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FOREWORD

REFERENCE to the present period as the age of science may
suggest any one of a variety of interpretations, according to
the question under discussion. It may be interpreted to mean that
this is a time when great material wealth or plenty is arising
out of the products of science; or it may mean that this is an
age in which science is making its most important contribution
by opening broader visions of the world with everything in it,
and furnishing better, more accurate, and more dependable
modes of thought. To those who see the scientific age from the
second position, the equipment made available to our minds
and the consequent effect upon life are more significant than
the wealth produced.

Whatever the point of view taken regarding the essential
characteristics of a scientific age, we may not avoid recognizing
the dependence of science upon education for development
and for continuity of the values obtained. But there may be
wide difference between education in its relation to science
considered merely as a producer of material wealth, and
education in relation to science recognized as an influence upon
our modes of thought and manner of life.

Considered as valuable primarily because of its production
of wealth and economic opportunity, science and its contribu-
tion of plenty might advance from stage to stage under the
guidance or control of a relatively small percentage of the
people. Education would be essential as the means for trans-
mitting information and for stimulating new ideas leading
to increased and widened production. It would also be desirable
that the people as a whole become acquainted with the value
of science, in order to maintain adequate opportunity for

advance.
v
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If, on the other hand, the significance of scientific work as
developing wider vision, bettered modes of thought, and
improved attitudes of mind is considered, then education
becomes of surpassing importance as the means by which science
can be interpreted to the individual and to the masses, and the
leaven of its influence be made to permcate the thought and
life of the entire population. With this conception of values in
science it would not be adequate to have acquaintance with the
point of view or the logic of science limited to any small group
of leaders in thought. It would be necessary to make provision
by which these ideas could become the common property of all
individuals. Only through such an extension of the influence
of science could we expect to derive the full values which might
properly come to the people as a whole.

In this connection it is important to note that whatever the
ultimate fate of government by the people, the highest success
in a system of that type can be attained only by development
of a citizenry thinking continuously and effectively according
to a pattern which is fundamental in science, namely, one
which involves wide and clear vision, recognition of need for
continuous inquiry upon great questions, and the settlement
of problems on the basis of facts and logic.

If the argument presented is correct, the relation of education
to science will be especially important when one considers the
values of what we call science to be found in its influence as a
mode of thought or manner of life. Under these conditions
it would be necessary to recognize that, while every phase of
educational effort is important in relation to science, emphasis
should be placed upon avenues through which at least the
rudiments of scientific education can become available to
everyone. At the same time it is necessary to stress those
special means by which such education can be continued into
or through the period of major activities in mature life. Tremen-
dous as are the values of education in youth, we know that
much of what is done at that time is equivalent to sowing seed
which we hope to see develop at a later period if favorable
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conditions are encountered. In attempting to realize the full
values of science it is essential that, in addition to education
of the youth, we care for continuing growth by types of adult
education that develop at the time when the learning process
is adjusted to the most effective relations of life.

Whether they concern science or other subjects, the processes
by which this continuing growth of the adult develops will vary
from time to time and will, in all probability, never lend them-
selves wholly to organization or classification. In science they
will include every phase of literature, especially current publica-
tions represented by the public press. Much will be accomplished
by motion pictures, museums, and the radio, and by discussion
of great discoveries, either in pure science or in the operations
of well-known industries. Formally organized study groups will
also have their part. Critically important is the fact that con-
tinuing exercise and growth of the inquiring mind are among
the greatest possible safeguards in a government resting upon
the ideals and judgment of the people.

The following study on the place of science in relation to
adult education prepared by Dr. Gruenberg makes clear the
importance of science to the public, and presents an extremely
interesting and valuable picture of the types of activities now
in existence, or which may be created.

It can, I believe, be predicted that, along with increasing
values in a small group of fundamental human interests, such
as art and civic righteousness, we may look forward to the
growing importance of science presented through adult education
as a manner or mode of thought essential in the kind of civiliza-
tion and the type of government which we desire to see realized.

Joun C. MERRIAM

President, Carnegie Institution of Washington
WasHINGTON, D. C,,
April, 1935.






PREFACE

HE justification for inflicting another book upon the public,

and for taking the time of many busy people in preparing it,
must lie in certain broad considerations. If society is to maintain
its health and sanity, the public at large must either be trained
to accept the guidance and direction of a special class, whether
of priests or of politicians, whether of economic masters or of
soldiers, or else it must be trained to take part in the knowledge,
the culture, the thought, the concepts upon which its civilization
rests. This alternative suggests broadly the contrast--and the
conflict—between autocracy and democracy.

That this is so was more or less clearly realized by the founders
who committed this nation to a democratic course, and who
looked to education as a means of training the governing class—
that is, the voting citizens. These educational efforts bore
fruit on an expanding scale in school organizations that came
at last to devote themselves with probably increasing effective-
ness to the diffusion of the wisdoms accepted of old.

The school, however, can no longer keep up with the civiliza-
tion it is designed to preserve. Especially is the school as
conventionally conceived and conducted unable longer to keep
up with science. For, on the one hand, science has modified
and must continue to modify our culture, so that this is no
longer compatible with certain traditional attitudes and
assumptions as to educational purposes and methods, which
determine a substantial portion of both the teachers’ training
and the teachers’ teaching—still almost universally a process
of transmitting crystallized concepts. And, on the other hand,
science is vitally related to the continuance in a tolerable degree
of physical and emotional comfort of the human beings who

constitute our civilization, so that adjustments in outlooks
ix
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and practices must be made in directions and at rates which
the school cannot possibly anticipate.

It is from the field of science that the adult population must
draw increasingly the guidance essential for the perpetuation
of democratic ideals and conditions. And it is believed that in
this field adult education is seriously lacking.

The book represents the interaction of many minds called
upon to think aloud on various aspects of the relationships
between that vague entity called “science” and that perhaps
even more vague something known as ‘‘the public.”” The study
was undertaken at the invitation of the American Association
for Adult Education to look into the ‘“place of science in adult
education” and was carried on under a grant from the Carnegie
Corporation of New York. To these agencies is due the oppor-
tunity to organize whatever may here be of value to the public;
and to Mr. Morse A. Cartwright and Mr. Frederick P. Keppel
are duc the writer’s thanks for much practical assistance, wisc
counsel, and encouragement in the course of the work.

The purpose of the study, being limited as it was in the time
allowed, was to find the general conditions, trends, outstanding
needs. There was no intent to make a complete survey or an
exhaustive analysis. The basic material consists thercfore
essentially of an assemblage of samples derived from various
sources; and there is an attempt to interpret the findings.

There are samples of facts: What is actually being done?
On how large a scale? To what effect? There are samples of
opinions: What do various classes of people (whose judgment is
presumably both informed and disinterested) consider to be
the meaning of the facts, the practical needs they indicate, the
most promising procedures? These samples are assumed to be
sufficiently representative to warrant certain generalizations
and conclusions.

There have been interviews or conferences with some two
hundred educators, scientists, publicists, and a great deal of
correspondence with these and with others, as well as much
correspondence with administrators of educational and other
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institutions. These men and women have been most generous
of their time and effort and altogether sympathetic and coopera-
tive. It is impossible to enumerate all who have helped; but
this work could not have been carried through without this
assistance, which is gratefully acknowledged. Conferences had
becn arranged in Baltimore, Boston, Chicago, and Cleveland,
as well as in New York; and there was a more formal conference
of thirty educators, scientists, and publicists in New York,
leading to the formation of a committee to consider uscful
lines of further action, under the chairmanship of President
John C. Merriam of the Carnegie Institution of Washington.
The generalizations and recommendations presented in the
concluding chapter were, in their essentials, approved by
the members of this committee and by most of the participants
in the conference.

Correspondents and conferees are frequently cited without
specific reference to sources. It is to be understood, however,
that the analyses and interpretations are to a large degree and
of necessity personal, although supported at various points by
documents, statistics, and other people’s opinions. On the other
hand, I have scarched diligently for the negative instances and
the contrary opinions; and I have tried to reconcile seeming
discrepancies by relating the facts and opinions to the nceds
and currents in contemporary life.

B. C. G.

NeEw York, N. Y.,

April, 1935.
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INTRODUCTION

THE EXPANSION OF SCIENCE IN EDUCATION AND
IN LIFE

IT is a commonplace that we are living in an age that has been

revolutionized by science, which is constantly modifying
the conditions of life still further. Whatever else may be said
regarding the nature of ‘“adult education” and regarding its
desirability, science has imposed new demands upon us, for the
workings of science in modern living are such that men and
women are constantly called upon to readjust their thinking and
their practices.

In the seventy-five years that have elapsed since the publica-
tion of Darwin’s Origin of Species, science has completely
changed its place in our common thought. From being a major
mystery in the custody of a few curious men who had somehow
mastered certain of nature’s secrets, and then a collection of
several ‘‘subjects” taught more or less thoroughly to young
people in the schools, science has come to be a dynamic process
of scrutiny and research that attacks and transforms every
phase of thought and practice. The men and women who make
up the active adults of our population must attend to science,
in one or another of its many aspects, whether they wish to or
not. And they do.

DANGER OF LITTLE KNOWLEDGE

The popularization of science has tended to become something
of a condescension. Many of those who make it their business to
tell the world what the scientists are doing have been disposed
to emphasize the spectacular and exciting. Science has produced
startling results by bringing about action through space. Not

1



2 SCIENCE AND THE PUBLIC MIND

only can you hear Byrd’s voice in the comfort of your home
while he is buried in snow thousands of miles away; you can have
the front door of your exposition opened by a beam of light
from the star Arcturus, which is much farther away. Science has
enabled us to see through the deceptions and illusions which
unscrupulous mountebanks in the past imposed upon an igno-
rant and gullible public. It has exposed spiritual mediums, and
defective armor, and forged signatures. And it has in turn
enabled us to perform miracles undreamt of in the past. It not
only supplies a circus of amazing entertainment, but it over-
comes bafiling difficulties of great moment.

Thus it has been possible to ““sell” science to the multitudes;
and such popularization has the effect of disposing the public
favorably toward science, of arousing admiration for the scien-
tist. All this, however, has one serious drawback. By familiariz-
ing the public with the terms and symbols that suggest the
marvelous, we may condition this public to further exploitation
of its credulity and pave the way for quacks and frauds who can
reinforce their blandishments with the magic words supplied by
“science.”” The mere selling of science may thus become a
disservice. The mere familiarizing of the public with the new
words may do more harm than good.

If it is true that a little knowledge is a dangerous thing, we
have an important decision to make. Either we must withhold
from the public all science, or we must carry the knowledge and
understanding beyond the threshhold of a social menace.

CHANNELS OF DIFFUSION

The diffusion of science goes forward not alone through
“education’ of the schools and through “ popularization” of the
lecture, the newspaper, the broadcast, and so on. There is a
third method which is unavoidable since it is closely connected
with commercial exploitation, the very process whereby the
science applied in the various technologies comes into our daily
lives.
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A large part of this diffusion is in the form of manipulating
new devices, enjoying new conveniences or mere ‘‘gadgets”
that have nothing to commend them but novelty. We all thus
learn to push buttons or pull levers, turn knobs and watch
indicators, to rearrange our diets or our wardrobes, to light
cigarettes or squeeze lemons in new ways. Indeed, the printed,
and sometimes illustrated, directions for the use and care of
various machines and devices, and the advertising for promoting
commercial products, are frequently excellent means of scientific
education. In taking over the new inventions and devices, new
rules for keeping well or for carrying on the day’s work, we are
by so much assimilating “‘science,” since these novelties com-
mend themselves not only for such inherent merit as they may
have, or for such addition as they may make to our comfort
or well-being, but also for the virtue that is supposed to emanate
from whatever passes as ‘‘scientific.”

CONCRETE CHANGES

The commercial and administrative and technical impositions
of new concepts and new practices do not, of course, serve the
same social and spiritual purposes that we have in mind when we
consider an educational plan. But they do bring about changes
in attitudes as well as changes in ideas and conduct that are all
outcomes of the impact of science upon modern life.

So far as concerns the population at large, these changes have
the effect of

1 Facilitating action in a thousand details that become more
or less unconscious as they become assimilated and automatic;

2 Enlarging the total of available leisure as well as the scope
for its enjoyment;

3 Increasing the sense of power to accomplish difficult tasks
and to solve difficult problems—to the point, in fact, of cultivat-
ing a new and uncritical credulity; and

4 Expanding our horizons, magnifying our vision as to the
dignity and potentialities of mankind—to the point of making
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the mass of people suffer a sense of inferiority to a serious degree,
for the contrast between the great possibilities glamorously
displayed and the mean restrictions under which the masses
actually live is unbearably depressing, and a source of constant
self-deprecation as well as of resentment.

These changes involve, as a matter of course, far-reaching
alterations in our social, economic, and political relationships.
These relationships, however, while bringing gains and losses
unevenly to the various individuals and groups, are not in
themselves of primary concern to the ‘‘scientists” as such,
except as the measurable gains are aggregated for promoting
the public’s appreciation of science. Indeed, the efforts of the
special students of economic, social, and political problems to
become scientific take the form generally of applying the
objective methods of scientific research to the facts in almost
complete disregard of the human values and meanings (again
excepting an emphasis upon measurable gains).

CURIOSITIES

However far our technicians may go in making our machinery
automatic and fool-proof, there will still remain, for some people
at least, a curiosity as to how things work, as to the nature of
the world; and some of these are willing to make serious efforts
for the mental satisfactions which they get as a result. Some will
be curious about the depths of the earth and sea; some about
the multitudes of plants or animals; about the achievements
of science that have become embodied in tricky devices; about
the phenomena from which the scientists start their investiga-
tions, and which they seek eventually to control, and which
cannot be hidden in sealed cabinets. People want to know, not
only for the power which knowledge may yield, but for the
satisfaction that knowing yields, or the attaining of knowledge
as an experience.

The great variety of activities that can be carried on with the
materials of nature or of the laboratory or of the museum
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collection, the great variety of satisfactions that can come from
preoccupation with such activities, leave room for many kinds
of “education in science.”

It thus becomes urgent for people in general to get a clearer
understanding than now obtains as to just what this “science”
is, as to just how it produces its results, as to just how it affects
our ways of living, as to just what we can do with it, or about it.






PART I
THE PLACE OF SCIENCE IN MODERN LIFE






I
SCIENCE AND THE LAYMAN

MONG the cducators, there is increasing and at present
substantial agreement that science should occupy a
more prominent place both in the systematic education of
young people and undergraduates and in the education of adults.
Superintendent Harold G. Campbell of New York City says
that everybody needs a better understanding of the material
environment, and ‘“this applies to much more than knowing
the connection between a button and what happens after you
push it.” In one of his characteristic newspaper sermonettes,
President Glenn Frank of the University of Wisconsin, under
the title ““Salesmen of Knowledge,” writes,

The knowledge of mankind is advanced by the investigator, but
the investigator is not always the best interpreter of his discoveries.
. . . The interpreter stands between the layman, whose knowledge
of all things is indefinite, and the investigator, whose knowledge of
one thing is authoritative. The investigator advances knowledge.
The interpreter advances progress. History affords abundant evi-
dence that civilization has advanced in direct ratio to the efficiency
with which the thought of the thinkers has been translated into the
language of the workers. Democracy of politics depends upon
democracy of thought. ‘“When the interval between intellectual
classes and the practical classes is too great,” says Buckle, ‘“the
former will possess no influence, the latter will reap no benefit.”
A dozen fields of thought are today congested with knowledge that
the physical and social sciences have unearthed, and the whole
tone and temper of American life can be lifted by putting this
knowledge into general circulation. But where are the interpreters
with the training and the willingness to think their way through this
knowledge and translate it into the language of the street? I raise the
recruiting trumpet for the interpreters.

9
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Among the sociologists who consider the extension of science
to the adult public important, Professor William F. Ogburn,
while skeptical about the possibility of getting large numbers of
people to think scientifically, is confident that great masses of
people are in need of help toward finding out what science
contributes to a clearer picture of the world, to a sounder
attitude toward the unknown, and general information about
new ideas and discoveries, as well as practical information that
is related to their daily activities at home or in their vocations.

Similarly, Lawrence K. Frank of the General Education
Board believes that scientists have a special responsibility to
help adults and adolescents to find new conceptions and ideas
to replace the traditional religious beliefs about the nature of
the universe, man’s place therein, and the meaning and value of
human life, which science itself has made untenable. Astronomy,
geology, paleontology, and biology can and should provide the
time perspective needed for a truly religious attitude toward
the world and life so that the individual can relate himself
to the ongoing processes of evolution and development in which
man has so lately come and to which he can contribute through
intelligent and hopeful guidance of human conduct and social
development. For this purpose, science must learn how to con-
vey meanings and create understandings rather than teach
facts, formulas, and technical generalizations. Man desires
larger conceptions and faiths with which to live and seek
values and these must be consonant with and produced by
scientific knowledge.!

Professor John Dewey considers the diffusion of science in a
dynamic form an urgent need of the day. There is a need also
to awaken in the public a demand for the available knowledge.
At a dinner in honor of Dr. J. McKeen Cattell in Boston in
December, 1933, Professor Dewey said:

Hunger is lacking, and the material with which to feed it is not
accessible. Yet appetite grows with eating. The trouble with much
of what is called popularization of knowledge is that it is content with
diffusion of information, in diluted form, merely as information.
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It needs to be organized and presented in its bearing upon action.
Here is a most significant phase of the obligation incumbent upon the
scientifically trained men and women of our age. When there is the
same energy displayed in applying knowledge to large human prob-
lems as there is today in applying it to physical inventions and to
industry and commerce many of our present problems will be well
on their way to solution.?

Another student of philosophy, Professor E. G. Spaulding of
Princeton University, considers the cultivation of scientific
attitudes in the population at large of great importance as a
means toward reconciling criticism and resistance to convention
with amenableness to social requirements.

Dr. Everett Dean Martin, who in many years as dircector of
the Peoples’ Institute in New York has had broad experience
in bringing to large and heterogeneous adult groups the best
thought from a variety of fields, observes that

. . people want to know what is happening in the world of thought;
they want orientation. . . . Science should be taught not in isola-
tion, as separate subjects, but in relation to large human application.
Such teaching should bring out the bearing of scientific findings on
a civilised man’s philosophy of life. . . . If science is related to the
philosophical and social problems, we get a large attendance.?

Dr. Marius Hansome, who has made an intensive study of
educational interests among working people, stresses the value
of science education for the adult population in the possibility of
transferring its methods and attitudes to social situations:

A relatively objective point of view is undoubtedly attainable in
the social sciences, indeed, quite as much as in the biological sciences.
It may be difficult to sustain an objective standpoint throughout the
successive stages of : fact-finding, categorization, interpretation, and
application. However, if account is taken of instances seemingly
at variance with the provisional proposition, it should be possible
to gather the factual data in a manner that is scientifically detached.
A rational being might find it possible also to point out significances,
meanings, implications, trends, without being under the compulsion
of prejudice. Greater difficulties arise at the moment of the public
announcement of a given truth, especially, if the newly discovered
truth contains some unpleasant aspect of reality. If, for example,
the social scientist observes a trend in the dynamics of society
that points toward fundamental social change, and if he attempts,
in his capacity of a good citizen, to get the public to face the con-
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sequences of the signification, then the barometer of bias is likely
to rise.*

In England in 1931 the Workers’ Educational Association
called upon the British Association for the Advancement of
Science to form a joint committee to discuss the place of science
in adult education. The Education Section of the Association
took this up as part of the broader problem of the relation of
science to social development and recommended the appoint-
ment of a committee ‘“to consider the position of Science
Teaching in Adult Education Classes, and to suggest possible
means of promoting through them closer contact between
scientific achievement and social development,” under the
chairmanship of Professor J. L. Myres of Oxford. The British
Association had previously appointed committees on popular
lectures and on other aspects of adult education, but here the
initiative was taken by the Workers’ Educational Association.
In the 1932 report of this organization occurs this passage:

If the important part taken by the Adult Education Movement
in the national life is to be shaped in the light of the rapidity of the
changes which are taking place owing to the increased application
of scientific invention to modern production, it is essential that the
education which it provides should be wide and liberal, and assign
an adequate place in its scheme for the teaching of science. The
Adult Education Movement cannot afford to neglect scientific
thought and knowledge. Ignorance of the influence of science should
belong to the past, and we can only be confident of future progress
if we understand all the forces which are contributing to the re-
shaping of social life.?

Discussing social aspects of science, Sir Richard Gregory
(who may, however, be classed as a scientist and presumed to
have the normal bias of the scientist on this question) writes:

The electorate must appreciate the general importance of scientific
principles in every department of modern life and the necessity for
trained intelligence guiding our administrative decisions and legisla-
tion, before it is likely to pay much heed to the representations of
science on particular matters. . . . If civilisation is to be preserved,
we must find a place in its direction for accurate knowledge and
trained intelligence.®
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While many besides scientists are strongly in favor of increas-
ing science education among adults, there is by no means
unanimity among the scientists. This negative attitude on their
part is frequently noted. One scientist says, ‘ Publicity hurts
science. . . . The public is not entitled to know what the
scientist is doing. Even the well-intentioned efforts of such
bodies as the National Research Council interfere with the
scientist. . . . The attempt to coordinate science only demoral-
izes the scientists.”

Dr. Charles R. Stockard of the Cornell University Medical
School, who has himself been rather successful both in writing
and in speaking to the lay public, voices the attitude of many
others when he writes,

Much of what is called adult education is frequently lacking in
accuracy and real understanding. Any education to be worth while,
it seems to me, must be thorough enough and careful enough to
expose the actual truth: and when it is modified and simplified to
too great a degree accuracy and truth frequently suffer.

The emphasis upon accuracy and scrupulous regard for the
verities is, of course, inseparable from the scientist’s purposes
and is a warning against a real danger rather than an objection
to the wider diffusion of science.

From a totally different angle, Dean Guy Stanton Ford of the
University of Minnesota raises serious doubts as to the place or
importance of science in adult education.

I find myself utterly at variance with . . . [the] assumption that
the key to adult education and the crying need of a world facing
problems of social adjustment is more leisure devoted to science.
What we need is a knowledge of the impact of science on our indi-
vidual and institutional life, knowledge of the social significance of
science, not knowledge of or about science as such. . . . If any
tolerable society is to survive, adults above all others need to know
not more science as a way to social salvation but more of the impli-
cations of science for social institutions, more about the political,
economic and social readjustments that they must make or lef their
children make. . . . Nobody today needs to have his intellectual
gullet enlarged so he can swallow more unbelievable marvels of
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science. We do that now without batting an eye. What keeps us
socially and individually retching and in distress is the string tied
to science and the things it drags along with it. I think we had
better direct attention to the things at the end of the string. Our
gorge rises now, meaning all our prejudices, intolerances, accustomed
and inherited ways of thinking and acting, so that there are people
who would have society stick its finger down its throat and get rid
of science, at least temporarily.

Perhaps this view may be properly interpreted not so much as
opposition to an extension of science in adult education as an
appreciation of other needs that are more urgent and that those
interested in “science’ may overlook. Moreover, there is here
more than a hint of resentment that the professional custodians
and purveyors of ‘‘science” are in large measure without
responsibility as to the human and social abuses to which
science is put.

We value science because it means power. It is the ultimate
attainment of man in his struggle with the obscure systems of
nature. Man has always been ‘‘nature’s recalcitrant son,” in
the words of Ray Lankester. He has always refused to submit
and has always flouted her commands—more or less success-
fully. In modern times science has meant greater power to do
whatever we wish to do; and with it we have transformed the
whole world.

Science suggests at once, to nearly everybody, the great
developments of technology in the transmutation of production,
transportation, communication, illumination, sanitation, and
so on. Science has transformed also every individual from a more
or less competent and more or less wearied toiler into a pusher of
buttons. To many who are not themselves scientists it seems
reasonable to require that education include a familiarizing with
whatever it is that happens when the button is pushed or the
trigger pulled. But just as one can read time on a clock without
any notion as to the mechanics of the pendulum, or any appreci-
ation of the value of time, it is possible for all of us to learn to
operate automobiles and radios and thousands of other gadgets
without any concern as to what happens beyond the handles and
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the levers. Yet the dean of a school of education can think of no
better basis for a wide diffusion of science among adults than the
assumption that such general knowledge would mean more
satisfying, more effective, perhaps also more powerful, button
pushing.

The obverse of this fallacy is possibly more illuminating. For
example, we can imagine an excellent mechanical engineer who
is not very skillful in negotiating traffic at a busy street corner.
To understand all the parts of a motor car or radio, to be able to
make minor repairs and adjustments, may be a valuable source
of satisfaction, may increase one’s efficiency; but such knowl-
edge is not essential. What is even more important, such
knowledge is not necessarily science.

To understand the mechanisms which man has created by
means of his science is important for those who have to live with
those mechanisms. To understand the world in which those
mechanisms operate and exert their influence is important for
those who live in that world; but not in the same way for
everybody.

From numerous sources dozens of replics have been received
to the question, *“ Why is science important for the adult popula-
tion?”” They turned out to be duplications or variations of some
sixteen propositions as to the value of science in adult education.

These sixteen statements were submitted to the criticism of
various scientists, educators, and ‘“‘laymen’ of several sorts.
They appealed unequally as to their significance or validity,
and some of them raised serious doubts. Some of the correspond-
ents divided the sixteen affirmations into three or four groups;
but on asking several trained men and women to classify the
statements according to these categories, it was found impossi-
ble to get any agreements. The following classes were finally
adopted for convenience, although they appear at once to be
arbitrary and to leave several of the items straddling.

The diffusion of scientific knowledge and scientific atti-
tudes among the general public is important for the following
reasons:
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A It would advance the individual’sinterests and well-being;
B It would tend to promote the civic and social interests;and
C It would advance the common or cultural interests.

! Conference, April 9, 1934.

2 John Dewey, ‘“The Supreme Intellectual Obligation,” Science, March 16,
1934, PP. 240-243.

8 Conference, April ¢, 1934.

4 Marius Hansome, World Workers’ Educational Movements, Columbia Uni-
versity Press, 1931, p. 504.

8 Quoted in B.A.A.S. committee report of 1933 meeting, p. 334.

8 “Science and the Community,” Nature, November 25, 1933, PP. 797-799.



I
SCIENCE AND THE INDIVIDUAL’S INTERESTS

1 Usable knowledge affecting health, comfort, practical manage-
ment of personal and vocational affairs is of direct help to
everybody

Science enables us to do more easily or more effectively what-
ever it is that we have to do in our daily conduct. This is gen-
erally recognized and a vast amount of usable information is
thus demanded and furnished, even if it is not always rcliable,
or the best available.

A large part of the educational material that reaches the
public as ‘“useful ”’ scientific information is of necessity dogmatic
in form. It consists chiefly of practical counsel or rules, albeit
supported by the findings of science. This is illustrated by rules
of diet, advice on the care of children or pet animals, gardening
suggestions, rules for removing stains from clothing or
woodwork or for the extermination of insect or other pests.
It is put forth by specialists who know their fields, as well as by
writers who assemble information at second hand, or by
lecturers who learn their lessons a little ahead of their public.

In being of necessity dogmatic, this ‘“practical” kind of
information is, of course, always subject to revision. Concern
for calories or for a balanced diet gives way to concern for
roughage or vitamins, following close upon the conclusions of
the scientists who are constantly putting new ideas in place of
the older ones. But being offered in the name of science, such
teaching produces among uncritical adults two kinds of effects
that seem undesirable.

First, it implies an assurance as to processes and relationships
which the scientist himself seldom feels. He is confident as to
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practical procedures even while seeking for refinements or even-
tually complete replacements of technical principles; but to the
layman a procedure is right or wrong in an absolute sense.

In the second place, such teaching eventually discredits
‘““science” because, unlike other orthodox teachings, it says one
thing at one time and another thing at another time. With many
men and women there comes a weariness in this constant change
from the new to the newer, and a resignation to the old reliables
that were good enough for our parents; science is only guessing,
and a guess may be wrong as often as right.

It is notorious that the confidence and credulity of the public
are constantly abused and that its ignorance is constantly
exploited for private or partisan ends by methods that are
identical, at least in form, with the methods used in sincere
and genuine education. It may be necessary to expand the scope
of school or college education to equip another generation to
combat such unscrupulous assaults of propaganda and promo-
tion, but for the present the ‘“public,” made up largely of
adults, is in need of educational help from responsible and
disinterested agencies.

2 A better understanding of the nature of the world and of man
makes for mental balance

This is a claim that sounds plausible; but its validity depends
altogether on the interpretation one makes of its terms. One
correspondent is immediately reminded of eminent men of
science who were anything but balanced mentally. An anthropol-
ogist points to the ignorant and superstitious primitives who
never manifest any of our familiar neuroses. The assumption is
that in a modern society, replete with stimulations and situa-
tions that make conflicting demands upon the individual, an
understanding of the sources of conflict and of the significance
of the various demands would make for greater stability. In the
relatively simple case of Pavlov’s dog with the induced neurosis,
the difficulty lies in the animal’s inability to discriminate
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between the immediate stimulus and two others that call for
opposite types of response.! The individual who recognizes the
irrelevance of the confusing stimulus, or who has been made
aware of the source of the troublesome signal, would presumably
avoid the behavior characteristic of the mentally disturbed
—unadaptive behavior resulting from ‘““an unusually acute
clashing of the excitatory and inhibitory processes, and the
influence of strong and extraordinary stimuli.”’?

It cannot be claimed that a study of science will assure
mental health: it can be claimed only that many kinds of fear
and confusion can be avoided by an early habituation to the
acceptance of reality.

3 Thematerial of science offersrich sources of aesthetic satisfaction

The satisfaction which the pursuit of science yields to those
who are engaged therein is often considered a warrant for urging
a similar pursuit upon others. And there can be no question
that the scientist does get from his preoccupation satisfactions
of a kind that are at least analogous to those of the musician
or artist. Aside from the handling of the natural objects or
materials, their classification and identification, there is a
constant stimulation of the imagination and of curiosity, the
exercise of which yields genuine pleasure.

The “release from regimentation’’ which becomes necessary
in an age of machine technology is being sought in aesthetic
pleasures supplied by art, literature, music. But, for those who
like that sort of thing, it is being sought and found also in
science, in speculation, in the pursuit of the not-yet-known.
For that also meets a human need quite as truly as do other
forms of play.

If within the modernized society individuals or individualism is
to survive for those who do not sit at the levers in bigger and better
central power stations, it must be sought by some in what we call
the things of the spirit and in what for the mass of the people may be
play and pleasure that are self-expression and freedom, touched if
possible by beauty.?
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But that is precisely what a free pursuit of an interest in some
branch of science does for some people, and what a preoccupa-
tion with the flights of fancy in the company of modern physi-
cists and astronomers does for others.

Pearson describes what we sometimes consider the highest
reaches of scientific endeavor in much the same terms:

There is an insatiable desire in the human breast to resume in
some short formula, some brief statement, the facts of human
experience. It leads the savage to “account’ for all natural phe-
nomena by deifying the wind and the stream and the tree. It leads
civilised man, on the other hand, to express his emotional experience
in works of art, and his physical and mental experience in the formu-
lae or so-called laws of science. Both works of art and laws of science
are the product of the creative imagination, both afford material for
the gratification of the aesthetic judgment.*

For those who can find endless satisfaction in the study of
science, it would seem that educators have nothing to do; there
is, however, constantly the need to show those who cannot
discover for themselves the endless possibilities what there is
in science that concerns them.

4 Leisure-time pursuitsin some scientific field yield the satisfaction
of growing power and have the further advaniage of stimulating
reflection, inviting orderly thinking and critical inquiry
which may extend beyond the immediate subject malter with
which the interest started

The satisfaction which one derives from any freely chosen
hobby is entirely subjective and not to be measured or judged
by an outsider. Nor can we recommend one field of interest
in preference to another: the subject has to make his own choice
in terms of what stirs him to action, or to passive enjoyment.
We can say only that science is not merely a possible source of
aesthetic satisfaction, but it is sufficiently broad and rich to
give the individual indefinite opportunity for growth—it is
not a self-limited area of interest and is for this reason worth
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exploring by any individual in search of certain kinds of
adventure.

11. P. Pavlov, Conditioned Reflexes, an Investigalion of the Physiological
Activity of the Cerebral Cortex, Oxford University Press, 1927, p. 2go.

2 Ibid., p. 397.

3Dean G. S. Ford.

4 Karl Pearson, The Grammar of Science, 3d ed., Macmillan, 1911, Part I, p. 36.



I11
SCIENCE AND CIVIC OR SOCIAL INTERESTS

5 The cultivation of systematic, accurate, and impartial study of
natural phenomena should lead to the acquisition of a scientific
attitude and to the dispelling of fears and superstitions

We are disposed to expect as one of the results of a wider
diffusion of scientific understanding and appreciation a sharp
counteracting of mystery-mongering and obscurantism, whether
calculated or ingenuous. But our efforts do not always bring
the expected results. A distinguished botdnist during his last
years spent a large part of his savings on all the varieties of
patent medicine that came to his attention. He was described
by a colleague as ‘‘one of the easiest marks in the matter of
buying and taking patent medicine.”

It is apparently not sufficient to acquire the subject-matter
content of some branch of science; perhaps not sufficient even to
become technically proficient in the manipulation of materials,
symbols, and processes in some special field. Experienced
teachers of science in high schools and colleges are discovering
the importance of avoiding indoctrination and of attempting
‘““to get attitudes, outlook, methods, rather than detailed
information.” And the same need applies to adults. For educa-
tion in general this need is brought out by Professors Dewey
and Kilpatrick and their associates:

The factors which have brought society to its present pass . . .
contain forces which, when released and constructively utilized,
form the positive basis of an educational philosophy and practice
that will recover and will develop our original national ideals. The
basic principle in that philosophy and practice is that we should use
that method of experimental action called natural science to form a

22
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disposition which puts supreme faith in the experimental use of
intelligence in all situations in life.!

Science, whether as a study or as a body of knowledge, cannot
make sure that those who are concerned with it will themselves
benefit from it or make wise and humane use of it. Science itself
is at the service of falsehood and deceit, as is the printing
press—which was hailed as a great boon to mankind for its
wonderful possibilities in spreading the truth! A long-distance
telephone message directs a hundred newspaper editors how to
distort a particular piece of ‘“news”; nor is such use of the
telephone confined to a completely coordinated Germany.
Photography can be used to “‘prove’’ the presence of disembodied
spirits. With the aid of mirrors we can ‘“defy the laws of
gravity.” It takes good chemistry to devise good adulterations;
but it is available—at a price.

Beyond providing the public with accurate and intelligible
scientific information is the ‘“much more dificult and vastly
more important’ task of developing ‘‘the habit of scientific
thinking,” according to the late Dr. E. E. Slosson. ‘“The need
is for greater appreciation of the experimental process by which
the scientific principles are discovered or established.” Other-
wise we shall not be able “to distinguish between genuine
scientific discoveries and the pseudomorphs, or fakes, in after-
life . . . ” or to “distinguish the man who knows from the
man who does not know.”’?

6 The study of science leads to an appreciation of human achieve-
ment—ithe history of science is a significant and exciting part
of the great intellectual adventure of mankind

Without some comprehension of what science has done to us,
nobody can today find his bearings. Moreover, unless we are
overtaken by chaos ‘‘the future belongs to Science,” in the
words of Sir William Osler. “More and more she will control
the destinies of the nations.” For such comprehension one need
not know very much of the details of scientific procedure or of
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scientific ‘“‘facts.” But for those who are concerned with the
humanistic approach, science may not be overlooked.

On the other hand, science for many has to be deliberately
humanized, that is, restated in terms that are significant for
humanity at large, not merely for the scholar or the specialist
or the technician. It is not to be expected that science will be
restated so that all of ““humanity’ can grasp it; it is necessary
only that the scientist or the teacher ask himself what this
science means as a human pursuit or activity, what its findings
mean as affecting mankind’s outlook, what its results mean as
affecting the quality of our living.

The adult layman confronted with the mysteries of science
may properly demand that those engaged in education make
clear to him the connection between scientific processes and
results and other human interests and concerns—philosophy and
religion, art and technology, government and subsistence,
release from fear and the joy of living.

7 Anunderstanding of the methods of scientific procedure, whether
in pure research or in industrial or other sechnical pursuit, is
valuable for enriching and stabilizing our thought in common

Rapid migrations of peoples have made almost every grouping
so heterogeneous that there is a virtual confusion of tongues.
The rapid distribution of ‘“news”” and ideas through the various
means of communication has only added to the confusion.
Differences in authorities, and especially differences as to the
sources and meaning of authority, are fundamentally responsible
for the confusion. If two men cannot agree, they can refer their
dispute to somebody who knows. But science makes us perceive
that there are certain matters which nobody knows, however
much assurance any group may have as to the soundness of its
own doctrines. Science proceeds, in fact, on the assumption
that in specific areas the best we can do is to find out by trying.
Hence the significance of assimilating the experimental method
as a common way of life.
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Science may be urged ‘“‘for everybody” not in the confidence
that it will give us common beliefs to guide us harmoniously
always and everywhere, like the guiding principles of an
established and accepted religious system, but rather in the
hope that we can arrive at a common reliance upon the experi-
mental attitude.

But if this experimental aspect of scientific method is truly
significant for the common mind, it must be understood as
something other than puttering or blundering through. This
distinction, especially as it bears upon education and upon
social attitudes, is emphasized by Professors John Dewey and
John L. Childs in the following passage:

If experiment means simply trying, there is nothing new about it.
Life itself is an experiment; everything we undertake is experim.ental
in one way or another. When the most assured dogmatist starts out
to act in conformity with his dogma, he may have some private and
subjective certainty as to the rightness and beneficence of his course.
He may deem it absolutely warranted by the assured truths which
he assumes that he possesses. But actually he is ¢rying something. He
cannot absolutely guarantee the consequences of what he does.
His dogma will not guarantee them in fact. It will only blind his eyes
to many bad results of his action and prevent his learning anything
from what he does. The outsider, when he looks at the changes going
on in another country, say Russia or Italy, spontaneously speaks
of them as experiments, as trials. Even though they may seem to be
something else to some of those engaged in them, that is what they
are. In a world where there is as much complexity and contingency
as there is in our world, it is true both that action is necessary and
that action must be experimental, a trying.

Experimental method is then something different from the bare
fact of the omnipresence of uncertain trial in all action. The differ-
ence is that between experiment which is aware of what it is about
and experiment which ignores conditions and consequences.?

Science, which has in the past destroyed so many orthodoxies’
cannot attempt to establish a new doctrinal foundation for
integrated social living; but the general acceptance of its
methods may go far to weaken the rigidity of the various ortho-
doxies which, in their violent conflicts, destroy human beings
and threaten to destroy civilization itself.

Without analyzing in detail the relationship between science
and common outlooks, many scientists are aware of an impor-
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tant connection. In the report of the British Association Com-
mittee on Science Teaching in Adult Education, this is indicated
as one of the results of a wide canvass:

The problem of stimulating the demand for science studies in
Adult Classes is a matter for those who realize the importance of the
subject to the community generally and understand the serious danger
to social stability that accompanies ignorance of the facts of science,
or of scientific method. . . . Several witnesses bear testimony that
behind the apparent indifference to science suggested by the com-
paratively small number of classes, men and women are keen to
learn when given the opportunity, and when they see that what is
offered has practical bearings on the problems of life.4 (Italics not in
original.)

8 Attention to the problems and methods of science would stimulate
reflection and lead to a philosophy of life enriched by racial
experience in which science has played a prominent and
dynamic role

It is generally agreed that, so far as it goes, the presentation
of the practical aspects of science is pretty well done, in the
various ways that have been suggested. It would seem to be no
longer necessary to impress upon the general public either the
wonders of the radio and the airplane or its debt to science for
these and other marvels. It is desirable, however, to direct
thought toward the steps by which mankind has emerged from
the bewilderment of primitive magic to a fairly consistent
theory of underlying relationships and of their investigation, and
to such mastery of materials and forces as has made modern life
possible.

9 Whatever the motive of the learner, the cultivation of a scientific
hobby is of potential social and economic value through the
multiplication of observers over a vast territory

It is recognized that the pursuit of ““idle curiosity” or of a
collecting interest is as legitimate an occupation for one’s free
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time as cultivating music or mastering a game; nor is it intended
to set up comparisons of value that are in any way invidious.
Science is not to be urged as a hobby against other possible
pursuits, nor is it to be disparaged because in many cases it is
superficial, or “only busy work.” For those who like that sort of
thing, the collecting of butterflies or mosses, or the watching of
stars or birds through an opera glass, is a proper occupation;
and the individual is under no obligation to justify his
preferences.

In the broad field of ‘“scientific”” hobbies, however, there is
to be found much of social value as well as of individual satis-
faction if there is an adequate background for recognizing the
significant categories of materials and behavior, and their
relations to past knowledge and present needs. This is very well
illustrated by the use which the Soviet Government is making
of the elementary nature study offered in the schools. The
children are made acquainted with common plants, animals, and
minerals, and their economic or hygienic aspects are emphasized.
From time to time a manifesto is issued calling for a survey in
search of a particular kind of mineral or a particular insect or
weed. Aside from the ‘“‘regimentation” which is characteristic
of much of the communist education, there is here suggested a
potentially powerful means of carrying out common purposes
under any régime. We have indeed applied this principle in
much of our elementary and secondary education in this coun-
try. “Swat-the-fly” campaigns or bounties for tent-caterpillar
egg nests or special lessons to help children recognize poison ivy
are essentially of the same nature.

In the cultivation of outdoor interests in various aspects of
nature, as through our National Parks, through local or state
nature-study societies, through museum ‘‘wayside trails,”
and otherwise, there is opportunity to enrich as well as to dignify
the activities by assimilating them to larger social problems.
The British national land survey enlisted thousands of amateur
volunteers for the gathering of prescribed information in their
home territories. The Planning Committee for Mineral Policy
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which was appointed by President Roosevelt in April, 1934, has
among its problems a determination of the mineral resources of
the country; and it should be possible to enlist the cooperation
of an uncertain number of men and women who are already
chasing minerals and who would be glad to convert their private
enthusiasm into a national asset.

Amateur scientists have been important factors in the
advancement of science, for there is no inherent reason why the
amateur should be incompetent or inexpert. There is hardly a
field of pure or of practical research in which they cannot make
useful contributions, if there is developed a general appreciation
for and trained skill in accurate observation and recording.

10 Whatever may be the value of scientific pursuits to the special-
ists, and to the rest of us through the application of their out-
comes or otherwise, they cannot thrive in a world of ignorance

The chief obstacles to science have always been fixed ideas and
vested interests. Reliance upon a body of doctrines that ration-
alizes an institution makes investigation a source of danger—to
the institution. Orthodoxies of all sorts, whether religious or
political, whether moralistic or intellectualistic, are inimical to
the spirit of inquiry. The assurance that ‘‘the truth” is already
at hand makes further search seem futile. Such obstructive
confidence in the truth is well illustrated by the religious fervor
with which many people hold and urge their theological
doctrines. It is not, however, confined to this area but is char-
acteristic of self-complacent ignorance in every realm of human
thought. It is exemplified by the intellectual provincialism which
assumes that those whose views differ from ours must be either
foolish or dishonest, if not both; or which naively identifies its
own sect or class or tribe or race or nation with God’s chosen
people, interpreting that mystic symbol of approbation, “0.K.,”
as meaning ‘“Our Kind.”

Science cannot proceed without the open mind, and the
human mind, if not constitutionally disposed to close auto-
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matically, is at least easily induced to shut up tight early in
life. A major task of adult education is to reverse that process.
An urgent need would seem to be to move as many as possible,
and as early in life as possible, to adopt Cromwell’s earnest
appeal to his fellows: ‘I beseech you, my brethren in the bowels
of Christ, remember that you may be mistaken!”

That research is important and calls for continuing support is
sufficiently acknowledged in the fact that those who most
immediately value research in industry or in government are
already supplying financial support. The need is rather for a
wider appreciation that will both furnish strong moral support
and make impossible the crippling of significant research
through the withdrawal of funds or equipment in times of
crisis.

That this is not always recognized by scientists themselves
appears from time to time in the indifference, if not hostility,
displayed by the investigator toward ‘‘the public.”” Dr. Slosson
referred to this in his address before the American Association
for Adult Education in 1927:

We have on the one side a public too often indifferent to the doings
of scientific men. We have on the other scientific men who too often
are indifferent to the public. There is an esoteric tendency in science
as in all professional work. I was once, in talking to a distinguished
scientist, deploring the popular ignorance of modern research.
“The public does not know what is being accomplished in the labora-
tories,” I said. “Why should they?” he retorted; “It is none of
their business.”

This attitude is quite natural. It is no advantage to the investi-
gator to be written up. On the contrary, it usually injures him in
the estimation of his colleagues without gaining for him the esteem
of anyone else.’

It is easy to point to men of genius who have in the past
carried on their important scientific work with meager means
and in the face of strong opposition. There is not in such facts,
however, any justification for letting matters drift on the
assumption that genius will find a way: that is depending too
much upon the off chance that the individual who has the
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capacity for valuable research is also one who has an independ-
ent income or an exceptional reserve of energy or the capacity
to overcome social and other difficulties unaided. It becomes
increasingly necessary to subsidize research in one way or
another, and to furnish for it a congenial atmosphere of public
opinion.

! William H. Kilpatrick and others, The Educational Frontier, Century, 1933,
p. 62.

2 ¢« Adult Education in Science,” Digest of Proceedings of the Second Annual
Meeting of the American Association for Adult Education, May, 1927, p. 52.

3 William H. Kilpatrick and others, op. cit., pp. 307-308.

4 British Association for the Advancement of Science Committee on Science
Teaching in Adult Education, Reprint 32, p. 348.

5 ¢« Adult Education in Science,” op. cit., p. 49.
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SCIENCE AND OUR COMMON CULTURAL INTERESTS

11 An appreciation of the achievements of science among the
Jorces that have molded our daily life and our present-day
economic, social, and political relationships would make for
more reliance upon experiness in dealing with public questions,
and less upon traditional authority or power

Our age has been giving more and more regard to the indi-
vidual as the embodiment of fundamental and essential life
values. In this process the opinion which the individual is
‘“free” to hold and express, and which sectarianism of all sorts
constantly emphasizes, comes to play a large share in our daily
relations, and especially in the social and civic relations. It
becomes therefore of growing importance that people generally
recognize the significant differences between opinions and
beliefs, on the one side, and ascertainable facts and reliable
guiding principles, on the other. A few years ago Dr. Robert A.
Millikan, addressing a lay group, said:

We need science in education not primarily to train technicians
for the industries, but to give everybody a little glimpse of the
scientific mode of approach to life’s problems and to give everyone
some familiarity with at least one field in which the distinction
between correct and incorrect is not always blurred and uncertain,
and to let him see that it is not always true that one opinion is as
good as another.!

The need to make this distinction is apparent in the popula-
tion at large and is to be observed in every field of human
concern. It is obviously impossible for the individual, even for
the specialist, always to be protected against ‘‘false” opinions
solely on the basis of his own detailed knowledge. Reliance on
the expert, and by so much on authority, becomes increasingly
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necessary. But equally necessary is an appreciation of the source
and basis of the authority on which one must rely; and above
all is it necessary that the authorities themselves speak in a
manner befitting the scientist. The most we can hope for the
lay public is that through suitable educational efforts it will
come at last to distinguish the voice and manner of the scientist
from the voice and manner of those whose claims deserve no
credence. Professor E. B. Wilson of Harvard University once
expressed this as follows: ‘“Science in adult education is impor-
tant chiefly as a means of cultivating certain attitudes, and
leads to confidence in the sciéntist who has this attitude, as
against, for example, the politician.”

A suitable introduction to the ways of science might bring a
considerable proportion of our voters to doubting, if not their
own, at least their neighbors’ qualifications for public office
solely on the grounds of belonging to the right party or having
the right friends. And it might bring a considerable number to
the point of asking relevant and disturbing questions of those
who presume to tell us what is and what is not good for us to
know, what may and what may not be properly discussed
or criticized or investigated.

12 Training in the rigorous method of science, in so far as the
individuals are capabdle of it, should make for straight and
independent thinking on common economical, soctal, and
political problems in which it is particularly important to
submit every idea to rigid scruliny

Perhaps nobody would deny the value of straight and inde-
pendent thinking on our common problems; and many are
confident that the study of science will normally bring about
this result. Dr. C. Stuart Gager, director of the Brooklyn
Botanical Garden, raises the doubt, however, by asking the
question, ““Is it not true that scientific men have been largely
represented as among the ‘easy marks’ in connection with
investing money in schemes that no experienced business
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man would look at twice?”” Nor does he believe that his own
observation would support the idea that scientific men are
conspicuous for their independent thinking on ‘‘common
economic, social, and political problems.”

Certainly it is true that thousands of men and women are
thoroughly trained in the various branches of science and
actually carry on reliable investigations, without being at all
critical as to what is offered them by the salesman or the
propagandist or the politician. Nor is it to be expected that the
necessarily fragmentary and generalized science instruction that
the lay public can get will make most adults more critical than
are the scientists themselves. And yet the reasons for the failure
may lie in the specialist’s training and in his approach to the
common problems; and the values in question may still be
attainable for the layman even if the professional scientists, as
a group, have not attained them.

The professional scientist, whether in research or in teaching,
is typically a person who has received a rather extensive
schooling, which included a variety of ‘“subjects’” in addition
to the sciences from among which he eventually selected his line
of concentration. In so far as he has mastered scientific methods
in analyzing and solving problems, he has usually confined
them to the area of graduate work and further specialization.
The result has been in most cases that the individual has
concentrated his intellectual efforts in the narrowing field,
while disregarding developments in other subjects or while
taking them for granted as being adequately looked after by
other specialists.

Eventually, the specialist, proficient in his own field, comes
to recognize his limitations and to refrain from forming opinions
or making decisions when technical knowledge in a foreign
field is involved, or else to use such intellectual skill as he has
acquired in coming to conclusions on a foundation of more or
less complete ignorance. Such a trained mind may have some
advantage over the citizen who has not had the “benefits of
higher education,” for he has studied the elements of the social
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sciences while at college a dozen to fifty years ago; but that may
really turn out to be a disadvantage. He may remember the
vocabulary and the ‘principles” that were passing current
during his undergraduate days and be unaware of the changes
that have taken place since that time, both in the realities
around him and in the actual thinking of the specialists in the
various fields. A business man or a person without so much
schooling might have made a fresh attack on the problem at
issue, or he might have gathered the best available information
and ideas on the subject-—as of the moment, not as of the past.

Now, the layman who wants to know what science can teach
him with regard to current problems is more likely to keep before
him those problems and to experiment with ideas as they bear
upon the things that concern him; he is less likely than the
expert to be complacent as to his past equipment and learning,
although he may be more opinionated in other matters. An
experimental psychologist may bring about among his col-
leagues radical changes in their outlook upon his special
problems and yet cling tenaciously—and unconsciously—to
sociological concepts that the present-day undergraduate
recognizes as quaint antiques; or the engincer may be con-
stantly experimenting not only with materials but with basic
concepts in mechanics, electricity, chemical reactions, and yet
retain a permanent ‘“frame of reference’ for all his political
thinking.

That our higher or professional education does actually limit
the specialist in these ways is suggested by the announcement
of one of the outstanding schools of engineering. This lays down
the usual argument for scientific training:

Scientific studies develop . . . the habit of mind that submits
every idea to rigid test. Much of the loose thinking in social, political,
and economic affairs would be avoided if workers in these fields
possessed real training in scientific thinking. The scientist and engi-
neer have built the modern world, and they hold the key to its control
and coordination.

Then we are told that this institution “offers a curriculum
which joins the logic of science with the practical achievements
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of engineering . . . all with due reference to the principles of
economics.” But that last clause is the crux of the whole matter,
and it makes the argument look rather circular.

The school gives a rigid scientific training that includes a
development of straight and independent thinking, the habit of
mind that submits every idea to rigid tests; but it must relate the
practical training of its students to certain fixed points in the
external world. That is, it accepts certain ideas as given, as
unalterable, as perhaps in themselves desirable. Students are
trained to scrutinize some ideas; but the political, social, and
economic processes and relationships are to serve as the bench-
mark. The trained men who are to come from this school may be
expected to apply their training in these fields; but the training
in scientific scrutiny of ideas in these fields is explicitly excluded,
not because they are of no concern to engineers, but because
they are the foundations on which the institution rests. “ Every
idea” which the engineer is to test means not literally ‘“every
idea,” but every idea in his area of technical competence.
Nevertheless, we may hope to get important transfers of
whatever is valuable in scientific thinking to the common
problems from a candid interaction of scientists and laymen.
Here the educational process is, of course, not one of transmit-
ting information, but one of mutual stimulation and exchange of
thought and experience and, above all, of humble self-criticism
in the search for walidity.

13 Condtnuous contact with the progress of science would serve to
bridge the gap between older and younger, essential for family
and social integration

Without minimizing the value of family and social integra-
tion, it must be pointed out that the sources of conflict and
strain reach far beyond the details of common understanding
as to the nature of the world or the workings of human con-
trivances. There is not only a great deal of internal friction in
families or communities that are fairly homogeneous in their
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beliefs and assumptions and practices; there is also to be seen
a multitude of groups that are reasonably harmonious not-
withstanding divergences in training and interpretation and
values.

There is, however, a great deal of preventable disharmony
that turns on conflicts as to usages, rituals, the implications of
common terms, the manipulation of common materials or
equipment. Here a continuing attention to the changes always
in process, on the part of adults, would do a great deal to avoid
misunderstandings and misgivings, besides furnishing numerous
points of intellectual and emotional contact. It would at least
retard that process by which the younger generation comes to
speak a totally strange language beyond the comprehension
of the older.

14 An appreciation of the development of science as a great co-
operative enierprise of mankind is likely to promote social
solidarity and to make each individual feel a sense of unity
with his fellows

Here again we have to recognize not only large numbers of
individual ““scientists” who are temperamentally solitary or
even anti-social in their attitudes, but also the systematic
cultivation of scientific proficiency for partisan or sectarian
purposes or for ends that are decidedly anti-social. And yet, if
we get away from the absorption of the specialist to a broad
overview of the continuing processes that constitute ‘‘science,”
we cannot escape its essentially social sources and outcomes.

It cannot be claimed that science today furnishes even the
beginnings of a mass philosophy; yet no such philosophy will be
possible unless it takes into account the implications of science
as to social relations, both in its methods and in its findings.
These implications are found in the very nature of science as an
experimental approach to practical problems, and in the con-
flicting ideas with which mankind as a whole or in particular
situations or groups is constantly confronted. Differences as to
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opinions and as to procedures come more and more to be
resolved, in a world of science, not by appeal to force or to
authority or to the counting of noses, not by the matching of
voices or the pounding of tables Such differences are taken to
the laboratory and there submitted to pragmatic tests—con-
trolled, measured, criticized, revised, rctested. This means then
neither that one man’s opinion is as good as another’s nor that
any one person is the mouthpiece of God. It means that every
voice must be given a hearing because every idea is worth
testing, every criticism worth weighing. Moreover, it means
that, whatever the outcome, it represents the joint product of a
group’s action. In contemplating the history of human thought,
and especially the history of science, the layman is constantly
impressed with the interdependence of scientists, with the wide
area over which have been gathered the multitudes of ideas and
suggestions and experiences and observations that cnter into
any important scientific conclusion. Those who have no appre-
ciation of scientific conclusions, or who are for any reason hostile
to science, may say truthfully enough that there is never any-
thing ““new’ in science; all the elements of a new device, and all
the elements of a new idea have existed prior to the discovery or
invention. This is like saying that the artist or the musician
never does anything new, he merely recombines what had becn
known before, just as Shakespeare merely rearranged certain of
the familiar words of the language: it is just as true and just as
meaningless. Science is a creative art, and its advancement
depends upon the men of creative genius; but nowhere else is
the individual so dependent upon others as he is in scientific
pursuits.

The history of science impresses upon us also the striking
lack of self-seeking on the part of scientists. A substantial part
of the discussions among scientists in recent years has centered
around the propriety of patenting inventions for private gain.
There is still a great deal of confusion here because of the open
conflict between the practice of industrial and commercial
workers, on the one hand, and the traditions of the scholar
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and the scientist, on the other. A Babcock knows that without
the efforts of thousands of others, most of them nameless, Ais
separator would have been impossible.

Science in modern times has accelerated the division of labor
that began with the earliest association of two or more human
beings; and this has called for the systematic elaboration of
means for communication, transportation, and coordination,
which in turn have been furthered by scientific methods and
imposed still greater degrees of interdependence.

If the individual scientist had not been aware of the social
and cooperative significance of his preoccupation with some de-
tail of the universe, those of us who are not scientists must
eventually have discovered that this tremendously powerful
human engine somehow affects all of us and cannot be entrusted
without control to those who happen to have it in hand. And
those of us who are scientists will have to discover at last that
we cannot continue our interesting pursuits without assuming
more deliberately and seriously the obligations which are
implicit in the sources of the power and opportunity which we
enjoy. Science needs material support and moral support, but
it also must have around it an atmosphere that is kept free not
by toleration but by social participation.

15 It is necessary for the general public to understand the func-
tion of the scientist in modern society

If science is to continue as a mode of meeting common or
individual problems, it will be necessary both for the scientists
and for the lay public to have a clear idea of the function of the
scientist. It has been sufficient to accept for the scientist a
private subsidy, where his preoccupation has appeared amusing
or harmless or at any rate far removed from common affairs.
This has in the past put the scientist in the same position as a
poet or musician or painter in a duke’s retinue. Or a gentleman
of means might pursue science as a rare pastime. Today the
scientist still stands, in the minds of many people—and in
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the minds of many scientists too—as a trained technician at
the service of anybody who cares to hire him.

We have become today altogether too dependent upon science
to permit the status of the scientist to remain so uncertain.
Science is today indispensable in furnishing the basis for almost
all forms of expertness; it is continuously used in ascertaining
the factual means for planning of all sorts; it is the sole means for
the mastery of our resources and for the combating of hostile
conditions.

The “appreciation” of science for what it has done to enhance
our material welfare may suffice to insure material support for
the pursuit of science, if only from those who profit immediately
from technological improvements. The aesthetic or intellectual
satisfactions yielded by a contemplation of the methods of
science may suffice to insure a place for scientific research in the
universities and for science instruction in the schools, if only as a
respectable part of what every cultured person should know.
But a general realization of the réle that science has played and
increasingly must play in the remaking of civilization is neces-
sary both to protect the scientist against exploitation for private
gain and to insure to the public the enjoyment of our common
heritage.

16 Science is a means of broadening the sympathies and cultivat-
ing tolerance toward other groups, races, nationalilies, tastes,

philosophies

While the pursuit of some branch of science almost auto-
matically drives the individual into more and more remote
reaches of his special subject matter, and the pursuit of science
in general broadens our horizons by stretching the borders of
the known, it by no means follows that a diffusion of scientific
knowledge will of itself expand the sympathies of individuals.
Even if science by its very nature calls for sympathetic
consideration of many different views from many different
sources, the individual is influenced by many other forces in
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the formation of his tastes and especially his attitude toward
strangers.

It is reasonable to expect, however, that the layman’s concern
with science will transcend the worst effects of narrowing
specialization, that the questions which the layman wants
answered will reach beyond the details that constitute the
raw materials of science. We know that scientists, along with
other classes, have manifested extreme provincialism and crude
prejudice on occasion; but we are disposed to attribute such
manifestations not to whatever science these men may have
assimilated, but to human weakness not yet remedied by science
or scholarship. The very fact that a whole world is shocked when
scientists behave in such primitive manner indicates at least
that most of us expect something more comprehensive in spirit
to emerge from preoccupation with science, with its history,
with its methods.

L Science, January 11, 1929, p. 30.
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PEOPLE WHO NEED EDUCATION IN SCIENCE

SCIENCE concerns all adults, but not all in the same way.

In all times adults have concerned themselves with improv-
ing their skills and understandings, with the discussion of
matters of common interest, with learning whatever news was
brought by the stranger or the traveler, as well as with local
gossip. The need for keeping abreast of the world is no less
urgent today than it was in the past, whether one thinks chiefly
of his vocational security, of enjoying contact with what his
neighbors are doing and thinking, or of his continuous adjust-
ments in a changing society. Today the transformations of our
world are in large part the outcome of scientific activity; and
the need to keep in touch with these transformations is equally
urgent for those who are themselves engaged in creating the
novelties that keep our world changing.

ADULT EDUCATION FOR EVERYBODY

Our thinking about “adult education,” where it is separated
from vocational training, seems to suffer from the traditional
associations with ‘“English to foreigners,” ‘ Americanization,”
and “opportunity to make up.” There is reason to believe that
large numbers of high school and college graduates (including
professionally trained men and women whose occupations
rest upon the application of scientific principles) are quite as
much in need of direct help and guidance in “keeping up with
science” as are those who are admittedly without previous
education in science. This is distinctly 7ot a problem confined to
the ‘“‘underprivileged.” Adult education must be concerned
rather with method, with outlook, with appreciation, with the

41
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assimilation of science as part of our culture, and with sharing in
the ways of science.

Both the underprivileged and the exceptionally favored are
among those for whom science has special meaning. At one
extreme, penologists are finding a definite place for science in
the educational work with adult prisoners. Mr. Austin H.
MacCormick, Commissioner of Corrections for the City of
New York, considers that a knowledge of general science ‘‘is
as important as a knowledge of American history and vastly
more practical.”’! At the other extreme are those who are so
fortunate as to have the means and the leisure to pursue what-
ever pleases their fancy, and who happen to get their satis:
factions from the pursuit of science, either in some specialized
branch of research or in its general, social, or philosophical
bearings.

An encouraging indication that we are outgrowing our
childish complacency about our finished education is to be
seen in the increasing proportion of men and women in uni-
versity extension courses who have completed more than the
high school work.

Another indication of advance is to be seen in the wide range
of occupations represented in university extension groups
organized around highly specialized subjects in pure and applied
science, as well as in the nature st