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Introduction

I have called the five essays which make up this volume
Science and the Humanities in a deliberate effort to avoid
implications of novelty. Often, the things which arouse our
interest and occupy our thoughts do so not because they are
new in essence but because they are immediately relevant,
and they do not lose their hold on us, even though they may
become tiresome, until they are resolved by common con-
sent. The humanities and science in our time present an
issue of this sort. The problem of the distinction between
these two forms of knowledge and understanding and their
relationship to one another is of long standing, but it is now
again at the center of a vigorous discussion. Old issues, how-
ever, have a way of taking on new meanings with changes in
the setting. During the late seventeenth and early eighteenth
centuries the humanities assumed at times an aggressive criti-
cal role, and science found it necessary to reply in defense;
today, it is the other way around, with science sure of its po-
sition and critical, and the humanities defensive and in rebut-
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tal. Moreover, what was even thirty or forty years ago an in-
teresting but comparatively relaxed controversy has now be-
come urgent and intense and extends to national policy.

This group of essays does not undertake a systematic re-
view of the current discussion of the humanities and science
nor does it pretend to be an analysis in depth of the issues
which the discussion raises. The essays are intended to serve
a less ambitious and more immediate purpose. Since the last
war, science has assumed a position of tremendous impor-
tance, and scientific activity has been enormously stepped up.
The new position and new responsibilities of science have
created many new problems, and these in turn have made
necessary a good deal of soul-searching and public discussion
on the part of scientists and of others who have found their
interests involved or have a philosophic concern over the
complex role of science in the modern world. Inevitably, the
place of the humanities in these new developments has been
touched upon, either as a central issue or as an incidental as-
pect of other matters. Some of the views and attitudes which
have emerged are now becoming so familiar as to be taken
for granted. Yet, under the stress of rapid developments and
of the urgency of the problems which have arisen, not all
statements have been thoroughly documented, not all as-
sumptions have been critically analyzed, and—to put the ex-
treme case—not all prejudices have been impartially exam-
ined. At this juncture, what seems to be called for is a recon-
sideration of some of the issues and assumptions of the cur-
rent debate, and a revaluation of some of the conclusions
toward which they lead. It is to this limited objective that
these writings are addressed. I have therefore restricted my-
self largely to statements which have appeared within the
last fifteen years, and in choosing them I have aimed at il-
lustration of points of view that have emerged into promi-
nence rather than at systematic documentation.

The five essays can be read independently of one another,
but the order has been planned so that the ideas developed
and the distinctions established in one section will provide
support for later discussions. The first essay attempts to es-
tablish certain essential differences between science and the
humanities and provides a foundation for the rest. The sec-
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ond considers the status of the humanities at the present
time as a consequence of the rapid growth and extensive de-
velopment of science and of the dominant position which it
occupies today. One consequence of the present condition
of the humanities is the criticism which has been directed
against them by certain scientists and supporters of science.
This phenomenon is examined in the third essay. The fourth
and fifth essays are concerned with two practical issues which
have come into prominence within very recent years—the
national importance of science and of the scientist in present
day affairs, and the scientific education of the non-scientist.
These sections may at first glance seem detached from the
first three, but the relevance of the more abstract discussions
which precede the last two essays should, I hope, be appar-
ent even though I have not pointedly insisted upon it.

One of the disturbing aspects of the current intellectual
milieu is the strong partisan spirit which seems to animate
so much of the discussion about science and the humanities.
It is as though one is forced to write for the humanities and
against science, or in the interest of science and against the
humanities. The prevalence of this contentious spirit has, I
believe, had something to do with the confusion and lack of
philosophic clarity which occasionally mars the prevailing
discussion of the question. Though I cannot help writing
from the point of view of one who is not a scientist, I have
certainly not written as an opponent of science. The direc-
tion of the present inquiry, however, has been unavoidably
influenced by the fact that, because of the high and strategic
importance of science, it is the scientists who have taken the
lead in the recent commentaries on the role of the humani-
ties in relation to science. For the most part, therefore, it is
the views of scientists and their supporters that I have had
to examine critically, and the state of the question being
what it is, I have at times unfortunately had to proceed ar-
gumentatively. If I can judge from the sensitiveness which I
have detected in a few of the recent writings in the cause of
science, I will be extremely fortunate to escape the charge
that I have a bias against science. For the few partisan spirits
who may respond in this way, I wish to protest in advance
that I find the products of scientific and technological activ-
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ity fascinating, that I appreciate the comforts and refine-
ments of living provided by this activity, and that I enjoy the
company of scientists and engineers, many of whom I admire
and respect. I have no bias against science as such, and I do
not believe it possible or expedient to repudiate modern sci-
ence and retreat to some primitive utopia, like that, let us
say, of eighteenth-century Europe, a comparatively simple
age still living in the happy memory of such recently de-
parted culture heroes as Copernicus, Galileo, and Newton.
I have written in the confidence that for the most part sci-
entists will certainly understand the imperative necessity of
subjecting everything to critical inquiry, if only as a means of
sharpening the terms of discussion. Scientists cannot help
being impressed with the importance of their work and the
fabulous character of their activities, and it is their obliga-
tion to seek the advancement of science; but enough of them
have expressed a responsible concern over the place of sci-
ence in our world to indicate that they would not wish, any
more than others, to encourage an idolatry which makes “the
service greater than the god.”
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Science and
the Humamities:

An Essay m Defimition

In the current discussions of science and the humanities,
definition of the two key terms is not often undertaken. For
the most part, it is tacitly assumed that such distinctions as
are necessary to any given discussion can be taken for granted
as part of the reader’s general qualifications for following the
argument, and that in any case they will emerge by implica-
tion. This approach is understandable. Definition is a tedious
matter, and the refining of distinctions belongs to Polonius.
Dictionary definitions are next to useless, and anything more
serious requires not only linguistic and philosophical distinc-
tions, but, often, reference to developments in cultural and
intellectual history. During the course of any extended de-
bate, however, distinctions become blurred, and under the
stress of argument issues are shifted and nuances disappear.
It becomes necessary now and again to reconsider what it is
we are talking about.

What is science? What are the humanities? What distin-
guishes these two forms of creativity, these two ways of bring-
ing order and meaning to the data of experience? What are
the methods peculiar to these disciplines, the boundaries by
which each is circumscribed, and the special qualities and
powers characteristic of each? The way in which these ques-
tions are formulated is important. It is science and the hu-
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manities which are the subject of inquiry and not, for the
purpose of definition, scientists and humanists. Often, this
separation is not maintained, and a great deal of confusion
arises, some of it simply annoying, some of it serious. A few
of the common ways in which this confusion occurs need to
be considered in order to eliminate this source of obscurity.

One of the topics which encourages the shift of subject
from science to scientists is the relation of values to hu-
manistic and scientific learning, an issue currently much dis-
cussed. Commenting on this question, James Bryant Conant
writes:

A conscious effort on the part of many investigators to con-
trol disease, to prolong life, and to alleviate pain has
yielded results of a most dramatic nature. I should like to
point out that the conduct of almost every individual who
participated in this advance of science and progress in the
art of healing was determined by a set of value judgments.
These judgments were closely connected with the exhorta-
tion, “One ought to help the suffering.” The conduct of
doctors, we all know, is regulated by a set of ethical prin-
ciples which in themselves are based on value judgments.
‘What I am here emphasizing is the degree to which a judg-
ment of value has determined the investigation of scientists
or those seeking by empirical means to improve an art.
Once again I make the point that those who say that
science and value judgments are in separate compartments
have failed to examine the nature of scientific undertakings
and the motivation of many scientists.*

The proof that science and human values are necessarily re-
lated cannot be found in the conduct of scientists who have
advanced knowledge or in the motives of those who have
participated in the progress of scientific learning. The shift
from science to scientists has taken place in this statement
without any recognition of the fact that such a transference
of subject has altered the nature of the problem. The al-
truistic motive—“one ought to help the suffering”—is not
inherent in the nature of science, though it may be a property
of scientists; indeed, the most that Conant can say in proving
his point is that it is “the motivation of many scientists.”
It may equally well be the motive of many statesmen, poets,
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or literary critics, though again it may not. The motives of
individuals in the pursuit of their profession vary greatly. The
humanist as well as the scientist may wish to advance knowl-
edge out of a desire to improve the lot of mankind, but both
may also be inspired by the pleasure to be derived from the
successful solution of a problem and the exercise of disin-
terested intellectual effort, or merely by the desire to refute
an unpleasant rival. These are variables, depending on the
vagaries of human nature and of the individual temperament.
Medical investigators, the group selected by Conant to make
his point, may conceivably be more often inspired by a desire
to alleviate human suffering than theoretical physicists. The
latter may exert themselves rather in the hope of becoming
Nobel laureates, but as far as the possible benefits to mankind
are concerned their motives may prove to be quite as valuable
in the long run. Unless we wish to end up defining science as
what it is that scientists do, and the humanities as what it is
that humanists do, we will have to keep separate the human
drives which impel any given human effort from the special
characteristics of the kinds of products which result from
those efforts.

In trying to make the proper distinctions between science
and the humanities, it is also necessary to suspend considera-
tion of the effect of the pursuit of these disciplines on char-
acter or conduct. The point is frequently made, in refutation
of a particular view of the nature of the humanities, that the
qualities attributed to the humanities are not necessarily
found in those who devote themselves to humanistic learn-
ing: humanists are sometimes narrow, pedantic, and unculti-
vated; and on the other hand scientists are often cultivated,
humane, and sensitive. “It is impossible,” remarks David
Riesman in a characteristic comment, “to tell whether a man
is a humanist or not by the label of his disciplines; and I have
seen a number of colleges where anthropologists are more
humanistic than the teacher of English, the physicists far
more humanistic than the economists and sociologists.”
There is nothing in the statement which any observer of the
world of learning would care to dispute, whatever his disci-
pline. Moreover, in some contexts this datum has its im-
portance. And to the extent that the excessive claims of
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teachers of humanities—especially those of an older genera-
tion—for the value of their discipline have made this form of
rebuttal necessary, reiteration of the point may be said to
have its place. The damage occurs when such assertions in-
trude into the effort to determine the nature of these two
presumably distinct forms of human creativeness. It is one
thing to point out that a particular form of learning pos-
sesses certain latent powers, and another to point out that
those who are exposed to that form of learning do not al-
ways possess the qualities implied by those powers. There is
never a perfect equivalence between the potential formative
influence of a particular discipline and the individuals which
have come under its influence. Moreover, the inferences hid-
den in such statements are ambiguous, and the rhetoric
serves to give them a force which the writer may not have
intended. The trouble with most such statements, whether
about science or about the humanities, is that they convey
implications about the character of these disciplines while
presumably only making off-hand remarks about the vagaries
of human behavior. In any effort to define in an impartial
spirit the distinctive characteristics of science and the hu-
manities, such assertions amount to a diversionary tactic
which is capable of introducing an element of incoherence
in the analysis by an unnoticed shift of the subject from
science to scientists, humanities to humanists.

In a similar way, the problem of making necessary distinc-
tions is further complicated by the preoccupation with the
relationship of science to culture® As it appears in recent
discussions, the question has several aspects—whether sci-
ence is to be regarded as an important aspect of present
day culture, whether the study and pursuit of science are of
equal merit and value with the arts and letters in cultivating
the sensibility and imagination of the individual, and
whether scientific men do or do not possess the qualities of
mind and temperament associated with the idea of a culti-
vated man. These various aspects of the matter often shade
into one another. Jacob Bronowski, who has written with
knowledge and insight on the place of science in the mod-
ern world, complains that, in his efforts to make clear the
importance of scientific study to the well-being of society
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and the development of the modern individual, he is often
stopped

by those whose education and tastes are literary, because
they find these claims puzzling. They know what culture
is: it is Sophocles and Chaucer and Michelangelo and
Mozart and the other figures at the base of the Albert
Memorial. And they know what culture is not: it is not
laundry lists and sleeping pills and the proved reserves of
oil and the Statistical Digest. In short, culture is not a body
of facts: but what is science but a body of facts? How
then, they ask, can science be a part of culture? There
is no scientist at the base of the Albert Memorial.*

Similarly, Ernest Nagel observes, “scientific inquiry is fre-
quently believed to be a routine grubbing for facts, and un-
like literature and the arts to require no powers of creative
imagination.” ® One is tempted to inquire, by whom? I my-
self can think of no non-scientist in whose company I would
wish to spend any time who thinks of science as a collection
of facts, who believes that science that is any good requires
no powers of creative imagination, and who would exclude
science from any idea of culture considered as the aggregate
of the main artistic and intellectual activities of a society or
an age. The argument along those lines is, one would hope,
out of date. Matthew Arnold found it necessary to explain
that, in defining culture as the best that had been thought
and said, he assumed the inclusion of such scientific achieve-
ments as those of Newton. Today there would not be much
dissent from the following statement in Science and the
Creative Spirit, a book written by a group of non-scientists:

‘What science has done is significant in its own right, in
comparison with the fine arts, with the long calendar of
the world’s literature, with the attainments of scholarly
humanism, and with the humanist preoccupations of the
philosopher. We believe therefore that the true humanism
of today demands that science be included in the full ac-
count of mankind, that its contribution to man’s life in
freedom, to the creative and non-utilitarian part of man,
be set down in order.®

In part, the concern over this matter on the part of the
scientists arises from the use of the word, “culture,” denot-
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ing the arts and letters as chief among those activities and
accomplishments of a society or an age which are not related
to its survival or material well-being and which represent the
exercise of the mind and spirit without reference to the ma-
terial utility of its products. This use of the term has been
for many years associated almost exclusively with the arts and
letters because these were the activities which conspicuously
contributed to the non-material accomplishments of society,
and persons were described as “cultured” because they had
sufficient leisure or incentive to develop an interest in these
products of their culture. There are obvious historical reasons
why this restricted use of the word “culture” did not em-
brace participation in science or familiarity with science at
a serious level, and in some contexts the word still tends to
exclude professional interest in science. In its limited popu-
lar sense, however, the word is beginning to lose caste, and
persons who have a serious interest in arts and letters tend to
shy from “cultural” as a characterization of their activities
and “culture” as their product. In some popular contexts
the words suggest refined leisure, but not the serious activity
of serious minds. I suspect, moreover, that many literary
persons would regard absence from the base of the Albert
Memorial as a matter for self-congratulation. To some
scientists, this implied exclusion of their craft from the ac-
complishments of “culture” has become translated into a
belief that as a class they are not regarded as cultured or
cultivated persons. “The scientist,” writes Eugene Rabino-
witch, “is often represented as a narrow specialist with little
understanding and interest in literature and art, in history
and social problems, and utterly naive and gullible in his
political convictions. . . . It is easy to point out that this
picture is inapplicable to many scientists—in fact, to a large
majority of them; that many—particularly the really out-
standing ones—are very widely read; that the most abstract
of them—the theoretical physicists—are, as a rule, highly
musical.” ” A non-scientist probably can have no real appre-
ciation of the extent to which this feeling on the part of
scientists is justified; my own observations lead me to believe
that scientists are needlessly over-sensitive on this score. The
important consideration at present, however, is that this pre-
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occupation with science and culture conveys certain impli-
cations about science and the humanities while dealing
primarily with scientists and humanists, a context which in-
hibits a neutral approach to the nature and powers of the
two disciplines.

‘Where this source of confusion does not arise, the chief
difficulty lies in the variety of definitions currently in use
and the diversity of approaches to the problem of definition.
On the surface there seems to be no agreement concerning
the special subject matters and methods which may be said to
be characteristic of science and the humanities. However, a
review of definitions currently in use, while it reveals some
irreconcilable differences among the various approaches to
definition, does bring out certain common elements among
them which can serve as the starting point for an effort to
establish accurate and useful areas of meaning around the
two basic terms.

It is a common practice today to divide the empire of
learning into the sciences, the social sciences, and the hu-
manities—a division which influences the administration of
universities and the organization of college catalogues. In
the division of the humanities are included languages, litera-
ture, art, music, and usually history and philosophy (the oc-
casional association of these last two with the social sciences
has some small philosophical basis but is usually the result of
administrative convenience in colleges and universities).
These are in large part the subjects which, until the great
flowering of science, formed the basis of a “liberal educa-
tion.” Since these divisions are the result of convenience and
tradition, they are taken for granted without any very pre-
cise or explicit justification. The division appears to follow
distinctions relating to subject matter and content, but since
it has grown up in colleges and universities it also implies
some relationship to educational goals and hence further im-
plies something about the distinctive methods and inherent
powers of these various disciplines. Emphasis on one or the
other of these aspects of the humanities—whether methods
or powers—will affect the kind of definition which emerges
in consequence. If the emphasis is on the means employed,
the humanities can be thought of as characterized by certain
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intellectual methods which may be applied to any subject
matter in order to reveal its distinctive meaning and its rele-
vance to human experience and use. This approach under-
lies the old division of the academic curriculum into the
grammar, rhetoric, and logic of the trivium. From this point
of view, science may also be included among the humanities,
if the concern is not with mastering the operational methods
of science and its present content, but is rather with the
philosophic understanding of its methods, its relationship
to other branches of learning, and its influence on the
thought and culture of the past and of our times—as an
aspect, that is, of epistemology, esthetics, history, and the
like. The emphasis can also be placed on the ends rather
than the means, in which case the humanities can be re-
garded as those forms of art and learning which are capable
of developing certain human powers in producing a desira-
ble human ideal—an ideal variously conceived in the course
of history as, for example, Plato’s philosopher, the Renais-
sance courtier, or the citizen of a free society. Today, such
objectives are likely to be stated more broadly, as in the fol-
lowing statement of the ends of humanistic study by Howard
Mumford Jones: “The humanities are those branches of
knowledge (and activity) that have a special capacity, if
rightly interpreted by humane learning, to mature the intel-
lectual and moral powers and to quicken the sensibilities of
the individual.” ®

Some confusion arises from the fact that the humanities
are seen to include the arts as well as certain forms of
scholarship, activities presumably different in method and
aim. In the arts, the claims of imagination and insight are
validated without having to be justified by scientific criteria.
The same cannot be said for any form of scholarship. To the
extent that certain kinds of scholarship are devoted to an
understanding of the arts, they may be readily accepted as
humanistic by association. The humanities, however, also
claim certain independent forms of scholarship that call for
the evaluation of evidence, critical and even skeptical rigor
of thought and analysis, and rational ordering of the results
—for instance, history, philosophy, or such works of com-
ment and information as the observations of de Toqueville
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on America and those of Burke on the French Revolution.
Such scholarly writings are sometimes thought of as consti-
tuting a distinct category, a bridge between the humanities
and sciences.’ For certain purposes, it may be convenient to
consider them in this way, and it has the advantage of reduc-
ing the danger of oversimplification and of calling attention
to the great variety of synthetic and interpretative forms
available to the human mind. They are not essentially scien-
tific in spite of their scholarly character, and they display
properties which are found in works which are recognized
as distinctively humanistic.

When we search for the common element among the
various types of work usually regarded as humanistic, as well
as among the various approaches to a definition of the term,
the humanities will be seen to include those forms of art or
learning which are directly concerned with human responses
to all forms of experience, and therefore primarily with those
aspects of human experience “that cannot be resolved into
either natural processes common to men and animals or into
impersonal forces affecting all members of a given society.” *°
Inseparably involved in them are questions of human uses
and goals, of the ends toward which men direct themselves
and the means they use to gain them. Accordingly, they are
drawn to such issues as beauty and ugliness, happiness and
misery, right and wrong, good and evil, and the like. They
reveal the potentialities of men as human beings, and reflect
on the possibility of the full realization on these through
feeling, thought, and action.

There is some diversity also in the approaches to the defi-
nition of science. It is sometimes maintained that the mark
of true science is exact measurement, a point insisted upon
by Kelvin. Unquestionably, the most exciting aspects of mod-
ern science would be inconceivable without the increasingly
exact and subtle capacity to measure, but there are certain
aspects of science—for example, classical biology and geol-
ogy—which are excluded if measurement becomes the basis
of differentiating science from other forms of activity. Re-
cently, there has been a disposition to emphasize as a distinc-
tive feature of science the fact that it is cumulative and
characterized by continual progress, features which it is



12 SCIENCE AND THE HUMANITIES

claimed the humanities do not possess. As a recent popular
expression of this notion has it, “Today’s writers deal with
questions of right and wrong, beauty and ugliness, human
nature and the universals of life, while Greek playwrights of
over 2,000 years ago wrote on exactly the same themes.” **
Fundamental concepts are, of course, timeless in any dis-
cipline: today’s scientists are still studying motion, time, and
space, as were the ancient Greeks. There is, moreover, a
sense in which the non-sciences are also cumulative. A
non-science like music affords the musician of today vastly
greater and more complicated resources than were at the dis-
posal of a composer of medieval tropes. Moreover, certain
achievements in the arts are seminal and productive of fur-
ther developments, as are significant scientific theories and
concepts. There is a further form of cumulative artistic de-
velopment illustrated by a work like Joyce’s Ulysses, which is
fully comprehensible only with reference to Homer’s epic
and the place of The Odyssey in world literature. Science is
indeed cumulative and progressive, but this aspect does not
provide by itself an unmistakable basis for differentiation
from certain non-sciences.* In its crude form this view of
science is not very useful, but we can see some of its possi-
bilities as a clue to the meaning of science in Conant’s no-
tion of science as progressive, as a “guide to action”:

In view of the revolution in physics, anyone who now as-
serts that science is an exploration of the universe must be
prepared to shoulder a heavy burden of proof. To my
mind, the analogy between the map maker and the scientist
is false. A scientific theory is not even the first approxima-
tion to a map; it is not a creed; it is a policy—an eco-
nomical and fruitful guide to action by scientific investi-
gators.’®

Science is a dynamic undertaking directed toward lowering
the degree of empiricism involved in solving problems; or,
if you prefer, science is a process of fabricating a web of
interconnected concepts and conceptual schemes arising
from experiments and fruitful of further experiments and
observations.**

Underlying this conception of science are an appreciation of
the revolutionary and dynamic character of recent science,
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and a preference for the esthetic justification of scientific
discovery rather than the utilitarian or “engineering” justi-
fication. The common view of science as an exploration of
the universe is rejected, and is replaced by the notion of
science as “a guide to action.” Science is conceived of as
simply a form of intellectual activity which prepares for
further activity of the same sort. Nevertheless, Conant’s
statement allows some room for inference as to what kind of
action and what kind of guide.

We may take as a starting point a statement by the philoso-
pher, Ernest Nagel, of the distinctive intellectual goals of
science: “It has been the perennial aim of theoretical science
to make the world intelligible by disclosing fixed patterns of
regularity and orders of dependence in events.” ** The
formulations of science have been deemed successful to the
extent that they incorporate all phenomena of a particular
category and predict the course of future events of a similar
order. This aspect of scientific achievement is suggested in
Jacob Bronowski’s description of science as “the organiza-
tion of our knowledge in such a way that it commands more
of the hidden potential in nature,” ** as well as in Conant’s
phrase, “lowering the degree of empiricism in solving prob-
lems.” Science accordingly aspires to the highest possible or-
der of probability, and sometimes the probability is so high
as to amount to virtual certainty. Scientists protest with rea-
son that there is no such thing as scientific certainty, and
point in evidence to the overthrow of previously uncontested
scientific “truths,” instances in which a particular scientific
formulation was confronted with a category of events which
it could not subtend, and a new organization of data had to
be sought. The present emphasis on the progressive and
dynamic aspects of science and the accompanying denial of
certainty have obscured the fact, however, that the rejection
of rigorously demonstrated older scientific theories is some-
thing less than total. It is, in fact, one of the merits of
scientific method and of scientific proof that any formula-
tion which has fully met the tests science recognizes as req-
uisite for the validity of a proper generalization never quite
loses its claim to scientific truth. It is commonplace today to
say that modern science has repudiated Newton, as though
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Newtonian physics were now in the same limbo as the
Ptolemaic theory. Modern science has had to set aside
Newtonian physics as inapplicable and irrelevant to the
phenomena and the areas of investigation which are the
modern scientist’s present concern, but within a certain cate-
gory of events Newton is still valid, as the artificial satellites
attest. All science approaches universality, certainty, and pre-
dictability as its goal, though it is at the same time recog-
nized that there may never be an end to the road leading
there.

Before exploring some of the implications of these ap-
proaches to definition, it is necessary to call attention to
characteristics which both science and the humanities have
in common. As manifestations of the creative activity of
man, they both attempt to reduce to intelligible relations
particulars of experience and observation according to some
principle of order and selection. Moreover, although scien-
tific method is a rigorous formalized instrument for con-
trolling observation, verifying results, and directing the kind
of synthesis which may be achieved, the creative act is not
essentially different in science from that in the arts. In the
most original products there is the same brilliant grasping of
the points of similarity and relatedness between different
observations and experiences, as well as the use of fruitful
analogies—the experience which is summed up in the word
“intuition.” Bronowski finds a formula for science in Cole-
ridge’s definition of beauty: “Science,” he writes, “is nothing
else than the search to discover unity in the wild variety of
nature—or more exactly, in the variety of our experience.
Poetry, painting, the arts, are the same search, in Coleridge’s
phrase, for unity in variety. Each in its own way looks for
likenesses under the variety of human experience.”* In
spite of the close association between practical technology
and science, the scientist and the artist are both impelled by
the pleasure of creativeness: “For most scientists,” writes
Conant, “I think the justification of their work is to be found
in the pure joy of creativeness; the spirit which moves them
is closely akin to the imaginative vision which inspires an
artist.” *®* And there is also an esthetic element in science
which is experienced not only in the apprehension of the
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tremendous synthetic power of its laws and formulas but also
in the tracing through of the steps of an “elegant” experi-
ment or demonstration. The creative act, comments Bro-
nowski, “is the same in Leonardo, in Keats, and in Einstein.
And the spectator who is moved by the finished work of art
or the scientific theory relives the same discovery; his appre-
ciation also is a recreation.” ** Comparison of the products of
scientific and humanistic activity reveals some surprising
interrelations. There are certain respects in which some
forms of science resemble the arts, in particular music, and
in those respects science has more in common with the fine
arts than does humanistic scholarship. At the same time,
humanistic scholarship resembles science in one important
respect; both are circumscribed by the demands of accurate
observation and verification. From this point of view hu-
manistic scholarship has more in common with science than
with the fine arts with which it is normally associated among
the humanities.

There are those for whom these interesting similarities be-
tween science and the humanities suggest the ultimate
unity of all forms of knowledge and all forms of creativity,
with the result that distinctions between science and the
humanities become meaningless and the differences are
rendered inconsequential. That they are not meaningless is
indicated by the persistent retention of the terms even by
those who labor to obliterate the distinction between them.
Science and the humanities do not ask questions of the same
kind, and the generalizing powers of the humanities tend in
a somewhat different direction from those of science. In
science, the total absorption of the individual event in the
generalization is the goal; on the other hand, the humanities
are concerned rather with providing for the special meaning
of the individual event within an appropriate general system.
This is the case with such diverse products as poems, plays,
and histories. The special merits of the generalizing powers
of science are responsible, moreover, for the fact that the
final fruits of science are impersonal and transferable to
other purposes and other contexts in a way that humanistic
achievements are not. It is true, as Bronowski points out,
that if we take the whole of a great scientist’s work it bears
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the unmistakable mark of his peculiar genius, in its successes
as well as in its failures; and it may therefore be possible to
say, from this perspective, that “science at last respects the
scientist more than his theories, for by its nature, it must ap-
prove the search above the discovery and the thinking (and
with it the thinker) above the thought.” * But when we con-
sider the final product which has received the formal and
technical approval of science, it appears impersonal, inde-
pendent of its creator, and can be adopted as the property of
any scientist who needs to use it. Granting the existence of a
discernible regularity in the phenomena being studied, it is
conceivable, too, that some day the gravitational formula
would have been discovered even if it had escaped Newton.
None of this can be said of a sonata of Beethoven’s or a
play of Shakespeare’s, or for that matter of a history by
Thucydides. These possess a uniqueness not characteristic of
the discoveries of science. And there is this further distinc-
tion between the ultimate products of scientific and hu-
manistic creativity, that the formulations of science are
necessarily indifferent to the question of their human use or
meaning; they convey no direct or implicit comment on the
goals which men may choose or the means which they may
employ to attain them.

This last consideration is at the center of one of the most
sensitive issues in the current discussions of the nature of
science and its place in the modern world. It arouses intense
responses in defense of the human relevance of scientific dis-
covery, and the place of values in science and the scientific
activity. One aspect of this argument has already been al-
luded to—the view that human values inhere in science
since many scientists are inspired in their researches through
a desire to relieve human suffering. It is a position as old as
Bacon, who pronounced charity as the prime virtue of his
scientist because he viewed science as an instrument for gain-
ing control over nature to the end that the lot of man might
be improved.” This view became outmoded as the emphasis
shifted to the ideal of the scientist as a man engaged in the
disinterested search for scientific truth, but it has recovered
some of its appeal today, even for those who do not give a
primary place to practical and humanitarian applications in
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their definition of science.” The weakness of this line of argu-
ment, as we have already indicated, is that it shifts the sub-
ject from science to the scientist and thus alters the nature of
the problem from the character of the product to the char-
acter of the individuals who create it. But the objection to
the idea of science as impersonal and neutral does not rest
solely on the notion of the possible altruism of the scientist’s
motives. Science demands accuracy and eschews error—it is
concerned with truth. It demands honesty and the subordi-
nation of individual wishes and prejudices. Values are cer-
tainly involved here. Science, moreover, has been viewed not
as a merely personal but as a collective activity that has
created a world-wide community governed by mutual re-
spect for its members and encouraging originality and free-
dom. These virtues did not, of course, originate with science
and are not unique with scientific activity, and they are evi-
dent in a conspicuous way as a concomitant of scientific
activity because they are a necessary factor in its success. As
Bronowski remarks in an extended discussion of this issue in
Science and Human Values, “They have grown out of the
practice of science because they are an inescapable condi-
tion of its practice.” ® The final products of scientific ac-
tivity, however, are by their nature dissociated from the
values and personal virtues which were involved in the hu-
man activity which produced them. In one sense, of course,
something of the same sort can be said for a humanistic
activity, such as literature: the submission to the discipline
of writing, the respect for good craftsmanship, the desire for
honesty, even at times the endurance of privation which may
be demanded for the creation of artistically successful novels,
plays, or poems are not necessarily involved in a proper de-
scription of what literature is. But the significant difference
can be seen in the fact that the final product of scientific
activity is impersonal and uncommitted in any way to any
particular human use or goal; the final product of literary
effort, on the other hand, is inevitably identified with its
author’s character and his personal artistry, and it cannot
escape its involvement with particular human feelings and
with a particular view of human conduct and human aspira-
tions and goals.
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There are certain differences between the methods and
aims of science and the character of its distinctive products
compared to those of the humanities, and it is important to
insist upon them because the tendency in much of the pres-
ent day discussion of these matters has been to obliterate
or obscure these differences. Among these differences, one
of the most conspicuous is that, unlike the sciences, the
humanities are concerned with emotional responses to ex-
perience and they evoke these responses; and this is true of
all the arts and in varying degrees of most humanistic writ-
ing. Another difference is that the humanities address them-
selves to an understanding and an evaluation of human
goals, and this, while less apparent with the most abstract
arts like music, is especially apparent in all forms of human-
istic discourse. By comparison, a scientific generalization,
whether a mathematical formulation, or a theory, or a con-
cept, carries no implication within itself of its relevance to
any human uses to which it may be put, to the human
choices which may be governed by it, or to the inherent
human striving for happiness or self-fulfilment in action—
except as it points to further scientific activity. The creations
of science—its mathematical syntheses, its proven generaliza-
tions, its fruitful concepts and theories—are neutral with
reference to their moral and social implications; but with the
humanities, the involvement in both the human meaning
and response to the experiences and observations dealt with
is inescapable and is inherent in all typical humanistic prod-
ucts. They could not, in fact, be described or defined with-
out reference to these.** Science and the humanities share in
common the capacity to arouse a particular form of esthetic
response—the pleasure which is induced by those products
of creative effort of whatever kind in which discrete elements
of matter or experience are brought together in a meaning-
ful organization and which delight with the sense of diffi-
culty overcome. Even in connection with this aspect, how-
ever, there is a difference: it is possible to define a product of
scientific activity without reference to this esthetic aspect,
but it is hardly possible to do so for a work of music or a
poem.

There is a further difference. Though both attempt to dis-
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cern and express order and unity in the variety of experi-
ence, their generalizing powers tend in different directions.
Science attempts to subdue a multitude of incidents to a
grand generalization which, until challenged by new events
that demand a different order, is universal in its application
and is capable of accurate prediction with reference to all
future events that belong to the category of incidents with
which it deals. Humanistic works, on the contrary, are con-
cerned rather with the individual experience, and they re-
late it to general principles not in order to have it lose its
identity within them but in order to reveal its special mean-
ing. Humanistic works therefore tend toward uniqueness,
and in their totality call attention to the diversity and plenti-
tude of human experience. All sunsets can mean only one
thing in any given statement about them in the science of
physics; to a painter each sunset is a distinct phenomenon to
be given a special personal meaning in the whole range of
sunsets, and is subject to the widest range of artistic order-
ings, and capable of many emotional evocations. There is
also a parallel difference in the resultant products of the two
forms of creative activity, that whereas the products of scien-
tific genius are in their final form impersonal, the products
of artistic genius are unique and inseparable from the special
powers of the one mind which produced them.*

Some of these essential differences become evident when
we compare the humanistic and scientific approaches to hu-
man activity. The effect of a scientific ordering is to produce
detachment from the individual experiences which are being
dealt with; the effect of a humanistic ordering is to en-
courage involvement.

A simple illustration may help to give concreteness to this
distinction. The National Safety Council of America has for
some years engaged in the fascinating business of predicting
the number of traffic casualties which will occur during a
given national holiday. One of its most ambitious produc-
tions was its prediction in 1951 that the one millionth traffic
fatality since the first recorded automobile death in 1899
would occur in December. This prediction was first an-
nounced in March. By December 1, the Council had
zeroed on the target; the millionth fatality would occur on
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December 22. The purpose of the prediction was to call at-
tention to the relentless progress of this slaughter and to
encourage caution and consideration. If such admonitions
had had any immediate effect, the consequence would have
been that the authority of the methods of prediction would
have suffered, but as it turned out the statisticians had noth-
ing to fear. On the appointed day the destined number of
wretches gave up their lives on street and highway that the
prophecy might be fulfilled. But for some reason, the event
did not produce a significant reaction. In spite of an elabo-
rate campaign, the final event received surprisingly scant
notice, and such editorializing as appeared was admonitory
in a conventional way. The only genuine response which I
encountered came from an individual who said, “Well,
thank God, that’s over. Now we can all breathe more easily
again.” Save for this original touch, the whole affair was
empty of serious human meaning. The preliminary publicity
was aimed at leading up to a solemn response to an awesome
national tragedy. The public response was not as to a
tragedy; it was the kind proper to a scientific generalization.
The lifeless body on the highway was a mere number repre-
senting the operation of inexorable impersonal laws and
paying tribute to our genius for accurate measurement. One
could not expect the response to have been otherwise. The
closer an intellectual synthesis approaches the scientific ideal,
the more completely will the human act lose its individual
significance, and the more fully will we remain detached
from its human meaning within the formulation of which it
has become a part. Where numerical formulations are in-
volved, this effect becomes especially noticeable.

The contrast to this may be seen in literature, for the
power of literature lies in its capacity to involve us in its
data in a predetermined way, as well as in its capacity never
to lose sight of the uniqueness of the individual experience
which informs the work. There is a respect in which litera-
ture shares with science the capacity to formulate concepts
which give us a new outlook and provide a new measure of
control over our observations. The world takes on a differ-
ent aspect after mass and gravity and evolution have been
conceptualized, and in an analogous fashion we apprehend
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experience differently once Hamlet or War and Peace has
been conceptualized. It accordingly becomes possible to ap-
ply even the concepts provided by literature to the organiz-
ing of varieties of experience. Hamlet, for instance, has been
frequently used as a prototype of a particular form of mod-
ern sensibility. But a modern writer who sees Hamlet as a
symbol of dislocated and troubled man in modern society is
employing an illuminating analogy, and this is not quite the
same as a scientist fitting a physical event into a general law.
Outside the limited analogy, Hamlet remains unique. And
within the play itself, the universals to which Hamlet’s ac-
tions are referred do not function to obliterate the distinc-
tiveness of his tragedy. On the contrary, his own unique-
ness gives a special meaning to these universals. Unlike the
creations of science, which are of necessity neutral with re-
spect to their human meaning or use, works of literature of
necessity involve us in such responses as pity, fear, sorrow,
pleasant and bitter choice. We can remain neither detached
from nor indifferent to their human meaning. In successful
works of literature, our involvement is so complete that they
attach our sympathy even where they do not compel our
intellectual conviction or belief. Antigone’s compulsion to
bury her brother, if only with a handful of earth, has its
origin in a world of taboos alien to our own, yet her tragedy
moves us, at this remove from classical Athens. Because they
can do this, works of literature have the capacity to extend
the range of our sympathies; they impress upon us the di-
versity of human experience and direct attention to the
values which determine individual choice and through which
human actions acquire their meaning.

It does not—to state the obvious—follow that a man of
letters or a student of literature and the arts and of hu-
manistic learning is of necessity more humane and wise and
perceptive than one who is not a humanist, any more than
it follows that a scientist, by virtue of his practice of science,
always thinks more logically, clearly, and impartially than
the non-scientist. It is reasonable to suppose that continuous
involvement in the discipline of science will leave its impress
on the way a man thinks, and that the demands which the
practice of science make upon him will shape his character.
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By the same token, it is equally reasonable to suppose that
the arts and humanistic learning will contribute their share
to shaping the attitudes of those who take a serious interest
in them. And both, imperceptibly, leave their mark on the
age in which they flourish and on the society which gives
them support and scope for their activities. At best, however,
we can only infer the direction which the influence of these
two creative approaches to experience will take, through an
understanding of the essential character of their products
and of the ways in which they differ from one another. And
perhaps we can express only negatively the possible conse-
quences of their respective powers with any assurance or
accuracy. There are important functions which the humani-
ties cannot perform, and there are important functions
which science cannot perform, if for no other reason than
that they do not ask the same kinds of questions. The hu-
manities cannot take over all the methodological procedures
of the sciences nor duplicate the comprehensive inclusive-
ness of scientific generalizations and their capacity for ac-
curate if limited prediction, and we cannot, therefore, expect
that the humanities will provide exact and fully operational
solutions to the problems that vex our human condition.
Science lacks the capacity of the arts, especially literature,
and of humanistic learning, to become preoccupied with
proper human goals and proper human means of attaining
them, or to create a concern for the individual experience
and to search for its human meaning; and we cannot, there-
fore, expect its distinctive contribution to lie in the direction
of keeping alive and encouraging a sense of our common
humanity.
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Science and the Present
Status of the Humanities

The prevailing attitude toward the humanities may be
likened to the mixture of concern and contempt provoked by
a once distinguished relative who is now old and poor and
therefore something of a nuisance and a moral embarrass-
ment to his more fortunate kin. An interesting history could
be written of the origins and development of the critical at-
titude toward the humanities, and of their decline, if not fall,
in our century; but for the present purpose no elaborate
documentation is called for. All informed persons today are
aware of a chronic concern for the humanities, and suspect
with varying degrees of conviction that the tremendous im-
portance of science has something to do with the present
status of the humanities. The suspicion is, of course, not
unfounded. The growth of modern science has been one of
the most impressive phenomena of modern times, and some
would regard it as the most important single development
of the last three centuries. The arts and humanistic learning
have always been responsive to their intellectual and social
environments. The subject matter which they use, the prob-
lems they deal with, the new form which they give to recur-
rent universal questions, are all affected by the political and
social conditions and by the intellectual climate of the times.
All these factors have been greatly influenced by modern
science, and in that way modern science has, directly and
indirectly, become involved in the character of the arts and
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of humanistic learning today. But there is an additional im-
portant consideration in the fact that these developments
have had the effect of making an important issue of the
character and the relevance of the humanities themselves.
The present state of the humanities is in large part a conse-
quence of the vigorous interaction between a dynamic and
rapidly developing science and all other branches of learning
and thought. Precisely how this has taken place has not yet
been fully documented; but it is possible to place certain
important developments in relief by viewing the effects of
present day scientific activity against those of the sixteenth
and seventeenth centuries—the great age of Copernicus,
Keppler, Galileo, Newton, a period much like ours in the ap-
pearance of men of genius, in the incidence of impressive
discoveries of originality and imaginative brilliance, and in
the revolutionary character of its achievements.

The first scientific revolution of modern times was char-
acterized by an extraordinary impetus to study nature,
which resulted in discoveries in many fields—for instance,
Harvey’s discovery of the circulation of the blood. But the
achievements which establish the special character of the
science of this age were in astronomy and physics. Another
of its distinctive features was that, although accident and
even wrong presumptions played a part in the advance of
this science, there was a good deal of self-conscious philo-
sophic concern for method, illustrated in such works as
Bacon’s Novum Organum, Descartes’ Discourse on Method,
Galileo’s Didlogue Concerning Two New Sciences, and
Boyle’s Sceptical Chymist. In consequence, investigation of
nature was directed by excellent theorizing on the nature of
science, the limits within which it could properly operate,
and the means by which the discovery of scientific knowl-
edge could be promoted. The activity of science was limited
to the searching out of the behavior of matter—to the world
of “extension,” to “secondary causes”; science could not be
appropriately applied to questions relating to God and the
soul, to questions of faith, and to metaphysical and moral
issues depending on these. This delimitation of the field was
reflected in the distinctive methodological features of the
“new science,” as it came to be called. These features were
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the insistence on exactness and accuracy of observation aided
by instruments to overcome the limitations of the senses,
the use of experiments, the formulation and testing of hy-
potheses which appeared to “save the phenomena,” and the
application of mathematics to the study of motion. The
model which guided the method and shaped the results of
this science was atomistic and mechanical.

The splendid success of these new approaches to the study
of the physical world is to be found in the by now familiar
record of the scientific discoveries of this age. What were
some of the consequences of these advances in knowledge?
One very important consequence was that the science of the
sixteenth and seventeenth centuries radically altered the pic-
ture of the universal setting of men’s lives.* The universe be-
ing revealed by the new science was endowed with a new
vastness which appears to have made a profound impression,
illustrated, for instance, in the sober wonder with which
Robert Boyle sets down the figures which had been com-
puted for the distance to the sun, moon, and planets.* The
cosmos had, however, become not only larger but more im-
personal in consequence of the impression that the essential
character of the universe was its mathematical and mechani-
cal perfection. “God geometrizes” is a phrase that appears
frequently, and a common analogy for the cosmos was the
clock. Established cosmologies become the nucleus for a
variety of attitudes and beliefs, so that any radical change
in the picture of the universe appears to be a direct attack on
the attitudes and beliefs themselves. The new cosmos of
sixteenth- and seventeenth-century science seemed to
threaten old reassuring feelings and convictions which rested
on a different view of the universe and which appeared to
have been deprived of their foundations. Even before the
picture of the new universe was complete, a vague sense of
unease had appeared, reflected in the familiar line of John
Donne, “new philosophy calls all in doubt.” By the late years
of the seventeenth century, the universe appeared to be so
mechanically perfect as to require no resident engineer, and
so vast as to inspire a sense of cosmic loneliness. It was
feared that the new science would encourage atheism on the
model of the ancient pagan atomists, and in Thomas
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Hobbes, who followed mechanistic principles consistently in
all directions, pious men saw an enemy who demonstrated
how their fears might indeed be realized.

The questions and apprehensions raised by these aspects
of the new science were resolutely attacked by some of the
scientists themselves, as well as by others who accepted
the new science and its methodology but who wished at the
same time to preserve some of the reassurances about man
and his world that had accumulated around the old order.
They pointed out that the new scientific explanations were
for the most part hypotheses to account for phenomena and
not metaphysical certainties, and they further cast doubts on
a purely mechanistic view of the universe by calling atten-
tion to phenomena for which mechanistic theories were un-
able to account. At the same time, attacking the problem
from the opposite direction, they insisted that the regularity
and mechanical perfection which were being revealed in na-
ture were the surest proof of a rational order in the universe
and, therefore, of God. If the seventeenth and early eight-
eenth centuries were spared the kind of rough warfare of
science and religion which racked the nineteenth century, it
was partly because the scientists were eager to support the
theologians and the theologians were receptive to resolutions
of a rationalistic order.

The new science also had an influence on the conception
of man’s intellectual capacities and future possibilities. The
older view of the limits of human knowledge was colored
by traditional pessimism from two sources. One of these was
the religious caution that man should not aspire to know too
much, since such aspiration stems from pride and is improper
to mortals. The other was classical skepticism, which rejected
the possibility of accurate or adequate knowledge because
man’s capacities are defective and his life short. The skepti-
cal critique proved more serious than the religious, and dis-
cussions of scientific method usually reviewed the skeptical
position with respect and proposed ways of overcoming
the sensory and intellectual defects of man. In a bold step,
skepticism was adopted as a method while being rejected as a
philosophical system, a position which Bacon expressed with
his usual felicity in The Advancement of Learning: “If a
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man will begin with certainties, he shall end in doubts; but
if he will be content to begin with doubts, he shall end in
certainties.” The scientific view also eliminated the sense of
discouragement in the idea that life is too short to permit
adequate knowledge by viewing knowledge as cumulative
and its growth and approach to certainty as continuous be-
yond the limits of any single lifetime—the fulness of knowl-
edge, as Bacon put it, lay in the fulness of time. This in-
cipient idea of progress also supported the view that the
increase of knowledge about the physical world, when prop-
erly applied, would bring about genuine improvement in
man’s lot. Bacon spoke of regaining the lost Paradise. For the
first time there could be seriously entertained the possibil-
ity that man need not always remain in physical want and
discomfort. This aspect of scientific thought suggested a pro-
gressive view of knowledge and encouraged optimism con-
cerning man’s capacities and man’s future.

As the methods and attitudes of science rapidly gained in
authority, they were borrowed in other branches of learning.
The mechanistic model, and to some extent the methods of
relating phenomena to it, are apparent in the psychological
theories of Hobbes and Locke. Thinking in traditionally
humanistic fields was colored by the presumption that there
might be some grand unifying principle, like Newton’s dis-
covery about gravitation, which would bring order to knowl-
edge in areas outside the physical sciences. There was, of
course, nothing new in the conception of a rational and im-
mutable order in nature operative not only in the physical
world but also in law, morality, art, and the forms of society.
In fact, this ancient notion was one of the important in-
heritances from humanistic thought of the past that was
taken over as a guiding assumption by science itself. Never-
theless, the splendor of the idea in its new guise was ir-
resistible and there were borrowings—some of them naive—
of scientific presumptions in other fields, contributing a new
accent or coloring to the general search for laws and prin-
ciples “according to nature.” This analogizing is illustrated
by occasional references to the ethical principle of benevo-
lence as “moral gravitation.” These developments were not,
however, very farreaching, for scientific methods and atti-
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tudes did not fundamentally alter humanistic modes of
thought nor appreciably affect the status of the humanities.
There is apparent only a suggestion here of what was at a
later date to become an influence of extraordinary signifi-
cance.

Somewhat more indirectly, the humanities were affected
through the influence of science, and the speculations it
aroused, upon the sensibilities of the times. Milton retained
the Ptolemaic system of astronomy in Paradise Lost, but his
feeling for space is Copernican. The nature poetry of
James Thomson is permeated with the images and philo-
sophic overtones introduced by science, as in the following
passages from “A Poem to the Sacred Memory of Isaac New-
ton” (1727):

Even now the setting sun and shifting clouds
Seen, Greenwich, from thy lovely heights, declare
How just, how beauteous, thy refractive law.

What wonder than that his [Newton’s] devotion swell’d
Responsive to his knowledge! for could he,

Whose piercing mental eye diffusive saw

The finish’d University of things,

In all its order, magnitude, and parts,

Forbear incessant to adore that Power

‘Who fills, sustains, and actuates the whole.

In Addison’s Ode beginning, “The spacious firmament on
high” can be seen the happy resolution of the disquieting ele-
ments in the new cosmology. The last stanza concludes:

‘What though, in solemn Silence, all
Move round the dark terrestrial Ball?
‘What tho’ nor real Voice nor Sound
Amid their radiant Orbs be found?
In Reason’s Ear they all rejoice,

And utter forth a glorious voice,
Forever singing as they shine,

“The Hand that made us is Divine.”

The poem is little more than an eighteenth-century version
of the psalmist’s “The heavens declare the glory of God,” but
Addison infuses into the old images the new problems and
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the new resolution. The sense of terror in the new universe
is urbanely minimized in the subordinate construction of the
first part of the last stanza, and the ancient notion of the
harmony of the spheres is made to serve the purposes of
the argument from design in its modern scientific form.

Science further affected the humanities by contributing to
the forces which were shaping prose style in the direction of
clarity, simplicity, and directness. The interest of the scien-
tific writers in prose style was not primarily esthetic, but was
dictated by their preoccupation with method and their
concern for the reformation of learning. Their criticism of
medieval learning was that it was disputatious and verbal,
and they aimed to separate true learning from argument and
from persuasion through appeal to the emotions, and to turn
attention back to things and not words, as the cliché of the
times had it. They urged the avoidance of literary ambiguity
and encouraged exactness, and they aimed to write, as
Sprat put it, with a mathematical plainness. The influence
of this aspect of seventeenth-century science on prose is now
generally recognized. Equally important, however, was the
fact that the new scientists introduced a renewed interest
in language as a symbolic tool, and gave to this ancient
problem a direction which has led eventually to the subtleties
and refinements of modern linguistic and logical study.

Many accounts of this first period of modern science stress
its struggles against opposition and misunderstanding. There
is the wretched episode of Galileo with the church; there is
the long reluctance to accept the Copernican system; there
is the effort of the Royal Society to promote the acceptance
of science and justify its value. There was opposition to sci-
ence—more vigorous in England than in France—that took
the form of philosophic objection to its aims and methods
and satiric ridicule of its claims and pretentions. Some of
this was directed at the amateurishness and zeal of the
minor devotees of experimental science, but much of it
stemmed from a conviction of the superior value to man of
humanistic learning against the scientists’ claims for the
certainty and value of scientific knowledge. This view per-
sisted for some time; Swift could still, early in the eighteenth
century, write truculently about science and even with some
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disparagement about Newton. But Swift’s friend Pope was
closer to the mood of the day when he summed up the al-
most universal feeling about science and Newton in a fa-
mous epigram:

Nature and Nature’s laws lay hid in night.
God said, “Let Newton be,” and all was light.

Opposition there was, but what stands out in historical
perspective is how readily, in fact, the field was won. The
impact of the new concepts and speculations aroused by
science was almost immediate, and their diffusion outside
the circle of those who had a direct interest in science was,
everything considered, quite rapid. Especially after Newton,
it is easy to trace the positive effects of a triumphant new
science on the thought and on the sensibility of the age.

Comparison of this account of the first great revolution in
science with similar developments in our own age has, in
addition to the limitations of an oversimplified view, the dis-
advantage of neglecting significant episodes which occurred
during the intervening years. The basis of comparison is
therefore impoverished, especially by the neglect of the radi-
cal new theories in biology and geology and their influence
on religion and ethics and on the conception of the social
sciences and history. In compensation, however, there is the
advantage of a sharpening of relief by concentrating on the
extremes of the historical continuum.

We are struck at once by a parallel. Although the areas of
activity encompassed by the physical sciences in our century
have increased and appear to be without bounds, with ex-
traordinary discoveries being made in all areas, the most ex-
citing fundamental developments have been, as in the earlier
period, in astronomy and physics. And in Einstein our age
also has its hero, who sums up for us the distinctive powers
and accomplishments of our science as Newton did for his
own day. Like the science of the earlier period, moreover, that
of our age has been revolutionary. It has swept aside a great
deal that was formerly accepted as true about the physical
world, and has brought about a radical revision of the picture
of the physical universe. These parallels are striking, but they
can be misleading if pushed too far. The innovations of re-
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cent science constitute a revision and not, as in the earlier
age, a repudiation of preceding science. They reflect an in-
crease in the quantity and exactness of observation and in
the subtlety and sophistication of scientific thinking, but
they are in effect a continuation of the revolution which be-
gan in the sixteenth and seventeenth centuries. They are
regarded as a reaffirmation of the rightness of scientific ac-
tivity and of the vitality of its scientific principles and tradi-
tions, and hence, paradoxically, the rejection of the rele-
vance of much earlier science has increased confidence in
science itself. The image of science has been accommodated
to this role. Empbhasis is placed on the dynamic and progres-
sive aspects of science, the idea of scientific certainty has
been modified, and it is assumed that the picture of nature
will be continually and radically revised.

The changes which have been introduced involve a rejec-
tion of earlier models and the introduction of more subtle
and complex hypotheses. The clock will no longer serve even
as a crude analogy. The nature of the modern scientific uni-
verse, in comparison with that of Galileo and Newton, has
become elusive, even whimsical. Newton, commenting on
God and nature, wrote in a letter to Bentley in 1692, “to
compare and adjust all these things together in so great a
variety of bodies, argues that cause to be not blind or for-
tuitous, but very well skilled in mechanics and geometry.”
Contrast this with a remark of Einstein’s: “Raffiniert ist der
Herr Gott, aber boshaft ist er nicht”—of which one transla-
tion is, “God’s tricky, but he ain’t mean.” The science of
Galileo and Newton made a strong appeal to common sense;
that of today sometimes seems to defy it. Because the techni-
cal foundations of modern science are complex and recondite
and because its methods and generalizations sometimes seem
at odds with the logic of everyday practical experience, it is
not so readily accessible to educated non-scientists as was
that of the seventeenth century. This is a condition which
has created serious concern and apprehension among scien-
tists and non-scientists alike. In the years immediately fol-
lowing Newton, it might have been supposed that a person
well educated by the standards of his day could comprehend
the most advanced science available to him if he were
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willing to devote the proper study to it. This was surely the
assumption of Henry Pemberton, editor of the third edi-
tion of Newton’s Principia, in his book, A View of Isaac
Newton’s Philosophy (1728), a systematic presentation
which attempts to give a comprehensive account of New-
ton’s contributions to science, and which does not spare the
reader the necessary, if simplified, mathematics, and whose
list of subscribers is a Who’s Who of the age. In contrast,
efforts to explain the contribution of Einstein and his con-
temporaries to non-scientists have to resort to parables and
metaphors, and it is not uncommon for physicists to insist,
with a feeling of resignation, that beyond a certain point it
is impossible to understand what modern science is really
about without being a scientist. On the one hand, the tri-
umphs of modern science have created great confidence in
science and interest in its discoveries, and on the other, they
have by their nature created a barrier between the scientist
and his non-scientific fellows.

Certain developments in modern science have, it is true,
stimulated new speculations in areas of thought traditionally
humanistic and religious in a way reminiscent of similar de-
velopments in the past. By comparison, however, the new
efforts seem pallid, and the over-all result of taking over
scientific concepts and theories for these purposes has been
disappointing. The concepts of relativity, indeterminacy,
and frames of reference have become a part of popular
learned vocabulary, but for the most part they function as
little more than figures of speech and lose their original ex-
actness and creative power in the transfer. A similar lack of
vitality characterizes the speculations which have been
prompted by the new image of the universe in support of
theological and moral generalizations. The concept of in-
determinacy has been appealed to in arguing for the freedom
of the will, and the absence of complete certainty and
predictability in the case of a certain order of physical events
has—in a paradoxical reversal of the seventeenth-century
pattern—been advanced as offering new evidence for a be-
lief in God. None of these efforts, however, has been com-
parable in its influence to those of the earlier age, when the
argument from design and a few casual remarks by Newton
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about God and space made a profound impression on theo-
logians and educated laymen.

There are reasons, aside from the difficulty and obscurity
of modern science, that account for the lack of vitality in
the transference of scientific concepts and discoveries to
humanistic and religious areas. There are, after all, some
impressive aspects of the modern scientific view of nature
that can be appreciated by men who have some imagination
even though they have no understanding of the means by
which this picture of the universe was arrived at. One rea-
son for the difference in our response to new scientific
discoveries and that of the earlier age is that the shock of
novelty in the changing picture of nature is not so great
as it once was. We have come to associate our idea of sci-
ence with the recurrence of astonishing revelations about
the physical world, and we are now apparently conditioned
to accept these without metaphysical fears so long as we are
assured that they are based on experimental evidence and
mathematical proof. It may be symptomatic of this attitude
that the traditional warfare of science and religion is qui-
escent, and that the major religions of the Western world
have entered the twentieth century in harmonious associa-
tion with science and eager to demonstrate their modernity
in this respect. They have shown greater nervousness over
the new psychology than over any of the remarkable discov-
eries of physics and astronomy, or even of biology. The ad-
vances of science create a fearful response only when they
threaten established assurances about man and his position
in nature. The philosophic adaptations and reassurances
which followed the scientific discoveries of the seventeenth,
and then the nineteenth, centuries have come down to us as
familiar concepts, and mutatis mutandis, they continue to be
serviceable. The awe of Boyle over the magnitude of the
planetary system is not of a different order from that of
a modern man scanning the photographic star surveys taken
with our big telescopes and wondering over the light years
that are required to measure astronomical distance; for al-
though the scale of the cosmos has been magnified both
in the infinitely small and the infinitely great, no one ap-
pears to be terrified as was Pascal by the silence of those
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infinite spaces, bemused on the contrary by prospects of
cosmic exploration. The world revealed by modern science
has astonished the imagination, and it is as yet too early
to appreciate fully the extent of its influence, but one thing
seems reasonably sure—we have not found it necessary to
orient ourselves all over again in order to be reconciled to
our cosmic habitation.

These observations do not imply that new discoveries of
such scope as those of modern science have had little or no
influence on man’s thoughts about himself, the effects per-
haps impressing themselves in ways not yet clearly apparent
or fully realized. They are merely a warning that it is neces-
sary to distinguish the trivial from the important influences,
the presumed from the real. It has been frequently sug-
gested, for instance, that modern science has confronted
man with such overwhelming demonstrations of his puny
insignificance as to render humility imperative. “It is not
easy,” writes Bertrand Russell, “to maintain a belief in one’s
cosmic importance in view of such overwhelming statistics.” ®
Perhaps it is not easy, but most people manage to do it
somehow. They continue to behave as though their concerns
are important in the universe. Such humility as the moralist
of science seeks to instill today is not new. “When I consider
thy heavens, the work of thy fingers, the moon and the stars,
which thou hast ordained; What is man, that thou art mind-
ful of him?” The cosmos of modern science has at most
added a new coloring to this theme. Sensitive and imagina-
tive men throughout the centuries have found humility in
the contemplation of the magnitudes and mysteries of the
universe, but such men have always been few and they are
few now in spite of the supergalaxies. The effects of modern
science on man’s conception of himself are to be found else-
where, and one of these is in the direction away from hu-
mility. The discoveries of modern science have been so stim-
ulating and our breath-taking scientific progress so pregnant
with the expectation of future discoveries, that the principal
response has been a feeling of enthusiastic admiration for
man’s capacity to lure nature’s secrets from her. Moreover,
the association of science and technology is no longer acci-
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dental, as it largely was in the past, but systematic and
purposeful, and the products of this union have been so
numerous and successful as to bring about an unprecedented
advance in man’s efforts to extend his empire over the
physical world. And there seems no end to the discoveries
and their application. In no other enterprise has man
shown himself so lordly, and in no other have his efforts re-
flected such credit on his intellectual powers and resulted in
so many tangible consequences which testify to his abilities.
Confidence in scientific endeavor is reflected in the support
which it now receives, and the tempo of scientific research
is being stepped up with something approaching frenzy in
the effort. Optimism concerning man’s powers and the pos-
sibilities of scientific study is apparent today on a scale which
dwarfs that of the early pioneers who introduced it.

This is very probably the only area today where optimism
exists. For at the same time, the very success of the scientific
effort has bred a contradictory feeling of uncertainty con-
cerning man’s capacity to make proper use of the great
powers which have become available through science. These
fears have been expressed for some time, largely because of
an apparent lag between the discoveries of science and so-
ciety’s capacity to put them to use without creating problems
for which answers could not readily be found. With the in-
vention of nuclear weapons, however, this fear has become
a very real terror of the existence of powers which could de-
stroy civilization if not the race of man. The Faustian myth
has once again assumed a tragic aspect.

The general effect of the progress of modern science has
not been to engender humility, but rather to promote at
the same time a curious contradiction of optimism and fear—
optimism concerning the unlimited capacity of man to un-
cover the secrets of the universe and to extend his dominion
over nature, and fear and apprehension over the tremendous
powers which man’s ranging intellect has placed in his
hands.

These apprehensions are indirectly associated with science
in another way. While the success of science has increased
confidence in itself, it has at the same time undermined
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confidence in other forms of intellectual activity, and espe-
cially those which concern themselves with human problems
and with man’s philosophical needs.

It is the humanities which traditionally have addressed
themselves to the formulation and, hopefully, the resolu-
tion of questions and apprehensions involving the human
condition, and it is some indication of their position today
that they have been criticized for failing to provide answers
to the dilemmas which confront modern man, in particular
those stemming from the success of science. Ironically, the
humanities have also been complained of because they have
failed to adopt the methods which have proved so fruitful
and successful in science. Such criticism fails to appreciate
the real position of the humanities in respect to science to-
day. Many commentators express disappointment because
they fail to discover a simple direct relationship between
particular innovations in science and some philosophically
interesting or useful notion in humanistic thinking or their
translation into some ingenious motif in the arts. The most
far-reaching effect of science upon the humanities is to be
sought in the triumphant progress of science itself—in the
high authority of scientific methods and the penetration of
scientism into every remote corner of our intellectual ac-
tivity, in the identification of reality with the models useful
to science, and in a preference for the kinds of problems
which lend themselves to study by means of the methods
and instruments employed by science.

The natural sciences have become synonymous today with
accuracy, exactness, certainty, trustworthiness, and true
knowledge. Whatever can claim kinship, however remote,
with science assumes these virtues and partakes, if only by a
dim reflection, of the prestige which the whole scientific
syndrome commands today. The widespread diffusion of
this attitude is reflected in the unsophisticated acceptance of
the symbols of science as a kind of popular folklore.
Whereas the confidence of our grandparents in patent medi-
cines was inspired by the reassuring faces of the Brothers
Smith, Lydia Pinkham, and Father John, today confidence
in proprietary drugs is created by the picture of an alert
looking individual in a lab coat performing a laboratory
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rite, or by a naive diagram or animation and the meaning-
less repetition of formulae and technical words. I am per-
suaded that no one is convinced at the rational level by any
of this and that its effectiveness is largely ritualistic, celebrat-
ing the imago of science and thus acknowledging its great
power and authority. It does reveal, however, that at a low
popular level, science inspires belief and confidence com-
bined with a touch of awe.

At the intellectually respectable level, science has exerted
a profound influence upon our conception of what consti-
tutes adequate and acceptable knowledge. Speaking of the
presumptions which governed his work in the 1920’s and
1940’s, Bertrand Russell tells us that among these was a
“prejudice in favour of explanations in terms of physics wher-
ever possible.” * The interesting word in this casual remark
is “prejudice,” for it denotes not so much a settled convic-
tion as an ingrained preference, and one which would be
widely and sympathetically understood. One consequence
of a prejudice in favor of explanations in terms of physics
is a prejudice against questions which cannot be answered
in those terms. The world of learning today generally tends
to be mistrustful of problems which do not lend themselves
to investigation by scientifically approved means. Yet the
issues which interest the humanist cannot for the most part
be reduced to elements that can be investigated scientifically.
An interesting sidelight on the position of the humanities is
provided by the current state of academic philosophy. The
traditional philosophic questions have for some time ceased
to excite much interest, and the most flourishing kind of
philosophy at the moment is represented by the various
schools of analysis, for which the primary problems of
philosophy are linguistic. According to the most rigorous ex-
ponents of one school of modern philosophers, the kinds of
propositions normally involved in humanistic discourse turn
out upon investigation to be merely rhetorical or emotive
utterances which cannot become the basis of any contribu-
tions to knowledge because they defy verification.

An illustration of one way in which this point of view af-
fects the humanities is provided by the case of I. A. Richards.
As co-author of The Meaning of Meaning, he is in full
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sympathy with the modern scientific approach to knowledge.
He is also a student of poetry, which he evidently likes and
approves of. He faces this dilemma in Science and Poetry.
Poetry turns out to be valuable in putting in order the
vagaries of our primordial psychological and emotional
mechanisms. This provides a useful role for poetry, but it
is nevertheless a comedown for the poets who not too long
ago were declared the unacknowledged legislators of man-
kind. Today they are the acknowledged non-legislators.
Meaning has become scientific meaning, knowledge, scien-
tific knowledge. The primacy of scientific learning affects
poetry, and in fact most of the arts, in still another way.
Scientific knowledge is concerned less with “what” than
with “how.” It explores a reality which finds its ideal ex-
pression in mathematical relations, and cares for the indi-
vidual experience only as it becomes a clue to the possibility
of an impersonal formulation in which the individual in-
stance loses its identity in an all-powerful generalization. In
those arts which are concerned with the concreteness of in-
dividual objects and events and with the distinctiveness of
the individual unique experience, this change in emphasis
concerning what constitutes significant reality and true
knowledge leaves the artist with a feeling of being outmoded,
and with a sense of remoteness from the intellectual center
of his times. This feeling has been expressed indirectly and
directly by numerous poets since the early nineteenth cen-
tury, and it appears to have driven some of them to an almost
obsessive inwardness of theme and expression.® It has also
encouraged a view of the arts as no more than pleasant
sophisticated diversions.

In those areas of learning which are concerned with man
and his activities, now almost universally referred to as the
social sciences, the principal characteristic today is the
adoption of scientific methods and models. Whereas in
the seventeenth and eighteenth centuries the influence of the
methodology of science in humanistic learning was sugges-
tive and tentative merely, today it is widespread. The social
sciences have separated themselves as far as possible from the
humanistic associations of their past, and have taken over the
techniques and attitudes of the physical sciences and applied
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them to human and social phenomena of all sorts. They
construct models and devise experimental situations. They
have become quantitative. They aspire to scientifically veri-
fiable generalizations sufficiently certain to permit accurate
prediction, and their failure to achieve generalizations com-
parable in significance and dependability to those of the
natural sciences they attribute to their youth as sciences.
And in keeping with their scientific status, they avoid impli-
cations of value in their formulations.® In this they are cer-
tainly right, for to the extent that they are scientific and hope
to achieve scientifically respectable results, they cannot al-
low themselves to determine, in consequence of their purely
scientific efforts, the proper human uses of their discoveries.
The success with which the natural sciences are able to iso-
late particular problems and solve them has encouraged the
view that, if the social sciences with their present scientific
orientation could keep pace with the physical sciences, they
could solve and thus eliminate the problems created by sci-
ence and technology, as well as such evils as war or the un-
equal distribution of resources.

This is an understandable but misguided hope. Scientific
knowledge would be greatly advanced if the social sciences
could achieve the accuracy and certainty and the power of
fruitful generalization characteristic of the physical sciences,
and like other advances in knowledge this would be a posi-
tive gain whose consequences cannot now be predicted.
But if the present hopes for the social sciences are realized,
the consequences of research in the social sciences will con-
front us with exactly the same kinds of problems as now
face us in consequence of research in the natural sciences.
Like the discovery of nuclear fission, they could eventuate in
good or evil, depending on whether we were wise enough to
put them to use in such a way as not to destroy whatever is
decently human in us. The discoveries cannot determine
their own use. The benefit of increases in scientific knowl-
edge is that they provide a clearer view of the circumstances
within which action is possible, and thus they both limit and
enlarge the possibilities for real choice, but they do not
provide within themselves any guide for the kinds of choices
to be made, since such choices raise the question of human
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goals and the means which are proper to attain them. Issues
like these have been the perennial preoccupation of the
humanist, but his questions are not scientific questions, and
he cannot therefore employ all the distinctive methods or be
guided by the aims of science without repudiating his role
and nullifying what he is after.

The dominant efforts to resolve this difficulty acknowl-
edge, either directly or by implication, the success of the
scientific view of knowledge. There are three principal ap-
proaches which seem to have attracted attention to them-
selves recently, none of them free of difficulties. One of
these places the ultimate source of human values and the
meaning of experience in religion. This, probably the
oldest approach, has survived centuries and has vital personal
and philosophical advantages. Difficulties arise because reli-
gions tend to become authoritative and mutually exclusive.
In a pluralistic society or world, therefore, there must be
found certain common principles based on acceptable rea-
sonable sanctions in order that men can act in concord. A
second approach distinguishes two separate orders of truth,
one based on scientific method and another, different from
science and equally valid, which is discovered not through
scientific method but through myth and metaphor. The ap-
proach is intuitional and anti-rationalistic. Intuition is an
avenue of discovery in all fields—“The symbol and meta-
phor,” writes Bronowski, “are as necessary to science as to
poetry” "—but intuitions require to be demonstrated
within a rational system or framework before their truth
can be generally acknowledged. Not all intuitions have
proved verifiable, and not all myths which have strong emo-
tional appeal have proved to be good or valid. In any case,
the mythic approach to knowledge, in spite of interesting
philosophical support, has not made great headway against
the prevailing scientific attitudes.

A third approach has come through science itself. At-
tempts to demonstrate that scientific method can be applied
to the determination of basic human values have proved in-
effectual, but it has been proposed that these values can be
derived from the activities of scientific investigation. Bacon
had observed that the pursuit of science calls for the highest
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virtues, and his views were echoed during the seventeenth
century. Recently it has been suggested that the human
qualities demanded by science of its practitioners can be-
come the foundation for a consistent body of ethical im-
peratives and norms:

The society of scientists is simple because it has a directing
purpose: to explore the truth. Nevertheless, it has to solve
the problem of every society, which is to find a compromise
between man and men. It must encourage the single
scientist to be independent, and the body of scientists to
be tolerant. From these basic conditions, which form the
prime values, there follows, step by step, the spectrum of
values: dissent, freedom of thought and speech, justice,
honor, human dignity and self-respect.?

The international community of scientists, in its candor,
mutual respect, and absence of social and racial discrimina-
tion, constitutes an ideal democracy: “Though there is an
aristocracy of talent and unequal distribution of powers and
prestige among scientists, the organization of science as a
community of free, tolerant, yet alertly critical inquirers
embodies in a remarkable measure the ideals of a liberal
civilization.” * Presumably, in scientific activity we possess an
empirically demonstrated and realistic basis for a code of
conduct and a social order which does not require religious
or metaphysical sanctions and which has proved its validity
through the success of the scientific activity and its influence
on the conduct of scientists as a community. A vital con-
sideration here, however, is that this code governs scientific
activity only because it has a special relevance to science as
science. As Bronowski puts it, the scientific virtues “have
grown out of the practice of science because they are the
inescapable conditions of its practice.” ** That is to say, they
are as necessary to a scientist as co-ordination is to a dancer
and the acceptance of danger is to an explorer or mountain
climber. Upon what sanction and with what justification or
authority can we insist upon their general adoption in areas
of human activity where they are not the inescapable condi-
tions for successful practice—in politics, for example, or the
competition for markets, war, love? We have today evidence
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that where a society provides the scientist with the kind of
freedom and respect which he requires for success within the
restricted area of his special activity as a scientist, it may
deny them to the society of which he is a part, including
the scientist himself as member of this society, without any
perceptible effect on the progress of science or the ability or
willingness of the individual to exercise his full powers as a
scientist. C. P. Snow doubts whether the conditions are as
vital even to the society of scientists as the older generation
of scientists maintained."* Assuming, however, Bronowski to
be correct in his view that “the society of scientists must be a
democracy,” it does not therefore follow that such privileges
as “free inquiry, free thought, free speech, tolerance” will
transfer themselves to society as a whole, by example or
necessity, in a scientific age. The virtues called for by the
scientific activity are impressive and it would no doubt be
for the general good if they could be transferred to other
activities, for they were admired and recommended long
before modern science; but it is only another indication of
the authority which science commands to suppose that the
exercise of these virtues could be generally adopted on no
other authority.

When we pass from what science is, and what it has con-
tributed, to the implications of these activities and accom-
plishments for human choice and action and for the human
condition, there is involved a leap from one order of in-
tellectual systematizing to another. In the present state of
the world of learning, it sometimes appears as though there
is no choice between knowledge that comes as a command
of God or an unverifiable intuition, and science. Not all
rigorous, critical, disciplined thinking, however, is science,
for what characterizes science is not only the distinctiveness
of its methods and the rigor of its thinking but also the
kinds of questions which are being asked. Failure to perceive
this distinction leads either to the superficial adoption of
the paraphernalia of physical science as a masquerade where
they do not function essentially, or to the discredit of serious,
critical, impartial inquiry where the questions are not scien-
tific and the results cannot claim the same degree of prob-
ability and predictability as is possible in science. Yet the
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possibility and necessity of such thinking need to be
acknowledged, and on this matter it is useful to have sup-
port from a scientist, James Conant:

Only an occasional brave man will be found nowadays to
claim that the so-called scientific method is applicable to
the solution of almost all the problems of daily life in the
modern world. Yet some proponents of this doctrine have
at times gone even further and maintained that only by a
widespread application of the scientific method to the
problems of society at every level can we hope for peace
and sanity.?

However, the point of view expressed here is not universally
held and its implications are not generally understood.
What we might call the collective consciousness of our times
continues to have a prejudice in favor of explanations in
terms of science. In addition, according to the most rigor-
ous analytical philosophies of our times, not merely are the
traditional methods of humanistic learning not entirely re-
spectable, but the questions which are its concern lack ex-
actness and are usually meaningless because they are beyond
proper verification. Analytical philosophy has thus provided
support for the undermining effect of scientism on the valid-
ity of humanistic approaches to experience. While the more
extreme aspects of this view are being challenged today, the
destructive implications of this analysis have not been re-
pudiated in such a way as to eliminate the ambiguity of
status which attaches to humanistic learning in consequence
of the acknowledged supremacy of science and its methods
and the widespread adoption of scientific attitudes.

In perspective, what stands out as probably the most re-
markable achievement of science is its success. Ours is a sci-
entific age not only because the discoveries of science are
among the great accomplishments in the history of the hu-
man intellect or because science has transformed our en-
tire environment, but because our ways of thinking and
our notions of truth and reality have become largely those
of science. The most dramatic outcome of the long inter-
action between science and other modes of organizing and
interpreting experience seems to have been that, while sci-
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ence has transformed the physical setting of our lives and
provided an extraordinary amount of new knowledge and
exciting new concepts about the physical universe, it has at
the same time undermined the authority of and our confi-
dence in the only ways available to us of incorporating these
into a significant relationship to our philosophical needs as
human beings.



Criticism of the Humanities
by Scientists

There has probably never been a time when the humani-
ties have not been the object of some kind of criticism. The
arts and letters reflect the intellectual, political, and social
conditions of their times, and they also comment on them.
They do not always conform to what particular individuals
and groups would like to hear, and their shortcomings are
accordingly made known to them. Sometimes, however, they
are criticized for what they are essentially. Plato regarded the
poets as a danger to his ideal commonwealth, and at least
some theologians during the Middle Ages and the early
Renaissance regarded secular literature with suspicion. It
is not wholly unrelated to this phenomenon that some
of the classics of criticism have been explicitly or by implica-
tion defenses of poetry. At the turn of the century, when the
energies of most modern nations were preoccupied chiefly
with industrial and commercial development, the humani-
ties were sometimes dismissed as impractical. This view still
has currency: Howard Mumford Jones in his treatise on the
humanities, One Great Society, proposes a series of ques-
tions which “business leaders would presumably want an-
swered if they were called upon to support scholarship in
this field,” * and many of these questions raise the issue of
practical relevance. Today, however, the protest which
seems to carry the most weight is that which comes from
science. Not only have the development and increased im-
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portance of science affected the status of the humanities in
our time, but they have also provided a new source of
criticism for them and a new body of critics. Now that the
scientists have come to play a leading role in our society,
they have also become understandably concerned with the
present welfare and future progress of their work, which
they tend generally to identify with the present welfare and
future progress of society; and they are therefore sensitive
to any sources of misunderstanding or opposition. Many of
them have detected what they believe to be a belligerent
or ignorant attitude among artists, literary men, and non-
scientific scholars—the group whose collective activities are
usually summed up in the word “humanities.” Where they
thought to have allies, some have found enemies. Others,
who have not detected active opposition on the part of the
humanities, have found them neglectful of and indifferent
to their proper role—a dormant power, uncomprehending
and neglectful of the one dominating creative impulse of
our culture.

Underlying some of these views is an uneasy awareness of
something not quite satisfactory in the present status of sci-
ence in our culture. Its intellectual achievements are widely
acclaimed, its technological developments are the hallmark
of our civilization, its vital importance to the preservation of
our kind of society is acknowledged; and yet, somehow,
there appears to be a disappointing and even ominous lack
of harmonious association of this great power and these vast
accomplishments with the total activity and outlook of our
culture. It is with a statement of this theme that James
Bryant Conant opened his Terry Lectures, in 1946:

Is it not because we have failed to assimilate science into
our western culture that so many feel spiritually lost in the
modern world? So it seems to me. Once an object has been
assimilated, it is no longer alien; once an idea has been
absorbed into an integrated complex of ideas, the erstwhile
intruder becomes an element of strength.?

The question which Conant asks here has become a prin-
cipal motif in discussions by scientists of the present state of
our culture, but it is not often that the question is asked



CRITICISM OF THE HUMANITIES BY SCIENTISTS 47

with the same temperateness of tone. In its most character-
istic recent form, the question has become a positive asser-
tion concerning a lack of harmony and adaptation between
the humanities and the sciences, and the answer takes the
form of a charge of failure on the part of the humanities as
the discipline whose responsibility it is to assimilate into an
integrated body of ideas and attitudes the significant intel-
lectual achievements of our time. Thus has grown up the
concern over our divided culture—on the one side, a domi-
nant science which is progressive and looks to the future;
on the other, the regressive humanities, which have failed to
keep pace with the leading intellectual force of our times
and instead keep faith with the dead past:

Our society is indeed divided between the past and the
future, and it will not reach a balanced and unified culture
until the specialists in one field learn to share their language
with those in another. The scientist has much to learn still,
in language and thought, from the humane arts. But the
scientist also has a share, a growing share, to contribute to
culture, and humanism is doomed if it does not learn the
living language and the springing thought of science.?

It is, presumably, because they understand the value of the
humanities that the scientists condemn their present in-
capacity. “Professors of science,” writes Joseph Gallant,
“apologetically admit the straitened confines of technologi-
cal studies and defer to the deeper wisdom of the humani-
ties. But the humanities sweepingly ignore the role played
by scientific insight and thinking in the ideology of our times
and disdainfully march on their archaic way as though the
atomic and electronic age had not yet arrived.” *

The most widely discussed statement of this view, and the
one which has given currency to the phrase “two cultures,”
is that of C. P. Snow, The Two Cultures and the Scientific
Revolution, originally delivered as the Rede Lectures in
1959. What has given Snow’s expression of the idea such
authority is not only that it has come as a climax to a grow-
ing conviction among scientists, but also that he speaks as
one who has lived in both worlds and enjoys the unusual
position of being both a scientist and elder statesman of
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scientific activity and also a respected novelist. This is how he
sums up the present situation:

Literary intellectuals at one pole—at the other scientists,
and as the most representative, the physical scientists. Be-
tween the two a gulf of mutual incomprehension—some-
times (particularly among the young) hostility and dislike,
but most of all lack of understanding. They have a curious
distorted image of each other. Their attitudes are so dif-
ferent that, even on the level of emotion, they can’t find
much common ground. . . . The non-scientists have a
rooted impression that the scientists are shallowly opti-
mistic, unaware of man’s condition. On the other hand
the scientists believe that the literary intellectuals are
totally lacking in foresight, peculiarly unconcerned with
their brother men, in a deep sense anti-intellectual, anx-
ious to restrict both art and thought to the existential
moment. And so on. . . . On each side there is some of
it which is not entirely baseless. It is all destructive. Much
of it rests on misinterpretations which are dangerous.®

It is worth looking at the rhetoric of these statements, for
it reveals the intensity of feeling, whether in sorrow or anger,
which the issue arouses. Gallant: the scientists “apolo-
getically admit” their limitations, but “the humanities sweep-
ingly ignore the role played by scientific insight and think-
ing in the ideology of our times and disdainfully march on
their archaic way.” Even in Bronowski’s more balanced state-
ment, though the scientist has “much to learn still,” “hu-
manism is doomed if it does not learn the living language
and springing thought of science.” Snow’s argument appears
on the whole to be impartial, but where the rhetoric is
loaded it is against the humanists: “at one pole the literary
intellectuals, who incidentally while no one was looking
took to referring to themselves as ‘intellectuals’ as though
there were no others.” ® And there is his comparison of Eliot
and Rutherford as type figures:

Non-scientists tend to think of scientists as brash and
boastful. They hear Mr. T. S. Eliot, who for these illustra-
tions we can take as an archetypal figure, saying about his
attempts to revive verse-drama, that we can hope for very
little, but that he would feel content if he and his co-
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workers could prepare the ground for a new Kyd or a new
Greene. That is the tone, restricted and constrained, with
which the literary intellectuals are at home; it is the sub-
dued voice of the culture. Then we hear a much louder
voice, that of another archetypal figure, Rutherford trum-
peting: “This is the heroic age of science! This is the
Elizabethan age!” Many of us heard that, and a good many
other statements beside which that was mild; and we
weren’t left in any doubt whom Rutherford was casting
for the role of Shakespeare. What is hard for the literary
intellectuals to understand imaginatively or intellectually
is that he was absolutely right.

And compare “this is the way the world ends, not with
a bang but a whimper”—incidentally, one of the least
likely scientific prophecies ever made—compare that with
Rutherford’s famous repartee, “Lucky fellow Rutherford,
always on the crest of the wave.” “Well, I made the wave,
didn’t I?”7

‘When scientists discuss the divided nature of our culture, the
humanities are likely to come off badly.

To get at the heart of the problems of the disunity of our
culture, it is necessary to go beyond the alleged failures of
the humanities and the limitations of the temperament of
the present day humanist in comparison with his scientific
counterpart, and to take into account certain distinctive fea-
tures of the learning of our civilization. To a degree far be-
yond that of any previous age, our intellectual activities in
all areas of learning are vast, they are highly specialized, and
their results at the most advanced level are unusually recon-
dite. The magnitude of our researches is appalling, not only
in the number of persons who continuously devote their
time to it and in the quantity of learning which it makes
available, but also in the accelerating rate of its accumula-
tion. Moreover, the preservation of the record of the activi-
ties of our culture comes close to being total. Every scrap of
official, and much unofficial, data is preserved; every success-
ful research effort is published, along with some that have
not been successful. To cope with any part of contemporary
knowledge in a professional way, one has to select a limited
specialized area; to keep up with even a limited portion of
it has become an unremitting and exhausting task. More-
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over, the state of learning has become so advanced that the
extreme boundaries are accessible only to fully equipped ex-
plorers. This is as true outside of the natural sciences as it is
in them. To the non-economist, for instance, the theory of
money, once we get past a few elementary principles, soon
reaches levels where the atmosphere is too rarefied for the
unconditioned. The exact understanding of such writings
as the poems of T. S. Eliot, or Rilke, or the late experiments
of Joyce, is almost as far from the capacity of the interested
amateur reader as is the proper understanding of Einstein.®

A sobering fact about our culture is that, while its total
knowledge is vast and of extraordinary refinement, and our
capacity to uncover more—and more recondite—knowledge
is apparently inexhaustible, the area of individual ignorance
is becoming correspondingly greater. This axiom applies not
only to the educated man outside a particular field but also
to one in it. Every notable advance in some area of physics,
for instance, renders not only the non-physicist more igno-
rant, but also the average physicist as well. In every science
we will find good men who modestly concede that, concern-
ing some significant phase of their subject, they do not
know enough to have an expert opinion. It is true, of course,
that all learning involves exclusion and that anything learned
is at the expense of something not learned. But never before
has this been so true for the serious, educated man who is
eager for access to the new and wonderful things which the
advanced learning of his culture is able to provide. For one
thing, the sheer bulk is too great, and, what is more to the
point, when he reaches for the most exciting of our intellec-
tual products he is likely to discover that they are really be-
yond his grasp. This is the theme of some reflections by
Robert Oppenheimer in the ACLS annual lecture in 1959:

Common sense and specialized knowledge are in a very
special, unsymmetric relation to each other. All our knowl-
edge, all our specialized knowledge, starts with common
life: words which we know and do not have to argue about,
that are in our experience. Then we begin to manipulate,
intellectually and physically; and new things grow. . . .
What flows back from special knowledge, back into com-
mon knowledge, is rather a small part. I am not talking so
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much about the fact that we use difficult words. I am
talking about the fact that behind the difficult words there
is a difference of experience, in life and tradition, which is
very hard to bridge. Anyone who tries to tell you what is
going on in the specialized parts of knowledge—and this I
believe is not quite as true of the anthropologist as of the
physicist, not quite as true of the philologist as of the
biologist—has some of the same problems as a man who
has been off to war for five years talking to people who
stayed at home, or a man who has been in prison; but in
addition there is of course the intellectual problem, again
varying in difficulty from subject to subject, particularly
difficult where the abstractions of an explosively growing
mathematics are involved. . . . The deep things in phys-
ics, and probably in mathematics, are not things you can
tell about unless you are talking to someone who has lived
a long time acquiring the tradition.?

The general situation in the world of learning is the same
for the non-sciences as for the sciences, but, as Oppen-
heimer’s remarks point out, the sciences represent a special
case in the whole situation. One advantage of the non-
sciences is that our education requires all of us to master the
symbolic tool of language and to familiarize ourselves with
its operation in a great variety of contexts and forms. Serious
writing raises no real barrier if it avoids words which have
meanings only for the initiates in a specialty and employs
concepts that derive from common experience or the ele-
ments of our common education. The most original learn-
ing, and also art, of our times is unlikely to fall into this
category, and a sense of alienation arises accordingly; but in
the nature of things, the most acute sense of alienation will
arise from those aspects of learning which demand highly
specialized symbolic tools, such as advanced mathematics—
in short, those aspects of science which we are told are the
glory of our age and have transformed the physical universe
in which we live. The separation between the non-scientist
and the scientist will therefore be the most striking of all.
But to see only this is to miss the essential difficulty. A gulf
separates all advanced learning from the curious educated
man; and even within the learned world itself, even within
the sciences, the character of modern learning cuts men off
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from easy access to what the best minds in any group have
to offer:

One is faced here [Oppenheimer continues] with a situa-
tion in which the practitioners of the specialized sciences
have between them contacts, valuable, important; but
there is no total relevance, no total mapping of one on
the other; and between all these people—and as of now
it is still a very small part of our society—between these
and the people who do not live in this world, there is only
such communication as is mediated by earlier or later edu-
cation, by friendship, by patience, and by the best of good
will. That is why the core of our cognitive life has this
sense of emptiness. It is because we learn of learning as
we learn of something remote, not concerning us, going on
on a distant frontier; and things that are left to our com-
mon life are untouched, unstrengthened and unilluminated
by this enormous wonder about the world which is every-
where about us, which could flood us with light, yet which
is only faintly, and I think rather sentimentally, per-
ceived.*®

If the present alienation between important areas of learn-
ing is ever to be removed and new learning made a part of
the common intellectual experience of all educated men,
we will have to find some way out of the accelerating ac-
cumulation of new knowledge, and the specialization, re-
finement, and strangeness of the advanced research which is
the glory and burden of our civilization. In this situation, the
position of the humanist with reference to science is the most
difficult of all, and if his involvement in science is less than
enough, it should not, at the very least, be attributed to in-
difference to the claims of science and ignorance of its im-
portance. There is evidence of alienation on the other side
without the same basis for lack of comprehension. Snow ob-
serves that, in the course of interviewing thousands of well-
trained and intelligent scientists and engineers, he discov-
ered that only a few of them had any first-hand experience
with works of literature, familiarity with which would be
taken for granted by literary people. Much of this literature
is not beyond the reach of an educated man. Perhaps there is
something in the very nature of our specialized learning
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which creates alienation even where the ability to compre-
hend is not involved. We can understand that a young
scientist, confronted with the great body of knowledge and
the numerous devices and techniques which he is called
upon to master, subject to great pressures to make discoveries
and excel, and convinced that at this moment in history
what he is doing is the most important thing of all, will feel
reluctant to devote any time to the novels of Dickens or
Faulkner and the poetry of Chaucer or Eliot. But even more
important than this is that it is possible to define his role as
a scientific man without any reference to literature, except as
a personal ornament or relaxation from his intense duties.
It is not, however, possible to define the role of the humanist
in such a way as to exclude preoccupation with what the
scientists are doing, for the humanities lose their power to
the extent that they do not interpret the genius of their age;
and our age, though it is many things in addition to being
scientific, cannot be adequately characterized without taking
science and the scientific spirit into account.

For this reason, what the scientists might have to say about
the arts has some bearing on the whole problem of our di-
vided culture and the responsibility of the humanities. On
this issue Snow is blunt:

It is bizarre how very little of twentieth century science
has been assimilated into twentieth century art. Now and
then one used to find poets conscientiously using scientific
expressions and getting them wrong—there was a time
when “refraction” kept cropping up in verse in a mystify-
ing fashion, and when “polarized light” was used as though
writers were under the illusion that it was a specially ad-
mirable kind of light. Of course, that isn’t the way that
science could be any good to art. It has got to be assimilated
along with, and as a part of, the whole of our mental ex-
perience, and used as naturally as the rest.*

The response of the arts and literature to science is repre-
sented as illinformed and trivial. Bronowski appears to
contradict this view. He contends that “a civilization cannot
hold its activites apart” and that it “is bound up with one
way of experiencing life,” and he illustrates the point from
painting: “The study of perspective in the Renaissance
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chimes with the rise of sensuous painting. And the distaste
of painters for naturalism for fifty years now is surely related
to the new structure which scientists have struggled to find
in nature in the same time.” ** The example, however, is
from the visual arts. Elsewhere, as we have seen, Bronowski
speaks with as much feeling as Snow about the failure of
humanities. When the scientific apologists criticize the arts
of our day for their failure to interpret science or make better
use of its new insights, it is literature they have in mind pri-
marily. Thus, Joseph Gallant contrasts the effective way in
which Pope, Shelley, Tennyson, Whitman, Emerson, Sand-
burg, and Hart Crane absorbed and interpreted imagina-
tively the science of their day, with the almost complete
absence of interest among current poets, except for a few
“glib satirical pieces [which] have appeared in magazines,
chiding science for man’s interference with God’s ways.” **
Where the modern writers have responded, the results have
been trivial (we are not amused).

There is first of all a question of fact to consider—whether,
that is, the situation is as these writers describe it. The em-
barrassing ineptness of those writers to whom Snow refers,
when “refraction” kept cropping up in verse in a mystifying
fashion, the few glib satirical pieces—those admittedly do
look pitiful, if that indeed is the record. It is true that most
modern science is not open to the untrained individual, but
one might well have expected more. When we look at certain
obvious possibilities, the record is only slightly better. The
theme of man’s position against the staggering picture of the
scientific universe, so frequently urged in popular works on
science, has not found a response among the poets, although
here they might well point out that the seventeenth and
eighteenth centuries responded to this theme so thoroughly
and expressed it in so many different ways as to leave little
in the way of novelty for the modern writer. Novelists have
not, to any appreciable degree, found their materials in the
world of scientific activity nor modelled their characters on
the scientist of our times; though here again it is possible to
point out that only recently has the scientist become a public
figure and placed himself in the field of public action in such
a way as to create interesting possibilities for fiction. The
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conditions and possibilities of a technological society have
not been dealt with extensively in fiction since H. G. Wells
explored the field and then expressed his disillusionment
with his earlier optimism. And the vast amount of science
fiction has not so far risen above the level of the best detec-
tive yarns. Yet all these might be considered matters of sur-
face importance. We must agree with Snow that, if science
is to be any good to art, “it has got to be assimilated along
with, and as a part of, the whole of our mental experience,
and used as naturally as the rest.” It may therefore be that
we are not at the moment in a position to assess accurately
the manner in which the science of our century has left its
impress on the important writings of our times. What we
know about the influence of science on writers of the past
has been made apparent chiefly as a result of a considerable
amount of scholarship during the last few decades—a fact
in itself somewhat at variance with the notion that human-
istic scholars are not interested in the effects of science on
our culture. Nothing on the same order of thoroughness has
been done, or could in fact have been done, for the scientific
influences on the literature of our own day, and accordingly
we are not in so good a position to generalize about the
matter as we are about earlier European and American litera-
ture. Nevertheless, we know enough about the art and litera-
ture of our day to make a few suggestions.

If we consider the spirit of modern science rather than its
theories and their implications, we will discover a surprising
analogy between the development of art and literature and
that of science within the last century. Those who look for
an immediate and direct response to the discoveries of
science find only triviality, timidity, and staleness in the
work of modern writers. Snow’s picture of T. S. Eliot as the
archetypal figure of modern literature, timidly suggesting
some modest hopes for a revival of verse drama, can be
paralleled by statements like that of Gallant, who says of
modern literature that “the revelations and moods presented
are trivial variations on themes centuries old.” ** Whether
Ulysses is a trivial variation on Tom Jones, or Four Quartets
on Donne’s religious poetry, may with propriety be regarded
an open question. The art and literature of the last century
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reveal, even in the most superficial review, continuous ex-
perimentation, some of it highly original and productive of
permanently valuable results, the rejection of many tradi-
tional forms and methods, and the pushing of the bound-
aries of art in unfamiliar and surprising directions. They
have, that is, shown something of the dynamism and revolu-
tionary character of science. They have explored by their
characteristic means the universe which is their province,
and have cultivated new forms of sensibility and introduced
a new order of perception of the physical world. As science
has refined its symbolic tools in order to probe further into
the physical universe, so artists have experimented with new
media and with novel uses of the old, musicians have worked
with new tonalities and instrumentation, and writers have
experimented with language, forcing it into involved types of
symbolism and unusual patterns of construction. They have
also devised new or radically modified patterns of formal
order. The form of Tom Jones is governed by a scheme of
time sequence and causality which would not serve at all for
Joyce’s Ulysses, with its interest in the simultaneity of events
and its concern not so much with the event as with the
unspoken response of the individual’s consciousness to it. In
a similar way, the Newtonian scheme of order would be
unsuitable to a physicist concerned with an order of events
that requires Einstein. Whether these new developments in
the arts owe anything to analogous developments in science,
or whether they are simply independent creations of artistic
insight, like the “Freudian” elements in Shakespeare and
Dostoevsky, it is premature to say. They must be acknowl-
edged, however, to be more than trivial, and to parallel in
their own way the dynamism and revolutionary direction of
modern science. And in the long run they may prove useful
to science, for they may be a better means of adapting the
sensibilities of modern man to an appreciation of the un-
usual schemes of order which science has been creating than
if writers of fiction were to create a vogue for scientists as
heroes of novels or if poets were to write rhapsodies on the
galaxies, with a more scrupulous attention to a correct use of
scientific terms.

It is not likely, however, that these manifestations of
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originality and novelty in the arts of our age will be reassur-
ing to the scientific critic of the humanities. He would still
be troubled by a characteristic weakness of the humanities
which he regards as endemic and which in his opinion sets
them apart from the creative spirit of modern science. The
humanities, he would say, have an attachment to absolutes,
which imposes upon them a chronic inflexibility of approach
and so separates them from the scientific attitude and the
dynamism of the scientific quest. As Eugene Rabinowitch
putsit:

The scientific approach to the world around us is ex-
ploratory, tentative, relativistic, quantitative; it constructs
temporary working hypotheses and discards them; it ex-
presses its conclusions in terms of relative probabilities,
not of absolute certainties. The humanities, on the other
hand, are accustomed—in particular in the study of law,
government, and social and political sciences—to qualita-
tive arguments and absolute concepts.

He quotes George Boas in support of this view: “Humani-
ties have remained, on the whole, slave to what their prac-
titioners believe are universal and eternal values.” ** Such
views represent the situation imperfectly, and for science as
well as for the humanities. It is sometimes forgotten that
science, too, assumes, if only pragmatically, certain absolutes
and “universal and eternal values.” One of these is the as-
sumption of some kind of regularity and order in nature
which may be discovered and represented in intellectual
terms. The picture of this order is subject to revision, but on
the belief in the existence of some regularity and order de-
pends the very idea of science. Scientists also insist on
rigorous “proof” and the elimination of “error,” in short, on
truth. They have a preference for “elegant” rather than over-
complicated solutions, other things being equal. The accept-
ance of these absolutes and values does not prevent the
sciences from being “exploratory, tentative, relativistic.”
There is also some misunderstanding involved in the assump-
tion that the humanities are rigid in their adherence to ab-
solutes and thus lack the realism and flexibility and adapta-
bility to new facts which are the virtues of science.



58 SCIENCE AND THE HUMANITIES

The humanities are concerned with man and the human
condition. They are therefore preoccupied with the choices
which are open to men, the goals men set for themselves,
and the means they choose to gain them; and they are con-
sequently further preoccupied with how these affect the
character and the quality of an individual’s life, and to what
extent and in what ways they make possible the full realiza-
tion of the capacities which appear to distinguish men from
other forms of sentient life. The humanist is therefore deeply
concerned about qualitative matters. Rabinowitch contrasts
the quantitative character of science, to which he gives favor-
able emphasis, with the “qualitative arguments” of the hu-
manities, an attribute which carries pejorative implications.
Scientists, as men, are also interested in qualitative matters.
They ask for freedom of inquiry, they have esthetic interests,
and many of them have become commendably concerned
about the implications of their discoveries for the welfare
and happiness of mankind. Such matters are not, however,
the province of their study as scientists as they are the area of
inquiry for humanists. Quantitative results are more readily
obtained and can be more exactly formulated than qualita-
tive generalizations, but the observations supporting the
latter do not need to be less realistically conducted or less
honestly set down, or thought about with less discipline of
mind than the scientific. They may be, and often are, but
there is no justification for insisting they must be so in prin-
ciple. The humanist’s field of observation and study being
what it is, he cannot escape becoming involved with values,
with such considerations as justice, goodness, beauty, happi-
ness, and the like. He is a “slave to absolutes,” however, only
in the sense that the scientist is a slave to the absolute of
regularity and order in the universe which he continually
secks to discover. There is no one way in which these values
may be defined or represented as being expressed and real-
ized in action. Humanists have never adhered to any single
unvarying “hypothesis” about their nature, and they have
invariably subjected these absolutes to new scrutiny as
changes in the human scene placed them in a new light. To
this fact, the history of philosophy, literature, and the arts
testifies. The law, which Rabinowitch cites in particular,
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affords many illustrations of conscious efforts to realize the
absolute of justice with due consideration for contingency
and the continual changes of the human scene. We need
only recall the interpretation of the “public welfare” and
“due process” clauses of the Constitution of the United
States by successive decisions of the Supreme Court as an
example of the efforts of serious-minded jurists to preserve
the vital meaning of a basic legal document, intended to
preserve justice in a well-ordered state, by accommodating
it to changing social, economic, and technological condi-
tions. The humanities are not contrary and opposed to the
spirit of science by virtue of their qualitative approach and
their concern for values, but they are different from science
in these respects and their role is complementary to that of
science.

What the humanities have produced in the exercise of
their role in our day has not found a universal welcome
among scientists. It has been observed that their preoccupa-
tion with the human condition and the individual experi-
ence has led them usually to a tragic sense of life and in
consequence to indifference toward the possibilities for the
amelioration of man’s lot in general. Snow contrasts the
scientist’s useful optimism and the humanist’s defeatist tragic
view:

Most of the scientists I have known well have felt—just as
deeply as the non-scientists I have known well—that the
individual human condition of each of us is tragic. . . .
But nearly all of them [scientists]—and this is where the
colour of hope genuinely comes in—would see no reason
why, just because the individual condition is tragic, so must
the social condition be. Each of us is solitary: each of us
dies alone: all right, that’s a fate against which we can’t
struggle—but there is plenty in our condition which is not
fate, and against which we are less than human unless we
do struggle. . . . There is a moral trap which comes
through the insight into man’s loneliness: it tempts one
to sit back, complacent in one’s unique tragedy, and let
others go without a meal. As a group, the scientists fall
into that trap less than others. They are inclined to be im-
patient to see if something can be done, until it is proved
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otherwise. That is their real optimism, and it’s an optimism
that the rest of us need badly.*®

This statement desperately calls for some clarification, for the
distinction is neither so simple nor so self-evident as Snow
makes it out to be, and there is reason to believe that it is
seriously confused if not simply wrong.

There are two aspects to science: one is science as an intel-
lectual adventure of the highest sort whose sole justification
is the exercise of man’s mind upon the world of physical
phenomena; the other is science as a power which has ex-
tended man’s control over nature and has produced a trans-
formation of man’s physical environment. In the present
effort to describe the scientist’s place in our culture and to
promote his activities, both have been emphasized, depend-
ing upon which one is required by the argument. The two
views of science have fluctuated in importance during the
history of science. Bacon considered the aim of science to be
the improvement of man’s lot, and he accordingly made
charity the primum mobile of scientific endeavor, and his
ideal scientist was motivated by a sense of pity for man’s
condition. During the intervening years, the scientific ideal
moved away from Bacon’s conception and the disinterested
search for truth replaced it as the motive and justification of
the scientific adventure at its best. The motives of individual
scientists vary, and there is also some variation between ex-
pressed motives and those which remain unspoken, perhaps
because the individual is not even fully aware of the latter.
In general, however, the more advanced, theoretical, and
original the science, the less likely is it to be justified today
on the grounds of utility, except as an argument for financial
support. In striking contrast to his sentiments, quoted above,
about the scientist’s social conscience and social optimism,
Snow himself recounts how he and his fellow students of
science at Cambridge “prided ourselves that the science we
were doing could not, in any conceivable circumstances,
have any practical use. The more firmly one could make that
claim, the more superior one felt.” * Snow is not sympathetic
with the scientists for their usual lack of respectful interest
in the work of engineers, but the attitude he describes can
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be duplicated in any laboratory engaged on what is referred
to as basic research. The story of the beginnings of the Royal
Society could, in fact, be thought of as a fitting archetypal
myth emblematic of the character of the scientist and his
endeavor. The small group of men who attended the in-
formal meetings at Gresham College did so because they
found, in this congenial activity and association, a welcome
escape from the prevailing religious controversies and politi-
cal struggles through their participation in fascinating prob-
lems which were unrelated to the deepest issues of their
times. The world in which the scientist is, by virtue of his
education, trained to operate in most effectively is an ideal
world submissive to intellectual control and beyond good
and evil. Excellent bacteriological research has been done
irrespective of whether support for it came in the interest of
the wine industry or of bacteriological warfare. Snow warns
of the danger of complacency in the humanist’s sense of
one’s tragic loneliness, but there is at least equal danger of
complacency in the scientist’s primary concern with prob-
lems which are dissociated from immediate human con-
cerns or their possible effect on the lives of men and which
find their justification as adventures in discovery or as pure
intellection. Snow notes that the culture of the young scien-
tists he has interviewed “doesn’t contain much art, with the
exception, and important exception, of music.” ** This sus-
ceptibility to music is not surprising. Music is the most ideal
of the arts, the most abstract. It is at the other pole from
literature, in which preoccupation with the human condition
in all its manifestation and life values in all their variety is
essential. As individual men, scientists will manifest different
degrees of concern for the social condition, but, Snow’s
arguments to the contrary, scientists as a group have not
shown any singular propensity for worry over whether “others
go without a meal.”

The optimism of science has no necessary connection with
compassion and a desire to improve the lot of man even
in the case of the Baconian ideal. It is both a condition of
and a consequence of the scientist’s activity. It arises from
the capacity of science to isolate a problem, set it within an
investigative framework which allows for the exclusion of
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any primary concern for its human involvement, and then
apply various appropriate methods until an acceptable solu-
tion of the problem is arrived at or its possibilities exhausted.
Experience has shown that, although at the highest level
success is elusive, as it is in all forms of human endeavor, at
the level of normal operation the probabilities for success in
scientific work are very high and the supply of problems that
will lend themselves to these methods and provide gratifying
solutions is practically endless. The optimism of the scientist
is different in origin, and hence different in kind, from that
which is demanded in the contingent world of human affairs,
and it is questionable, therefore, whether it can be trans-
ferred to those who bear the burden of decision there. An
error of judgment on the part of a scientist will usually re-
quire no more than a reformulation of the problem, and a
mistake on his part will normally require the repetition or
redesigning of the experiment; in the case of a statesman or
even an industrialist, an error may result in either immediate
disaster or serious human dislocations. Optimism in such en-
deavors is of a different brand from that which is inherent in
the scientific activity. It is also different in the case of a nurse
working in a wretchedly poor and hopelessly overcrowded
tenement district, or the chairman of a city crime commis-
sion continuing year after year in the face of a corrupt police
system. And just as there is no necessary correlation between
the optimism inherent in science and a concern for the
amelioration of man’s lot, which science has been instrumen-
tal in promoting, so there is no necessary correlation be-
tween a tragic view of the individual life and complacent
indifference toward possible improvement of the social con-
dition. It is, in fact, difficult to come up with names of
scientists whose activities have been as strongly motivated by
a concern for the social condition as, for example, Dickens—
certainly not Snow’s archetypal figure, Rutherford.

That science has contributed lavishly to the amelioration
of the condition of men, beyond the Baconian dream, is one
of the things which scientists have a right to mention with
pride, but the passion and drive to improve man’s lot has
come from political leaders, social reformers, missionaries,
industrialists on the lookout for new useful products, some
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“applied” scientists and medical men, and even cranks, and
not the scientists Snow is writing about. They would, in fact,
have served mankind less well had they been motivated
otherwise than they were and are. Conant refers to science
as “strengthening the hand of the Good Samaritan.” “This
consequence of science,” he continues, “needs to be under-
lined. If loving your neighbor as yourself is the epitome of a
religious outlook, it can only have meaning as a policy to the
extent that one is able to help the neighbor when he or she
is in pain or trouble.” ** The good Samaritans of our civiliza-
tion owe gratitude to science for strengthening their hand,
though they themselves are likely not to be scientists. And of
course there are times when the help the neighbor needs is
not bread, and when his pain does not lend itself to the
ministrations of science.

What appears as hostility or indifference to science or a
failure to be sufficiently aware of its importance is sometimes
quite the reverse of these, and represents a preoccupation
with the implications of the dominant position of science
today and of certain ways in which science has changed our
world. The almost universal acceptance of science and scien-
tific procedure and of the scientist’s approach to reality has
placed the humanistic approach to experience in a dubious
position without at the same time rendering it irrelevant or
replacing it with a useful substitute. Science has in some re-
spects had a liberating effect on men’s minds and lives, but
the conditions created by our scientific and technological
civilization have also facilitated the increase in control by
centralized authority and thus aided in depressing the free-
dom and independence of the individual. Moreover, in the
half century during which science and technology have made
their greatest strides, the world has been threatened with
disasters—devastating wars, serious economic calamities,
revolutions and violent social changes, and systematic, ef-
ficient inhumanity on a scale that travesties our claims to
progress and civilization. Any elation over one development
is more than qualified by dismay over the other, and though
science cannot be identified as the cause of these disorders,
its fruits have undeniably increased the power and destruc-
tiveness of the elements which create them. Science as a dar-
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ing enterprise of the mind and spirit shares in the universal
respect which is accorded to all creative minds, all men of
learning, who are partners in the great human adventure of
knowing. Science, however, is also a power, which contains
no inherent imperatives for its proper human use, and in
this capacity modern science has presented mankind with
problems which might well be beyond our capacity to solve.

These various considerations complicate the view of
science for the humanist. He cannot separate the whole
phenomenon of modern science from the issues which are
basic to his approach to experience and he cannot, therefore,
preserve the simple uncluttered view of science which
arouses the unqualified esthetic and intellectual enthusiasm
of the dedicated scientist. And when he reflects on the dis-
unity of our culture, it is likely to have a meaning for him
which would not readily occur to scientists.* His attitude
arises, moreover, not from an indifference to modern science
or a lack of appreciation of its brilliance and importance but,
on the contrary, from a realization of the nature of science
and its place in the modern world. The serious writer and
artist are bound by the same demands for honesty and in-
tegrity in their search for truth and reality as the scientist.
The tragic overtones sometimes discernible in their work are
a consequence of their candid response to the world as they
find it, including the world of science, and it is surely
through some profound lack of understanding that the ap-
pearance of the tragic sense in the modern writer comes to
be labelled “complacent.”

It is possible to admire science, to enjoy the comforts af-
forded by modern technology, and to be grateful for the
freedom from want, pain, and slavery which these can bring,
without accepting a confident and enthusiastic view of pres-
ent prospects and rejoicing over what man has wrought. If
poets today do not, like Addison, write odes with a scientific
coloring to the spacious firmament on high, or rhapsodize, as
did Thompson, over the heroes of science and the universe
they had revealed, it is because some of the foundations for
the early confidence and elation have been undermined in
the meantime. Snow compares the timid voice of “the cul-
ture” with Rutherford trumpeting, “Well, I made the wave,
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didn’t I?” One may admire Rutherford without sharing in
his exultation, for the wave is beginning to look ominously
tidal. The gifts of science are lavish, and all science asks for
is a little appreciation, plenty of support, and the opportun-
ity to provide even more lavishly, but the giver is beginning
to act compulsively and some of the benefactors are begin-
ning to wonder if they are not about to be killed with kind-
ness. And so the non-scientist, though not necessarily a
primitivist, is inclined to question the scientist’s simple faith
in the supreme value of untrammeled scientific activity and
its accompanying accelerated technological progress. W. H.
Auden, for example, writes:

We have all accepted the notion that the right to know is
absolute and unlimited. The gossip column is one side of
the medal; the cobalt bomb is the other. We are quite
prepared to admit that, while food and sex are good in
themselves, an uncontrolled pursuit of either is not, but it
is difficult for us to believe that intellectual curiosity is a
desire like any other, and to realize that correct knowledge
and truth are not identical. To apply a categorical impera-
tive to knowing, so that instead of asking, “What can I
know?” we ask “What at this moment, am I meant to
know?”—to entertain the possibility that the only knowl-
edge which can be true for us is the knowledge we can
live up to—that seems to all of us crazy and almost im-
moral 2

For those who think this is stuffy and as irrelevant as the
forbidden tree in the Book of Genesis, we can provide a
somewhat different version of the same notion, this time by
a biologist:

Now it can be said that it is possible to achieve almost
anything we want—so great is the effectiveness of tech-
nology based on the experimental method. Thus, the main
issue for scientists and for society as a whole is now to de-
cide what to do among all the things that could be done
and should be done. Unless scientists are willing to give
hard thought—indeed, their hearts—to this latter aspect of
their social responsibilities, they may find themselves some
day in the position of the Sorcerer’s Apprentice, unable to
control the forces they have unleashed. Any they may have
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to confess, like Captain Ahab in Moby Dick, that all their
methods are sane, their goal mad.?

And for those to whom even this seems vaguely moralistic,
we can recommend the analysis by Derek Price of the
growth of scientific knowledge and scientific activity and its
implications for the state of affairs in the near future. It is
the mathematical counterpart of the allusion in the previous
passage to the Sorcerer’s Apprentice. It may be possible for
scientists to dismiss Auden; it is another matter when an en-
thusiast for science writes, as Price feels compelled to do in
the light of his graphs and figures, “We must not expect such
growth to continue, and we must not waste time and en-
ergy in seeking too many palliatives for an incurable process.
In particular, it cannot be worth while sacrificing all else that
humanity holds dear in order to allow science to grow un-
checked for only one or two more doubling periods.” *

To focus, as Snow seems to do, on a disabling preoccupa-
tion with the individual death as the source of the modern
humanist’s tragic view, in contrast with the scientist’s future-
directed and meliorist attitude, is certainly to oversimplify,
if not to misunderstand. It is, after all, not quite so im-
portant that each of us dies alone as that each of us must live
with himself and his fellows. Rightly or wrongly, many seri-
ous writers of our times have expressed grave doubts that the
world which we have created is compatible with the needs
of the spirit of man. From their particular angle of observa-
tion, they are unable to entertain the same view of the
prospect before us as the average man of science. Comment-
ing on the development of the modern attitude toward sci-
entific knowledge during the last three to four centuries,
Erich Heller writes:

In the course of those centuries the poetic truth of [Mar-
lowe’s] Dr. Faustus has been rendered into the prose of
science; and in the process it has shed all theological in-
hibitions fostered by the morality of the old Faustian plot
—the morality of the Tree of Knowledge. The serpent has
been chased off its branches, and the tree, bearing sinful
fruit no more, received, on the contrary, its glorification
at the hands of the new age. The searching mind and the
restless imagination were declared sacrosanct. It was a stu-
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pendous revolution, glorious and absurd. Its glories need
no recalling. They still lie in state in our universities, our
theatres, and our museums of art and science.

But its absurd consequences pursue us, alas, with keener
vivacity. For we make a living, and we shall make a dying,
on the once triumphant Faustian spirit, now at the stage
of its degeneracy. Piccolo Faustus has taken over the world
of the mind. Wherever he sees an avenue, he will explore
it—regardless of the triviality or the disaster to which it
leads; wherever he sees the chance of a new departure, he
will take it—regardless of the desolation left behind, He
is so unsure of what ought to be known that he has come
to embrace a preposterous superstition: everything that
can be known is worth knowing—including the mani-
festly worthless. Already we are unable to see the wood
for the trees of knowledge; or the jungle either. Galley-
slaves of the free mind’s aimless voyaging, we mistake our
unrestrainable curiosity, the alarming symptom of spiritual
tedium, for scientific passion.

The scientific critics of the humanities cannot be ex-
pected to be comfortable with these differences in point of
view, and it would not be surprising if some present day
scientific Plato decided that the poets have no place in the
scientific commonwealth. At the end of an essay in which he
warns the humanities and social sciences that they “must be
permeated with the knowledge and spirit of science if they
are to be more than relics of a buried age,” the biologist,
Bentley Glass, concludes:

We cannot endure, half scientific, half rebelliously non-
scientific. The schizophrenia of the “two cultures” leads
only to disaster. As Bertrand Russell has so well said,
science can enhance among men two great evils, tyranny
and war. And which would be preferable, do you think,
to perish in a nuclear holocaust or to live under a scientific
tyranny.®
The effect of this remarkable statement is what comedians
refer to as a double take. At first one is shocked at the choice
which is presumably left us. On second thought, it becomes
more shocking that the writer has expressed the choice in
the form of a rhetorical question, as though it is self-evident
that there is only one obvious answer. But on further reflec-
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tion it becomes equally astonishing that no third possibility
is offered, as though the problem of first magnitude were not
to exhaust all our human resources to avoid the stated al-
ternatives. Perhaps, however, the chill rigor of the dilemma
with which the statement confronts us is nothing more than
a desperate rhetorical device to shock us into a realization of
our common danger. It is reassuring that in a similar state-
ment in his book, Science and Liberal Education, the same
writer mitigates the rigor of the choice and adds, hopefully
if somewhat ambiguously, that “the arts, humanities, and
social studies . . . must mollify, enrich, and protect the
sciences.” ** The choice between annihilation or survival
under a scientific tyranny is, after all, a barren one. For one
thing, a scientific tyranny could not eliminate the danger of
perishing in a nuclear holocaust, a danger which exists and
will continue no matter what political organization one may
choose or be forced to accept. It may be possible to purchase
physical survival by simply submitting to any who want
what we have and threaten us with force and thus eliminat-
ing the motive to conflict. But even if scientific tyranny
became universal and world wide, the purchase of survival by
the unremitting payment of the tribute of submission would
continue, and hence the threat of disaster would not end.

Survival, however, in any reasonable human terms, means
something more than continued existence. At the very least,
the idea of a civilized society cannot be separated from law,
political theory, philosophy, and literature, and to give it
any depth we would want to encourage the perceptions of
the physical world provided by art, the sensibility cultivated
by music, and the intellectual excitement provided by the
scientific investigation of nature. But however one would
describe the requirements of a decent human society at this
stage of human development, it would include something
more than the preservation of life for some and the oppor-
tunity to conduct scientific research for others. Like any
other form of tyranny, a scientific one would have to stifle
all other forms of creativity. As Conant observes, “A dicta-
tor wishing to mold the thoughts and actions of a literate
people could afford to leave the scientists and scholars alone,
but he must win over to his side or destroy the philosophers,
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the writers and the artists.” # Conant erred in excepting all
scholars: a dictator cannot endure honest historians and
literary critics. A scientific and technological civilizaton can-
not endure without a flourishing scientific community, but
scientific knowledge and activity cannot insure the well-
being or even the survival of such a civilization. A scientific
tyranny could survive only if supported by a political tyranny.
It is unlikely that in its pure form scientists would have much
taste for it.

A severely critical view of the humanities is not shared by
all scientists, nor do all scientists accept the radical conclu-
sions which some of their fellow scientists feel obliged to
draw from the notion of a science-centered culture. The re-
port of the President’s Science Advisory Committee, Scien-
tific Progress, the Universities, and the Federal Government
(November 15, 1960), recommends, in fact, a balanced and
proportionate development of all forms of creative activity
required by a cultivated society:

Obviously a high civilization must not limit its efforts to
science alone. Even in the interests of science itself it is
essential to give full value to and support to the other great
branches of man’s artistic, literary, and scholarly activity.
The advancement of science must not be accomplished by
the impoverishment of anything else, and the life of the
mind in our society has needs which are not limited by the
particular concerns which belong to this Committee and
this report. . . . Neither the government nor the uni-
versities should conduct the support of scientific work in
such a way as to weaken the capacity of American educa-
tion to meet its responsibilities in other areas. The cost of
scientific progress must not be paid by diverting resources
from other great fields of study which have their own
urgent need for growth.?

This is an admirable statement, but it is far from evident
that scientists as a whole are fully aware of the consequences
of urging equal support of all forms of creative and scholarly
effort while at the same time calling for extraordinary in-
creases in the scale and tempo of the scientific activity, or
why it is that a complex society requires the free and vigorous
activity of social scientists and humanists. If they did, they
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would be more effective as critics of the humanities. Today,
the humanities are in need of a searching revaluation of their
role, and it would be reasonable to suppose that one of the
most useful sources of criticism would be those learned men
trained in a field which has become celebrated for its objec-
tivity and impartiality. Anyone looking with such hopes into
the writings of scientists that deal with the failings and limi-
tations of the humanities will experience disappointment.
There is too much bias, too little knowledge and understand-
ing of the subject, and too little sophistication of argument.
The chief merits of this critical literature are that it is sharp,
outspoken, and provocative, and these qualities, coupled
with the prestige that is associated with anything that comes
from that quarter, have brought wide attention to the scien-
tists” criticism of the humanities and rendered it unusually
persuasive. The judgments supported by these writings are
fast becoming the clichés of the current intellectual chatter.
The criticism of the humanities by the scientists thus proves
to be doubly frustrating. Because of its intellectual short-
comings it cannot be very useful to those who might other-
wise have profited from it, and because of its popular success
it burdens the humanities with the distracting and unamia-
ble necessity of rebuttal.



IV
The Scientists

and Public

Affarrs

Science has been steadily coming into its own since the
scientific revolution of the sixteenth and seventeenth cen-
turies, but a full awareness of the role of the scientist in the
modern world is of fairly recent origin. It is true that his
value to a very advanced industrial society was steadily being
recognized, but this recognition was gradual, and in com-
parison with the events of the last three decades its progress
was glacial. The scientist owes the rapid enhancement of his
eminence largely to his great services during the last war—a
role only faintly foreshadowed by the work of scientists dur-
ing the First World War—and to his importance in the con-
tinuing power conflict between two political colossi. It is
acknowledged that he is essential to our survival which,
paradoxically, his gifts have rendered so perilous.

How intimately science has become involved in the affairs
of the modern world is illustrated by the curious turn
which has been given to the political meaning of a nation’s
scientific potential by the satellite programs and space re-
search. It is no longer simply a matter of the immediate long-
range military significance of a nation’s scientific achieve-
ments. Whatever military implications the space and satellite
programs may have, they are for the moment significant pri-
marily as conspicuous public demonstrations of the original-
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ity, strength, and technical knowledge and experience of
the scientific and engineering resources of the competing
countries, and are thus a means of inspiring home morale
and patriotism, reassuring allies, and impressing uncom-
mitted peoples and the enemy—two giants flexing their
muscles and performing feats of strength before an aston-
ished world. Indeed, as we contemplate the society which is
emerging today and try to define it in terms of its essential
needs, wishes, and extravagances—in short, its essential char-
acter—we must conclude that the twin culture heroes of our
times are the scientist and engineer, for without taking their
activities into account it is impossible to define the kind of
world in which we live or distinguish our culture from others.
Moreover, they alone possess the technical knowledge upon
which many of our decisions must depend. “The most con-
spicuous aspect of our civilization,” writes Joseph Gallant,
“is the pervasive and ramifying impact of science in every
department of life, from household management to war-
fare.” * It is difficult to disagree.

As a natural consequence of their commanding role, scien-
tists are rapidly acquiring the principal characteristics of a
dominant social class. They enjoy great prestige, they are in-
creasingly called upon to advise industrialists and statesmen,
their professional ideals are widely publicized as admirable
forms of the private and social virtues, and they are receiv-
ing tremendous resources for carrying on their functions. In
1960, an estimated fourteen billion dollars, most of it federal
money, was spent in the United States for scientific research
and development, an increase of approximately ten per cent
over the previous year; and of the total expenditure in 1959
for higher education, an estimated onefourth represented
the amount contributed by the federal government for scien-
tific research and training.? All indications are that such ex-
penditures will increase. The involvement of scientists in
national affairs has become an accepted and formalized
matter, illustrated in the United States by the establishment
of the President’s Science Advisory Board. Similar arrange-
ments exist in other countries: in England, the Advisory
Council on Scientific Policy; in the Soviet Union, the Soviet
Academy of Sciences. In the United States, it has also been
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proposed that a cabinet post be created for science. Within a
matter of hardly more than two decades, the scientists have
found themselves in a position quite different from that
which was normal for their profession before the political
upheavals of our century. From a state of modest expendi-
ture and improvisation, they find themselves handsomely
provided for in their research, and even their personal finan-
cial rewards have improved and are improving. From being
left out of consultation on matters which affect them and
the progress of their science, they are now eagerly con-
sulted. And with provisions being made for the rapid expan-
sion of scientific and technical training, scientists will shortly
be in the majority in the teaching profession and thus in a
position to determine educational policy. No class or profes-
sion has ever had greatness thrust upon it in so dramatic a
fashion. With greatness, however, have come the responsibili-
ties and the somber reflections which accompany it.

There was scarcely any portion of the war effort in which
scientists were not somehow engaged, but the episode which
more than any other single event signalized the change from
the old world to the new was the project to release the energy
of the nucleus and harness it for military uses. The success of
this project was a brilliant demonstration of the ability of
scientists to translate a highly theoretical and recondite state-
ment about the nature of matter into practical application, a
feat which some physicists believed to be unlikely. It demon-
strated, too, that many individual scientists and engineers
could effectively combine their separate efforts under an
ambitious and daring master plan, solve numerous problems
of extraordinary difficulty, and bring the whole project to a
successful conclusion in a remarkably short time. The idea of
the solitary scientist working with dedication and patience in
his laboratory, while not rejected, was becoming outmoded
by the idea of group research. The enterprise was also secret,
and thus a departure from the tradition, established by sev-
eral generations of great scientists, that good science was an
international enterprise of free men working under condi-
tions of freedom of choice and of communication.

In some ways the most important feature of all was that
the project brought science and government into inseparable
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partnership. For one thing, the scale of the project was so
vast that no single group of scientists, no single research
facility, no single industry—for that matter, no spontaneous
combination of any of these—could have acted as the or-
ganizing and directing force of such a plan or found the re-
sources to finance it. Moreover, the value to the nation of
scientific research adequately supported had been so effec-
tively demonstrated that the association of science and gov-
ernment on a permanent and continuing basis became in-
evitable. There was something unprecedented also in the
nature of the results, for there was now made available
power on such a scale that some scientists who realized what
it might mean hoped that the enterprise would fail. It was
not only that this research had resulted in a powerful
weapon. It was also that the use and development of power
of such magnitude could never be completely divorced from
government supervision or public policy. It meant, too, that
the scientist could not remain detached from the spheres of
action where decisions were taken which involved knowl-
edge of matters about which only he is expert.

Nothing would ever be quite the same again. With the
Manhattan Project, scientists left the age of innocence. For
many, the principal issue which had been raised was that of
the moral responsibility of the scientist. Science was morally
neutral, but could the scientist be? The scientist could now
with less assurance maintain that the main and sole justifica-
tion of his work lay in its spiritual, intellectual, and esthetic
rewards. The purest research had proved to be the most ap-
pallingly practical, and the most tainted. There were those
who maintained that the scientist as scientist owed alle-
giance to only one ethical imperative, to search out the truth
about the physical world, and that it was his first moral obli-
gation to carry his researches as far as they would go no mat-
ter how pregnant with disaster the results. At the other ex-
treme, some felt that all those, including Einstein, who saw
the possibilities for destructive use in the theory of the trans-
ferability of mass and energy and who urged its practical
application and gave their knowledge and talents to that end
were morally wrong and morally culpable. There were also
those who believed that scientists cannot avoid their moral
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obligation to seek the truth as scientists, but that they also
have a unique moral obligation to reflect on the implications
of what they have discovered, to inform others, and to search
for answers to the problems raised by the new powers of
science. For some scientists the main issue was the threat to
the traditional freedom of scientific activity, not only
through the requirements of secrecy but through the direc-
tion of scientific research by the needs of government. They
viewed these developments as a restriction upon the inde-
pendence of the individual scientist, and in consequence as a
threat to the welfare of science. Scientists found that they
were faced with many issues not scientific in nature, though
scientific in origin, for which traditional scientific attitudes
were inadequate preparation.

These questions affected the individual scientist as a pri-
vate man, but in view of the public importance of what he
was doing they also had implications for his role in modern
society. Even the most fastidious moralist and individualist
among scientists today realizes that the interest of govern-
ment in science affects what he will work on and how it is to
be supported. On the other side, the government needs the
advice of scientists in making decisions that affect its mili-
tary and diplomatic activities, and the scientists will want to
participate in these not only because of concern for their
country’s welfare but also because, with government as the
principal source of financial support for science, what gov-
ernment does will have a bearing on what kind of science
will be undertaken. The basic moral and political issues now
confronting the scientist have been there for some time, but
in former days they could be comfortably disregarded. The
bomb dramatized them and made it inescapable that they
should be confronted, and gave them an urgency that made
them seem new.

They were, of course, not new. They had, in fact, occurred
to Bacon. Since he thought of the improvement of man’s
condition as the first motive to scientific study and since he
was enthusiastic and optimistic about the success of science
in winning back the lost Paradise, he gave little prominence
to the disturbing implications of his plan. Nevertheless, they
crept in. Men, he realized, could make foolish and wicked
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use of the gifts of science, but was this sufficient cause for
withholding them? There were dangers in these new powers
made available to men, but Bacon expressed hope that re-
ligion and right reason would insure their proper use. But in
the scientific utopia which he described in New Atlantis, he
made sterner provision against the abuse of scientific knowl-
edge, as explained by the director of the central research
institute: “We have consultations, which of the inventions
and experiences which we have discovered shall be pub-
lished, and which not: and take all an oath of secrecy, for
the concealing of those which we think fit to keep secret
though some of those we do reveal to the state and some
not.” In Bacon’s ideal commonwealth, secret science is an
accepted condition, not merely in the interest of military
advantage and national security, but of the general welfare
of society. Moreover, in decisions affecting the use of scien-
tific discoveries, the scientists recognize no sovereignty above
themselves. Significantly, Bacon realized that the problem
would ultimately become one of public policy. However,
none of his solutions would have much appeal today. The
state as a scientific oligarchy is a remote possibility, and
Bacon himself seemed uncertain about the influence of re-
ligion and right reason alone as a means of control. The is-
sues, however, remain much the same. Science and public
affairs are inextricably related. Decisions will have to be
made—many of them. Who will make the decisions? How
can we make sure that the decisions will be well informed,
sensible, correct? How much of the national income should
go to scientific research and development? What areas will
receive support? Which will be given priority? The list could
easily be extended, along with a supplementary list of the
questions and problems raised by any given answer.
The present relationship of the scientist to society involves
many serious and pressing matters, most of which are beyond
the scope and limited concern of this study.® There are,
however, some issues arising out of the current discussions of
the relationship of the scientist and the non-scientific politi-
cal administrator that do have a bearing, if only indirectly,
on the distinctive character of science and the humanities.
One aspect of the present situation that distresses many
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scientists is that decisions on scientific matters which involve
the safety of the nation as well as the distribution and use
of its resources are left to men who are not scientists. Today
there exists an elaborate and at least workable practical sys-
tem of advising which insures that the opinion of qualified
scientists will be consulted on all matters which have to do
with science and development, whether it is a matter of
weapons, the training of scientists, public health, or the
economic implications of new discoveries. It is doubtful
whether any scientist believes that the present arrangements
are entirely satisfactory. Administrative difficulties aside, they
feel that where a knowledge of science is lacking, as it is
among most government officials, there can be no proper
appreciation of the nature of the problem and hence no basis
for a responsible decision. Commenting on the dangers of
secret science, where the difficulty can be acute, C. P. Snow
writes, “the special aura of difficulty and mystery about these
choices will at least be minimised as soon as all politicians
and administrators are scientifically educated, or at any rate
not scientifically illiterate.” * But he dismisses this possibility
as an ideal solution that is at present quite out of sight.

It seems self-evident that, as scientific matters enter with
increasing importance in the affairs of the nation, political
leaders must be at a disadvantage if they do not possess
some familiarity with science and if they do not have an ap-
preciation of the possible implications of scientific discov-
eres and technological developments. There can surely be
no serious disagreement with Conant’s statement of the
issue:

Because of the fact that the applications of science play
so important a part in our daily lives, matters of public
policy are profoundly influenced by highly technical scien-
tific considerations. Some understanding of science by
those in positions of authority and responsibility as well as
by those who shape opinion is therefore of importance for
the national welfare.?

How much knowledge and familiarity with science is de-
sirable? Or, to put it realistically, how much is absolutely
necessary? Other than having a thoroughly trained scientist
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in a position of administrative power—and what is more, a
different specialist each time the problem changes—there is
no alternative to having a president or cabinet member or
department head who cannot be expected to possess com-
plete understanding of the science involved in major de-
cisions such as those which have had to be made during the
last two or more decades. Where a decision involving many
related factors has to be made with reference to one of them,
however, it cannot be made without taking into account
how it will affect all the rest. Only the person responsible for
the welfare of the whole structure, therefore, can have the
right to make the final decision relating to any one part,
especially as an expert on only one of the matters will be
more likely to see the claims of that to the exclusion of the
rest than one who is less specialized in his relation to it. But
even if we could assume a perfectly ideal situation in which
on any given project scientific opinion was unanimous and
only a clear decision lay before an administrator who was
scientifically knowledgeable, there would still remain the
question of which scientific projects were to receive priority,
how much support they were to receive, how they would af-
fect plans for all the other multifarious activities of a state,
and so on. The decision would ultimately have to be related
to large national goals, immediate over-all policy, and eco-
nomics. It would, that is, be, in the final analysis, a non-
scientific decision. “Scientific discoveries,” writes Don Price,
“do not restrict the scope of political and administrative dis-
cretion any more than they reduce the possibilities of further
scientific research. On the contrary, they enlarge the oppor-
tunities and broaden the possibilities for discretionary judg-
ment in governmental affairs just as they do for the acquisi-
tion of further knowledge.” ® What further complicates the
life of a public servant in reviewing scientific problems is that
almost invariably there is some division of opinion among
experts. The danger comes not only from the ignorance of
the administrator who is a non-expert—a danger which is al-
ways easy to exaggerate on the part of the expert—but from
the division among the experts.

Recent history offers us some interesting cases of this sort.
President Truman made the decision to approve the project
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which produced the fusion, or hydrogen, bomb in the face of
strongly divided opinion among distinguished scientists who
apparently could not agree on either the feasibility of such a
weapon or the desirability of giving it priority over others.
This conspicuously non-scientific man was able to make this
decision under difficult circumstances because it involved his
judgment as to how probable a successful outcome might be
in view of the strong conviction of some distinguished ex-
perts, and how much of a gamble the circumstances allowed
him to take on this one possibility. The decision, in short,
was a common-sense decision and did not involve him as a
scientist. As things turned out, it was, scientifically at least, a
correct gamble. Was it the right decision other than scien-
tifically? This question still arouses differences of opinion
among scientists, politicians, military men, and the inter-
ested public. Could Truman have arrived at a decision more
expeditiously or correctly if he had had a greater degree of
scientific knowledge? He could never be expected to know
as much nuclear physics as the scientists who disagreed with
one another, yet he might have known just enough to incline
him toward one group rather than the other on scientific
grounds—not necessarily a better state of affairs.

All decisions of such magnitude have political implica-
tions. Men whose careers have been political cannot avoid
having political reflexes, yet sound advice can be obtained
only if the men selected are scientists of the first order and
detached enough from extraneous issues to be impartial. Can
political leaders be trusted always to select men on this
basis? Eugene Rabinowitch complains that political leaders
often “pick out, among dissenting scientific opinions, the
ones which fit best their political plans, and not the ones
which carry the best scientific support.” * There is no doubt
that this danger exists, but it is not unreasonable to ask, how
can political leaders know which ones carry the best scientific
support? Only a scientist would know, but which scientist?
Would the matter be decided by a majority vote of scientists?
by seniority? This is not how scientific matters are decided.
Selection of politically favorable advisers is not the only dan-
ger. There is the possibility that a man in political life will
take the wrong advice because he has placed his trust unrea-
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soningly in a bad personal adviser. This is the case C. P.
Snow tries to make out against Churchill and his reliance on
Lindemann, the old problem of the monarch’s favorite in its
modern form.®

At bottom, however, the really inescapable difficulty in all
cases arises from the differences of opinion among persons
who are qualified and who are expected to know—the ex-
perts, the final court of appeal. No statesman will ever know
enough science to decide a controversy about a scientific
matter on the basis of its scientific merits; only another scien-
tist can do so, and he will at once become a party to the con-
troversy. The recent attempt to encircle upper space with a
band of fine copper needles is said to have had the full ap-
proval of the president’s scientific advisers, but from the dis-
senting voices which followed the experiment it is clear that
some important American scientists were not consulted, not
to mention some distinguished and very articulate British
astronomers. The impartiality of scientists and their willing-
ness to submit to evidence and proof are celebrated. These
traditional virtues of the scholar they have elevated to the
status of a method. But scientists do have differences of opin-
ion and their judgment can be influenced by their political
and other biases. There are indications that in the disputes
of the last two decades the stand which individuals took with
reference to matters of policy in the development of nuclear
power was not unrelated to whether they were pacifists, op-
ponents of communism, sympathetic to communism, old-
line conservatives, or liberals. For the really vital areas of
decision have not been entirely scientific. Men who disa-
greed with each other with feeling during some of the
memorable episodes in the disputes over policy in the de-
velopment of nuclear power have nevertheless still been able
to read each other’s technical articles with approval. Detach-
ment and impartiality do not apparently transfer without
loss to non-scientific areas. The absolute virtues of science
are effective only where the matters at issue are absolutely
scientific.

An interesting case in point has confronted the public in
the first public debate over the cessation of the testing of
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nuclear explosives. The issue on which much of the discus-
sion hinged was the danger from fallout. There was great
public interest in the debate, and scientists of great emi-
nence took part—men who have received international
recognition for their scientific achievements. Everything that
could be known about radioactivity and fallout was known
by those scientists who took their views to the public. The
various aspects of the issue were fully and seriously discussed,
and all the major forms of public communication gave ex-
tensive and dignified coverage. And yet disagreement could
hardly have been more complete. Many non-scientists who
followed this discussion seriously and anixously found them-
selves in a state of helpless indecision, yet their plight would
not have been different if they had had a better scientific
education. However good, it could certainly not have been
better than that of those who opposed each other in the de-
bate and who labored to influence public opinion. The rea-
son for the difficulty can be found in the nature of the argu-
ment. The established facts about fallout were known to
both sides, and the dangers of radiation were agreed upon.
The difference was only whether the dangers were pre-
sumed to be great or slight, and whether they were pre-
sumed to be necessary or unnecessary. The question of the
degree of the danger, while a scientific question, proved dif-
ficult to decide, both because of lack of agreement on what
constitutes too much exposure to radiation and because of
insufficient evidence about the long-term effect. In conse-
quence the argument was shifted onto issues that bore only
indirectly on the scientific question. For example, one con-
tention of those who favored continuation of the tests was
that, though a risk was involved, it was necessary, and that
the acceptance of such risks was not unusual. The argument
was that the possible increase in the hazards of radiation,
such as incidence of bone cancer or the likelihood of unde-
sirable mutations in the future, must be accepted in the inter-
est of scientific progress as well as national strength, just as
we accept other risks, or as we accept the inevitability of
deaths from traffic accidents in order to have the conven-
ience of automobiles. This is a scientific-seeming proposition.
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It was made by a scientist, it suggests a statistical element, it
appeals to our faith in technological progress, and it is future-
directed. Nevertheless, it is not a scientific argument and the
decision it supports is not a scientific decision. It is a moral
decision, and the argument is a moral argument. The reason-
ing is by analogy, long known to logicians as a useful form of
argument for which there is no adequate method of formal
verification. The analogy used is, moreover, imperfect. Ask-
ing a society to take collective risks when it is in a position to
accept or reject them is not the same as asking it to approve
risks which may affect the welfare of those who are unable to
participate in the decision but who will have to bear the
penalty of the risk’s having been taken. The attitude is
future-directed, but the notion of the future is determined
by considerations primarily technical and scientific; it gam-
bles the chances of a future scientific good against the
chances of a possible future human ill. This particular argu-
ment received considerable criticism at the time, but the
point in discussing it is not to prove that the other side had
greater merit. It serves to illustrate the kind of argument
which was used by men of science, and in this respect the
arguments on the other side were not different in kind once
the scientific matters were disposed of. At bottom, the main
issues were not scientific; they were moral and political, and
the present state of the argument has not altered their char-
acter.

This is not an apology for scientific ignorance; but it is
completely unrealistic to suppose that improving the scien-
tific education of men in public life and government will
alter in any basic way the difficulties involved in making im-
portant decisions relating to military strength, diplomacy,
or public welfare in those areas where government and
science meet. In all such cases there will be some issues of a
purely scientific nature on which scientists will be in sub-
stantial agreement. There will secondly enter into the case
some elements which are scientifically gray, upon which even
scientists cannot be certain and hence about which they can
disagree. And finally there will also enter considerations
which call for common sense, respect for the claims of all the
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factors bearing on the national interest, and administrative
skill, rather than for scientific knowledge or understanding.
The first clearly belongs to the scientist; no layman can ever
be accomplished enough to qualify, and where scientific
opinion is undivided only a megalomaniac or madman
would disregard today the scientific concensus. The second
also belongs to the scientist, but here even the scientist is
likely to find himself on ambiguous and dangerous ground
where knowledge is uncertain, choices exist, and his im-
partiality is not inviolate. The important service which scien-
tific advisers can perform at this point is not only to make
the scientific certainties clear but also to indicate what re-
mains in a state of scientific uncertainty and why, and so to
place into relief the elements of the question that lie outside
the province of scientific knowledge and opinion. Outside
the area of scientific certainty and unanimity, however, few
guides to conduct or rules of thumb can be laid down, and
the wise administrator would adopt an attitude of skepti-
cism toward these in any case. One can only hope that the
final decision would rest with some one whose intelligence
was sufficiently cultivated to listen with understanding and
discrimination to what scientists had to tell him, and who
possessed common sense, judgment, and the political ability
to see that what it is right to do gets done. These attributes
will be more valuable than an elaborate but still amateur
knowledge of science gained perhaps at the expense of the
development of his native talents.

Increasingly, as scientists find themselves in continuous
close touch with government officials, they find themselves
called upon to render services which are not simply those of
a qualified adviser. The question has therefore arisen, in
what general ways does his scientific training affect a scien-
tist’s fitness for wide administrative responsibilities in the
governments of today? There was a time not too long ago
when one heard that, if those who conducted the affairs of
the world had been trained in the methods of science and in
scientific impartiality, things in the practical world would not
always be in the characteristic mess in which one usually
found them. This opinion is less often heard today. Scientists
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have become more sophisticated about science and its meth-
ods, and the case could not be more straightforwardly put
than it is by Conant:

To say that all impartial and accurate analyses of facts are
examples of scientific method is to add confusion beyond
measure to the problems of understanding science. To
claim that the study of science is the best education for
young men who aspire to become impartial analysts of
human affairs is to put forward a very dubious educational
hypothesis at best. Indeed those who contend that the
habits of thought and the point of view of the scientist
as scientist can be transferred with advantage to other
human activities have hard work documenting their propo-
sition. Only an occasional brave man will be found nowa-
days to claim that the so-called scientific method is ap-
plicable to the solution of almost all the problems of
daily life in the modern world. Yet some proponents of
this doctrine have at times gone even further and main-
tained that only by a widespread application of the scien-
tific method to the problems of society at every level can
we hope for peace and sanity.?

It seems reasonable to suppose, however, that so thorough
a discipline as is the training for science would develop atti-
tudes and habits peculiar to men of science and perhaps of
special usefulness today in the world of affairs. The most
recent, and in some ways the most original, commentary on
this problem is C. P. Snow’s Science and Government, de-
livered as the Godkin Lectures at Harvard in 1g960. Like all
of Snow’s recent pronouncements, it brings to bear on this
important question his experience in science and administra-
tion, and it has created widespread interest. The main prob-
lem to which Snow addresses himself is the decisions—many
having the most fateful implications—which are adminis-
tratively made under conditions that avoid both the free
debate of legislators and public officials and also the free dis-
cussion of scientific men, in short, secret science. The discus-
sion is initiated by an account of an extraordinary episode in
England during the last war—Tizard’s great services in mak-
ing the decision and directing the project which gave Eng-
land an effective radar and thus won the Battle of Britain,
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and the replacement of Tizard with Lindemann after
Churchill came to power. It is a fascinating story, so effec-
tively told that it reads like a novel. It reads, in fact, like a
novel by C. P. Snow with its interest in the nature of strug-
gles for power and in the character of people who become
involved in them. This story becomes a paradigm or
exemplum from which Snow derives some lessons for future
management of governmental decisions involving science.
The story and its lessons provide the setting for some further
observations on the qualifications of scientists for public af-
fairs today. Though there is no substitute for following
Snow’s argument in all its completeness, the views which
have a bearing on the present discussion can be considered
independently, on their own merits.

The special virtue which Snow sees in the scientist today is
that in his attitude and habits of mind he is less likely to be
touched with the prevailing philosophic disease of our times
that handicaps Western Europe and the United States in
their competition with more dynamic societies:

‘We are becoming existential societies—and we are living
in the same world with future-directed societies. This ex-
istential flavour is obvious in our art. In fact, we are be-
coming unable to accept any other kind of art. . . . We
seem to be flexible, but we haven’t any model of the future
before us. In the significant sense, we can’t change. And
to change is what we have to do. That is why I want sci-
entists active in all levels of government. . . . I make a
special requirement for the scientists proper, because,
partly by training, partly by self-selection, they include a
number of speculative and socially imaginative minds. . . .
I believe scientists have something to give which our kind
of existential society is desperately short of: so short of,
that it fails to recognise of what it is starved. That is fore-
sight.*

Snow does not contend that foresight is a quality which all
scientists pick up in their training and research as they pick
up the habit of impartiality, but rather that those who al-
ready possess this rare gift are made better in it by virtue of
their practice of science:
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I suppose most scientists possess nothing of this foresight.
But if they have any trace of the capability, then their
experience, more than any experience at present open to
us, gives them the chance to bring it out. For science, by
its very nature, exists in history. Any scientist realises that
his subject is moving in time—that he knows incomparably
more than better, cleverer, and deeper men did twenty
years ago. He knows that his pupils, in twenty years, will
know incomparably more than he does. Scientists have it
in them to know what a future-directed society feels like,
for science itself, in its human aspect, is just that.*

No other activity in Western society, Snow contends, en-
courages through its training and basic attitudes these ex-
tremely valuable qualities. Administrators become “masters
of the short-term solution”; artists, writers, and generally
educated men in our society are inclined toward an existen-
tially pessimistic or indifferent view of the future. The re-
freshing virtue which the scientist can bring to the conduct
of public affairs today is that his work as a scientist has
sharpened the attribute of foresight if he happens to have it
and has converted it into a habit and a trait of character.
This is the substance of Snow’s case. It offers some hope of
escape from the disadvantages of a widely recognized disa-
bility of Western countries in the present situation—that
while they seem to lack a sense of purpose or deep convic-
tion about their destiny they are opposed by countries which
are convinced that the future is theirs, and which are sure
that they know its form because they are confident of their
ability to shape it.

The heart of the problem is in Snow’s observation that,
though we must perforce change somehow to survive, we
cannot change because “we haven’t any model for the fu-
ture.” Now the kind of model which would serve the purpose
of a confident, “future-directed” society is an idea of what
kind of society it wishes for its people, what kinds of separate
goals this calls for, and what kind of a state is required to
secure them. The problem for its leaders is to determine what
means—economic, military, educational, scientific, political,
diplomatic—will be needed to bring about the kind of so-
ciety envisioned. Old, established, flourishing societies retain
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the idea of their society in their traditions, institutions, and
forms; but where the society becomes uncertain of its future
prospects or begins to doubt the viability of its traditions
and institutions, the decisions of its leaders cannot go much
beyond meeting short-term objectives thrust upon the society
by contingencies which arise or by threats to its immediate
well-being. Foresight in such a case can go no further than
judgment on the possibilities open for action and the possi-
ble consequences of action applied to the unavoidable press-
ing demands of the moment; foresight becomes essentially
brilliance in tactics, like that of a fine general forced into a
defensive war. Assuming that the view of Western society
presented by Snow and shared by many others is correct,
what can we expect of the scientist’s foresight?

One illustration Snow gives of scientific foresight is the
memorandum of James Franck and his fellow scientists on
the consequences of the atomic bomb. Secretary Stimson’s
memorandum to President Truman on this same subject
had appeared several weeks earlier, a notable case of fore-
sight as Snow concedes, but Stimson’s, he believes, shows up
less well by comparison. Stimson “had to rely on his political
sense,” whereas the position of the scientists was character-
ized by training and knowledge, and something which Snow
expresses as “an expectation of knowledge to come.” ** Stim-
son’s foresight might seem to be the more impressive of the
two simply by virtue of his ignorance of science, but one
must not minimize the significance of the scientists’ memo-
randum, for it was a striking departure from the traditional
indifference of scientists to the consequences of their activity.
The magnitude of the achievement in producing nuclear
fission and creating the bomb impressed many intelligent
scientists with the gravity of its consequences, and an en-
couraging outcome of their concern was their serious inclina-
tion to probe the possible consequences of scientific knowl-
edge. This is a valuable extension of the scientist’s usual
technical preoccupation with the possible consequences of a
given hypothesis, or experiment, or new data, and one that
society should find useful; but the question is whether the
quality revealed in the Franck memorandum represents
something more than the statesman’s short-range judgment
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on the possible outcome of policy or action except in being
on a technical subject and having the virtue of being in-
formed. Unless the foresight which the scientist brings to
the present scene implies also a “model for the future” in
any sense other than a prediction of the kind of science and
technology we will have to live with, it cannot, by Snow’s
analysis of our plight, provide the incentive to change in the
significant sense which he believes we have to. The foresight
of the scientist will provide us with a picture of the changes
which must occur in the light of his discoveries and their
development, and give us the context within which action
must be taken, but this is a limited order of foresight and is
not the same as a model of the future in the large sense in
which a view of society becomes the guide for decisions and
provides a center for collective aspirations and inspires the
collective will.

Snow does not go so far as to say that the foresight of the
scientist includes this larger view, but there is some indica-
tion that he thinks it might. In explaining why he wants
scientists at all levels of government, he remarks that “partly
by training, partly by self-selection, they include a number
of speculative and socially imaginative minds.” The word,
“socially,” jumps out of that sentence like some totally unex-
pected formation in a familiar landscape. Speculative, im-
aginative—these are attributes of all good scientists, but the
modifier, “socially,” is difficult to justify. It does not seem
distinctively appropriate when applied to the lives of great
scientists or to the character of the average scientist com-
pared to his fellows in other fields. Snow furthermore regards
scientific activity as constituting a society with a progressive
and forward-looking attitude: “scientists have it within them
to know what a future-directed society feels like, for science
itself, in its human aspect, is just that.” To speak of sci-
ence as a future-directed society “in its human aspect” is
to use the word, “society,” in a very special sense Scientists
are a society only by virtue of the fact that they are all en-
gaged in the same professional activity, and are bound to-
gether by this common interest irrespective of whatever
other more complex and binding ties they may have. It is
also in a very special sense, too, that this “society” is future-
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directed. Science as a discipline is progressive and dynamic,
since it increases in knowledge and in some respects in com-
plexity, so that the science of the past seems modest in com-
parison with that of the present, and the science of the
present seems timid in comparison with the prospects and
possibilities for the future. Continual association with such
an activity can encourage a disposition to look with a
buoyant spirit toward the future, at least of science, but
whether this attitude will be readily transferred over to the
somewhat more confused world outside the laboratory, or
whether the future-directedness of science will rub off on
others with whom the scientist may associate in public life, is
quite another matter.

The point is important, since in using the phrase, “future-
directed,” Snow is by implication equating the attitude of
the scientist with that of nations which, unlike those of the
West, seem to be confidently turned toward the future.
Snow has been particularly effective in presenting certain
aspects of the critical position of Western society, and in
this connection, he alludes on several occasions to the scien-
tific and industrial dynamism of Russia and the realism of its
educational programs. The dynamism of Russia has several
aspects. It displays the energy of a revolutionary regime
which is determined to eliminate the last traces of a culture
that retained the marks of an outmoded society long after its
evils were apparent to everyone, and which has the resources
and determination to catch up with the most advanced in-
dustrial and technological societies in a relatively short time.
These are concrete aims, but the energy and future-directed-
ness of Russia come also from the fact that its concrete goals
are believed to be essential steps in the formation of a new
state and a new society of the future that has become the
symbol of what amounts to a state religion. Commenting on
the efforts which need to be made to aid underdeveloped
countries, Snow notes that in the matter of providing for
an adequate number of scientists and engineers for this pur-
pose “the Russians have a clear edge.” ** If the Russians are
willing to train scientists and engineers on a prodigal scale,
if they are able to assign them to other countries in increasing
numbers as we presumably are not, it is in something of the
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same spirit that the Church once trained its clergy and sent
missionaries to remote unchartered portions of the globe to
convert the heathen and bring their lands eventually under
the Christian sphere of influence. The dynamism and future-
directedness of the countries which threaten the West are of
a different character from those qualities which scientific
activity can induce in the scientist. If the same words can be
used to describe both, it is with a different appropriateness
in each case.

Scientists, nevertheless, have an important role to play in
public affairs, and this need not be limited simply to that of
adviser to political leaders on scientific matters. Some who,
under the pressure of great national need, left their labora-
tories to become involved in public affairs, have conducted
themselves creditably and even with distinction. It would not
be surprising to find more of them in public life as time goes
on and exercising a greater degree of responsibility. If this
happens, it will not be because of a special virtue in their
scientific training. In some respects, the training in science is
not ideal for the conduct of affairs. The world which oc-
cupies the attention of the scientist is a less contingent world
than that of human activity, the means he uses to control it
are more rigorous and reliable than statesmen can depend
on, and the events with which he deals are neither good
nor evil. There are scientists who exemplify all the virtues of
their training to a high degree but whose elevation to posi-
tions of administrative responsibility would fill their scientific
colleagues with horror. What makes it likely that science
will produce men capable of leadership in public life is sim-
ply that the commanding position of science in the modern
world will inevitably attract ambitious men of unusual abili-
ties and great energies. Science is now at the very center of
excitement in our culture; it offers all the attractive rewards
except that of great wealth; and it is open to men of talent
irrespective of their social and economic status and with
fewer financial and social barriers than some other desirable
professions. Many capable men who are now attracted to
science possess what might be called undifferentiated talents
—they are not, that is, men with an unusual knack for mathe-
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matics, or extraordinary acuity of the senses, or great powers
of abstraction. They are simply very able men who can
master difficult things if the incentive is sufficient, but who
under other circumstances might have been tempted to do
something else. These men will make good scientists, but
among them will be found individuals who also understand
the ways of the contingent world of affairs, who have a taste
for action, and who possess a flair for directing affairs. In a
similar way and for similar reasons, the Church once offered
careers to able men, and some of them became powerful,
like Wolsey and Richelieu. At a later date commerce and
industry offered unusual opportunities for able and ambi-
tious men, and some of them rose to greatness and sat down
with statemen, and, trained in a more ruthless school than
the scientist, bought legislators and influenced policy in a
less than impartial spirit. But commerce and industry did not
appeal strongly to men who, in addition to restless general
abilities, had a taste for the intellectual life. Science does. It
is therefore likely to produce men who, if they have the gifts
which qualify them for participation in the practical world of
affairs, will bring to them a rare combination of talents. It is
inevitable that the qualities and the character of a man of
this type will bear the mark of the training and habits he ac-
quired from his specialized activities. It might make him im-
patient of sloppy thinking, of evasion of facts, of bias and dis-
honesty; perhaps, if we want to be speculative, he may be
less subject to continual misgivings about the future. It is not
possible to predict the precise way in which a man’s educa-
tion will influence the particular set of his energies and the
style of his actions. That it will be valuable can be taken for
granted. But the qualities which will be responsible for the
success of a scientist in public affairs will be those which he
has in common with all other men of whatever training who
demonstrate a capacity to move in the public world with ef-
fectiveness. Somehow, these qualities will have had to find
nourishment outside the discipline of science.”

In his study of government and science, Don Price pays a
tribute to the long and beneficial influence which science
has had in American life:
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The skeptical and questioning approach of science has
played a part in freeing the United States from the au-
thority of old tradition and protecting her from the fa-
naticism of new ideologies. The restless energy of the scien-
tist and the engineer has broken through the constraints of
red tape and supplied a dynamic drive to the development
of government programs, as well as to the productiveness
of private industry.*

his detailed review of the rapid growth of governmental

involvement in science and the administrative complexities

which have arisen in consequence, he gives numerous illus-

trations of disinterested and intelligent effort on the part of

scientists who have helped to overcome the difhiculties in the

way of effective association between scientists and govern-
ment and who at the same time have striven to preserve the
independence and vitality of the nation’s scientific activities.
As one of the best informed and judicious commentators on
this matter, he may perhaps be allowed the last word:

An administrative system is only a reflection of the hopes
and beliefs and skills of individual human beings. The top
administrative service of the nation cannot exist without
the support of informed public opinion or without the
participation of men whose appreciation of public affairs
is broader than that of any specialty. Here, then, is the op-
portunity for the American university—to educate in the
humanities and the social sciences men who have an un-
derstanding of the role of the natural sciences in govern-
ment and society, and to educate natural scientists who can
appreciate the problems faced by the politican and the
administrator, and who will, some of them, shoulder the
burdens of direct administration of national affairs.’”



v
Saence for the Non-Scientist

To the scientifically minded observer, the modern world is
made up largely of scientific illiterates muddling their way
through a complex scientific civilization. The widespread
lack of knowledge and understanding of science is a theme
which inspires a wide range of feelings from impatience to
sober anxiety over our lack of readiness for the scientific age
in which we live. Our general scientific ignorance is regarded
as a serious danger, responsible for our failure to enlist and
train an adequate number of scientists and engineers, and at
the basis of the separation in our culture that divides most of
the educated public and our intellectual and political leaders
from the distinctive creative activity of our times.

Since the failure is one of education, the remedy is usually
sought in some form of change in method and empbhasis in
college and university courses of study. Bentley Glass, for
example, would organize a liberal education around science:

The major problem of higher education is to cure this
growing schizophrenia. The sciences must become the core
of a liberal education . . . , but “in teaching science we
must not forget . . . that it is simultaneously social study
and creative art, a history of ideas, a philosophy, and a su-
preme product of esthetic ingenuity.” The humanities and
social sciences, on their part, require more than a cogni-
zance that the natural sciences exist. They must become
permeated with the knowledge of science if they are to be
more than a relic of a buried age.

Though the same writer elsewhere makes clear that the core
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is not the whole apple, once the notion of the preeminence
of science becomes the guiding principle of education, it
tends to subordinate the other disciplines and assign them
a role of handmaidens of science. In this spirit, it has been
suggested by Joseph Gallant that one role of the humanities
could be to promote the cause of science:

Where, then, can the emotional and imaginative appeal of
modern science be conveyed to the student? Obviously in
the humanities and the arts, generally, and most specifi-
cally, in the study of literature. . . . It is literature which
can most appropriately project the emotional impact of the
scientific outlook of the individual.

The humanities, this writer continues, can incline the scien-
tifically minded to a career in science “by showing them the
wonder, the vision, and the excitement of science,” and they
can inspire others “to share in the scientific outlook and,
through it, to enrich the arts and the literature of the fu-
ture.” ? In essence, such proposals amount to a primary con-
cern for the needs of science and the welfare of scientific
activity, and they solve the problem of the division in our
culture by identifying the welfare of all learning with the
welfare of the scientific. In effect, they undermine the inde-
pendent validity of the other disciplines. They fail, there-
fore, to answer the question of what should be the scientific
education of persons who are to live in a technologically
advanced society in which science is an activity of the high-
est importance, but who are not going to devote their lives
to science and who have sufficient respect for the social
relevance of their profession and the intellectual relevance
of their branch of learning to regard it as something more
than a servant of science. To answer this question, it is neces-
sary to accept the proposition that we live in a scientific age
without accepting as a necessary corollary that science is the
sole important and primary preoccupation of our civilization.

In this form the problem is not new, and for many years it
has interested educators who were not scientists. Only in
recent years, however, have scientists themselves regarded it
with concern—only, that is, since the events of the last two
decades have thrust science into prominence and made
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everything connected with it a matter of great urgency.
Looking back at the recent past from their present vantage, it
is understandable that scientists should regard with disap-
proval the weakness of our educational arrangements from
the point of view of the education of scientists. It is under-
standable also that they should view the inferior general
scientific knowledge of the non-scientist with disapproval
and should regard our efforts to produce an enlightened so-
ciety for the scientific age as a failure. To the best of my
knowledge, no one has seriously suggested that the scientific
fraternity might possibly bear a large share of the responsibil-
ity for this particular failure. It is a hypothesis worth con-
sidering, not for the purpose of identifying the villian of the
story, if there is one, but because in the reasons for past
failures may be found the clues for future improvement.

For the last forty or so years it has been virtually impossi-
ble for a liberal arts student in most colleges and universities
in the United States to receive a degree without having
taken at least one year-course in science. Most baccalaureate
degrees require two year-courses during the first two years.
This may not look like a great deal, but it represents ap-
proximately one-fourth of the student’s total academic time
during the first two years. These courses have been taught
by scientists, and they have afforded a considerable opportu-
nity, if not to allow for a comprehensive view of the state of
scientific knowledge in many fields, at least to provide an in-
sight into the great accomplishments of science in the past and
in our time and to instill some enthusiasm for science
and its accomplishments and an appreciation of the beauty
and magnitude of the scientific achievements of man. Scien-
tists attribute the lack of great success to a want of sufficient
time for a comprehensive scientific education, to the poor
preparation of the non-scientific students, and to the in-
capacity of many of them for the discipline of the mathe-
matical aspects of science and the exactness of laboratory
work. All these things may be true, but the fact still remains
that for the better part of a half a century the teachers of
beginning science in colleges and universities have had a fair
opportunity to make things come out differently.

They should not be too seriously condemned. During the
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same period American science came of age, and the first con-
sideration and primary task of American academic scientists
was the training of scientists. The average scientist ac-
cepted the responsibility of teaching non-scientists as a task
assigned him by his college or university, and if he was de-
voted to his subject he accepted these students with good-
natured indulgence or missionary devotion. But neither his
view of his primary responsibility to the training of future
scientists nor any sense of urgency about providing for a
scientifically enlightened society inclined him to consider the
teaching of non-scientist students as a matter of special im-
portance. Besides, he believed that science was science, and
that a course which prepared a young student to go on to
more advanced work in any particular science was the best
introduction to science for everyone. In consequence, most
colleges offered a series of one-year introductory courses,
chiefly in physics, chemistry, biology, geology, and some-
times astronomy, from which freshman and sophomore stu-
dents could choose the number of units of science required
for a degree. In most schools, these courses combined lec-
tures and laboratory instruction. With some variation, this
approach to the teaching of science to non-scientists has
dominated the American college campus for something like
thirty to fifty years. There have been occasional modifica-
tions. Sometimes the students who had some preparation
and intended to continue in the science have been placed in
a different course, but the course for the rest has not been
different in kind but simply “easier.” There were also occa-
sionally developed, usually under pressure from reforming
deans and presidents, courses in Basic Science or General
Science which were more comprehensive in substance and
somewhat different in method of instruction; but these have
been palliative measures and have represented no funda-
mentally original approach. Most scientists, chiefly interested
in those of their students who wished to continue to ad-
vanced courses and even more interested in their own re-
search, were reluctant to undertake a serious philosophic and
educational reappraisal of what they were doing for students
who would never be scientists and then to devote the
amount of exhausting work which would be required to put
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a new set of courses into practice for a purpose which they
could not—at least formerly—take seriously, and which was
after all not their primary purpose. It is uncharitable to re-
proach them for so eminently reasonable an attitude, even
though today they regard the scientifically naive educated
man as an anomaly, and even a danger, in this age.

The disadvantage of the prevailing arrangement for the
non-scientist student was that he could meet the science re-
quirements for his degree, even when these amounted to
one-fourth of his academic time for two years, without ac-
quiring a decent idea of what science, and most important of
all, what modern science, was all about. The courses which
he might take were, with a few notable exceptions, designed
to prepare a student for the next advanced course in the de-
partment. The introductory courses could not fail to do the
non-scientist some good, but they left him far short of his
proper goal. To be sure, a comprehensive grasp of the situa-
tion in modern science is beyond even the professional scien-
tists, but because as any given science reaches an advanced
level the distinction between special branches often disap-
pears and the knowledge and techniques of a neighboring
science becomes necessary, a person who makes a career
of science eventually acquires an idea of what is going on
in science all around him. Besides, he has the advantage of
talking to scientific colleagues on a technically knowledgeable
footing, and his horizon is continually widening. The stu-
dent who will not be a scientist suffers acutely therefore from
the curriculum which has been designed for him. He takes at
most two courses, usually in two sciences, and then his
formal contact with science ceases, and unless he is extraordi-
narily curious and enterprising, his view of science is cir-
cumscribed within this narrow confine. If he wishes to in-
crease his comprehension while in college, he can either take
more advanced courses in one of the sciences to which he
has been introduced or continue to take introductory courses
in other sciences. Neither of these alternatives represents an
optimum use of the limited amount of time he has as a
student. The first leads to specialization, which he can ill
afford, and the other, while preferable, still leaves him far
behind in the kind of sophistication of outlook and percep-
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tion which he should acquire. The conventional system has
not, therefore, provided a proper preparation for a lifetime of
interest in the subject. The courses have been taught so that
the next logical step would be in the direction of increased
proficiency in technique and more specialized subject mat-
ter, and not toward the gratification of a layman’s curiosity
and his philosophical and historical interest. They have not
conditioned students to carry their interest into their general
reading for the rest of their lives. Those nonscientists of our
times who have tried to keep alive an interest in the de-
velopments in science have simply been the kind of intelli-
gent and curious minds who cannot be prevented from try-
ing to find out what is going on around them. As for the
college science courses for beginners, they have usually
been regarded as a terminal experience for the non-scientist
by both parties.

One unfortunate consequence of the standard scientific
fare for the non-scientist student has been that it has not
induced an understanding of the nature of the scientific
enterprise, nor a very subtle notion of its character. The stu-
dent hears a great deal of talk about scientific method, as
though it were some potent key, difficult of access to the
outsider, for unlocking Nature’s secrets; but from the way in
which he has usually been taught, it is never clear to him
whether this means anything more than laboratory tech-
nique. It is rarely that a student ever finds out how, if at all,
scientific method differs from any other form of realistic ap-
proach to evidence and hard, rigorous thinking—how, that
is, it might differ from what goes on when a detective deter-
mines the nature of the crime and identifies the criminal, or
a judge decides whether a defendant is guilty or not guilty,
or a literary scholar determines whether a document is a
forgery. He is told that science demands accurate observa-
tion, but almost never does he come to realize that in most
cases scientists cannot directly observe the phenomena they
are studying and that most scientific work is a highly special-
ized form of deducing from circumstantial evidence. The
student sometimes gets a glimpse of the way science works
from demonstrations of the experimental basis of the im-
portant laws and hypotheses of his particular science, but it
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is surprising how incomplete is his grasp of the reasoning
underlying some of the classic discoveries of science.

I became interested many years ago, quite by accident, in
the understanding which students possessed of the replacing
of the Ptolemaic system by the Copernican, certainly, a sig-
nificant change and an important episode in the whole excit-
ing story of the establishment of modern science during the
sixteenth and seventeenth centuries. I found that most stu-
dents were aware that the difference between the two
theories of the planetary system was that in the Ptolemaic
the earth was at the center and that in the Copernican the
sun was at the center and the planets, including the earth,
circled the sun in regular orbits. A few were also aware
vaguely that the Copernican system was not immediately ac-
cepted by most of the learned men of the time. Beyond this,
the appreciation of the scientific aspects of this revolution
was very disappointing. Of the persons who knew this much,
only a very small portion also knew that an important step in
establishing the Copernican system was Galileo’s observa-
tions with his improved telescope, but of this small number
even fewer could say what it was that Galileo saw—except
that he probably did not see the planets wheeling around the
sun. One might find a student who could report that what
Galileo saw was that there were satellites circling Jupiter
and that Venus went through phases like our moon. But I
never had the luck to come upon a student, scientist or non-
scientist, who knew this much and who could also explain
what these observations demonstrated—that the satellites
had no bearing as scientific proof of Copernicus’ theory but
were significant in destroying a prevailing notion based on
curious analogical thinking that there could be only seven
planets, and that the observation of the phases of Venus
was scientifically significant because it introduced a datum
that could be accounted for by the Copernican scheme but
not by the Ptolemaic. Today the results of a similar probe
might produce more satisfactory results, since there is reason
to believe that the training of some students is sharper than
it once was; but the record of non-scientists would not, I
believe, be sufficiently better to eliminate the wonder that so
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excellent an opportunity on so important a topic could be
so effectively lost.

One by-product of the traditional scheme of undergradu-
ate science instruction has been that the non-scientist stu-
dent has failed to develop a reasonable, intelligent attitude
toward scientific activity and toward scientists. Many stu-
dents leave their limited experience with science without
coming to appreciate it as a thoroughly human enterprise
which is not beyond the reach of a reasonably intelligent
individual willing to undergo the discipline required of any
serious intellectual endeavor, and which is worth pursuing
outside the classroom. Some twenty years ago there appeared
a textbook in physics which attempted to combine the usual
basic material with information concerning the steps by
which certain scientific concepts became established, the
philosophic issues underlying some developments in science,
and even the influence of the milieu on the appearance and
the development of particular scientific ideas. I found that
physicists on the whole did not share my enthusiasm for this
text. One objection was that the text was too subtle and
complex for students—hard enough to teach Ohm’s law
without getting involved in the irrelevant business of how
the concept of an electric current came into being, or to get
across the basic principles of mechanics without introducing
the philosophical difficulties which were encountered in
establishing the concept of mass. Another objection was that
it required the instructor to teach, as one physicist put it,
what isn’t so any more; that is, there was no point in talking
about the wrong inferences which one scientist drew from
significant original observations or experiments in order to
deal with the correct inferences which another scientist drew
from them. These objections are understandable and to some
degree valid, but they simply call attention to the limited
view of science and scientific activity the beginning student
was likely to acquire from the approved methods of elemen-
tary science instruction. The science student who goes on
to build on his introductory material can acquire a deeper
understanding about science as he progresses, but for the
student whose experience with a given science is terminal
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with the elementary course, there is a real danger that the
science will take on the appearance of a body of command-
ments inscribed on tablets brought down from some scien-
tific Mt. Sinai by a succession of prophets.

Difficulties of attitude have, I believe, plagued both sides.
Except for the unusual brilliant student, there is a barrier be-
tween the non-scientist and the scientist in the average intro-
ductory course, a subtle lack of real understanding and ap-
proval, which no amount of good will can fully eliminate.
What the student contributes to this vague lack of rapport
has been often enough gone into. But I believe that the
average scientist—unless he has a little of the missionary
spirit about his science—contributes something through a
lack of real appreciation of the non-scientist’s intellectual
goals. Anyone who is around scientists and engineers on uni-
versity faculties discovers that some of them have a way of
referring to “easy” or “soft” subjects, by which they mean
most of the subjects outside the scientific.® Their views are no
doubt colored by sad experiences with college students who
do not have a natural taste for science and who are ill pre-
pared for it, and who are often too stupid for it.

But this feeling arises from other, deeper sources. Scien-
tists perceive that they can understand the fruits of serious
investigations in many other disciplines in a way which the
scholars in them cannot understand science. A scientist who
reads a new piece of historical writing with understanding
and even critical appraisal may well conclude that history
requires a somewhat lower order of powers than science,
since historians are helpless in the face of scientific research
at a level comparable to their own in history. Scientists are
prone to attribute these differences to the exactness and
intellectual rigor demanded by science as much as to the
specialized conceptual and symbolic schemes employed by
science. It must be admitted that fuzziness and sloppiness
have less chance of surviving in science than in some other
branches of learning, and it is less easy to get by with fraud
or a plausible piece of pretentious nonsense. The beauty of
its rigor is one of the fine things which exposure to the scien-
tific discipline has to offer. But scientists have been some-
what too ready to attribute wholly to the scientist the virtues
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which are the property of their science. The capacity of the
trained scientist to solve problems routinely with an elegance
and finality which is not shared by scholars in other fields is
in large part due to the fact that by its nature the scientific
problem lends itself more readily to definitive solution, and
the elaborate system of scientific activity which now exists
contributes greatly to maintaining this activity at a com-
petent level and protecting its practitioners and itself against
disaster and fraud. On this theme Conant writes:

Would it be too much to say that in the natural sciences
today the given social environment has made it very easy
for even an emotionally unstable person to be exact and
impartial in his laboratory. The tradition he inherits, his
instruments, the high degree of specialization, the crowd
of witnesses that surrounds him, so to speak (if he pub-
lishes his results)—these all exert pressures that make
impartiality on matters of his science almost auto-
matic. . . . Once science became a self-propagating so-
cial phenomenon, those who till these ficlds have had a
relatively easy time keeping up with the tradition of their
forebears.*

The non-scientist almost never appreciates this fact, and he
is easily intimidated. Many scientists, however, do not ap-
preciate it either, and the view which they give of science
has had the effect of adding in a subtle way to all the other
forces which encourage alienation of the outsider.

Scientists are sometimes wont to deplore the naive atti-
tude of the public toward science, and complain to the effect
that “science is respected, but, perhaps, among non-scientists
(and this includes teachers and writers), with the same
mixed fear and regard felt for the medicine man among
primitive groups.” ® There is a small modicum of truth in this
extravagant statement, but if the case is really as it is repre-
sented, there is little wonder. With some notable exceptions,
most of the introduction to science which a non-scientist
student gets in college leaves him with little grounds for
genuine understanding and less for a sophistication of atti-
tude. I believe, too, that so far as the more extraordinary
aspects of modern science go, too many scientists have en-
joyed surprising and mystifying the outsider. And as for the
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great scientists, in such historical information as the student
is likely to have given him, they are represented to him as
figures in a pantheon, each individual associated with one
or two celebrated discoveries which bear his name, who seem
not to have made a mess of their lives or sullied themselves
with scandal like artists, poets, and musicians. A little less
awe, as David Hawkins suggests, would do no harm:

On the whole, the role of science in the usual story of
modern culture is rather stilted. Science is there in every
scene, performing some momentous feat of discovery. It
is treated very respectfully, and sometimes with awe and
reverence, or at least with the kind of enthusiasm that may
pass for awe and reverence. There are some critics who do
not share this enthusiasm; they excite a good deal of sym-
pathy sometimes, but of course they are quite wrong.
Actually the critics of science have this important virtue,
that they make it come alive. The official eulogies, on the
other hand, accord science the treatment usually reserved
for famous admirals and ex-presidents in the movies. It is
better to be presented as a villain, in some part of your
true character, or even to be misrepresented as a lively
and believable rascal, than to appear as a plaster saint or
wooden Indian or a Man from Mars in a space-helmet.®

The tradition of teaching science to the non-scientist in
what might be called The Authorized Version has resulted
in a partly educated public, too naive, in the judgment of
scientists, to cope with the phenomenon of science today.
This is not, as the physicist Polycarp Kusch implies in the
following statement, to the advantage of science:

We have impaired the ability of those not trained in sci-
ence to understand it by too great an emphasis on the
power of science without an occasional digression on its
limitations . . . The lack of a sharp awareness of the
limitations of science may be downright dangerous for the
layman. Bombarded as he is with news of the triumphs of
science, he may feel that science will solve all problems. He
may believe that science can produce any miracle neces-
sary to solve a problem, and he often attributes to science
a quality of wisdom that is wholly outside its sphere.’

There would be less likelihood of such dangerous naiveté if
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the scientific education for the layman introduced him to a
proper understanding of science and scientific activity and
gave him the basis and incentive for continued, revivifying
interest in its accomplishments.

If we are going to provide in the future a better scientific
education for the non-scientist, there should be some agree-
ment as to the purpose of such an education. The aim of all
education which is not designed to train an individual for a
profession is to make him at home in the world in which he
lives, or more accurately in the culture in which he lives.
What is called for by this aim does not remain constant. To-
day it is less vital than it once was to be learned in the doc-
trine of transubstantiation or prevenient grace. Today
science is an activity of prime importance and enters every-
where in some form or another into our lives. As the scien-
tist is likely to see it, no other intellectual activity of our day
has such claims on our minds and our sensibilities:

The aspect of Western Society which has differentiated it
from the rest of the world in the last four centuries has
been its concern with science. Science is the bed rock of
the contemporary world. Without the Weltanschauung of
modern science, no form of thinking, feeling, or reacting
has validity today. No man can see the world except
through his modern eyes, and these, in a large measure,
are conditioned by the scientific outlook, whether or not
he is conscious of it. Not to apprehend this world from
the standpoint of science is, therefore, to belie the very
process of seeing. To speak in any idiom other than that
which incorporates the scientific outlook is to speak the
language of the dead—a feat which usually falsifies the
meanings and the nuances which that language had for
those who lived in the past.?

If there is any argument with this statement it is with its
tendency to exaggeration and with the trace of belligerence
in the rhetoric. But it is one thing to accept in general the
view which is expressed and another to determine where it
leads us. It led the writer of it to recommend that teachers of
literature undertake the role of inspiring students to share
in the scientific outlook and to choose science for a career.
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The instruction we provide for students will be in part in-
fluenced by the specific objectives we have for it.

One view of the purpose of scientific education is that it
will help us to adjust to the extraordinary technological de-
vices which surround us in our daily lives. The housewife’s
incomprehension of the workings of an electric cord, the
driver’s lack of understanding of internal combustion en-
gines, the passenger’s indifference to the aerodynamics and
chemistry of his jet plane—such forms of ignorance create a
barrier, it is alleged, between us and the products of our cul-
ture, which makes us apprehensive of our environment and
at the least deprives us of pleasure in the everyday technology
which sustains our society. There is, to be sure, some virtue
in all knowledge, and those who do know what underlies
the operation of the fabulous contrivances which surround
us have that advantage over those who do not. It is a misap-
prehension, however, to suppose that people feel more at
home among the machines and devices of our civilization
if they have a substantial knowledge of the science and en-
gineering which underlies the operation of our technical mar-
vels. It is surprising how much at home most people in West-
ern countries, and especially in the United States, do feel in
the twentieth-century technological milieu while remaining
in ignorance of what goes on inside. Men and women in
America drive automobiles with an assurance, a sense of con-
trol and participation, and a feeling of empathy, without
really understanding the ignition system or automatic trans-
mission. They are attuned to their machines, feel at home in
them, and are responsive to their sounds with a sixth sense of
when these mean trouble—like a mother who senses danger
signals in the way her child shouts at play. We take delight
in the flight of a well-designed plane, and even have a crude
understanding of the thrust that keeps the plane aloft with-
out knowing how the fuel is translated into that thrust. A
modern woman manipulates the controls on her automatic
washer, adapting its cycles to her wishes in the manner of an
organist arranging the stops on his organ.

It is not necessary really to know more. There is at one’s
beck an elaborate system of service and rescue operations
with special equipment and skills which it would be as use-
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less as unnecessary to master. That we have acquired an
empathy and sense of mastery over our mechanical environ-
ment is a tribute to the success of our technology, and the
greater its success the more compatible we feel without a
compensating increase in knowledge. Until we had arrived
at this point of perfection and specialization, the number
who could participate in the operation of the products of our
technology was limited and our uncertainty and apprehen-
sion about them was greater, as in the early days of the auto-
mobile when it was necessary to carry along tools, spare parts,
and someone who knew how to use them. Today young peo-
ple grow up with the automobile in a relationship that is
not so much that of driver to car as of the two parts of a
centaur. It is familiarity rather than competent technical
knowledge which develops expertness of use and reduces
fear. Failure to appreciate the nature of the layman’s rela-
tion to our technology leads at times to improper deductions
about his attitudes and conduct. Thus it is wrong, for in-
stance, to say that “because we know how gunpowder works,
we sigh for the days before atomic bombs.” ® Most people are
as ignorant of the chemistry and physics of gunpowder as of
the atomic bomb. If they quite understandably sigh for the
days of gunpowder it is because they do, in a very important
sense, know how atomic bombs work. The purpose of study-
ing science is not primarily to feel at home in our techno-
logical jungle. This view would give an incorrect bias to the
teaching of non-scientists. It has already been largely respon-
sible for the emphasis on applied rather than theoretical
aspects of chemistry and physics in textbooks for secondary
schools.

There may be more justification for the view that the gen-
eral purpose of scientific instruction is to create an informed
public capable of taking intelligent part in those decisions
of our society which involve science and scientific activity.
Conant states the case persuasively:

The intelligent citizen of today has need to understand
both science and scientists. Government officials, business-
men, and trustees of hospitals are often confronted with
technical problems; even the “man on the street” must be
prepared to pass judgment on new scientific enterprises.
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As a voter and as a potential contributor to such agencies
as the American Cancer Socicty, he or she may well ask
searching questions about the organization of scientific
endeavors. Does medical research require more or less or-
ganization? Is the freedom of the scientist endangered by
the vast expenditure of federal funds? Are the universities,
the research institutes, government bureaus, or industry
the proper place for the scientific pioneers of this cen-
tury? *°

These questions, and others like them, require some degree
of understanding of the scientific activity, but they are not
scientific questions. If we keep this objective too seriously
before us in shaping courses in science for the undergraduate
we may give them an ineffective direction. To take the con-
crete case mentioned above, questions which we might ask
as contributors to cancer research could be better answered
by a comprehensive, unbiased, detailed report on the whole
phenomenon of cancer research and of the way the money
is used and distributed—a much more difficult sort of in-
formation to come by at the moment than readable reports
of a scientific nature on various aspects of cancer and cancer
research. Like the adaptation to our technological environ-
ment, the cultivation of enlightened wisdom in public affairs
involving science may require less knowledge of science
than is usually supposed, and in any event could best be
achieved as an almost unsought-for consequence of a prop-
erly conceived and properly conducted scientific education
for those who will not follow a scientific career.

The primary aims of such a scientific education for college
students should be thought of in intellectual terms. If this
education is adequate and successful, the secondary aims will
be achieved as a by-product. It should provide knowledge
and understanding of science and form the basis and incen-
tive for future continued interest and study. The informa-
tion the student acquires of the contributions of science to
knowledge should include what might be called the classics
of scientific discovery—those achievements (usually a series
of achievements) which provided important insights into
the nature of the physical world and established important
new concepts. And it should include some information con-
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cerning the present state of scientific knowledge—its most
important achievements, the areas of principal interest, and
the relation of these achievements to those of the past. The
student should further acquire an understanding of the dis-
tinctive methods of science, and this should include some
notion of the kinds of questions which science can properly
be expected to answer and the limits within which its meth-
ods are likely to prove successful. Finally, he should acquire
some perception of the way in which science is related to its
environment—how it is influenced by and in turn influences
the thought and activity of the society in which it flourishes.
It will be thought that this is too much—that it is, in fact,
impossible; and in one sense it is, just as the mastery of the
subject matter of history and of historiography is impossible,
or again of world literature and critical theory and method.
It certainly is chimerically impossible in terms of what has
been regarded as standard scientific instruction during the
past. In those terms, few scientists on a university faculty
could qualify, and what is not expected of a scientist cannot
be expected of one who is not. The gap between science and
other learning is very great and is daily increasing. It cannot
be reduced by anything short of a complete revision of the
approach to the teaching of science to non-scientists.

One of the stumbling blocks to a new approach to the
teaching of science has been a slight but significant misun-
derstanding of the nature of science. From the point of view
of the practicing scientist, science is a creative activity, and
in this respect is related to the arts—to music, or painting, or
poetry. What separates it, among other things, from the fine
arts and literature is that in these the perceptions of the
imagination and insight are supported and rendered valid by
means inherent in the particular art and do not need to be
validated by the criteria of scholarship. Those in science do.
The methods of science are a highly specialized variant of the
disciplines and controls of scholarship, developed for the
particular needs of scientific activity. A further distinction is
that the products of science do not necessarily end in them-
selves but may provide the basis for further and different
creative activity in engineering and other applied fields.
The dual aspect of science as an independent creative activ-
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ity and as a form of scholarship, and beyond this as a power
behind technology, has confused the problem of its presenta-
tion to students who do not wish to qualify as practitioners.
What the scientists have been saying is that to learn anything
about science one must do science as a scientist or prospec-
tive scientist must do it. Otherwise we would not be teaching
science; we would be talking about science, which is not the
same thing and will not do at all. What the scientists have for
the most part been asking for science, however, they would
not ask for music, or literature, or art. Scientists have fre-
quently alluded to the unusual interest shown by scientists in
music and their competence as performers. Yet of the scien-
tists who are appreciative of music and can claim with justice
to understand and enjoy it, very few have studied any ap-
preciable amount of harmony or counterpoint, written music
in various styles, studied the technical aspects of the modern
systems of avoiding tonality, and composed in the twelve
tone row. Yet, mutatis mutandis, this is what in effect they
ask of the non-scientist in science. It is generally recognized
that some practice in the arts and letters is in itself reward-
ing and a great advantage in their study and appreciation;
but all university instruction in these areas assumes that
understanding about them which is scholarly, useful, and
appreciative is possible without the need of acquiring pro-
ficiency in them.

Unless a similar approach to science can be adopted, the
case for the non-scientist in our society is virtually hopeless.
We cannot close the enormous gap between science and
those who do not practice science by providing sufficient
conventional instruction in science to make the non-scientist
proficient in science. The only hope lies in trying to intro-
duce a scholarly, interpretative approach to the teaching of
science such as is now available in other departments of a
university where the works of man are the subject of instruc-
tion. It is significant that this approach is now receiving the
support of scientists. Joseph Fruton writes:

There are many “gaps” between the man of art and the
man of science, because of the impossibility of mastering
the ideas, techniques, and language of more than a few
compartments of human effort. The hope of bridging
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these gaps through liberal education is, I believe, illusory.
It may be suggested instead that it is the main function of
liberal education to deepen understanding among non-
artists or non-scientists beyond mere taste in some of the
arts and mere utility in some of the sciences. The exercise
of this function belongs to scholarship. According to this
view, a scholar, though not a professional artist or a pro-
fessional scientist, has acquired enough knowledge of the
ideas, techniques, and the language of some arts or some
sciences to permit him to examine critically the world of
a group of artists or a group of scientists not only in terms
of taste, utility, or some other social values, but also in
terms of inspiration and craftsmanship. He does this by
adding a comprehension of the craft to the skills and judg-
ments of a historian, a biographer, or a philosopher.™*

There are even scientists who, like Polycarp Kusch, will
maintain that “from the point of view of the layman, it is
more important to understand about science than to under-
stand the content of science.” ** And the historical approach
has found favor with Joseph Bronowski not only as an effec-
tive method of presenting the knowledge of science but as a
direct approach to an understanding of certain aspects of the
method of science:

I think we need to teach science, even at school, not as a
collection but as an evolution of knowledge. I think this
important for three reasons. Because it sees science as a
historical development, it opens links with history and
literature and geography that can give help and a vivid
perspective to the non-scientist. Because it presents sci-
ence as changing, questioning, and argumentative, it can
teach the methods of rational debate to everyone in the
classroom, and this can be a life long lesson. But most im-
portant, the evolution of science goes to the heart of the
scientific method: for it shows at each step how the logical
deduction from what seems to lie behind the known facts
must be confronted with experience.*®

It would be dogmatic and even presumptuous at this stage
to prescribe what course or courses must eventuate in con-
formity with a practicable new approach. A systematic his-
torical survey of science may not be quite the answer, for the
same reason that year-course surveys of the entire range of



SCIENCE FOR THE NON-SCIENTIST 111

English literature have never proved very effective—they are
more likely to mean something to the student who knows a
great deal than to one who knows little or nothing. Experi-
ence will have to determine in time what precise approach
and what precise organization and form of presentation will
best serve the end in view. Here and there efforts are already
being made which will offer a basis for judging the effective-
ness of particular methods. In the case of one particular type
of course, considerable information exists. In 1946, in the
Terry Lectures, published the next year as On Understand-
ing Science, James Conant proposed a course in what he
called the Tactics and Strategy of Science, to be taught by
means of case histories. In 1949 he reported on the experi-
ence with such a course at Harvard College in a pamphlet,
The Growth of the Experimental Sciences. An Experiment
in General Education. A number of excellent case histories
prepared for this course have also been published. Other ap-
proaches are possible.* Scientific knowledge has a way of
growing out of a preoccupation of scientists with a particular
type of phenomenon. It is possible to follow the sequence
of significant experiments and observations, theories, and
concepts which combined to provide a new idea of the be-
havior of nature and established what amounts often to a
new science and technology. The studies of motion during
the sixteenth and seventeenth centuries are a case in point.
Electricity might be another—the interest in “static” elec-
tricity, the idea of a current, the relation of magnetism and
electricity. Light is another—a particularly fascinating case,
since it involved the rival theories of wave and corpuscular
transmission, and the idea of ether, which played a curious
role until experimental evidence ruled it out with impressive
results. In biology, the concept of evolution might be a point
of focus, or the steps by which the science of genetics was
established. Though something of this approach occasionally
gets into conventional introductory courses, in the new, the
historical and philosophic aspects of these developments
would be highlighted, as well as the methodological. One
might, in a similar spirit, organize a course around the
“classics” of scientific discovery as one now does with the
classics of world literature. More than one type of course for
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non-scientists could be offered, one supplementing the
other, or students might be encouraged to undertake one
conventional college introductory course in a science of their
choice before undertaking a course based on the new ap-
proach. In time the reasonable and useful will be found out
and the fanciful and overambitious ruled out.

Such courses must be based on the assumption that the
student is not going to be a scientist, but they cannot be
based on complete ignorance. Acquaintance with more con-
ventional courses in secondary schools would be taken for
granted, and since instruments are essential to scientific in-
vestigation, some laboratory experience should be provided.
High-school students are more likely to accept the content of
a science and the technical rules for procedure without ask-
ing searching questions about subject matter and method,
questions which become increasingly interesting with matu-
rity. It is fortunately reasonable to expect that in the near
future the scientific education of high-school students will
be better than it has been in the past. Some of the country’s
leading scientists have assisted in the reformation of scientific
textbooks and courses for secondary schools. At the college
level there have been so far much less concern and much
less effort on the part of scientists. The situation is ready for
fundamental overhauling and serious experimentation.

Scientists will no doubt continue to be unhappy because
the new approaches will provide even more opportunity to
dodge the necessary acquaintance with mathematics. This is
a touchy matter, and I have often sympathized with the im-
patience of scientists over the students who show an obtuse
unwillingness to accept the discipline of mathematics. How-
ever, it is necessary to recognize that nature does not dis-
tribute her gifts alike, and that the lack of a taste for mathe-
matics on the part of some can be paralleled by an equally
obtuse lack of a taste for poetry on the part of others. If
scientists can show indulgence toward one of their Ph.D.
candidates who has trouble passing the reading examinations
in foreign language for the doctorate, they might conceivably
show a similar indulgence toward a student of languages who
has trouble with mathematics. The important consideration
is whether some improvement over the present situation is
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not somehow possible. Until now students have been ex-
pected to show capability in manipulating mathematical
symbols and using them to solve problems in a science as a
way of learning what mathematics in science is about. This
may very well be like asking a student to write a fugue in
order to have the music of Bach explained to him. The aver-
age non-scientist never really catches on to the nature of the
mathematics he learns except blindly as a way of solving cer-
tain problems in conformity to certain arbitrary rules, and he
learns even less why this sort of ingenious intellectual game
turns out to be useful in science, even when he is able to
solve the assigned problems. Though improvements in
mathematical instruction are rapidly showing signs of resolv-
ing the first difficulty, there is little evidence that instruction
in science is doing much with the second as a way of inculcat-
ing a more discerning notion about method. Introductory
classes in physics are sometimes told that Newton found it
necessary to invent the calculus; but if a student ever asked
why this was necessary he was usually told that a course in
calculus would provide the answer but that in his present
ignorance explanation was hardly possible. The student’s
question can, however, be given a reasonably good answer if
he has had algebra. He can be told what phenomena could
not be readily expressed in the mathematics available to
Newton, and what it is about calculus which makes it pos-
sible to bring such phenomena under control. It is not be-
yond the powers of a good instructor to make this quite
clear, nor beyond the powers of an intelligent student to
understand. In the same way, a student can be shown the
difference between the whole tone scale and the diatonic
scale, and by means of a few illustrations made to realize
what musical possibilities are open to one and not to the
other. This kind of understanding is, after all, more im-
portant for the non-scientist than learning to solve problems
with an instrument the theory of which he does not fully
understand and for the applications of which he has little
aptitude.

The main difficulty in the way of establishing new courses
for non-scientists will not be in the lack of agreement about
the approach or about whether they are necessary or desira-
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ble; it will be largely a question of who is going to teach
them. Knowing science is not the same as knowing about
science, and in the present period of pressure to produce new
scientists and to advance scientific knowledge, it is unlikely
that bright and able scientists will want to divert their at-
tention to any tasks other than those which they directly owe
to science. Scientists who have already made their mark and
who have a taste for philosophy and history might be in-
duced to turn to the establishment of new courses as a way of
getting involved in a new interest, and there has been for
some years an increasing though still small number of his-
torians of science who may have the capacity to work at the
problem of organizing and trying out new courses along
various lines. In the long run, however, we must look forward
to the creation of a new type of academic figure, the scholar
in science, who will have a relationship to the scientist
analogous to that which the musicologist and music historian
now bear to the composer and performer, or the professor
of literature bears to the poet, the dramatist, and the novelist.
These men may find an academic home in the already exist-
ing framework of departments of general studies or of the
philosophy and history of science, where in time they may
establish themselves as valuable and honored additions to
the world of learning and education.

The most difficult question which remains serious and
troublesome is the whole area of modern science, where the
gap between the scientist and non-scientist is the greatest.
There exists a feeling among scientists that the difficulties in
making appreciable amounts of this recondite learning avail-
able to the layman may well be insurmountable. Conant
stops short of the twentieth century in his course on the
“Tactics and Strategy of Science,” and on the most ad-
vanced modern theories in physics he has this to say:

That matter disappears under certain circumstances and
energy takes its place is not too difficult a conception to
fit into a common sense framework. . . . But what has
the speed of light to do with the whole business? That is
the disturbing question; or rather, the answer is disturb-
ing, for the scientist must say to the inquirer, “I’'m sorry
but that comes out of the theory of relativity, and it’s
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very difficult, if not impossible, to explain without a bit of
physics and mathematics. I can’t even give a decent hint
about it; you’ll have to take it on faith.” *

It is possible that this view is too pessimistic. There is always
an initial gap between avant garde learning and art and the
outsider. Music, for example, that is at first incomprehensible
becomes normal to the generation of youths who grow up
listening to it. But it may be that the case with modern
science is fundamentally different. If it is indeed true that
on some matters of the greatest importance to a modern
scientist the answer to the non-scientist must be that it is im-
possible even to give a hint of it to the uninitiated, then
however hard we try, we have not made any real headway.
The difficulty, moreover, is likely to become greater as science
becomes increasingly refined and recondite, and if the best
one will be able to do is to put off the questioner, like a kind
father telling his child that he is not old enough—only in
this case he never will be old enough—then the state of
learning has become tragic. The very notion of asking an
intelligent reader to take science on faith is a contradiction,
a chilling paradox. If scientists now complain that the public
image of them is naive, then in the future they will have no
protection against the combination magician, Santa Claus,
and father image which the increasing separation of the
scientist from the rest of us will induce.

The really important purpose in providing the proper
scientific education for the non-scientist is not to make him
understand how gadgets work or to prepare him for an en-
lightened voice in public decisions involving science—both
greatly exaggerated and both of secondary importance. The
real purpose—next to satisfying the normal curiosity of intel-
ligent people—is to make some advance toward preserving
the homogeneity of our culture. If science and its place in
our culture were better understood than they are now by
those who do not practice it, science would become a more
familiar part of the common intellectual world which edu-
cated men share with one another. It is from the unfortunate
plight of the non-scientist that this matter is usually con-
sidered, but the scientist has at least as much to gain, for
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science could then maintain a healthier relation to its society
than at present. No improvement in this respect is possible,
however, if the layman is painstakingly brought to the thresh-
old of his own times and then told firmly, if with regret, that
he cannot qualify for admission. If science continues to be-
come increasingly essential to the perpetuation of our ad-
vanced form of civilization while at the same time it becomes
increasingly incomprehensible except to scientists, then the
inevitable consequence will be that the scientists will become
isolated, separated from the rest of their society as a privi-
leged elite—privileged intellectually because of the private
character of their learning, and socially because of the enor-
mous influence which they alone can exercise. This state of
affairs would be lamentable for society generally, but also
for the scientists as well; for they would then invite the fate
which has usually overtaken such powerful, isolated elite
groups in the past—they would first be looked upon with
awe, then they would be feared, and finally they would be
loathed. Bacon pictured such a scientific elite priesthood in
the inhabitants of Salomon’s House in the New Atlantis.
Like all utopias, this one is founded on the assumption of a
static order, frozen at the point of development which suits
the writer’s dreams and ideals, and accordingly it leaves out
of consideration certain fundamental properties of man’s
nature. If the New Atlantis had been written as an imaginary
history instead of a utopia, Bacon would have had to carry
the story to its inevitable climax when the technological
slaves of Bensalem finally rose up and did for Salomon’s
House what the lower orders did in France for the Bastille.

The disaster described in this philosophical myth repre-
sents an unlikely contingency in a distant mythical future,
but like all myths this one adumbrates a reality. There is a
threat, now widely recognized, to the well-being of our total
culture in the increasing specialization and refinement of our
learning in all fields. It is also recognized that this threat is
represented in most acute form by science. A science becom-
ing increasingly independent of the rest of the learning of
our society, already taking up a large share of the national
income and asking for more, revealing wonders that can be
known only to the highest of its high priests, creating devices
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of unparalleled ingenuity for use and destruction at a rate
progressively faster than society can adapt to them, freely
taking over the air above and the sea and earth below with-
out an assured knowledge of the possible consequences, con-
taining no inherent imperative except the one to know, and
propagating itself in ever larger forms—such a science could
become monstrous. The increasing isolation of science is,
moreover, becoming a form of exile. The scientists may be
right in maintaining that the humanities have not been so
well informed as they should be about science and par-
ticularly about modern science, but in the present advanced
state of scientific knowledge, the assimilation of science into
the whole of our culture cannot take place without the help
of the scientists in promoting an understanding of the hu-
man relevance and meaning of their work. To do this they
must become the allies of the humanities. The Director of
the Oak Ridge National Laboratory recently remarked, “In
making our choices we should remember the experience of
other civilizations. Those cultures which have devoted too
much of their talent to monuments which had nothing to do
with the real issues of human well-being have fallen upon
bad days.” *¢

There is no practical alternative at the moment to acting
on the assumption that it is not beyond our powers to pre-
vent the most menacing aspects of our present advanced
learning from becoming malign and destroying the organic
unity of the body of our culture. In the teaching of science
to undergraduates, there exists a modest but significant op-
portunity to take a step in the right direction. Such a step
cannot be taken immediately without serious assistance
from the present group of academic scientists. It is true they
are very busy advancing scientific knowledge and training
even more scientists to carry the scientific adventure even
further, but the making of their knowledge available to
others who will not be scientists may in the long run prove to
be a responsibility of at least equal importance.
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