-

ingly chosen highly competent men as administrators of their

funds and paid them good salaries. In the Government too, the

highest quality personnel is necessary for the administration of

the grant program.
We have already mentioned another problem coming out of

these new research relations between the Government and the uni-

versities and indusrty. We have seen that the number of patentable
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inventories occurring in Government-sponsored research has in-

creased greatly as a result of the increased use of outside facilities.

This has raised the question of a proper patent policy for the

Government, as it has also raised it for the universities. The patent

problem is not a new one for the Government any more than for

the universities, but it has a new urgency. ""The question of what

disposition of patent rights from Federal research will best serve

the public interest," says one discussion, "is one that has been

pondered and mooted in all branches of the Government during
the past fifty years."

80 Numerous Government studies of patent

policy have been made over that period, the latest being one com-

pleted just after the war by the Department of Justice. "On the

basis of that study, the Attorney General submitted a compre-
hensive report to the President in May, 1947, recommending as

basic policy that all technology financed with Federal funds should

be owned or controlled by the Government/*31 But the objections

from industrial firms doing research for the Government to this

policy were very strong and it has never been adopted. Industrial

research directors feel that such a policy would make it impossible
for them to do any research and development work for the Govern-

ment. As a result, Government agreements with industry and uni-

versities have been variable and ad hoc with respect to the dis-

position of patent rights. Unless there is a major change in the

general character of the relations between Government and industry
in the United States, it seems most unlikely that the policy recom-

mended by the Attorney General will be legislated by Congress.
We come, finally, to the last aspect of Government science we

need consider. Even before the end of the recent war, two facts

had impressed themselves on those responsible for the use of science

by the American Government. There was first the fact of the tre-

mendous importance of science to the well-being of American so-

ciety in peacetime and in wartime alike. And second there was the

fact that only the Government can now furnish sufficient funds

to maintain American science at its present high level of quality

and productiveness. The diminution of funds for university re-

search was especially likely to cramp the general advance of science.

No longer are gifts from private wealth and returns from capital

investments sources of sufficient funds for university science, espe-
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daily in the face of inflationary costs. Although money of this

kind still has a great, perhaps crucial importance for the univer-

sities, nevertheless they cannot carry on as the country needs them

to carry on without some kind of Government subsidy.

Recognition of these two facts has made an increasing number
of Government officials and leading scientists feel that the Gov-

ernment ought to take on a new function, namely, responsibility
for some direction and coordination of American science as a

whole. The recommendations of the men who feel this way have

been most explicitly stated in the wide program of "planning" and

development proposed by the President's Scientific Research Board

and by Vannevar Bush's report, Science, The Endless Frontier, both

of which we have already referred to several times. These are

charters for the new social organization of science, at least as some

Americans see its possibilities. Among the recommendations made

by the President's Board are items like these: the United States must

enlarge its expenditures for science as a whole and increase the

number of trained scientists; in the future we must place a heavier

emphasis on pure as against applied research, the former being rela-

tively weaker; toward this end the Government should increasingly

subsidize pure research in the universities; the Government should

also have a large number of scholarships for undergraduate and

graduate science students, the holders to choose their own field of

specialization; the Government should appoint a committee for the

coordination of research among the Government agencies, the com-

mittee to include civilian as well as Government scientists; and,

last of all, the Government should set up an organization, to be

called the National Science Foundation, to supervise these several

new scientific activities.

The different parts of this general program have been realized

at different times since it was first proposed just after the recent war.

For example, increased Government funds for university science

have been available all along, but the establishment of the National

Science Foundation, as the coordinating agency for the whole na-

tional science program, was not legislated into actual existence until

1950. There were a number of reasons for this, but an important
one was the conflict that arose over Government's enlarged func-

tions for American science. During the long delay in the establish-
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ment of the N. S. F., the scientists of the country themselves seem

to have been overwhelmingly in favor of it. For instance, in reply
to a Fortune Poll question, "Do you favor the creation of a Na-
tional Science Foundation with federal funds to stimulate basic and

applied research?", 90% of academic scientists, 91% of Govern-

ment scientists, and 81% of industrial scientists said "yes."
82 Some

leading scientists, however, particularly from the universities and

industry, strongly opposed any such coordinating agency unless it

was basically in the control of scientists who were outside the Gov-

ernment itself and not ultimately responsible to the President.88

The view of these men found considerable support not only in

business groups but in Congress as well. The President, however,

opposed it as contrary to established Government procedure and to

good executive practice. Indeed, acting upon these principles, he

went so far as to veto a bill in 1948 which set up a Foundation with

a Governing Board which was not responsible to him. This was only
one of several attempts in the years 1945-1950 to frame legislation

which would be acceptable to Congress, the scientists, industrial

groups, and the President.84

In 1950, finally, as we have said, a bill establishing the National

Science Foundation was passed by Congress and approved by the

President. The bill is pretty much an enactment of the recommenda-

tions of the President's Board that we have already listed. It states

as one of its primary purposes "the promotion of basic research and

education in the sciences." This purpose is to be realized by aid to

universities and by subsidies to research projects and for scholarships.
The Foundation will not itself operate any research laboratories but

will confine itself to making grants of money and planning the de-

velopment of American science. The Foundation is expected to

"appraise the impact of research" on the general welfare of the

United States. It has many specific functions defined by its general

purposes: it is to evaluate the research programs of the other Federal

Government agencies; encourage the exchange of scientific informa-

tion among scientists of the United States and foreign countries; keep
a roster of scientific personnel; initiate and support specific re-

searches for the military when requested to do so by the Secretary

of Defense; and establish special commissions to survey special

fields of science and recommend general programs for those fields.
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These activities of the Foundation are to be in the hands of a

Board of twenty-four members appointed by the President with the

consent of the Senate. Board members are to be chosen for six-year

terms from among persons, says the bill, "eminent in the fields of

the basic sciences, medical science, engineering, agriculture, educa-

tion or public affairs." The bill advises the President to consider

nominations for these posts from the National Academy of Sciences,

associations of universities, and other scientific and educational or-

ganizations, seeking in this way to give legal status to the influence

of autonomous scientific groups. The President is also to appoint
a Director with the consent of the Senate. The Director will receive

$15,000. a year for a six-year term. Important decisions, however,

says the bill, are to be made by the Board of Directors itself. This

is an awkward administrative arrangement still, but probably some

satisfactory procedures for getting the business of the Foundation

done will be worked out. The bill recommends four divisions within

the Foundation: medical research; mathematical, physical, and en-

gineering sciences; biological sciences; and scientific personnel and

education. The social sciences are not included, but neither is

there any explicit prohibition on support of social science research

and education, as there was in some earlier versions of the bill. The
bill recommended an appropriation of $500,000. for the first year,

when the Foundation would not do much beyond organizing itself.

Thereafter a limitation of $15. million a year was imposed on ap-

propriations directly for the Foundation, although it may receive

additional funds from other Federal agencies.
85

In accordance with this bill, shortly after its enactment the

President nominated a Board of Directors, and legislation was in-

troduced into Congress for the first-year appropriation of $500,000.

for the Foundation's expenses. But what followed showed that not

all opposition to the Foundation was dead. First the appropriation
was rut down to $250,000., and then even this smaller amount was

not voted. For the second year, the President requested the maxi-

mum amount allowed by law, $15. million, but Congress voted only
two per cent of this amount, $300,000. On this budget the Foun-

dation could do little more than keep its organizational apparatus
in existence. For the third year, the President requested Congress
to appropriate $14. million, but again Congress cut heavily, though
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this time only to $3.5. million. The Foundation will, therefore, at

last be able to realize part of its program. About half of its funds

for the fiscal year 1952 will be expended in grants for basic re-

search in biology, medicine, mathematics, the physical sciences, and

engineering. The other half will be used for 400 fellowships for

graduate students in science, the fellows to range from first-year

graduate students to post-doctoral trainees. These first fellows will

begin their subsidized studies in September, 1952. Even this brief

history indicates that absolute opposition to the National Science

Foundation cannot long have its way. The need for basic science

and for the coordinating functions of the Foundation is too great;

good sense and urgent necessity will prevail before very long. Gov-

ernment science, like Government in general, seems to have a rela-

tively more important part to play in American society in the future.
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The Social Process

of
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of

the Individual and
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in

Scientific Discovery

7N THE FIRST volume of Das Kapital Karl Marx observed

that men usually pay so much attention to the actual physical prod-
uct of their labors that they are blinded to the social relationships
and social processes out of which these physical products come.

This habit Marx calls the "fetishism of commodities/' and it has

been noted since Marx's time that it is a habit which occurs in

many areas of social life. One of these places is the one with which

we have now to deal, the area of scientific discovery. Here too there

is a kind of "fetishism of invention,
1 '

a taking of the product for

the process, a neglect of the social and psychological elements that

constitute discovery for the particuliar concrete product it creates.

In this chapter we want to look at some of these social and psycho-

logical factors that make up the process of discovery so that we

may understand the rate at which it can create products and the

kind of products that are possible at any given time. Scientific dis-

covery is not the mysterious outcome of unexplainable individual

genius. It is rather the result of a partly specifiable social process
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in which the individual and society each has its important part
to play.

1

It is not strange, of course, that men should be victims of this

"fetishism of inventions." While they have always known some-

thing in a common sense way of how to go about making a dis-

covery, men have been far less interested in finding out hoiv they
were inventing than in finding the particular thing they wanted to

invent. Their other purposes, their so-called "practical" purposes,
have up to now usually been more important to them than the

theoretical ones involved in generalizing their experience of dis-

covery and invention. Not until perhaps the nineteenth century, as

Whitehead has put it, did man make his greatest discovery, when
he "invented the method of invention." We shall see that this

statement is not wholly correct, for there is still a great deal we
do not know about how discovery occurs; but only recently, in any

case, have some men come to be as much interested in the social

process of discovery as in its products.

There have also been reasons internal to science for the greater

emphasis we have put upon its physical products than upon the

social and psychological processes of discovery. There is, for in-

stance, a strict convention in science that discoveries should be

presented in their finished and rationalized form, with their logical

structure and supporting evidence standing forth as clear and bare

as possible. All else is considered distracting from the main purpose
of science, which is the demonstration of the theoretical validity of

a discovery. But this convention leaves out a great deal of what is

of the greatest importance in science. It leaves out all the errors

and all the fertile imagination of the scientific discoverer. "The

raw materials out of which science is made," says the physiologist,

Rene Dubos, biographer of Pasteur, "are not only the orbserva-

tions, experiments, and calculations of scientists, but also their

urges, dreams, and follies."2 It also leaves out the influences on

each new discovery of what has gone before in science and what

exists in the surrounding society. These are some of the things we
shall need to look at if we want to understand the actual social

process of scientific innovation.

In applied science, moreover, there are other reasons for leav-

ing out a great deal of what occurs in the process of invention. In
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industrial laboratories, for example, the patent department reads

all papers that are to be published, specifically in order to eliminate

all unnecessary hints of the method used, this for the purpose of

depriving commercial competitors of the valuable aid they could

often thus obtain.8 In both cases, of pure and applied science,

further, most of the actual failures of research are simply not

reported although the failures are sometimes as instructive as

the successes for knowing what happens in scientific discovery.

We shall shortly look at a case of failure which highlights the

function of imagination in scientific discovery. Certainly the fail-

ures are very numerous in science, perhaps more numerous than the

successes. Ail this is why there is no substitute for learning the

method of science by actual first-hand experience in a laboratory,

preferably as apprentice to someone who is skilled in what is

often called the "art of discovery/' The established substance of

science can be learned pretty well through formal teaching. The
method of science, or the "art" of discovery, like all "arts," is

best learned informally in the master-apprentice fashion. "A
master's daily labours will reveal," says M. Polanyi, "the way he

chooses problems, selects a technique, reacts to new clues and to

unforeseen difficulties, discusses other scientists' work, and keeps

speculating all the time about a hundred possibilities which are

never to materialize," and this "may transmit a reflection at least

of his essential vision. This is why so often great scientists follow

great masters as apprentices."
4

What, then, are inventions and discoveries? First of all, we
have to repeat that they have two aspects, that of process and that

of product, and that these separate aspects must be distinguished,

for otherwise a great many confusions of understanding result.

And, second, we have to speak of their relation to ideas. In com-

mon parlance "invention" is used often to refer to a machine or

some other physical thing; and, similarly, "discovery" is used to

refer to a new set of ideas. This usage is not acceptable, since a

new set of ideas underlies every discovery and every invention, and

the particular concrete form in which the ideas are embodied is much

less important than the ideas themselves. We can see this very

easily when we are confronted by some new machine which we do

not "understand," that is, for which we do not have the new
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ideas necessary for working it. This is also why tools and ma-

chines mean different things in different societies, and why, further,

trained men have to accompany new machines to teach the ideas

that give the machines their meaning and use.

We consider scientific "invention" and scientific "discovery" to

be analytically the same, therefore, and we shall use them inter-

changeably. They may, then, be defined as the results of those

imaginative combinations which men make of previously existing

scientific elements in their cultural heritage and which have emer-

gent novelty as combinations. This definition stresses, by its use

of the term "imaginative," the role of ideas in invention, and also

it indicates the similarity of scientific innovation to discovery in

other cultural areas. Invention occurs among all the different types

of ideas that compose the cultural heritage ideas about nature,

about social behavior, about aesthetic and artistic behavior, and

about moral standards. Invention and discovery not only are not

limited to science, but as they occur in science they are processes

with a great many similarities, as well as differences, to innovation

in the other fields of culture. The sociologist of science, for in-

stance, has a great deal to learn about the processes of the human

imagination from such a study as John Livingston Lowes' investiga-

tion of the poetry of Coleridge in The Road to Xanadu. Metaphor is

not alien to the scientific imagination, although of course it has

different functions from those it has in poetry. "In the last analy-

sis," says Levy, the English mathematician, "there is little differ-

ence between the individual effort of the artist and the scientist

in the direct handling of his problem. He who is devoid of imagi-
nation can be neither scientist nor artist."

5

We need to make clear something else that is very important
about scientific discovery. We are accustomed to think that only

very grand sets of ideas and only very powerful machines, espe-

cially ones with far-reaching practical consequences, may be called

discoveries and inventions. The overwhelmingly largest number of

scientific innovations, however, are imaginative combinations which

achieve only very small advances in novelty. Discovery is a process

that is never absent from society; its innumerable manifestations

usually make all but imperceptible contributions to the change and

development of man's cultural heritage. Small scientific discoveries
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come about in essentially the same way as large ones, and in a

sense they are no less important, for they are one class of the

elements that must go into the large discoveries. Large and small

innovations are necessarily intertwined.

Let us look for a moment at this matter of small inventions.

Especially in a society like American society, which we have seen

has so strong an approval of innovations of all kinds and has so

many facilities for producing them, the number of inventions that

occur, when the small ones are taken with the large, is immense.

Of course many small inventions are not even patented, although
our industrial technique finds them invaluable. "The Dennison

Manufacturing Company, for example, employing about 3,000 men,
received from its employees in the one year 1920 a total of 3,701

suggestions. Fifteen percent of all the suggestions received were

adopted by the company/'
6 This system of "suggestions" for inno-

vations has spread widely in industry in the last thirty years. It was

at its peak during the recent World War when there was an urgent

necessity to tap every resource the country had of efficiency and

inventiveness for the benefit of its industrial productivity. Other

kinds of small inventions are even greater in number than those

from this relatively casual source. For instance, there are already

some two-and-a-half million patented inventions in the United

States Patent Office alone, and most of them are very small novel-

ties indeed. Take patents on the toothbrush. There are nearly one

thousand patents on the toothbrush in the United States Patent

Office. "Most of these 'inventions/
"

says one student of the patent

problem, "are modifications of the size and shape of the handle, or

the number, size, and arrangement of bristles. In general, a rela-

tively small proportion of all patents registered has greater techno-

logical importance than these patents on the toothbrush.
"T

The same thing must be true of the enormous number of small

discoveries that are reported in scientific and technical journals

every year. "As long ago as 1933," we are told, "S. C. Bradford,

of the Science Museum Library in London, estimated that 750,000

scientific and technical papers were published annually. More re-

cent estimates indicate that the rate has doubled since then/'8

This is the nature of an immensely prolific science. For the period

1917 to 1926, for example, the Second Decennial Index of Chemi-

cal Abstracts requires 6,600 pages of fine print*
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So small are most inventions and discoveries, which is to say,

so small or obscure is the element of emergent novelty they con-

tain, that it is often difficult and sometimes all but impossible to

define for certain practical purposes what may fairly be called "an

invention." The United States Patent Office, for example, suffers

acutely with this difficulty. "We do not know," says one summary
statement, "what 'invention' means/' 10 The courts and the Patent

Office have tried to use many different tests and definitions. "Rules

of thumb have been applied and, almost as frequently, ignored,
such as the rules that mere addition, or subtraction of elements,

mere aggregation as distinguished from mere combination, changes
in form, reversal of parts, substitution of elements, etc., do not

constitute invention." More affirmative tests have also been rejected,

tests like satisfaction to society, commercial success, and amount of

research necessary. "In even more generalized terms, so indefinite

as to afford little help as a workable test, invention has been de-

scribed as 'something more than mere application of mechanical

skill/ 'a flash of genius/ 'that impalpable something/ etc. When
one is all through, there is little to do but throw up one's hands

in despair and say that invention, like the Constitution, is what the

judges say it is."
11

The judges, of course, speak in some fashion for society, and

this is another important thing we need to know about invention

and discovery. Another essential component of our definition, we

see, is that the emergent novelty of an invention or discovery must

be socially recognized and socially rewarded. When they are held

only by an individual and not by some social group, novelties are

merely private fantasies which require communication and social

acceptance to become inventions. In any society there are, of course,

different groups to whom a novelty may be useful and acceptable.
The number of groups is especially large in so highly differentiated

a society as the United States, and that is one reason why there are

so many discoveries and inventions. But some "inventions" do not

seem to be useful to anyone. The infant mortality rate among even

patented inventions is extremely high; many patents simply involve

expense to their holder and are never used otherwise. A surpris-

ingly large number of the inventions which are acceptable to the

United States Patent Office are not also acceptable to any manu-
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factoring company or to the consuming public. We should note,

however, that the amount of imagination, or of the "inventive

faculty" as it is often loosely named, may be as great in an inno-

vation which is not socially useful as in one which is.

We have already referred to another social influence on inven-

tion, the influence of the existing scientific and technological heri-

tage. The degree of novelty in an invention often appears to us

greater than it actually is because the component antecedents from

the culture heritage are less obvious than the form of the new com-

bination. Especially to the outsider, the non-specialist, inventions

tend to appear only as full-blown creations, with all their slow

growth and evolution obscured by their present usefulness and suc-

cess. But inventions and discoveries are in their very essence accumu-

lations of previously existing elements, accumulations in which a

degree of novelty may be present but may also be very small when
the past is considered. "When one considers carefully the genesis
of any discovery," says George Sarton, historian of science, "one

finds that it was gradually prepared by a number of smaller ones,

and the deeper one's investigation, the more intermediary stages

are found." 12 The cumulative nature of discovery in science has

been recognized for a long time. There is, for example, a saying

ascribed to Bernard of Chartres, a scholar of the twelfth century:

"In comparison with the ancients we are like dwarfs sitting on the

shoulders of giants." A similar saying about his own work is often

attributed to Newton.

Any novelty thus, necessarily is a "composite collective product,"
as Lewis Mumford has said of invention.18 A scientific book, for

instance, is composed at least of all the other books and articles to

which it makes references, although these are only an extremely

rough measure of its important components, as any scientist knows.

So is it also with a machine. J. A. Hobson has pointed out that "the

present spinning machinery which we now use is supposed to be a

compound of about eight hundred inventions. The present carding

machinery is a compound of about sixty patents."
14 The automobile

is a whole series of inventions, similarly, the product of many
thousands of patented novelties. Fortunately none of the patents is

exclusive because of the cross-licensing agreements in the automo-

bile industry. One of the greatest composite inventions of all, which
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we usually think of as a single invention or discovery, is the ship.
15

Now it is sometimes asserted by those who recognize the im-

portance of cultural antecedents in invention that the number of

inventions that occur in a society will be greater the larger is the

cultural heritage. But the existing culture base is only one of the

social elements involved in the rate of invention, and moreover

this assertion implies a certain social automatism about discovery
which is not an accurate description of its nature. Common notions

to the contrary notwithstanding, even Newton and Einstein were

dependent on their scientific antecedents, yet this does not explain
Newton and Einstein.16 The rate of scientific advance also depends
on the number of creatively imaginative individuals in a society.

Elements in the cultural heritage do not spontaneously combine

themselves into novel products. The cultural heritage only makes

invention possible, not inevitable. In a little while, therefore, we
shall look more closely at the role of the individual and his imagi-
nation in scientific discovery.

This sociological view of the importance of cultural antecedents

in the process of scientific discovery is a valuable change from a

conception of the nature of invention which formerly was much
more prevalent than it now is. This older view, which* lingers on in

loose writing about science, may be called "the heroic theory" of

invention, and it stressed the particular and peculiar genius of the

inventor as against the contribution society itself made to his

discovery.
17 In the eighteenth century, for example, it is reported,

the Marquis de L'Hopital asked in full seriousness whether the

great Newton ate and slept as other mortal beings did. The heroic

theory was well suited to the simplicities of adulatory biographies
and popular mythology, and especially to the enthusiasm of nation-

alistic patriotism. For example, whereas in fact several men "in-

vented" the steamboat all at about the same time, the American

may learn from his history textbook that Fulton invented it, the

Englishman reads about his compatriot, Symington, and the French-

man is told in school that Jouffroy was the real inventor. The

heroic theory is, however, not nearly so commonly found now as it

used to be, although the Russians have been reviving it lately in

the interests of their greater national glory. For example, tfieir

propagandists, if not their scientists, are now claiming Russian
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priority in the invention of the radio, the airplane, the steam en-

gine, and penicillin.
18

We have just said that several men "invented" the steamboat

all at about the same time. The steamboat is not the only case of

this kind, that is, of what is called "independent multiple inven-

tion/' Indeed, practically all students of the sociology of invention

in recent years have noted this phenomenon, in which two or more

men make the same discovery at approximately the same time with-

out being aware that it is being made elsewhere or has already been

made, and it has become one of the chief kinds of evidence for the

sociological theory of discovery. It is a pattern that has already re-

peated itself a great many times in the history of science and

technology and that continues to do so for reasons which we shall

consider shortly. First let us see how extensive its occurrence is.

The sociologist, William F. Ogburn, was perhaps the first to

draw up a list of cases of independent multiple invention.19 Draw-

ing upon the histories of astronomy, mathematics, chemistry, physics,

electricity, physiology, biology, psychology, and practical mechani-

cal inventions during the last few centuries, Ogburn found one

hundred and forty-eight examples which involved two or more

independent discoverers of the same thing. This was probably not

a complete count even when it was made, some thirty years ago,

and others have occurred since then. The following fourteen items

are a few of those on Ogburn' s list and show how wide is the

range of discoveries which he includes:

Discovery of the planet Neptune By Adams (1845),
and Leverrier (1845)

Logarithms By Burgi (1620),
and Napier Briggs (1614)

Calculus By Newton ( 167 1 ),

and Leibniz (1676)

Discovery of Oxygen By Scheele (1774),
and Priestley (1774)

Molecular theory By Ampere (1814),
and Avogadro (1811)

Photography By Daguerre-Niepe (1839),
andTalbot (1839)
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Kinetic theory of gases

Mechanical equivalent of heat

Telegraph

Electric motor

Relation of micro-organisms to fer-

mentation and putrefaction

Laws of heredity

Balloon

Flying machine

Reaper

By Clausius (1850),
and Rankine (1850)

By Mayer (1842),
Carnot (1830),

Seguin (1839),
and Joule (1840)

By Henry (1831),
Morse (1837),
Cooke-Wheatstone ( 1837 ) ,

and Steinheil (1837)

By Dal Negro (1830),

Henry (1831),
Bourbonze and

McGawley (1835)

By Latour (1837),
and Schwann (1837)

By Mendel (1865),
DeVries (1900),
Correns (1900),
and Tschermak (1900)

By Montgolfier (1783),
and Rittenhouse-Hopkins
(1783)

By Wright (1895-1901),

Langley (1893-1897),
and others.

ByHussey (1833),
and McCormick (1834)

Just to mention another field, independent multiple invention is

very frequent also in the history of medicine.20 And one of the most

recent cases of what we are speaking of is that of the use of a radio

pulse technique to detect aircraft and ships. This technique, called

radar in America and Britain, "seems to have occurred almost simul-

taneously to scientists in America, England, France, and Germany,"

says the historian of America's scientific effort in the recent war.21

And finally, we may consult the patent record. Every year, so the

records of the United States Patent Office show, thousands of inven-

tions are re-invented.22 Sometimes there is a lapse of time between
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the invention and its re-invention, but there are a great many in-

stances in which inventions are made practically simultaneously by
men living in different parts of the country and unknown to one

another. Hence the frequent difficulty of determining who is the

inventor of something. Hence also the frequent recourse to the

patent proceeding known as an "interference," which is a legal

hearing designed to name the prior inventor. For the period of the

1920's alone it is estimated that about four per cent of all patent

applications represented independent multiple inventions.23 One re-

cent discussion of the problem says that "simultaneous invention is

so regular as to be almost commonplace/'
24

It would be wrong to infer too much, as some have done, from

the very frequent occurrence of independent multiple inventions.

This phenomenon does not justify an extreme sociological deter-

minism which sees scientific discoveries as products automatically

thrown off by the impersonal movement of the historical process.

It does demonstrate, however, that the body of scientific knowl-

edge and technique is, at any given time, relatively structured, so

that changes in it do not occur at random. Advance into novelty is

in considerable degree selective because of the existing structure of

scientific theory and knowledge. Of course this structure is not

wholly autonomous; it is influenced, as we have seen in Chapter
Two and elsewhere, by other parts of society: by values, and by

religious, economic, and political
factors.25 In our next chapter we

shall have still more to say about the social influences on discovery

and invention. Yet there is also the inherent relative autonomy of

the body of scientific theory; and from this as well as from social

influence there emerge multiple discoveries by men whose activity

is guided in part by the existing scientific heritage and in part by
their creative imaginations.

In this connection we need to take warning against catchword

descriptions of the social influences on scientific discovery. For-

mulas will not serve us here, formulas like "an invention must fit

the times/' or, "the times must be ripe for an invention/' or "social

need produces invention/' Such statements are indeterminate; they

beg the very questions we want answered. For instance, we know
that "social need" does not always produce an invention, for many
"social needs" have existed and still exist without calling forth

o [201]



SCIENCE AND THE SOCIAL ORDER

adjustive inventions. The North American Indians "needed" coal

and automobiles as much as modern Americans do, but they did not

have the requisite scientific base, let alone all else that was needed,

to produce these discoveries. Today we "need" a cure for cancer and

many other things, but "needs" alone will not get us what we want.

The role of the individual in scientific research, however much
his function and his particular problem may have been conditioned

by society, is still an active one. Now this activity is often concealed

by that impersonal and perfectionist way in which scientific discov-

eries are commonly reported. But reflective scientists have always
taken note of the active part they play in making their discoveries.26

Nature does not easily yield up finished conceptual schemes for the

understanding of the relationships that hold among its parts. The

scientist, always making full use of the already existing conceptual

schemes, in addition always actively puts questions to those parts

of Nature about which he hopes to discover some new relationships.

The next questions in science are never obvious, moreover, never

equally apparent to all men. The successful scientific discoverer al-

ways uses what Ren Dubos calls "anticipatory ideas," that is, ques-
tions which he himself actively constructs and then submits to test

by experiment. Only in the course of the experiment itself does the

scientist follow the ideal of passively observing results. If these do

not conform to his expectations, based on his "anticipatory idea" or

hypothesis, then he makes another active anticipation, he forms an-

other hypothesis for experimental test. "It often happens," says the

great Claude Bernard, "that an unsuccessful experiment may pro-
duce an excellent observation. There are, therefore, no unsuccessful

experiments."
27

In all of this activity, the individual researcher must exercise as

much creative imagination as he can to see newly significant con-

nections between existing elements of theory and knowledge. Only

by imagination in forming hypotheses does emergent novelty, or

scientific discovery, occur. The place of imagination in scientific dis-

covery is particularly apparent in "the flash of insight" which oc-

curs to all creative minds. One of the best known cases of this kind

is the "sudden flash" of intuition by which, as Darwin reports it in

a letter to a colleague, his theory first occurred to him in 1844. A
great many other scientists as well have recounted experiences in
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which they had sudden "hunches," "flashes of insight," and "intui-

tion" into possible relations that they had never seen before.28 The

great chemist, Kekule, originator of structural formulae in organic

chemistry and discoverer of the benzene ring, was speaking of these

things when he said, "Let us learn to dream, gentlemen, then per-

haps we shall find the truth." He meant "dream" literally as well

as figuratively, for many scientists have had some of their greatest

insights while they slept. These sudden perceptions of new "wholes"
do not, however, come entirely out of the blue; they usually occur

only after a scientist has been long preoccupied with some problem.
Another place where we can see the function of active imagina-

tion in the process of discovery very clearly is what has come to be

called "the serendipity pattern." The physiologist, W. B. Cannon,
has defined "serendipity" as "the happy faculty, or luck, of finding
unforeseen evidence of one's ideas, or, with surprise, coming upon
new objects or relations which were not being sought."

29 Cannon
tells us in his scientific autobiography that "during nearly five dec-

ades of scientific experimenting instances of serendipity have several

times been my good fortune."80 For example, his important dis-

covery of sympathin was due to good luck of this kind. The occur-

rence of the serendipity pattern, like that of independent multiple
invention, has recently been remarked by a great many practicing
scientists and by those who study their activities. There has hap-
pened, in this respect, so to speak, another case of independent

multiple discovery, this time about the nature of the process of sci-

entific discovery.
81 The following are a few representative cases

from among the many which have been noted: Galvani's dis-

covery of the electric current; Claude Bernard's discovery of animal

glyco-genesis; Roentgen's discovery of X-Rays; Charles Richet's dis-

covery of allergies; Alexander Fleming's discovery of the anti-

biotic effect of penicillin; Pasteur's work on immunization and crys-
talline structure; William Beaumont's work on the digestive proc-
esses; Dam's discovery of Vitamin K; Goodyear's vulcanization of

rubber; Nobel's invention of dynamite; and Perkin's first synthesis
of an aniline dye. Indeed, Ernst Mach had listed a great many cases

as early as 1896. "Under this head," he said, "belong the first dis-

closures of electrical and magnetic phenomena, Grimaldi's observa-

tion of interference, Arago's discovery of the increased check suf-
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fered by a magnetic needle vibrating in a handbox, Foucault's

observation of the stability of the plane of vibration of a rod acci-

dentally struck while rotating in a turning-lathe, Mayer's observation

of the increased redness of venous blood in the tropics, Kirchhoffs

observation of the augmentation of the D-line in the solar spectrum

by the interposition of a sodium lamp, Schonbein's discovery of

ozone from the phosphoric smell emitted on the disruption of air

by electric sparks, and a host of others. All these facts, of which

unquestionably many were seen numbers of times before they were

noticed, are examples of the inauguration of momentous discoveries

by accidental circumstances and place the importance of strained

attention in a brilliant light/'
82

Also, we may say, the difference between seeing and noticing,

as Mach puts it, highlights the importance of individual creative

imagination. These "unexpected" occurrences in the pattern of

serendipity have been passively seen by other scientists; they are

actively noticed only by the discoverer. They are actively noticed,

that is, by the scientist who has carefully studied his problem over

a long time and is thereby ready, if he can create some anticipatory

ideas, to take advantage of an "unexpected'
1

occurrence. Pasteur long

ago expressed this essential pre-condition of serendipity in a classic

statement. Chance, he said, favors only the prepared mind. Of

course, even after the active construction of an hypothesis, as we
have said, discovery is not completed. There remains the experi-

mental test which validates or invalidates the expected relationship.

We say "or invalidates" because surely there have been innumer-

able cases of what we may call "negative serendipity," or the chance

perception of apparent connections among things which have not

stood up when put to the experimental test.

It often happens in science that after a discovery has been made

"by chance" other scientists remember that they have in the past

passively seen what someone has now actively noticed. The indus-

trial scientist, F. R. Bichowsky, has recorded a case of this kind, in

which his imagination failed to take advantage of what chance pre-
sented to him.33 "Back in 1912-13," he reports, "Sir William Ram-

sey, the discoverer of argon, neon, krypton, and xenon, lectured

before the Lowell Institute of Boston. I helped in the preparation of

the experimental demonstrations for these lectures." Ramsey, who
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was a brilliant lecturer, took three or four lectures to tell of his dis-

covery of these inert gases, illustrating with experiments. He told

how he named the gases neon, meaning new, argon, meaning lazy,

krypton, meaning hidden, and xenon, meaning strange. He told

how he had tried to combine these gases with other substances, but

he said that they remained useless scientific curiosities because they
did not so combine. In his last lecture, he said, "Some of you will

ask how we can be sure that these gases are really pure substances,

not just mixtures. I will show you. All pure substances are char-

acterized by the fact that they give out, under an electrical discharge,
their own special kind of light." Then he passed an electrical charge

through a series of tubes and each one lighted up with the pale

glow of a distinctly different color. "Under different conditions of

discharge," he then said, "these colors can be intensified." There-

upon he switched on a condenser in the line and the tube containing
neon flashed up a brilliant orange red light. "It was very striking,"

says Bichowsky. "We all applauded and went home. Not one of the

five hundred or so who heard the lecture realized that we had seen

the first Neon sign. It was only some years later that Claude, seeing

exactly the same experiment, realized its commercial importance."
84

The serendipity pattern only underlines a general fact that is of

primary significance to the understanding of science. When one

views the course of scientific discovery through the careers of its

individual researchers, and not just as an impersonal series of

events, its progress does not appear inevitably determined to go in

some very particular direction, as we might expect on the view that

the social process of invention is automatic. Looking back on them,

we feel certain that Pasteur's discoveries, for example, have a def-

inite logic in their sequence. But this logic, says Dubos, "was not

inescapable. His career might have followed many courses, each one

of them as logical, and as compatible with the science of his time."

And Dubos has himself shown quite specifically just what these other

courses might have been.85 The social influences on science set lim-

ited alternatives for the individual, but still they are alternatives,

not predetermined tracks.

With all this understood, then, we can perhaps see more clearly

the meaning of that epigram of Whitehead's to which we referred

earlier, that "the greatest invention of the nineteenth century was
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the invention of the method of invention." We have not so much
invented the process of discovery in the sense that we understand it

fully or can control it completely, as we have created some of the

conditions in which invention can occur more frequently. We have

a great body of professional university and Government scientists and

industrial research workers, all devoting their entire efforts to dis-

covery; they are imaginative and are equipped with increasingly

powerful and extensive conceptual schemes, instead of with rela-

tively empirical, trial-and-error methods; and we have a society

which actively favors the development and use of scientific innova-

tions. Under these conditions, the social process of invention and

discovery flourishes as it never has before in the history of human

society.
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TJie Social Control
of Science

IT IS NOW a commonplace to say that science has vast and

far-reaching social consequences. It is a commonplace, this funda-

mental fact, because we are every last one of us aware, at least

since the explosion of the atom bomb, that it is so. There is no

longer any place to hide from this fact. But this does not mean that

it is an essentially new fact. Rational knowledge and science, and

their applications more directly, have always had important social

consequences, in all societies. They have always had their effects

upon other parts of the society as much as they themselves were

influenced by these other parts. This ever-present reciprocal rela-

tionship between science and the rest of the society, we saw in

Chapter Two, was a basic theme for our understanding. In the last

three hundred years, however, as highly developed science based on

general and systematic conceptual schemes has produced a continu-

ous stream of "discoveries and inventions, the rate and force of the

social effects of science have been multiplied in geometric propor-
tion. As a result, an old fact has taken on new significance, and even

seems to be a wholly new fact.

, Now in the past, many of the social consequences of science have

been indirect rather than direct; they have operated only through
other social factors than science itself. For example, many of the

effects of science during the last few hundred years have appeared in

the form of new social arrangements in industry and new technol-

ogy.! As a result of the indirect workings of science, many men
were not aware of their ultimate source at all, or they could ignore
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it because social change did not work to their disadvantage. Science

has had an unequal effect upon different groups in modern society,

for instance, upon industrial workers as compared with middle

class rentiers. The former were usually too taken up with the imme-

diate impact upon their lives to look farther for its causes; the latter

did not feel the need to become self-conscious about what so steadily

benefited them. Of course a few men, social theorists and social

reformers, did see some of the particular effects of science on

society and the general significance of its new force as well. But

their predictions of impending scientific millennia or their warnings
about dire social consequences went largely unheeded by the mass

of men, perhaps even more so by scientists than by others. The

days of our blindness are now past, though. No one can any

longer ignore the meaning science has for the present and future

shapes of American and world society.

All this has raised the problem of the social control of science

in a new way. That is one of the reasons why men seek to under-

stand this wonderful modern beast which harms them only a little

less, they sometimes think, than it helps them. v While some see in

science the solution for all the troubles that beset us, others see in

it the source of most evil. On the one hand there is talk of "the

frustration of science" and of "the need for planning science," and

on the other hand men ask for "a moratorium on invention and dis-

covery." Science has become for many of us a "social problem," like

poverty and juvenile delinquency, and men want to "do something
about it.")

What shall we do? We shall do nothing well, of course, unless

we really do understand science and the nature of its social conse-

quences. In previous chapters we have been trying to get some pre-

liminary understanding of this kind; and now, in this chapter,
we want to relate some of the things we have already said to this

problem of the social control of science. The matter as a whole

actually involves several different questions, and we shall look at

some of them here to see what light we can throw on this aspect
of science, that is, on science as a social problem about which men
have strong moral feelings and for which they recommend radical

action. Are the social consequences of science inevitable and uncon-

trollable? How are the effects of science already controlled by other
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parts of society? What are the "resistances," as some people call

them, to science in modern society? Since science does have differ-

ential effects, as we have said, on which groups does it act bene-

ficially, on which harmfully? Can we say that science always has

only harmful or only beneficial consequences for a given social

group? Can we predict inventions and discoveries, and thereby con-

trol the effects of what we can foresee? Are we likely to stifle science,

or frustrate it if we limit its consequences? Science is only one

among the several social values we hold dear. What is the effect

of science upon our other social values? Need there be perennial
conflict between science and some of these other values, sav, the

humanitarian ones? What "social responsibilities'
1

do the scientists

themselves have to deal with the social problems their activities

create? Can science be "planned" in such a way as to have it do only
what we want? Can science be "planned" at all? j

These are a great many questions, and there is no final answer

to any of them, no absolute solution for the social problems they
describe. We shall say what little we can about them in three

sections in this chapter: A. The social consequences of science; B.

The social responsibilities of science; and, C. Can science be

planned?

A. The Social Consequences of Science

IN HUMAN SOCIETY, social change is only a matter of degree. No
matter how relatively "static" some societies may appear in compari-
son with others, all of them undergo continual change. Some of this

change is the result of things external to a society, things like other

societies or like the physical environment; and some of it is a con-

sequence of internal changes in things like the cultural values or

the knowledge or the social arrangements of the society itself. In

modern industrial society, and most all perhaps in American society,

not only is social change continual but its pace is extremely rapid.

Some of this change still arises in the external situation, in such

matters as the emergence of a great new power among the nations

or the discovery of a valuable natural resource. But a large part of

the change in modern society is now inherent in its own internal

nature, in the essential conditions of the functioning of industrial
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society itself. This is the basic truth we have in mind when we say

that we live in a "dynamic society."

One of the chief internal sources of social change in modern

society is science and its extensive applications in industrial and

social technology. By our approval of science, by the way in which

we provide such large opportunities for those who want to work at

science, there has been introduced into the very heart of our society

a fundamentally and continually dynamic element, an element which

must remain the fount of unending social consequences,
'

for both

"good" and "bad/' Note, for example, the roots of this fact in the

attitudes of the scientists themselves, who feel this way only a little

more strongly perhaps than the rest of us. The following question
was asked of a representative group of scientists in a Fortune Maga-
zine poll: "Check whether you believe a scientist should (1) with-

hold a discovery from the world when convinced it would be pro-
ductive of more evil than good, or (2) never withhold a discovery,

leaving it to the moral sense of mankind to decide its ultimate use."

78% of the university scientists, 81% of the Government scien-

tists, and 78% of the industrial scientists answer that they would

"never withhold" a discovery, whatever the consequences.
1

We face a new condition in human society. The simple truth is

that we must learn to live with social change because we value very

highly that which cannot do otherwise than cause change. Of course

we may, either deliberately or unwittingly, decide we do not like

so much change and the continual social consequences of science.

If we do so decide, then we must cut off change near its roots;

we must restrict science a great deal more even than we now do.

We cannot, however, have both science and complete social sta-

bility. The price, moreover, for greatly restricting science would be

to have a greatly different society. For not only do our values approve
of science, but all our social arrangements, as we have indicated

in Chapter Three and elsewhere, are integrated with its successful

functioning. An industrial society can no longer maintain and in-

crease its prosperity or its power without science and its applica-
tions. "Our whole economy," a distinguished economist points out,

is "geared to a rapid rate of change, and a drop in expansion or

replacement means depression/'
2
Nowadays we do not so much

fear depression as war, and a drop in our power and our science
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could mean war as it formerly meant economic depression. We can-

not restrict science and its social consequences in any absolute way
lest we vitally reduce the viability of our society in a dynamic world

in which science is the mainspring of social stability as well as

change.
The process of continual change we have been speaking of is

part of what Max Weber was referring to in his discussion of "the

process of rationalization" in the modern world.8 Weber had in

mind not merely the changes deriving directly from the natural

sciences but also those from the social sciences and indeed those

from the whole ramified structure and application of rational thought
and activity in our society. We have already said that science in

our society is dependent upon the value placed upon critical ration-

ality throughout the society. The rationality of science is only the

sharpest instrument of this value of ours and only the most fruitful

source of social consequences. But rationality, wherever manifested,

has the same effect of producing changes and of undermining estab-

lished social routines. Social instability is in part, then, the price we

pay for our institutionalization of rationality.

Social instability and its consequences are not something to be

treated lightly. It is not strange that they should be the cause of

that ambivalence toward rationality in general and science in particu-
lar which seems to be widespread, though usually latent, in our

society. The products of "the process of rationalization
1 '

do not

have single effects but rather diverse ones for different groups in the

society. All of us are pleased with some manifestations of rational-

ity and not others, pleased with some of the products of science and

not others. All of us are rendered sometimes more insecure, some-

times less, by the changes these things bring about. The standing
routines and the vested interests of every member of society are

many times attacked and overthrown by "the process of rationaliza-

tion." No doubt the feelings of hostility and uneasiness which

result are usually counterbalanced and even outweighed by the favor-

able consequences of science that all of us also experience. But

there remains in each of us a residue of ambivalence. And it is this

residue, together with the still stronger hostility which some men
have against "the process of rationalization," which have been

mobilized by agitators and dictators in the modern world. As they and
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their followers see it, capitalism and Bolshevism and science alike are

evil consequences of "the process of rationalization." No wonder

Hitler seemed to make sense to a great many Germans when he

lumped them all together. He even seemed to make sense when he

made the Jews the symbol of what lay behind all three and the

scapegoat for its attendant consequences.

Perhaps the analysis of the nature of science and its inevitable

social consequences which we have been developing here will per-

mit us to see the
"
technological theory" of social change in a new

light. This theory, which has had a great vogue among some social

scientists, holds that it is change in technology which always pro-

duces change in the rest of the society. The theory was most epi-

grammatically stated by Veblen when he said that "invention is the

mother of necessity."
4 The technological theory of change, we can

now see, does not search far enough. If one wishes to trace the

source of social change no farther back than the technological inno-

vations that are the product of science, then the theory does hold

when it says these innovations are an important source of change.
But behind the technological and social innovations lies the pri-

mary source, science itself, dynamic by its very nature and continu-

ally producing not only new conceptual schemes but also the possi-

bility of new applications of those schemes in the form of tech-

nological inventions.

And of course the theory of technological change does not hold

insofar as it may be taken to assert that technology is the only
source of social change. By the same token, it would be incorrect

to say that science is the only source of social change. Science and

technology, we have seen many times now, are in interaction with

the other important parts of society, and therefore they are some-

times dependent variables as well as sometimes independent vari-

ables. This does not mean that we must always trace a series of

social influences through all its ramifications. For some purposes
it may be enough to stop at some intermediate point. For some pur-

poses it may be enough to stop with technology as the source of

social change. But for other purposes it is not; for example, if we
wish to maintain the flow of technology itself. Wherever one stops,
it is well to know what one is ignoring; for unknown variables have

a way of exerting their effects in uncontrollable fashion.

[212}



THE SOCIAL CONTROL OF SCIENCE

The interdependence of science and technology with other social

elements can readily be seen in the existence of what those who

explicitly or implicitly accept the technological theory of change
have called

'

'resistance'
'

to discovery and invention.5 When science

and technology produce innovations which might cause changes in

other parts of society, these scientific discoveries are not always nor

automatically put to use. From the point of view of the technologi-
cal theory, this failure to employ innovations seems like "resistance"

to a powerful social agent which will inevitably have its way. But

when we consider the partial dependence of science and technology

upon society, and when we consider how the component factors of

society are in interaction, we see that these
'

'resistances'
'

can also

be taken as indications of the relative autonomy of other social

elements than science and technology. As we might expect, there-

fore, "resistance" to innovation occurs in all societies, not just our

own, for there is always some group for which a specific discovery

is at best of no use and at worst an obvious threat of harm.

Professor B. J. Stern, who has been the leading student of this

problem of "resistances" to invention, has given a long and typical

list of some instances. "These resistances," he says, "have not been

exceptional, but have generally characterized the response to inno-

vation. The railroad, automobile, street car, steamboat, iron ship,

screw propeller, submarine, airplane, typewriter, telegraph, tele-

phone, cable, steam engine, Diesel engine, gas for lighting, incan-

descent lamp, alternating current, important processes in the manu-

facture of iron and steel and of textiles, the sewing machine, the

iron plow, mechanical planting and threshing machines, tractors,

the cotton gin and mechanical cotton picker these are but a few of

the important innovations upon which modern living rests that have

met opposition of varying degrees."
6 The very length of this list-

should perhaps have warned us that a great many things were being

lumped together which could more profitably be taken separately,
We need to translate the term "resistances" into the phrase "inter-

action with other social factors" so that we can search out some of

these other factors and see what influence they have on scientific

discovery and invention. Toward this end let us look in a little

detail at just four such factors: the needs of a going social system,
certain moral and humanitarian values, the economic interests of
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established business enterprises, and the social and economic inter-

ests of industrial workmen in their jobs.

One of the fundamental characteristics of modern social organi-

zation is the pattern of standardization, a pattern which expresses

itself most completely in machine technology but which also exists

in social technology. Many of the benefits of the large-scale indus-

trial mode of production in our society inhere in this pattern,
and

therefore some innovations which make greater standardization

possible are highly welcome.7 But once standardization has been

established in some particular way, other innovations are much less

welcome. That is, standardization has a double significance, at once

encouraging scientific invention and acting as a brake on it. For

example, take the case of our railroad system. There is probably
somewhere around $100. billion invested in the American railroad

system. But more than this, more than being only a capital invest-

ment, American railroads are themselves a going social organization,

the functioning of which is bound up in an already standardized

rail-gauge, standardized signals, standardized tunnel clearances,

standardized rolling stock, and other kinds of uniform equipment.
And they are indispensable to American society as a going social

system. Now given this situation, one-hundred-and-fifty-mile-an-
hour mono-railways which could cross an abyss on a steel cable

might offer advantages in speed and efficiency over the existing

railroads, but also they would greatly disrupt a going system. The
resultant disadvantages are sufficient, especially when taken together
with the probable losses to invested capital, to stifle the introduction

of this particular technological invention. Now in all societies, and

most of all in modern industrial societies capitalistic, communistic,
or otherwise situations of this kind will occur many times on a

large and a small scale. As a result, in all societies, even Com-
munistic societies, there will be "resistances," necessarily, to changes
in standardized equipment which is geared into the vital function-

ing of the going social system.

The history of science includes a great many cases of opposition
to its innovations by vested interests in certain moral or humani-

tarian values. For example, people with certain moral convictions

about the sanctity of the human body were opposed to the dissec-

tion of corpses and the performance of autopsies until well into the
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nineteenth century, and their opposition considerably impeded the

advance of biological and medical science. The Commonwealth of

Massachusetts was the first English-speaking community to legal-

ize the dissection of cadavers. This it did in 1831. Not until the

next year, 1832, did England legalize this practice. Before that

time, medical men and scientists illegally procured cadavers from

the so-called "sack-'em-up" men. Most American states did not

legalize dissection until after the Civil War.8 The moral and emo-

tional congeners of those opposed to scientific dissection were, in

the later part of the nineteenth century, the animal anti-vivisection-

ists. These latter, of course, are still with us in small numbers, and

they are powerful enough in some states to require medical scien-

tists to combat them actively from time to time lest they succeed

in having anti-vivisection legislation enacted.9 All this is a waste of

time for the advance of biological science, but fortunately it is still

only a nuisance and not a genuine threat. There are also more gen-
eral kinds of moral opposition to science and its consequences. For

instance, because his humanitarian values were disturbed by what

he thought were the harmful social consequences of modern tech-

nology, the Bishop of Ripon advocated a "moratorium on invention"

at the meetings of the British Association for the Advancement of

Science in 1927. Such recommendations were heard again, this time

in the American Congress, during the Depression of the 1930's,

but they were never able to gather sufficient support to take actual

shape as proposed legislation. Whatever their humanitarian or other

moral origin, such policies were too obviously a counsel of final

despair in an industrial society. Only in a Utopia is an absolute pro-

hibition on invention even thinkable. So, at least, did Samuel Butler

construct his Erewhon, with a prohibition on any innovation that

might disrupt social stability. Literary Utopias, however, do not have

to face up to the practical consequences of their absolute social

choices.

It used to be alleged that the largest ''resistance" to science

in modern industrial society consisted of the suppression of inven-

tion, by capitalistic financial or manufacturing interests, especially

those seeking to develop or maintain a monopoly.
10 Now the evi-

dence for this supposed suppression of invention was the unques-
tionable fact that a great many industrial firms held large numbers
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of patents which they did not put to use. Some of these patents

may indeed have been held back against the general public welfare.

But the evidence now seems pretty clear that very few of the unused

patents were being withheld for merely narrow, selfish interests.11

We have seen in the last chapter that only a few of all the patents

that are taken out ever get used. It is the precautionary practice of

firms that do research to take out patents on everything they de-

velop, good or bad. But less than one per cent, for example, of the

patents held by General Motors Corporation have proved useful.

Or, to give another case, the great majority of Ingersoll-Rand Com-

pany's patents have never been used. 12
Many patents are highly

obsolescent and are useful only until a better device can be made
and patented. Some patents are unusable because co-ordinate techni-

cal development is lacking; they are therefore held in the hope that

the other things they require will be forthcoming in research. We
have already said that many patented devices and practices are not

acceptable to their potential purchasing publics. And, perhaps most

important of all, it is unwise to assume that there is something

intrinsically economical about every discovery and invention. The
benefit to society of some inventions is less than already existing

devices that meet the same purpose. Or, if equal in benefit, the

capital cost of a new device may make it less economical 13 The

capital cost and obsolescence factors, says Lord Stamp, the English

economist, "cannot be spirited away." No matter how much a

society approves of scientific innovation, whether that society is

capitalistic or socialistic, it has to calculate the economic and social

costs of the new products science provides.
"
'Supression of patents'

is not," says one student of the matter, "only a matter of patents.
It is related more fundamentally to the pecuniary and social cost of

change/'
14

The last social factor we want to consider as a "resistance" to

science and its application is the fear that industrial workmen in

modern society have always had that new machines would result in

technological unemployment for them. Because of their relatively

weak position in an industrial system, the workers have often borne

the most directly harmful effects of technological innovations which

have been beneficial to the capitalist groups and probably also to

society taken as a whole."} This opposition of the workers to tech-
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nological and social innovations in industry has been called by

Spengler "the mutiny of the Hands against their destiny."
15 Cer-

tainly this has been the destiny of industrial workmen for a long
time now. The history of the last three or four centuries contains

a continuous series of cases in which workmen, fearing technologi-

cal unemployment soon or late, have opposed the introduction of

new machines into their work situation. 16 David Ricardo, for one,

did not think they were entirely wrong to be afraid. 'The opinion
entertained by the laboring class that the employment of machinery
is frequently detrimental to their interests," he said, "is not founded

on prejudice and error, but is conformable to the correct principles

of political economy."
17

This is not to say that "resistance" to new machines or new work

routines is absolute among workmen. It varies as workers feel them-

selves more or less threatened by future possibilities. Of course,

insofar as they are familiar with the history and institutional impera-
tives of the capitalist form of enterprise, imperatives which push
toward continual technological innovation, workers will be subject

to a universal, if latent, fear that job displacement is an ever-present

threat. There is no reason to believe that workers do not know about

such things. There is no reason to believe, for instance, that workers

are entirely in the dark about the possibility of "automatic" fac-

tories which will be run by a handful of men. Managers may hear

sooner and more clearly of these things, but the mass media, workers'

unions, and informal story-telling among themselves serve the

workers in a similar, if cruder fashion than management journals like

Fortune Magazine.
18 Hence the various and subtle devices which

industrial workmen use to protect their jobs against too much and

too rapid innovation. All the techniques that make "restriction of

output" possible, when seen in this light, have a useful function for

the worker who has only his labor power to sell in an industrial so-

ciety. Because of the crucial significance of the job in our society,

labor displacement is virtual social displacement for the individuals

affected.19 Hence the urgency for workers of opposing the machine

and other organizational innovations which are the immediate agen-
cies of job displacement.

20

Now the economic and social hurt the technologically displaced
worker suffers is immediate and in the short run, so to speak. This
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hurt is not much alleviated by the general and impersonal observa-

tion, sometimes offered to him, that in the long run science and

technology are good for the society, that in the long run they pro-
duce a greater volume of employment and a higher level of general

well-being. Lord Stamp, in his Presidential address to the British

Association for the Advancement of Science in 1936, when the

problem of technological unemployment was much more pressing
than it is now, said: "It does all this 'in the long run/ but man has

to live in 'the short run/ and at any given moment there may be

such an aggregation of unadjusted 'short runs' as to amount to a

real social hardship/' The industrial worker in modern society does

not have his own capital to sustain him over the long run, as do

industrial enterprises. His whole life is lived on the margin of his

current earnings, and therefore he has to live in the short run. In

recent times, various forms of "socialized capital" have helped sus-

tain him. Government and trade union unemployment insurance

benefits now help the worker over short run difficulties arising in

technological or other kinds of joblessness. In such a situation, the

modern industrial workman can afford to be more hospitable to

innovation in his work situation. Otherwise he may turn his hostility

against the machines which are the tangible source ot his grievances,

as did the Luddite rioters in early nineteenth century England, or he

may turn against their more remote source in science itself.

These, then, are a few of the social factors which have inter-

acted with scientific innovation and have in that sense controlled its

effects. Those who interpret this interaction as "resistance" imply
that science is too much controlled or controlled by the wrong
things. But other men in modern times have felt that science has

not been controlled enough. The Bishop of Ripon's call for a "mora-

torium on invention" was probably only a strong statement of this

feeling. There has also been another point of view about the control

of science. This is the view that science could be controlled more
than it now is, if only we could predict the emergence of impor-
tant scientific discoveries and forecast their social consequences. In

this way society could use science as it wished. Acting upon this

view, several social scientists have very carefully tried to predict the

course of science and its social consequences.
21

A word about prediction in general before considering the spe-
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cific predictions that have been made about scientific discovery. It is

the assumption of our whole effort to understand the social aspects
of science that predictions about social life are possible because the

several parts of a society are related in determinate ways which we
can know. Prediction is the statement of some of these determinate

relationships with regard to some specific empirical social situation.

We shall say more of this possibility of prediction when we discuss

social science in our next chapter. Here we want merely to state our

assumption so that the critique we shall offer of the existing attempts
to make particular predictions about the course of science will not

be taken as a critique of prediction in principle. It is desirable to

show why these early efforts at prediction have been inadequate only
in order to move on to more scientific predictions not only about

the consequences of science but about all social life.

Let us consider first the problem of predicting scientific discov-

eries, in which what we said in the last chapter should be of some

help to us. Insofar as particular discoveries and inventions are genu-
ine novelties, there can of course be no absolutely certain prediction
of whether or when these novelties will appear. This is only to re-

peat that the advance of science is not absolutely determined. Inno-

vations are themselves, so to speak, cases of successful prediction by
scientists and inventors of what can occur. If someone else than the

inventor could predict the particular novelty, he would himself be

the inventor. In Technological Trends and National Policy, for ex-

ample,
"
there was a surprising failure to predict, or even to note

the possibility of, some of the more radical inventions which were

just around the corner. The section on air transport, for example,
makes no mention of jet propulsion or of helicopters, although both

were then under active experimentation and current results were

good enough to require at least very careful consideration."22 Never-

theless, because novelties are in considerable part a product of the

scientific heritage, it is possible to predict likely occurrences deriving

from the existing structure of scientific knowledge. Thus, for ex-

ample, it was possible to predict in 1920 that it was likely that

science would one day discover how to transmute one element into

another and thereby release atomic energy. It was at that time that

Sir Daniel Soddy said,
"
Whether it takes years or centuries, artificial

transmutation and the rendering available of a supply of energy as
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much beyond that of fuel as the latter is beyond brute energy will

eventually be effected."23 Or, to come down to more recent times,

it is now possible to predict that important discoveries are likely in

the field of photosynthesis. In this connection the chemist, Farring-
ton Daniels has said, "There is being accumulated rather rapidly

now, along several different lines, a considerable stock of funda-

mental facts which should lead to a rapid unfolding of our under-

standing of photosynthesis."
24

Considering the whole matter of

whether prediction of discoveries can become a science, Samuel Lil-

ley, the English scientist, says: 'The moral for forecasters is: Do
not predict individual inventions in detail that is usually a waste

of time. Concentrate on two things; first, the extrapolation of pres-

ent trends (for example, the further development of already exist-

ing petrol-driven land transport . . .); second, predictions of the

form, 'it will become possible to fly/
"25 Both Soddy and Daniels

have complied with this advice when they limit their predictions
with phrases like "whether it takes years or centuries" and "should

lead to a rapid unfolding."
So far as the second problem of prediction is concerned, that of

forecasting the social consequences of some particular discovery, two

new difficulties appear. There is first the difficulty of detecting among
the large number of emergent novelties which exist at any time

those which are likely to be developed or to have important social

consequences. This difficulty has been referred to but only in pass-

ing by Professor Stern, himself one of the forecasters writing in

Technological Trends and National Policy. "The annals of inven-

tion," he says, "are crowded with innovations, originally hailed as

epoch-making, that have come to naught"
26

It is hard even to know
what has already occurred. No single scientist can be expert enough
in every field of science or indeed even in a whole "field" of science,

say one so large as physics or chemistry, to know all the most recent

important discoveries. The biologist cannot be expected to know
what is happening at the frontiers of knowledge in chemistry, nor

the physicist in similar areas of biology. The detection and report-

ing of important novelties in the different fields of science must at

its best be carried on by a whole corps of alert specialists. Even such

a group, however, would have its limitations. For scientists are like

other men, though perhaps less so in this respect, in their tendency
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to enthusiasm about the significance and potential consequences of

those discoveries they see most closely. In a world of specialists,

where each expert loses perspective because of his "trained inca-

pacity" to relate himself to other specialists, scientists are inevitably

prone toward exaggeration of their own technical specialty.

There is, second, a difficulty in prediction even when an innova-

tion has progressed to the point where it is obviously going to have

far-reaching social effects. There is great difficulty, for example, in

predicting, as Professor Ogburn has tried to do, the social effects of

the airplane, an obviously important invention.27 We can say with

him, in a pretty indeterminate fashion, that the airplane will have

important social consequences, but we cannot proceed very far to-

ward determinate and usable statements about just what these con-

sequences will be. Why should this be so? It is so because the de-

velopment of the airplane and its use is related to a great many
different social factors, and we cannot assume that these factors will

remain constant, as we can, say, in the case of the different social

factors which affect the trend of the birth rate in the United States.

We can extrapolate the latter trend, because of the constancy of the

relevant social conditions, even if we do not know all about them,

but we cannot do the same thing for the airplane because of the

great variability in the social factors that increase or impede its use.28

In the case of the airplane the action and reaction of social condi-

tions allows more scope for alternative courses of development;
there is more room for unpredictable "resistances."

This is not to say, however, that the course of development is

wholly indeterminate but only that it is less determinate, by far,

than something like the population trend. Indeed, there are very
few trends in social life which we can forecast with even the degree
of relative determinacy which holds for population growth. Take

another important discovery, that of atomic energy. "It must be

confessed," say Newman and Miller in their book on atomic energy,
"that the prognosticating powers of the best-informed nuclear scien-

tists and the most perceptive social scientists with respect to future

developments in the science of nuclear physics and the social, po-

litical, and economic effects of such developments are not impressive.
The members of the Senate Special Committee had little but gener-
alities (read: highly indeterminate statements) to help them in
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drafting legislation to meet a new technological era and possible

revolutionary changes in social institutions. An analysis of the testi-

mony offered reveals little more about the nature of impending

changes than the conviction that they will come and that they will

be important/'
29

Obviously we are not yet capable of long-range
forecasts about important discoveries which are going to affect the

whole society. But something else important is left to us. We can

still adopt the more modest goal of using what knowledge we have

to make a continual series of short-range jorecastst and perhaps

thereby we can even build up our knowledge so that we can eventu-

ally make predictions of increasingly extended range. This is not, let

us note, a counsel of despair, but rather a recommendation that cau-

tious optimism about the possibilities of useful prediction of the

social consequences of discovery and invention will, at this stage of

our knowledge, serve us best.

In this connection we must attend to a special characteristic of

social prediction which will predispose us all the more to making

short-range rather than long-range forecasts. It is a special condition

of social life, that is, as against physical and biological phenomena,
that predictions themselves become a part of the interacting set of

social conditions which affect the development and consequences of

scientific innovations. Thus the prediction that a certain discovery

will have a given effect may actually stimulate the realization of that

effect. Insofar as it does, it is what has been called a ''self-fulfilling

prophecy."
80

Or, contrariwise, prediction that a certain effect is pos-
sible may stimulate "resistances" which slow up its realization or

even abort it altogether. This effect of social prediction has been

called "suicidal prophecy." Not all predictions have equal potency
in the social process, of course. Some may become major factors in

altering the course of history. It has been said, for example, that the

Marxian predictions were of this major order of significance, that

they may have forestalled revolution, at least in Germany and Eng-
land, where Marx predicted its outbreak. Most social predictions
seem to be of a much lower order of effect in their interactions with

other social conditions. Yet because of these two different conse-

quences of predictions themselves, we do better to make continual

short-range predictions in social life. Only thus can we constantly
assess the new situations which exist because of the interaction not
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only of the previously existing factors but now, also, of the predic-
tions themselves.

We have been speaking, up to this point, of matters having to do

with further controls on science and its social consequences. Now we
have to consider a group of scientists who have thought that science

has been too much controlled in the modern world, especially in

capitalist society. This is the group of so-called "scientific human-

ists" who have complained of "the frustration of science."81 The

group was mostly composed of a number of British scientists, many
of them quite distinguished, but there were also some Americans

who shared its attitudes.82 The "scientific humanists," chiefly men of

socialist philosophy, were anxious to do good to suffering humanity

by all the devices and possibilities of science. They knew at first

hand the actual and potential power of science to do good, and,

knowing this, wished to maximize the realizations of that power.
But in the pursuit of this ideal, which has been shared by many
other scientists, they tended to absolutize science as a value in itself,

or at least they ignored its interdependence with many other needs

and values of a society.
88 The "scientific humanists" saw all restric-

tions of the full potential of science and invention as evils. Specifi-

cally, since they were socialists, they saw them as capitalist evils. They
did not see that many "resistances" to science in our society come

from other than capitalist economic interests, as we have just been

suggesting. They did not see that there would inevitably be restric-

tions on science in all societies, since science can always be only one

among several important social goals and must therefore share the

available social resources of men and materials with these other

goals. It cannot be assumed that there would be no restrictions on

science even in a socialist society, although it is possible that there

might be fewer than in capitalist society. But this possibility cannot

be taken as a certainty, as some of the "scientific humanists" have

learned in recent years from their former ideal, the Soviet Union.

Certainly "liberal" capitalist society has, up to now, offered a re-

markably favorable social environment for the advance of science.

All this apart, "scientific humanism" offers a view of science that

we have not had very much of in the modern world, at least until

quite recently, and that is the view of scientists asserting the moral-

ity of their activity in opposition to its "frustration," A great mis-
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conception of our society has been to think that science is wholly

a-moral, and the scientists themselves used to take this stand as much

as laymen did. But in "scientific humanism
1 '

we see what we stressed

earlier, in Chapter Four, that science rests on a definite set of moral

values and that these values are intimately related to the values of

'liberal" society as a whole. Thus in the often-mentioned "conflict"

between science and other social values, "it is not really science and

morality that are in conflict but the morality of science and the mor-

ality of ordinary behavior."84 This conflict exists, of course, and

cannot be explained away by mere good will. It has all the more

reason for existing, indeed, because science does arise in a morality

of its own and not in a set of expedient principles that might bend

more easily in the face of opposition from other social forces. One
of the social consequences of science, we have seen, is that its criti-

cal rationality challenges the traditional moralities of other social

activities. In part, this consequence is unintended, a direct expres-
sion of scientific morality, which must be expressed if it is to persist

at all. This is the nature of morality. This unintended conflict be-

tween the morality of science and other social moralities is an

intrinsic feature of our society.

But this conflict is in part avoidable. Too many scientists, and

some of their lay brethren perhaps even more than they, have not

acknowledged the importance of other values in society. They have

been so much of the victims of a certain positivistic bias, indeed,

that they have even denied that science itself rests on values. This

bias has sometimes made them incorrectly assume that the method

of science was an all-sufficient, exclusive form of human adjustment.
We see more easily nowadays than we did in the late nineteenth cen-

tury that this is not true. We see, as we have tried to show in Chap-
ter Three, that society as a whole rests on a set of moral values and

that science always functions within the context of those values.

These social values pose certain non-empirical problems to which

science, being concerned only for the empirical, cannot give answers

problems of meaning and evil and justice and salvation. The en-

thusiasm of science is a characteristic common in some measure to

all moralities in the face of competing moralities. This fact being
understood, we can avoid some, if not all, of the moral conflict that

results.
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B. The Social Responsibilities of Science

BECAUSE OF OUR increasing awareness of the social consequences of

science, there has occurred on all sides recently an enlargement and

intensification of concern for what are often spoken of as the "social

responsibilities" of science. Nowhere has this increased concern been

more manifest than among the scientists themselves, especially, of

course, among the nuclear physicists, who see their own close con-

nection with the atom bomb most clearly. Lee DuBridge, whom we
mentioned earlier as President of the California Institute of Tech-

nology and Director of the Radiation Laboratory at M.I.T. during the

war, and who is therefore a scientist very widely acquainted among
his colleagues, has recently spoken of their change of attitude. "The

net result of the war, I think," he says, "was that scientists are today
somewhat more willing to play their part as citizens than they were

before the war." Within this general change of attitude, however,
the specific reactions of different scientists have varied somewhat.

There have been at least three typical positions taken, none of them

quite satisfactory as an analysis of the social responsibilities of sci-

ence, but each of them revealing some characteristics of science which

should be included in a more adequate statement.

One position taken by many scientists is that they have some

general kind of social responsibility for the counsequences of their

discoveries and inventions and that therefore they are immediately

obligated to re-consider their position in society with a view to de-

fining this social responsibility more precisely. This position is rep-
resented in its most organized and active form by an organization
we mentioned earlier, in Chapter Five, the Federation of Atomic

Scientists. This position is also taken by the scientists who read and

edit The Bulletin of the Atomic Scientists, many of whom are mem-
bers of the F.A.S. The scientists who take this stand have very zeal-

ously and very usefully tried to make clear to the general public the

significance of new atomic energy possibilities, for example, the

H-bomb. Their comments and warnings have been widely published
in the newspapers as authoritative statements by scientists in a spe-

cial position to enlighten the public.

Another reaction is one which quite explicitly accepts total re-

sponsibility for the social consequences of science and tries to pre-

vent some of the most abhorred ones. There seem to be very few
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scientists who have taken this extreme view of their moral obliga-

tions to society. The most notable example has been Professor Nor-

bert Wiener, the famous mathematician of M.I.T., who publicly

announced his intention not to publish any future work "which may
do damage in the hands of irresponsible militarists."85 Many scien-

tists, also publicly, criticized Wiener for this stand, saying that his

action was altogether unrealistic even though his intentions were en-

tirely good.
80 Wiener's critics correctly pointed out that to achieve

his purpose he would have to stop his scientific work entirely, since

he could not possibly foresee what its use might be. Actually his

work has been, indirectly and directly too, of considerable use to

the American military.

A third reaction expresses resentment both of the unwarranted

acceptance of too much social responsibility by the scientists them-

selves and of the imposition of such responsibility on scientists by

laymen. Professor Percy Bridgman, winner in 1946 of the Nobel

Prize in Physics, who has had a long-standing concern for the social

responsibility of science, was the most distinguished scientist taking

this position. In a general article on the subject he speaks bitterly

of "the legend of the responsibility of the scientists for the uses

which society makes of their discoveries," and he sharply advises

scientists not to accept "the careless imposition of responsibility, an

acceptance which to my mind smacks too much of appeasement and

lack of self-respect/'
87 Professor Bridgman is no inhabitant of the

ivory tower and therefore his words carry great moral force among
scientists. That he was not one to shirk moral responsibility in sci-

ence he had shown beyond a shadow of doubt when he issued his

"Manifesto" in 1939, barring all scientists of totalitarian states from

his laboratory, where he was making discoveries that would have

been of direct use to the military forces of those countries. His has

been no merely passive interest in science and its place in a "liberal"

society.

What, then, is the social responsibility of science? Should a

scientist feel his moral obligations discharged by any one of these

three positions? Before we can try to answer these questions we need

to recall some of the characteristics of science which we have already
discussed.

We have to recall first what we have just said, that the social
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consequences of science are inevitable, that because of the uniquely

strong place which science has in our society it will constantly inter-

act with other parts of the society for both good and bad. In short,

it is sometimes very difficult to live with science, as well as delight-

ful, and we can only do so by learning to cope with its social con-

sequences somewhat more adequately. This problem, we have seen,

is a "social problem," a matter of social arrangements and social

values, and it is not capable of solution in any degree by the natural

sciences as such. It is the "social problem'' which poses the ques-
tion of the social responsibilities of science.

The second characteristic of science which we have to keep in

mind is that we cannot predict, on the whole and especially over the

long run, the particular social consequences which some scientific

discovery will have. For example, atomic science directly depends

upon the discovery by Rontgen of X-Rays, and yet no one could pre-

dict from his researches, occurring about 1900, what their present-

day significance would be for the atom bomb. Or, to take a "good"

consequence of his discovery, for cancer therapy. The more funda-

mental the scientific discovery, the greater number of direct and

indirect consequences it is likely to have and the more difficult to

predict its multiple good and bad applications. Examples like X-Rays
can be enumerated at length from the history of science. It is also

true that even minor discoveries have eventual convergent effects

which could not be predicted when they were made. Science is a

cumulative structure to which each researcher adds his little bit, the

total often being synthesized in ways and used in ways which no

single individual scientist could possibly have foreseen. Professor

Winner's position ignores this essential characteristic of science.

And finally we have to remember that science does not have its

social consequences at a distance, in some kind of social vacuum,
but rather constantly interacts with the rest of society to produce these

consequences. To take the most obvious general cases, science is dif-

ferently used, we know, by one or another government or political

party, is differently used in war and in peace, and is differently used

in prosperity and in economic depression. Social factors are highly
variable too, and they interact with science all the time, thus render-

ing unrealistic the attribution to science alone of effects which have

had multiple causes over a long span of time.
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All this will, perhaps, make it clear that neither scientists taken

as a whole group nor any individual scientist alone can be considered

responsible, in any sensibly direct fashion, for the social consequences
of their activities. The very specialization and interdependence of

the parts of our society implicate every one of us in these social

consequences. We are all, for example, more or less directly in-

volved in the responsibility of war, if such can at all be thought to

be a useful way of looking at things. The connection of the nuclear

scientists only seems more direct and obvious nowadays than that of

some other groups in the society. Science can be given no exclusive

responsibility, that is to say, for the social and political problems for

which all members of the society must take some measure of respon-

sibility. The social consequences of science, so-called misleadingly,

we have now seen, are social and political problems that can only be

managed by the social and political process, to the extent that they

can be managed at all. Even if they wished to do so, scientists could

not be allowed to pre-empt the social and political function in so-

ciety. For as scientists they are no more, and sometimes no less,

competent in this function than other men. Certainly they are not

experts in it by training and very seldom by experience. Clemenceau

once remarked that war was much too important to be left to the

military. In the same fashion, science and its consequences are much
too important to be left to the scientists. In both cases, the instru-

ments are much too important to our social purposes to be left wholly
to the experts in using those instruments. They are the concern of

all who have the responsibility for our social purposes.

On this view, if we may look at the case of war a little more

closely still, some of us over-emphasize the importance of science in

the conduct of war and in the prevention of war. Although science

has changed the techniques of war continually during the history of

man as much as it has changed all our other social techniques, war

is a social reality all apart from the particular kinds of science it

uses. War was evil long before the invention of poison gas, Haldane

pointed out just after the first World War when men were still

debating the morality of the new techniques which science had pro-
vided for that war.88 Similarly, war was evil long before the atom

bomb was devised, and it would still be evil if the atom bomb were

outlawed. The British scientist, Eric Ashby, has advised his col-
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leagues wisely and a little bitterly in this connection. "The preven-
tion of war," he says, "is an urgent practical problem to be solved

(if it can be solved at all) by political techniques, not by electronic

Don Quixotes."
If we are agreed upon this analysis of the social characteristics

of science, if we see its place in the whole of society, then we can

re-phrase the question of which we are here speaking. We shall no

longer ask, what is the social responsibility of science? We ask, in-

stead, what contribution can scientists make to the social and po-
litical process of society. Or we ask, more generally still, what is the

responsibility of a citizen with highly specialized and esoteric knowl-

edge to his "liberal" society? Because increasingly some members of

our society do have specialized experience and knowledge, the prob-
lem of the responsibility of the scientist is part of the general prob-
lem of the responsibility of the expert in "liberal" industrial society.

In a democratic society like the United States, of course, each

individual scientist must choose for himself just what kind of re-

sponsibility he will assume for his membership in the scientific com-

munity. It is of the very nature of our society that social responsi-

bility is largely a matter of moral obligation voluntarily assumed,

and this holds for all of us, scientists and non-scientists alike. Our
democratic values permit a great deal of exhortation to responsibility,

but only a little compulsion. Now some individual scientists, like

some other individuals, will not and do not feel morally obligated
to participate actively in the political process. They are then subject,

of course, to the moral judgment of their fellow citizens, This does

not mean, however, that democratic moral judgment should or will

always condemn the socially inactive scientist. For over quite a wide

range of behavior we do acknowledge that some of our fellows may
be-called by other compelling interests, by other values, than direct

political participation. We do grant a great deal, that is, to the man
who cares overwhelmingly for his work, particularly when we ad-

mire what he is doing. It would certainly be unfair not to grant this

privilege to some, at least, of our scientists, since we grant it to other

kinds of experts and specialists. Here again we have to note that the

scientist has no peculiar or exclusive social responsibility.

Furthermore, even when he does wish to participate actively in

social affairs other than his scientific ones, the scientist may fairly
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claim the democratic privilege of choosing the kind of course which
is most congenial to him and in which he thinks he can be most

effective. Only a few scientists, for example, by the very conditions

of their occupational specialization, can make a large contribution to

direct political and social action. Yet some have done just this, at

least for a little while in times of social crisis. We have seen how
the "scientist-statesmen" of World War II, men like Conant, Bush,
and Compton, took on a great deal of responsibility in the Govern-

ment's use of science. In such direct political participation, the scien-

tist deals with social problems and helps to form social decisions,

bringing to the process his expert view of science both as a body of

specialized knowledge and as a social organization with particular

characteristics. Such direct political responsibility, however few the

scientists who can assume it, is of great importance to American

society.

The talent for such large and direct social responsibility is, un-

fortunately, no more common among scientists than it is among
other specialist groups in the United States. Most scientists are lim-

ited to something much less than this. One of the more limited

kinds of contributions scientists can make we have already men-

tioned. Scientists can do what the editors of the Bulletin of the

Atomic Scientists do, that is, study their subject with a view to

showing some of its possible social implications and keep the gen-
eral public informed of these matters. Because of the great authority

with which he is invested, the scientist can often communicate the

meaning of new discoveries better than anyone else could. All such

scientific dicta, however, should not over-reach the limits of the

scientist's technical competence. The physicist, Louis Ridenour, has

seen the importance of this responsibility we are here speaking of.

"It is necessary today," he says, "to educate the non-scientific public
to the Promethean nature of atomic energy and the true character of

science. This education must be done so that all the people can par-

ticipate in the decisions they will have to make concerning the or-

ganization of society in such a form that wars become less likely/'
3*

Among these few alternatives, then, of no direct action at all or

more or less limited action, each scientist must choose his course for

himself, considering his own temperament, need, and competence.
Professor Bridgman is only asserting an essential democratic right
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of all American citizens when he says society should not "insist on

its right to the indiscriminate concern of all scientists with this

problem/'
40

In the acceptance of any kind of social responsibility for science,

two extremist positions should be rejected because of the dangers

they involve for science. One is Professor Wiener's position, a kind

of acceptance of exclusive responsibility. The danger here is that

laymen may take scientists at their word, become convinced of the

evils of science, and then hamper or even stifle science in the con-

viction that thereby they are only protecting society as a whole.

Scientists who understand the limited nature of their responsibility
will avoid the possibility of this boomerang effect. Another extremist

position which may provoke unhappy effects upon science is the

"ivory tower" position, which holds that scientists are interested only
in "pure science" and are not at all concerned for the social conse-

quences of their discoveries. The danger of this attitude is that

society may come to think of scientists as a group of irresponsibles

against whom it needs to protect itself. Men like Professor Bridg-

man, rejecting the extremism of the exclusive responsibility position,

have to be careful they are not pushed into this opposite extreme.

Fortunately, nowadays neither one of these extreme positions is

taken by many scientists.

Perhaps one further, larger responsibility of science may be

suggested finally. Science has the obligation, as we see it, to extend

its method to the study of the social and political process itself. Con-

cretely this requires that natural scientists develop at least a sympathy
for the development of social science. As we shall see in our next

chapter, there is no intrinsic reason why social science cannot exist

as much as natural science. Indeed it has already advanced in our

society farther than it ever has before in human history. Yet in testi-

mony before Congress on the inclusion of the social sciences in the

National Science Foundation, some important leaders among American

natural scientists showed little sympathy for social science as it now
exists and sometimes even little conviction of its real possibility.

The

fundamental values of their own scientific activity and of the so-

ciety which supports it, we have seen in Chapters Three and Four,

seem at the very least to require them to have a faith in the possi-

bility of social science. At this point in the history of science it
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belongs to the social responsibility of all scientists to support scien-

tific analysis of the social and political problems which so danger-

ously threaten the existence of science itself.

C. Can Science Be Planned?

THE SOCIAL CONSEQUENCES of science in the modern world have in-

evitably raised the problem of "planning" science, of controlling it

in such a way as to maximize its favorable effects and minimize the

harm it can do. The "scientific humanists," for example, of whom
we have just spoken, not only oppose what they call "the frustra-

tion of science" but they want to "plan" science, they say, for the

greater good of society. In England especially their books and

speeches were very influential throughout the 1930's and their point
of view seemed to be sweeping the field clear of any opposition at

all to "planning" in science. But in 1940, finally, inspired chiefly

by Professor Michael Polanyi and by Dr. J. R. Baker, another group
of British scientists, who had been unhappy all the while, formed

the Society for Freedom in Science, in specific opposition to the

views of Professor J. D. Bernal and his colleagues in the camp of

the "scientific humanists." By June, 1946, the Society had a mem-

bership of more than 450, with 250 in Great Britain, 176 in the

United States, and the rest scattered throughout the world. In the

United States, Professor Percy Bridgman, whose concern for the

social problems of science we have now several times seen, became

the unofficial leader of the Society.
41

This conflict over "planning" among the scientists themselves

is in part an aspect of the larger conflict in our society over social

planning. We live in a time of great change and in a time, there-

fore, when men demand more social control in human affairs gener-

ally. The larger social problem, of course, has become the focus of

great political and ideological dispute, the focus of opposition be-

tween "right" and "left," "liberal" and "conservative," "socialist"

and "capitalist." In this atmosphere, it is not strange that the prob-
lem of "planning" science has become involved in the larger prob-
lem and that scientists have often taken stands in the larger political

and ideological terms.

Now the two problems, the greater and the lesser ones, are in-
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deed related in many ways and should be considered together for

many purposes. We have seen that science and society are vitally

connected throughout a whole range of their workings, and so we
know that "planning" in one area will necessarily affect other parts
of society. Yet there are also some important differences here, some
matters more restricted to the nature of science. We have seen that

science has its own characteristic set of values, its own special types
of social organization, and its own peculiar processes of discovery
and invention. The problem of "planning" science, therefore, what-

ever its more general connections, needs to be considered in the

light of these special characteristics of science. Because it is a

"social problem," furthermore, we shall not be surprised to find

that the word "planning" has been used to mean many different

things actually, not one thing. It will be profitable for us to separate
these different meanings and consider each one in the light of some

of the analysis of the social aspects of science that we have been

developing up to this point. We can do this fairly briefly, without

repeating what we have said in detail. And perhaps this approach
will show that there is less difference between the partisans and the

opponents of "planning" than they themselves sometimes think,

that they have a large agreement on important concrete problems of

scientific organization all the while that they enter into conflict

on the more abstract matter of "planning" as a whole.

We can see this very clearly if we start by taking "planning" in

its simplest, everyday sense, the sense of setting oneself fairly specific

goals and of doing the best one can to devise techniques for achiev-

ing those goals. There is very little conflict about this kind of

"planning" in science, this attempt to be as rational and efficient

as one can in reaching established goals, especially those about which

everyone is agreed. There is little disagreement over such matters as

the planning of careers by individual scientists, planning by uni-

versity science departments to "cover" all the specialties of their

field and to choose their members accordingly, planning by indus-

trial enterprises to expand research facilities to increase their profit,

and planning by Government to use science for its multifarious and

recognized social responsibilities. As the results show, at its best

this kind of planning in science is very successful, proceeding on

the basis of the wisdom of scientist-administrators with long experi-
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ence of the special nature and needs of science. All that we can

hope for here is some improvement in the knowledge we have of

science so that we can be a little more skillful, a little more effi-

cient in achieving the goals we are all agreed upon. Professor

Bernal is speaking of this kind of
*

'planning" and this possibility

of improvement in our knowledge when he says, "It does not, of

course, follow that any kind of organization would be appropriate
for science. The mere task of finding the kind of organization
needed for science is itself a scientific problem/'

42

; There is a great deal more conflict, however, when "planning"
includes the question of the goals of science, not merely or pri-

marily the means to generally approved goals. We have seen that

science as a whole has different and sometimes conflicting goals.

For "pure* 'scientists, the essential goal for scientific activity is the

extension and improvement of existing conceptual schemes. For

other scientists and for many non-scientists, the essential goal is the

successful application of existing scientific theories to the practical

purposes of the industrial, military, or governmental organizations
of the society. In short, there is both "pure" and "applied" science,

each necessary and each socially legitimate. But "planning" in sci-

ence is sometimes intended and sometimes taken to mean that only

"applied" science will be legitimate, that "pure" science will be

abandoned. Probably no one has ever actually proposed such an

extreme course for "planning" in science, yet this is what some of

its more ardent exponents have seemed, to some of its more ardent

defenders, to suggest. The Society for Freedom in Science seems to

think this is what the "scientific humanists" have in mind, for the

Society has set down as the very first of its five fundamental propo-
sitions about the essential nature of science that, "The increase of

knowledge by scientific research of all kinds and the maintenance

and spread of scientific culture have an independent and primary
human value."43 Yet Professor Bernal, for all his talk of "planning,"
had said long before, "Throughout any plan of scientific advance

it would be necessary to keep a just proportion between fundamental

and applied research and to maintain at all times the closest contact

between them." 44 We have already seen in Chapter Four that "pure"
and "applied" science are both necessary and also that they are

necessarily interconnected. On this matter all who understand the

possibilities of social control in science are agreed.
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The disagreement in this matter, then, reduces itself to what

is still a genuine problem, that of apportioning the scarce social

resources of science in some sensible fashion between the two goals.

Now it is not easy to be "sensible" here, because scientific resources

are not completely flexible, any more than other kinds of resources,

and because we do not know as much as we need to for this kind

of "planning." A great deal of it goes on anyway, usually by in-

formal rather than formal means, but of course in wartime and in

other social crises there is a great increase in formal "planning"

looking toward more "applied" science and less
rt

pure." It is inevi-

table that men will differ in their social purposes somewhat, and

this basic ineradicable residue of difference is the source of conflict

in the choice of bow much "pure" science and how much "applied"
science we are to have. Yet practical compromise can be much more

readily achieved if the area of conflict is thus narrowed and seen to

be legitimate within the more general agreement on the necessity

for both kinds of science.

The competition among alternative social purposes, the necessity

for choice among several desirable goals, is a fundamental feature

of social life. Science as an end in itself cannot hope to evade this

competition any more than other social activities can, and in this

sense it must inevitably be somewhat "planned." On this under-

standing, it can only compete more or less successfully with other

social purposes by making clear the different functions of "pure"
and "applied" science and by making clear the conditions under

which each can be successful. Instead of resisting all competition
with other social activities and all allocation of its resources as

"planning," science should seek to maximize the relative achieve-

ment of its own purposes without denying the significance of other

socfel goals. The two things have always gone together and can con-

tinue to go together without the unlimited conflict which some dis-

cussions of "planning" in science take as a basic premise.
'Another meaning of the term "planning" which is often used

is that of the ability to predict the course of scientific discovery.

Professor Polanyi, for example, says, "And here indeed emerges
the decisive reason for individualism in the cultivation of science.

No committee of scientists, however distinguished, could forecast

the further progress of science except for the routine extensions of

the existing system. The problems allocated by it would therefore
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be of no real scientific value."45 Now we have seen what diffi-

culties lie in the way of successful prediction in science, yet Pro-

fessor Polanyi seems a little pessimistic about its possibilities. After

all, university, Government, industrial, and private foundation grants
committees are every day making some rough predictions about the

likely course of scientific discovery. They do not always follow the

main chance, of course, yet their distribution of funds represents
at least a balance between the probability of success and other inter-

ests in pursuing a certain path. Perhaps, in contrast to Professor

Polanyi, the
'

'scientific humanists'
'

seem to be a little optimistic
about our ability to predict where scientific progress will be made,

yet here again there is, at the concrete level, a great deal of agree-
ment about the nature of science. "Science," says Professor Bernal,
"is a discovery of the unknown, is in its very essence unforesee-

able/'46 Although he says we do not know just what we will find

in any next step in science, "we must/
1

he says, "in the first place,
know where to look. Some amount of short-range planning has al-

ways been inherent in scientific research/' Professor Bernal wants
more self-consciousness about what already exists, namely, this short-

range prediction and planning, and probably also he wants to extend

prediction wherever possible. Since this is what already occurs in

science, there is not here any grounds for irreducible conflict about
this aspect of "planning" in science. When stated in appropriately
concrete terms by groups of scientific specialists, a certain amount of

forecasting, as we have seen, is entirely possible in science. Parti-

sans of "planning" in general and partisans of "freedom" in gen-
eral do not differ so much as they think and could probably very

profitably collaborate on the kind of concrete prediction and pro-

gramming that goes on every day in science)

On this point, incidentally, even the Russians are not delufifed.

"There is no possibility, of course, of planning out 'unexpected'
scientific results and discoveries," says the Russian scientist, Vavilov,
President of the Academy of Sciences, "but all true science must
contain a very large proportion of well-founded anticipation and

prevision." For instance, he says, "our contemporary knowledge of
the structure of the atom nucleus allows us to plan out for many
years to come, with a large degree of confidence, much of the

theoretical and experimental work to be done in this field."47
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And finally we come to one last meaning of "planning where

once again the controversy between those "pro" and those "con"

has been carried on in too general terms. This meaning of
'

'plan-

ning" has to do with the appropriate social organization of sci-

ence. We have seen in Chapter Four and elsewhere that there are

different kinds of social organization in science, some of it highly
formal and bureaucratic in type, some of it more informal. We have

seen that although the amount of formally organized scientific work
is increasing, science as a whole must necessarily remain only in-

formally coordinated and controlled. What Professor Polanyi and

his fellows in the Society for the Freedom of Science fear is the

prospect that science as a whole will be bureaucratically, monolithi-

cally organized under some external political authority. That is why
Professor Polanyi argues so ably and so eloquently for control of

science by what he calls "spontaneous coordination," by which he

means what we have described as informal organization, and which,

we have seen, exercises a definite pattern of beneficent authority in

science.48 But Professor Bernal and the "planners" in science seem

at least open to this possibility, since, as we have already quoted
him, Bernal says that not any kind of organization "would be

appropriate for science. The mere task of finding the kind of organi-
zation needed for science is itself a scientific problem." This is cer-

tainly a concrete enough task on which all scientists in a "liberal"

society could profitably unite. Indeed, the whole problem of "plan-

ning" in science would be freed of much acrimony, and our under-

standing would be considerably advanced, if more attention were

paid to the area of actual agreement among scientists and less to

their general and ideological differences, more to the concrete mat-

ters of scientific activity and less to dispute about ill-defined terms

lik^ "planning." In short, more of the method of science itself is

what we need here.
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XI
The Nature and

Prospects of ike

Social Sciences

WE HAVE up to now been dealing with the social aspects of

the so-called "natural sciences/' that is, with the physical and the

biological sciences, paying only slight and incidental attention to

the so-called "social sciences." We may now turn, finally, directly

to the consideration of this latter group of sciences. This procedure

may seem only "natural" to many, who consider that there is indeed

some essential difference between the natural and the social sciences.

But it is surely dear by now that we hold an entirely different view

of the matter. Everything we have said already has been based on

the assumption that social science is not only possible but even

essentially the same as natural science. The empirical facts with

which we have been dealing, the facts about the social organization
and the social relations of science, are as much subject to scientific

investigation as any other class of empirical phenomena. Sciendr is

a unity, whatever the class of empirical materials to which it is

applied, and therefore natural and social science belong together in

principle.
A great deal of what we have already said holds equally for

social and natural science, in respect of their rational method, their

supporting values, their modes of social organization, thei* conse-

quences, and their social control. But though they are essentially the

same in principle, natural and social science in the modern world
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are obviously at significantly different stages of development and

acceptance. This disparity of development, and not any dissimilarity

of its fundamental character, is the justification for treating social

science separately. And because so much of what we have said about

natural science holds equally for social science, we shall speak of

some of the social aspects of social science in this chapter in a rela-

tively abbreviated fashion, concentrating on the special problems of

its present condition which arise out of its less advanced state of

development.
There is no need to specify any more closely for social science

than we have for natural science just which activities ought to be

included in it, which excluded. Science as a whole is fuzzy around

the edges, blending into common sense and everyday practical

activity. And the individual sciences overlap with and trickle into

one another in unexpected and fruitful ways. All this is true for

social science, and so we shall use that term henceforth to refer

roughly to a group of academic disciplines and their practical ap-

plicationswhich are usually called economics, political science, psy-

chology, sociology, and anthropology. A great deal that is called

"history" actually works toward the same ends as these five disci-

plines we have named. One essential characteristic of all these social

sciences is that they deal with the social relations between human

beings, that is, with those relationships between human beings in

which they interact with one another not as physical objects merely
but on the basis of mutually attributed meanings. This capsule defi-

nition is not intended to be a complete or satisfactory one, but only
a first approximation to the necessity of defining the class of em-

pirical facts which are relevant to the conceptual schemes of the

social sciences. The only fully satisfactory definition of a science, we
saw* in Chapter One, is a complete statement of the substantive

theories of its conceptual scheme. It is not necessary for our present

purposes even to attempt this task for the social sciences.

We may repeat that the five academic disciplines we have just

named do not exhaust the list of those which are in any way con-

cerned with what we have seen in Chapter One is the primary task

of any activity that pretends to be a science: the construction of

ever more abstract, ever more generalized, and ever more systematic

conceptual schemes. For instance, certain parts of jurisprudence, a
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great deal of the work done by historians, aspects of applied pro-
fessions like medical psychiatryall these, and other studies, too,

contribute directly and indirectly to the essential purpose of social

science. But we shall keep in mind primarily the five we have se-

lected because their main effort and aspiration is to develop con-

ceptual schemes and thereby to become independent social sciences.

Our five disciplineseconomics, political science, psychology, sociol-

ogy, and anthropology afford us full opportunity to discuss the

social aspects of the social sciences insofar as their lesser advance-

ment makes them different from the natural sciences. What #e say

of these five may be taken to apply equally to those parts of any
other academic disciplines or everyday activities which have the

same goal of becoming social sciences in the sense here used.

Before proceeding to our discussion of the possibility for still

further developing conceptual schemes in the social sciences, a

word should be said about something that is important in the rela-

tions between the social and the natural sciences. It is very much
worth remarking, that is, that these two rough classes of science are

not completely separable from one another, although it is very com-

monly assumed that they are. The conceptual schemes of the two

classes of science will be different, it is true, because the, defining
characteristics of the empirical phenomena in which each is inter-

ested are different. This difference of conceptual schemes holds

also, of course, within the natural sciences between the physical
and the biological sciences, for example. But in practice, in the

actual investigation of specific and concrete behavioral problems, the

social and natural sciences overlap. Just as biology and chemistry
now overlap and cooperate in the study of biochemistry, because

certain concrete phenomena require it, so too the natural and

social sciences overlap and must also cooperate. There are set^ral

examples of already existent cooperation. For instance, there is the

now flourishing study of psychosomatic medicine, the very name of

which indicates the concrete inseparability, in some measure at

least, of the natural and social sciences. It is the fundamental prem-
ise of psychosomatic medicine that the meaningful aspect of human
behavior is in direct interaction with its physical and its biological

aspects. The effects of anxiety and other psychological conditions

are known to manifest themselves in a whole range of physiological
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symptoms, such as peptic ulcer, arthritis, and allergies. It follows

from this interconnection of the sciences that progress for each

kind, for natural as well as for social, depends in some areas on the

progress of the other. Scientists as well as the laymen who support
the sciences should consider the significance of this fact, that science

is more a unity than they sometimes think.

Let us look at this matter a little further. There are other practi-

cal social problems where the individual contributions made by the

natural and the social sciences are somewhat more easily separated
than in the case we have just mentioned, but where their very
close collaboration is mutually fruitful and even necessary for any

practical success. In the applied science of industral and management

engineering, for example, the social sciences of psychology and

sociology are now recognized to be as essential as mechanical engi-

neering itself. The
"
rationalization of industry" movement may

have started with engineers like F. W. Taylor, Gantt, and Frank

Gilbreth (who were more social scientists, indeed, than they knew),
but it has moved on in its development to include among its leading

contributors social scientists like Elton Mayo and F. J. Roethlis-

berger.
1 The famous studies by these latter two and others at the

Hawthorne Plant of the Western Electric Company, in which they

demonstrated that the "social factor" was an essential component
of the industrial situation, started in the attempts of the lighting

engineers, it may be remembered, to trace the effects of illumina-

tion on work efficiency. Natural science found it had to include

social science. This was also true during the recent war. For in-

stance, a psychologist who worked closely with natural scientists on

the design of air-borne instruments during the war says, "Experi-

mental studies of the efficiency of air-borne weapons could not be

msie successfully without the cooperation of mathematicians, phys-

icists, engineers, and psychologists."
2
Or, to take one last example

of this overlap of the social and natural sciences, it has recently

become very clear that any really satisfactory studies in demography,
or population problems as this field is often called, will find the

social sciences as indispensable as the biological sciences. Birth and

death rates involve the close inter-working of social factors and

biological factors.8

We may now return to what is the basic problem, the question
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of the possibility of developing the conceptual schemes of social

science to a point more nearly equal to those of the natural sci-

ences. It is certainly obvious to everyone, to the layman as well as

to the informed specialist, that the social sciences now have a much

lower degree of power and autonomy than do the natural sciences.

The informed specialist knows this because he sees the absence of

highly developed, empirically tested conceptual schemes in social

science. The layman knows it because of the absence of that wide

range of practical applications in his daily life which so much im-

presses him in the case of the natural sciences. But although everyone
is convinced of this relative weakness of the social sciences, some

specialists and some laymen go a great deal farther still in their

views. There are some, that is, who even feel that social science is

more than just temporarily weak, it is impossible. There are some

who are convinced that human behavior is inherently irregular,

capricious, and indeterminate and that therefore social science is

in principle a chimera which only the foolish waste their time

pursuing.
If our view is the opposite one, that social behavior is deter-

minate and that therefore a highly developed social science is pos-

sible, how do we justify it? Let us start with first things, as we did

in Chapter One when we were speaking more directly of the social

origins of rationality and natural science. Not only are social phe-
nomena just as much empirical matters as are the objects of natural

science study, but in all societies there is considerable rational knowl-

edge of empirical social phenomena. Indeed, we may put it as

strongly as we did for the case of natural science: human society is

impossible without considerable knowledge of this kind and its ac-

companying social technology. In all societies there is at least an

embryonic science of society. To take only the roughest and ihost

general examples, in all societies men know how to train the younger

generation to carry on the essential social tasks; men know how to

order their daily routine and their emergency affairs; they know
how to govern; in short, they know how, at least tolerably well, to

make their social affairs orderly, predictable and stable. They do

not, of course, have this knowledge in any highly abstract, gener-

alized, or systematic fashion. They do not, that is, yet have the con-

ceptual schemes of an advanced social science. But because they do
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not now have such a social science does not mean in principle that

they cannot have it. On the contrary, insofar as it is always possible
to take common-sense rational knowledge and improve it in the

scientific direction, then social science is in principle possible because

it already exists in at least a relatively undeveloped state.

This is only a minimum claim, however, this statement that so-

cial science is in principle possible. What has been done with this

possibility? Granted that social science in the modern world is much
retarded in comparison to natural science. But perhaps this is not

the only comparison we should make. Perhaps we shall have a better

view of the real possibility of social science if we compare its de-

velopment in modern Western society with its development else-

where, in other modern
*

'civilized" societies as well as in "primi-
tive" societies. In this societal perspective, it is readily apparent,
social science has reached a much greater stage of advancement in

our society than it ever has anywhere else. Perhaps a satisfactory

social science will appear to us so much the more likely if we look

occasionally at whence present social science has come, at how much
better it is than what is available in other societies, rather than if

we only concentrate on how far it has to go to catch up to natural

science in our own society. We will also do well to remember, in

this connection, what enormous progress has been made during the

last one hundred years by the biological sciences and their chief di-

rect beneficiary, the medical sciences.

This more hopeful view of developing a mature social science

does not explain, of course, how it has happened that natural science

has outdistanced social science in our society. It does suggest, though,

because both kinds of science have developed more rapidly in our

society than they have elsewhere, that there is something character-

istic of modern Western society which is favorable to science of all

kinds physical, biological, and social alike. This
'

'something char-

acteristic" is the set of social values and social conditions which, as

we showed in Chapter Three, is an especially favorable one for the

development of science. Favorable for the development of all science,

we hold, social as well as natural. Still, we do not know very well

why social science has lagged behind natural science in its develop-

ment, any more than we yet understand precisely why natural science

itself did not mature sooner in human society, or why the biological
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sciences are less advanced than the physical sciences.4 Our social

science is not yet good enough to treat satisfactorily of either of these

problems. All we can say is what we have said in Chapter Two in

our crude explanation of the emergence of a highly developed nat-

ural science in the sixteenth and seventeenth centuries: that directly

and indirectly a great many different social factors affected the emer-

gence of this complex set of social activities, social values, and

theories we call by the simple name of "science." Any attempt to

account for the relative lack of development of the social sciences

must go beyond some simplistic formula for example, that social

science is just impossible to some treatment of their inter-relations

with several other social factors. Perhaps one useful way to com-

mence this task is to study the present position and the prospects of

the social sciences.

One of the best auguries for the successful development of a more

mature social science in our society is the increasing awareness among
social scientists of the nature of the scientific task which confronts

them. More and more their self-conscious ambition is the same as

that of the natural scientists, to create a set of highly determinate

theories for the explanation of empirical social phenomena. Increas-

ingly they are learning the significance and functions of abstract and

systematic conceptual schemes. Increasingly they abandon merely

logical and armchair speculation about social life and seek for instru-

ments wherewith they can empirically test their theories against re-

liable social data. The self-conscious use of theory in empirical

investigation is, to be sure, highly uneven over the field of the social

sciences. But all five disciplines we have been speaking of, are, each

in its own fashion, striving toward the construction of at least lim-

ited conceptual schemes; and they are all also seeking for new
instruments to test these constructions. Some of these new infttu-

ments, like the interviewing, questionnaire, and polling techniques,
have large promise for all the social sciences.6 Indeed, there is now
offered even a general conceptual scheme underlying all of the so-

cial sciences; that is, a general theory of social action has now been

formulated with the explicit purpose of providing the most abstract,

generalized, and systematic conceptual scheme which is now possible
for the social sciences.6 Whatever the fruitfulness of this scheme

may be can only be judged over the long run when it has been put
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to the scientific test of further empirical verification. For the present,
in any case, it serves as a model of the kind of theoretical sophisti-
cation which is now possible in the social sciences; and, perhaps more

important still, it provides a focus for the inevitable formulation of

further advances in the conceptual scheme which must sooner or

later become the basis of a satisfactory social science.

In our discussion of the nature of science in Chapter One we
noted the indeterminacy of "common sense" in comparison with

systematic natural science and the way in which the latter affects and

changes the content of what is held to be true by "common sense."

It is perhaps in regard to social behavior that "common sense" is

most strikingly indeterminate, being marked by all manner of in-

consistencies and expressions of feeling rather than by precise and

valid statements of social fact. If one wants to see how true this

is, all he has to consider, for instance, is the many different things
that are alleged about "human nature." This indeterminacy reflects

the weakness of social science, which has not yet been able to affect

"common sense" nearly so much as has natural science. Neverthe-

less, some influence exists and in some cases it is not even inconsid-

erable. Take, for example, the way in which the relatively sophisti-

cated theory of Freudian psychology has in recent years infiltrated

the thought and speech patterns of people throughout our society.

Probably as the strength of social science grows, and as its accepted

influence on "common sense" is greater, there will even enter into

"common sense" a view that does not yet exist there, the view that

social science, like natural science, is better than "common sense."

Even what little there is in social science of genuine usefulness for

practical social conduct still has to combat the "common sense" con-

viction that in social matters every man is his own best expert.

Actually much "common sense" about social behavior is outmoded

social theory; for example, a great deal of it nowadays is still out-

moded Social Darwinism, a set of theories about the nature of man

and society which is now demonstrably inadequate. The more ade-

quate notions of social science make only slow headway against the

inertia of "common sense" conviction and opinion.

The prospect for social science is in another respect very favorable

in our society. What we said in Chapter Three about the general con-

gruence of the social values and social organization of "liberal"
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society with the development and maintenance of natural science

holds also for social science. The value we place upon "critcial ra-

tionality" and the structure of our occupational system, to select only
two of the social conditions we have already discussed, are both

favorable to social science. Not only does the occupational system,
for example, make it possible to have a group of specialized social

scientists working full time at their task, but in turn it requires con-

siderable social technology for its efficient operation. This is an im-

portant stimulus for social science advance. As we have just said,

the "rationalization of industry" is dependent on economics, soci-

ology and psychology, as well as on improvements in machine tech-

nology. We may, indeed, wonder whether social science would have

achieved even its present relatively low state of development in any-

thing but a society which places so great a value upon "critical

rationality." Our society is unique, we have seen in our discussion

of the social consequences of science, in the extent to which what

Max Weber called "the process of rationalization" has gone. This

process includes and is based upon a critical examination of all social

organization, all social values; and this is an undertaking which no

other society has ever tolerated as we have. It is out of this freedom

to investigate rationally the very fundamentals of society that social

science has come. This freedom is also a warranty for its future

achievements.

The social organization, too, of social science is in general like

that we have described for natural science. Social scientists carry on

their activities in universities and colleges, in industry, and in the

Government, although there are fewer social than natural scientists

in industry. Professional social scientists have only been in existence

since very late in the nineteenth century; like natural science, social

science was a subject for "amateurs" for a long time before it became

an occupation for professionals. The following figures from the

National Roster of Scientific Personnel indicate approximately the

number of professional social scientists:

Anthropology 683
Economics 7,349
Political Science and

Public Administration 2,742

Psychology 6,985

Sociology . 2,729
7
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The cultural values that control the behavior of social scientists are

also the same as those that we have seen, in Chapter Four, to be im-

portant for their natural science colleagues; and they have the same

overlap with the values of the larger "liberal" society and also the

same divergences, for example, with respect to what we have called

the value of "communalism" in scientific property. Social scien-

tists are perhaps less able in practice to realize some of the scientists'

values, say, the value of emotional neutrality; but if this is so, it is not

so much because the value is any less strong among them as because

their theories and their research techniques are not yet powerful

enough to provide the safeguards which are built into the more de-

veloped equipment of the natural sciences. One of the more impor-
tant functions of a highly developed conceptual scheme is to structure

scientific research in such a way as to eliminate certain kinds of errors

and certain lapses from the scientific norms.

In the matter of the public evaluations of the role of the social

scientist, the situation is somewhat more obscure than is the case for

natural scientists. We have seen in the poll data from the North and

Hatt study of popular evaluations of occupational status that the

social scientists are ranked high, in the upper group of occupations,

along with the natural scientists. But this apparent equality with the

natural scientists, this general popular esteem as expressed in a poll,

does not seem to exist in all sections of the American public. Perhaps
the high ranking for the occupation of social scientist in the North

and Hatt poll occurs because it is a relatively vague one to many

people and because in that situation it is assimilated to the approved
status of "professor" or "scientist" in general. Expressions of evalu-

ation of social science by certain influential groups in American so-

ciety actually cover a wide range of approval and disapproval.

Because of the effects on the development of social science that these

groups can have, it will be useful for us to look a little more closely

at some of these different attitudes.

There is, first of all, a group of people of influence and prom-
inence in natural science, in education, and in public affairs who

assign a relatively low status to social science. At least this is what

must be inferred from what they say in public, for instance, at the

Congressional hearings in 1946 on the proposal to include the social

sciences in the National Science Foundation. We have already seen

[2473



SCIENCE AND THE SOCIAL ORDER

that the attitude of these people toward social science has carried

the day and that social science has not been included in the National

Science Foundation. The views of this group, as expressed at the

hearings, have been summarized as follows in a critical article by
the sociologist, George Lundberg: "(I) Man and his behavior are

not a part of nature that can be studied as basic, 'pure/ natural sci-

ence. Social science, therefore, is a non-descript category consisting

mainly of reformist and propagandist ideologies and isms. (2) The
methods of social sciences are so widely at variance with those of

other sciences as to make it inadvisable to attempt to administer

research in the social science under the same organization (a) for

fear of discrediting the other sciences, and (b) because people quali-

fied to direct research in the other sciences would not be able to

judge what constitutes valid or desirable social research. (3) Social

research is especially in danger of falling a victim to pressure groups
or of being corrupted by the government itself. And, finally, (4)

After all, we know the solution of social problems through the his-

toric pronouncements of seers and sages, past and contemporary, and

all that is needed is more education to diffuse this lore and arouse

moral fervor in its behalf/' 8 We have already dealt with some of these

criticisms, for instance, the notion that
Mcommon sense" is better

than science, and we shall consider some of the other objections in

a little while. For the moment we are concerned only with the ex-

pression of opinion.
These views of social science seem also to have some scope and

force among the less well educated public. We have no direct evi-

dence for what these other people think, but we may infer what

some of them might say from what Congressman Brown of Ohio has

said about the matter, also in the hearings on the National Science

Foundation Act. The vigor and color of his phrasing suggests that

his attitudes are a little more like those of the general public than

of the academic groups we have heard from above. "Outside of my-
self/' says Mr. Brown, "I think everyone else thinks he is a social

scientist. I am sure that I am not, but I think everyone else seems to

believe that he has some particular God-given right to decide what

other people ought to do. The average American does not want some

expert running around prying into his life and his personal affairs

and deciding for him how he should live, and if the impression be-

[248]



THE NATURE AND PROSPECTS OF THE SOCIAL SCIENCES

comes prevalent in Congress that this legislation (for the National

Science Foundation) is to establish some sort of an organization in

which there would be a lot of short-haired women and long-haired
men messing into everybody's personal affairs and lives, inquiring
whether they love their wives or do not love them and so forth, you
are not going to get your legislation."

9 We shall also speak later on

of some of these matters raised by Congressman Brown, especially of

the challenge which social science seems to offer to established values

and social routines.

But although some very influential natural scientists have a nega-
tive attitude toward social scientists, there are a great many others

who do not. Some evidence from a Fortune Magazine poll, for ex-

ample, indicates that a very large number of natural scientists, the

majority, indeed, are willing for the Government to support social

science as well as natural science. To the question, "Do you think

the social sciences should share in any disbursement of federal funds

for research?", 81% of the natural scientists in the universities, 83%
of those in Government, and 76% of those in industry reply

"yes."
10

Perhaps even more significant on the favorable side, because

of the scope of his influence both on scientists themselves and on

the general educated public, is the view that President Conant of

Harvard has recently expressed. It is also important to note that

President Conant has only recently changed his mind to this view.

"It is my belief," he says, "that methods have already been devel-

oped to a point where studies of society by competent scholars can

provide basic information to assist all those practical men who strug-

gle with the group of problems we list under the head of human
relations." 11 And lastly, to take the most optimistic view of all ex-

pressed by a natural scientist about the possibility and prospects of

social science, Julian Huxley says, "We need have no fear for the

future of social science. It too will pass through similar phases from

its present infancy. By the time that the profession of social science,

pure and applied, includes as many men and women as are now

engaged in natural science, it will have solved its major problems
of new methods, and the results it has achieved will have altered the

whole intellectual climate. As the barber-surgeon of the Middle

Ages has given place to the medical man of today, with his elabo-

rate scientific training, so the essentially amateur politician and ad-
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ministrator of today will have been replaced by a new type of pro-
fessional man, with specialized scientific training. Life will go on

against a background of social science/' 12

The position of social science in American society, these differ-

ent expressions of attitude show, is not so clear-cut nor so widely

approved as that of natural science. There remains some influential

opinion which holds it in low esteem and opposes the extension of

its domain. On the whole, however, there seems to be an increasing

recognition not only of its real possibility but also of its necessity.

Social scientists, like natural scientists, may be grouped into two

classes, those who are relatively more interested in "pure** science

and those who are primarily concerned with applications of the con-

ceptual schemes developed by the first group. There is considerable

overlapping of the two groups, more so than there is in natural

science because of the weaker condition of the conceptual schemes of

social science. It is harder to concentrate attention on the develop-
ment of theories when one is not quite sure of what is theory and

what is sentiment. As is inevitable in science, however, the overlap-

ping and the mutual interpenetration of "pure" and "applied" social

science are beneficial to both. In the field of attitude research, for

example, there has been a close and profitable connection between

"pure" social psychology and its applications in public opinion poll-

ing for practical purposes.
The heart of "pure" social science research is to be found in the

university, in the academic departments of the disciplines we have

called "social science." It is no small advantage for modern social

science that it is already established in the universities and does not

have to work its way into them from the outside. The university, as

we have seen in Chapter Six, is the main trustee and innovator of our

cultural heritage, and its approval and control are important insur-

ance that social science will have successful progress. Through affilia-

tion with the university, social science is required to aspire to and

maintain the values and standards of science in general. But despite
its strong, essentially impregnable position in the university, social

science is not accepted there wholly with favor. At least certain as-

pects of social science come under disapproval and sometimes attack

from two established quarters within the university. On the one hand,

some natural scientists do not admit the real possibility of social
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science, as we have seen from their objections to its inclusion in the

National Science Foundation. And on the other hand, certain schol-

ars in the humanities regard social science as a-moral and as a danger
to the cherished values of American society.

18 We shall say more
later about this problem of the relation between social science and

values; it is a question which always arises in any serious discussion

of the nature and prospects of the social sciences.

Perhaps the largest field for "applied" social science research,

rather than "pure," has beeen in the activities of the Government.

The regular and permanent employment of social scientists by the

Government is a relatively new thing, but a great deal of "applied"
social research has been carried on by the Government for quite a

while now. Such research was usually for the purpose of discovering
the social conditions on which some particular legislative proposal
must rest. There has, for example, been a whole series of Congres-

sionally-sponsored investigations and reports on broad social and

economic problems. To go no farther back than the beginning of the

twentieth century, Congress has empowered such outstanding re-

searches of this kind as those made by the Industrial Commission of

1907, the National Monetary Commission of 1908, the Indus-

trial Relations Commission of 1917, and the Joint Commis-

sion on Agriculture Inquiry of 192 1.
14 And just to show the

scope of this social research: the Industrial Commission of 1898

collected vast amounts of social data which it issued in 19 re-

ports; the Immigration Commission published 42 different re-

ports; and the National Monetary Commission published 23 reports.

The reports of the National Monetary Commission, for exam-

ple, led to the establishment of the Federal Reserve System. In

addition to these more comprehensive reports, of course, Congres-

sior&l committees have for a long time now been making special

social surveys and studies of more limited scope.

In addition to the Congressionally-sponsored research activities

of the Government, there has been a long series of important re-

searches initiated by various agencies in the Executive Department.
For example, there have been:-in the early 1930's, President

Hoover's Commission on Recent Social Trends; the excellent studies,

to some of which we have referred many times, of the National Re-

sources Planning Board; the large-scale investigation of economic
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activities by the Temporary National Economic Committee; the three-

volume report of the Attorney General's Patent Inquiry; and, only
most recently, the Hoover Commission's study and recommendations

on the problems of administrative organization in the Government.

Social science research has been of no small importance to the Gov-

ernment in all these investigations.

The use of social scientists by the Government, however, passed
a major turning point during the Depression of the 1930's. With the

generally increased scope of Government activities which began in

that period, a great many social scientists from the fields of eco-

nomics, political science, and sociology entered the permanent employ
of the Government. These first employees, some of whom have since

left to go into university research, formed the basis of a continually

expanding corps of Government social scientists. By far the largest

part of this expansion occurred, as it did also for natural scientists,

during the recent war. As an illustration of the present and possible

future usefulness of
'

'applied" social scientists in the Government,
let us look at their war work in a little detail.

16

Economists made up probably the largest group of social scien-

tists doing research for the Government during the war. They worked

in such programs as price control and rationing, taxation and war

finance, war production, and manpower planning. There were also

economists in the intelligence groups of the Armed Forces, in the

Office of Strategic Services, and in the Foreign Economic Administra-

tion. Anthropologists were also useful to these intelligence groups,

especially those who had a first-hand knowledge of actual or poten-
tial foreign combat areas. The largest task undertaken chiefly by

anthropologists, however, was in the Foreign Morale Analysis Divi-

sion of the O.W.I., where a study of Japanese society was made with

a view to discovering the ways of influencing the morale of civilian

groups and fighting units alike. 10 As for political scientists, a large
number of them were employed by the Division of Administrative

Management of the Bureau of the Budget to set up new adminis-

trative agencies and to make the old ones more efficient. Psycholo-

gists were used by both the Army and the Navy for the construction

of personnel classification tests and for the selection and training of

air pilots. In the Army Air Forces especially, psychiatrists and clini-

cal psychologists were employed to maintain the proper psychological
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conditions for high fighting morale.17 Sociologists and social psy-

chologists in largest numbers were found in the Research Branch of

the Information and Education Division of the Army. This group
studied the attitudes and morale of soldiers in a wide variety of

social situations: the use of their equipment, officer-enlisted man
relations, Negro-white relations, the point system for discharge, and

performance in combat. 18 Now these several examples of the work

that was done by social scientists in the Government during the war

do not exhaust what was actually accomplished, but they do indicate

the kind of beginning that has been made in the application of social

science however undeveloped, relative to natural science, its con-

ceptual schemes and instruments may be.19

The other main area for the application of social science knowl-

edge and research methods is in American industry and business. In

this area it is much harder to get information of any kind about the

use of social science than about the use of natural science. This at

least was the experience of the National Resources Planning Board

in its report on Business Research, which was the third of its three

volumes on American scientific research. 20 In its first two volumes,

on research in Industry and in the Government, the Board's re-

searchers were able to get a pretty good general and also detailed

statistical picture of what was being done and what our scientific

resources were. The best it could do for Business Research was to

study the practice of thirty-three anonymous business firms, these

being selected as well as possible from among those with the longest

experience and from different fields of business. Five were manu-

facturers of industrial goods, thirteen of consumer goods, three were

retail distributors, four were public utilities, and eight were service

organizations.

"A number of interesting things about the use of social science

appear in this study. Perhaps the most important is that a great deal

of limited social research is carried on which is either not recognized

as such or not acknowledged by business men. Because they associate

the term "research" only with the physical or chemical laboratory,

many business men do not consider the collection of social data to

be research. Social research in business, then, is usually called "busi-

ness analysis" or sometimes "economic analysis/' Within the last

few years, however, somewhat more favorable attitudes toward self-
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conscious social research on its own terms has been appearing.
21

Social research in industry has entered in an unacknowledged fashion.

"Most of the existing business research units," says the National

Resources Board report, "were established subsequent to 1920 and

originated by the association of an economist with a major executive

officer."
22

By far the largest number of social scientists in business

and industry still are economists, with applied psychologists doing

personnel work perhaps next largest in number. The chief tasks for

social science research in business are in personnel, scientific man-

agement, operational analysis, administrative organization, industrial

relations, marketing and the analysis of social statistics, and Govern-

ment relations. Many of these tasks run into one another, of course.

The quality of the social research now done in business varies enor-

mously among the companies which support it. Since there are almost

no established standards, almost anything goes in some places. But

the best of such research is very good indeed, and it has developed
methods and collected data which would be very useful to basic

social science. In this connection the National Resources report says,

"In the files of business concerns there reside today valuable data,

ingenious methods, and practical applications of conclusions that

would be enthusiastically welcomed by the professional .world as

contributions to a knowledge of our economic and social environ-

ment." This material is not released, however, either because of ig-

norance of its general importance or because of fear of competitors.
In addition to all this social research carried on by individual busi-

ness firms, considerable research is also conducted by business trade

associations, by commercial consultants and research organizations,

and also by the Government and universities for business. Here again,

in applied social science, we find the same collaboration among dif-

ferent kinds of organizations that occurs in natural science.
"

On the other side of the fence in business, that is, in the trade

unions, a certain amount of social research is carried on also. But

trade union leaders have, on the whole, been no more receptive to

the use of social science than entrepreneurs and managers. In recent

years the use of applied social science by trade unions has been en-

couraged "by the increased contacts of trade unions with Govern-

ment; the need for frequent and well developed written presenta-
tions to various public and private agencies; the demands for a
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critical evaluation of economic and social problems arising in nego-

tiations; and wide recognition of the value of public support obtained

through careful presentation of the union's case."28 To some extent,

unfortunately, this use of social scientists by labor unions to "prove
a case" has led to strengthening of the sentiment that social science

cannot really ever be objective.

Such problems are not, of course, peculiar to trade unions. The
role of the applied social scientist presents certain typical difficulties

in all organizationsGovernment, business, or trade unionwhich
wish to employ social research in the formulation of social policy or

in the administration of established social programs. These typical

difficulties have been receiving more and more attention from the

social scientists themselves.24 While no completely satisfactory solu-

tions are yet available, a certain amount of careful analysis of these

typical difficulties has been made and its value is worth considering
at this point.

The fundamental cause of the difficulty is the high degree of

indeterminacy in most of social science knowledge. The social scien-

tist acting as advisor to the policy-maker or the administrator cannot

often present him with very reliable knowledge about the alterna-

tives he faces. Hence, suggests Merton, the
'

'ambivalence of distrust

and hopeful expectation directed toward the social scientist in his

capacity as advisor/'25 Hence also the possibility and even the like-

lihood that policy-maker and administrator will
*

'distort" the social

science research done for them in order to use it for their own

pressing purposes. And hence, still further, the reluctance of various

publics to support policies which are presumably relatively solidly

supported by social science research. Since this relative indeterminacy
of social science can only be eliminated very gradually, with the

progress of basic social science, the difficulties we speak of can for

the present only be minimized, not eradicated. They can be reduced

in importance, that is, by proper caution on the part of social scien-

tists to state the limitations of their work and to attempt some meas-

ure of control over the use of such work. Increasingly, for example,
it -may be desirable that social scientists should make their profes-
sional associations responsible for the formulation and maintenance

of certain minimum standards of performance and "ethical" conduct.

Sociologists and social psychologists specializing in the measurement
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and interpretation of public opinion have recently made an effort

toward this kind of professional self-control.26 Clinical psychologists,

to take another example, have also been feeling more concern lately

for professional discipline and self-control.
27 As social science be-

comes more effective, and therefore as its applications become ''af-

fected with the public interest," certain standards will have to be

set up and maintained for such applications. Since these standards

are in large part technical ones which can only be judged by the

professionally competent, a close collaboration between public au-

thority and the professional social science organizations is the most

desirable way of achieving satisfactory public control. This is the

procedure, of course, by which the medical profession maintains its

standards of technical competence and ethical integrity.

There are still other difficulties in the way of integrating social

science research into social decision besides those arising from its

relative indeterminacy. For instance, the social scientist often suffers

from confusion about his proper function in the organization which

employs him, a confusion which is sometimes self-induced but also

sometimes created by his administrative superiors. The social scien-

tist who conceives of himself as*more than a technician, who wishes

to influence the policy which is to be finally chosen rather than

merely "implementing" it, as the cant phrase goes, may find him-

self in conflict with the executive who does not wish to delegate or

share any part of his prerogative and responsibility for making de-

cisions. A preliminary requirement of all applied social science re-

search, then, is that the social scientist search out the precise nature

of his own values and functions and those of his "client" as well.

From such understanding, which he should share with the client, he

can minimize if not eliminate potential conflicts between himself

and his administrator-client or administrator-superior. He can,* for

example, eliminate difficulties which are sometimes attributed wholly
to failures of communication between himself and others. He can

be more sure of what kind of information the administrator actually

wants, that is, whether relatively "pure" research requiring consider-

able time is in order or whether only already available datt must be

quickly presented. Knowing his own function better, the social

scientist can understand and comply with the time limitations and
the other limitations which are always imposed on the administrator
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either by his own superiors or by the events for which he is making
decisions. The social scientist can, in short, when he is serving in a

staff capacity for an organization, understand what his role and

function for the organization are. Without understanding and ac-

cepting his role, he must inevitably cause difficulty for himself and

the people he serves. If his values are such as to make his function

unsatisfactory to him, he must in all good sense abandon his role

and seek, either elsewhere in the organization or outside it, another

role in which he can more fully realize his values. Thus the social

scientist who wishes to influence policy in an organization that ex-

dudes him from that function may find it easier to achieve his pur-

pose indirectly, by carrying on research elsewhere, say in the univer-

sity, research which may have to be taken into account by those who
make policy in the organization he has left. Of course, the research

he does elsewhere may still not be recognized or used by those whom
he wishes to turn into a certain course of action. Contrariwise to the

case of the social scientist who wishes to influence policy, the social

scientist who wishes simply to deliver technical advice should shun

organizational roles which demand decisions and responsibility for

decisions. Technical information and decisions always interact to

some extent, of course, but since different social roles place variable

emphases on decision, the social scientist must make choices among
alternative roles.

We may turn now to some considerations about the process of

invention and discovery in social science. Most of what we have said

about natural science in this regard in Chapter Nine holds for social

science. There are certain differences, however. In the case of social

science, for instance, because of the relative lack of development of

conceptual schemes at present, the influence of antecedent knowl-

edge on the course of progress is not so great as it is in natural

science. External social factors are somewhat more potent here. This

is, indeed, one of the common charges against the social sciences,

that they are "too much" influenced by other social factors than

those of already established knowledge. But such a charge miscon-

ceives the nature of science. The course of development of all science,

we have seen, is partly influenced by social values and interests out-

side science itself. This influence does not make science any the less

"scientific," so long as what is discovered is empirically tested knowl-
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edge based on sound conceptual schemes. Just the same situation

holds for social science. However much its progress may be guided

by our social purposes, so long as the social science product is em-

pirically tested and theoretically based, then we have genuine science.

All social science, like all natural science, arises in part out of "prac-
tical" social interests. Freudian psychology comes out of medical

therapy; some anthropology comes out of colonial administration;

some sociology has come out of social reform movements; and some

political science has come out of practical politics. Yet they all have

a scientific validity apart from their origins. This is not to say that

social factors cannot interfere with the development of social science;

this is only to say that it is wrong to think that social science is nec-

essarily "un-scientific" because of the social influences on it.

One social factor which we have seen is always in interaction

with science is social values. As with natural science, so also with

social science, the two elements are often treated as if they were in

fundamental opposition, or as if there were social science on the

one hand, divorced from values, and social values on the other hand.

But as we have seen in the last chapter, we do not have so much a

conflict between science and all social values as an interaction, and

possible conflict, between different sets of values. As Professor Alex-

ander Leighton, the psychiatrist-anthropologist who was in charge
of important social research on Japanese morale during the recent

war has said,
*

'Social science does not 'threaten basic human values';

it is merely one among many forces threatening some values and

some dogmas through upsetting the assumptions that underlie them.

Many values are strengthened."
28

In our society social science shares to some extent the generalized
moral approval that we give to all scientific and rational activities.

This is a source of strength in its relations with other social intercsts

and other social values. But this generalized approval probably does

not extend in such great force to social science as it does to natural

science, and therefore social science is subject to much greater at-

tack. When social science rationally investigates other social values,

and when it thereby seems to be undermining them because it is

characteristic of "sacred" values in all spheres of social life not to

be overly tolerant of "profane" rational examination, then social

science falls under the danger of being restricted or even done away
with altogether. To put it concretely, Congressmen who do not want
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"short-haired women and long-haired men" looking into the "sa-

credness" of private family life will vote against the National

Science Foundation if it includes the social sciences.

Opposition to social science and distress about its presumptions
has not, of course, been limited to politicians and the man in the

street. There are a goodly number of scholars in the arts and the

humanities who feel that social science is particularly subversive of

the values they hold. They feel that social science minimizes and

even denies the reality and importance of the emotional, the moral,

the artistic, and the esthetic aspects of human life. They feel that

social science wishes to substitute for the appreciation of moral and

esthetic values a fatal analysis which will murder the values it vivi-

sects. In some cases these men have been driven by their horror of

the supposedly annihilating attack of social science on cherished

values into a counter-attack on the principle of rationality itself, into

a denial of the possibility of any rational understanding of social

life. This last-ditch defense, however extremist, has not been without

a certain justification. For it has been characteristic of some elements

in social science to overlook or deny the significance of the human-

istic disciplines. Social science has deep roots in the positivistic bias

of a great deal of nineteenth century social theory, and even now it

has not entirely cast off the influence of this misconceived and lim-

ited understanding of human behavior.20 There are still positivistic

social scientists who ignore or deny the whole area of the moral-

esthetic-emotional and who try to understand human behavior en-

tirely in terms of man's rational orientation to the world. Not all that

is not rational in human life is ignorance and error and irrationality;

not all that is non-empirical is "unreal/'

On this understanding, there is clearly no inevitable conflict be-

twen the social sciences and the humanities. The social sciences, like

all science, are primarily concerned for analysis, prediction, and con-

trol of behavior and values; the humanities, for their synthesis and

appreciation. Each of these is a necessary function in man's adjust-

ment to his social existence. Neither approach to life can replace the

other entirely. Therefore social scientists and scholars in the humani-

ties can abandon such recrimination and conflict as exists between

them to get on with the job of defining their complementary spheres
of interest and competence. Each partly must go its own legitimate

way. Each can also be of use to the other the social sciences by
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developing systematic and valid new understandings of human be-

havior, the humanities by providing those insights which sometimes

anticipate the future progress of the social sciences.

As for the defensiveness of social scientists, which is perhaps

greater than that of other scholars, they will be bad social scientists

if they do not see that social science must inevitably undergo re-

sistance and even attack from other social activities and other social

values. We have seen that this happens even to natural science. How
much the greater will resistance be to social science, which is so

much less strongly approved as yet and which often works its cor-

rosive effects so directly. Indeed, this is almost certainly one of the

most important reasons for the relatively retarded state of the social

sciences, that their activities have not been approved because they
throw so many social values into question. Yet social scientists will

also be bad scientists if they do not point out how much in accord

with our deepest values social science is. It is not true that social

science has no values and is based on a fundamental moral relativism.

Social science teaches moral relativism only in a limited sense, be-

cause it teaches it in the interests of the moral value of "critical

rationality." There can be no relativism on that score; social science

is necessarily absolute, or as absolute as values ever get, when it takes

a stand on that moral value. There is, to be sure, a mistaken notion

even among some social scientists themselves that they hold no

values, that every human social pattern and every human activity is

as good as any other, whether in other societies or in our own. But

this fallacy can only be held among those social scientists who do

not recognize the fundamental inter-relations of science, social and

natural, and the basic values of our society.
For all the disturbance

social science now creates, and for all that it might cause although
this actual and potential harm may actually be less than is caused by
our social ignorance and social incompetence we must support the

development of social science. It is a fundamental expression of our

values and a fundamental necessity for their realization.

Science, we have said several times now, makes possible predic-

tion and control. If we have more social science, then we shall have

the possibility of more social control. How much social control can

we have? How much shall we want to have? How much will our

values allow? These are questions that must be answered in some
fashion as much by those who are favorable to social science as by
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those who are hostile. Now whatever one's sentiments in this matter

may be, there are two aspects to the problem of the control that sci-

ence makes possible. There is, first, the question of whether partial

understanding and partial control of social behavior is valuable at

all, whether anything less than complete control of the whole of

society will do us any good. And there is, second, the fear that many

people have that partial control will actually lead us into complete

control, and that social science therefore leads us down a primrose

path to our destruction in a beehive society. Each of these two ques-

tions we may consider in its own right, although they are related as

well.

There are some who feel that social science is of very small value

because it can never give complete control over our social behavior.

This view is taken on the assumption that the uncontrolled portions
of our behavior will inevitably disrupt the areas in which we do have

understanding and control. Yet this assumption does not hold for

natural science and for the physical and biological phenomena it

studies and controls. All science seeks to discover the determinate

relations that hold between specified and partial aspects of the to-

tality of the empirical world. Natural science has not yet and never

will give us complete control of the physical and biological universe

in which we live. Yet it is none the less immensely useful. To as-

sume that knowledge must be complete to be effective is to miscon-

ceive the nature of rational knowledge. Human knowledge, whether

consisting merely of rational "common sense" or of rational science,

is always only one among the several things that influence social

behavior. It is for that reason by its very nature limited.

On the same understanding, this is why we do not have to fear,

either, that social science will create the possibility of complete so-

cialcontrol. The satirists of the present totalitarian society, men like

George Orwell, who assume that the totalitarian society has been

completely controlled, or can ever be so controlled, are excessively
credulous of the power of rational knowledge. Human society is

inherently dynamic: a complex interaction among our values and our

knowledge and our social organization and the physical and biologi-
cal setting in which society is placed. A human beehive is impossible

by the very nature of human society, by the very existence, for ex-

ample, of changing social values which interact with and partially
determine the uses of such rational knowledge as is available to men.
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Of course, unhappily, there can be types of partial control which we
would hate. There can be forms of partial control that may get us

closer by far to the beehive society than we like. There can be the

abhorrent "totalitarianism" of Nazi Germany and Communist Rus-

sia. But partial control just as much makes possible social conditions

that are in accord with our values. Social science as much makes pos-
sible more "freedom" as more hateful "control." Knowledge is

power to do good and evil alike, but we cannot throw away the

power. We have faced the same dilemma in the consequences of

the natural sciences, and we have chosen as we have had to choose,

for the partial control that it gives us. We can give up our fear of

a beehive society run by social science experts; and, having done so,

we can devote ourselves to advancing social science to the point where

it helps us bring our society a little more closely in accord with our

social values. We have used natural science to give us relative abun-

dance; social science can give us freedom in the same relative

measure.

Whitehead has suggested that it was not until the seventeenth

century that the conception of an Order of Nature became wide-

spread among men in western society and therefore had a fructifying

influence on the development of natural science. We may ask whether

it is not possible that the twentieth century may mark the emergence
of an analogous conception, the conception of an Order of Human
Nature. If it does, a major advance in the development of human
life will have occurred. If such a conception can be widely diffused

through our society, partly by the gradual demonstration that social

science is better than "common sense" for the prediction and control

of human affairs, it will have a tremendously beneficial effect on the

subsequent development of that very social science. It seems not at

all unlikely that in the future we may witness a reciprocal process of

social change in which social science earns support for itself by its

achievements and in which these achievements in turn create a solid

conviction of the Order of Human Nature. It seems not unlikely

that we may gradually learn that human nature is no more arbitrary,

capricious, chance-y, indeterminate, random, or inexplicable than

physical nature or biological nature. Science in our society will not

really achieve full maturity until social science comes of age with its

sisters, the natural sciences.
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