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OBJECTIVES OF THE FORUM

During the past several years we have become increasingly
preoccupied with the so-called shortage of brainpower, which is
considered to be our most important scientific resource. This has
generated a drive to "produce' more scientists and engineers and to
revise high school, college, and university curricula to bettér meet
the needs of potential scientists and engineers.

In 1956, it was the opinion of a group of members of the
International Science Foundation that the "shortage' was not as critical
as it seemed. It was also felt that we were not effectively utilizing all
sources of scientific manpower available to us and that there were hidden
sources of brainpower which should be explored.

This, then, was what motivated five of ISF's members (the Army
Ballistic Missile Agency, Cooperative Research Institute, U. S. Naval
Radiological Defense Laboratory, California Academy of Sciences, and
National Association of Manufacturers) to propose that, in keeping with
the Foundation's objective of stimulating the development of scientific
resources by increasing the flow of ideas between professional personnel
throughout the world, a Brainpower Forum be established to focus
attention on unexplored sources of scientific manpower and facilitate an
exchange of ideas on this subject between science, industry, and govern-
ment.

Accordingly, at the invitation of Rear Admiral Earl E, Stone,
USN, then Superintendent of the U. S. Naval Postgraduate School, approx-
imately sixty leaders in industry, government, and education met in
Monterey, California, October 24-25, 1956, for the first conference of
the ISF Brainpower Forum.,

This conference served to highlight the fact that we had not
effectively utilized all sources of scientific manpower which were
presently available. At the recommendations of the Forum partici-
pants, the International Science Foundation initiated a continuing pro-
gram in the area of scientific manpower and suggested that several
of its members set up projects which would provide answers to some
of the problems considered at the 1956 conference. As a matter of
first priority, it was decided to give consideration to the gains that
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might be realized by giving recognition to and seeking better utilization of
retired or senior professional manpower. The 1958 conference was held to
give Forum participants an opportunity to report on projects in the area of
senior scientific manpower that were conducted as a result of suggestions
made at the 1956 conference.
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11:00 a. m.
12:30 p. m.
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2:30 p. m.
Presiding:

Welcome:

CONFERENCE PROGRAM

Wednesday, August 6

Registration, Oak Room, Mark Thomas' Inn
Luncheon, Terrace Room, Mark Thomas' Inn

Christian de Guigne
Chairman, Board of Governors, International Science Foundation,
and Chairman of the Board, Stauffer Chemical Company

Opening Session, Spanagel Hall, U. S. Naval Postgraduate School
Christian de Guigne

Captain Paul Foley, Jr., USN
Chief of Staff, U.S. Naval Postgraduate School

Summary of First Brainpower Forum Conference

Rear Admiral Earl E. Stone, USN (ret.)

Report on Yale Conference of February, 1958

5:30 p. m.
6:30 p. m.

Toastmaster:

Dr. Howard L. Bevis
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OPENING SESSION



Mr. de Guigne: Having welcomed all of you at lunch, I don't want
to repeat myself. Again, though, I would like to say how much we are in-
debted to the graciousness of the United States Navy for providing the
charming surroundings for our meeting. I deeply regret that Admiral
Yeomans is unable to be present because of a light case of the flu he unfortu-
nately got up at the Grove. As a member of the Bohemian Club, I say
"unfortunately.' I don't know which Bohemian gave it to him, but please

transmit those words. I am really very sorry.

It is my privilege now, gentlemen, to introduce Captain Foley,
Executive Officer of the Postgraduate School, who will say a few words to us
before the meeting starts.

Captain Foley: On behalf of the Superintendent, Admiral Yeomaus,
who, as you have been told, is unable to be present, and the staff and
faculty of the Postgraduate School, I would like to welcome the members of
the International Science Foundation to this School. Admiral Yeomans had
looked forward to greeting you personally but is flat on his back after
surviving the Bohemian Grove.

It gives me special pleasure today to welcome Admiral Stone back to
the campus.

Although many of you are well acquainted with the Naval Postgraduate
School and its academic achievements, I hope, Mr. Chairman, that you will
permit me a few moments for a thumbnail sketch of the School for those of
the group who are here today for the first time.

The major parts of the School, as you probably know, are located here
on the grounds of what was once the well known Hotel Del Monte. We have
another 300 acres on an adjacent hillside, used primarily for Wherry housing,
and 100 acres adjacent to the Monterey Peuninsula Airport which are now used
for laboratories and recreational facilities.

The mission of our School is to conduct and direct the instruction of
commissioned officers in order, by advanced education, to broaden their
professional knowledge as required to meet the needs of the Naval Service.



We carry out this mission through three major component schools and a
logistic and administrative command which supports them.

The first of the three component schools is the General Line and Naval
Science School which is housed in a wing of the old hotel. In this school we
provide graduate-type instruction for approximately 450 young Naval officers
in professional subjects each year in what is known as the General Line course.
Next Monday, for the first time, we are inducting a pilot group of fifty young
officers in what we call the Bachelor of Science course. This particular course
is intended to instruct these young officers in advanced professional subjects
and at the same time to enable them to complete a more liberal education which
will lead to an undesignated baccalaureate degree in science. This program
will increase as time goes on.

The second component school I would like to mention is the Navy
Management School. This school was started late in 1956 and is now well
established and well accepted as an agency within the Navy for executive develop-
ment in management techniques. I think it is evidence of the Navy's determi-
nation to adopt the most advanced industrial practices with respect to managerial
and countroller functions.

Finally, let me mention the Engineering School, in which the Forum is
being held today. The Engineering School this year will provide advanced
education in engineering subjects for about 600 U. S. officers and thirty foreign
officers. The majority of the U.S. studeuts are Naval officers, but we have
approximately seventy from other services: Army, Air Force, Coast Guard,
Marines, and Public Health Service. The courses in the Engineering School
vary from one to three years in length and lead normally to a designated
baccalaurate degree in and engineering subject and, in most cases, to a Master's
degree. Some of the students go on for a third year at private universities such
as MIT, Cal Tech, University of Washington, etc., to take their Master's degree
in certain subjects when it is more economical to do so; a few go on, of course,
to the Doctorate. The Superintendent here, then, supervises in addition to the
Naval Postgraduate School proper the advanced education of some 300 officers
scattered in private universities throughout the entire country.



The Naval Postgraduate School has a highly competent civilian staff,
some of whom are present here today. The faculty numbers 122 at the
present time and is headed by our distinguised Academic Dean, RoyGlasgow.
The staff also includes an approximately equal number of U.S. Naval
officers, some of whom conduct instruction in professional subjects, while
others are what we call "officers in charge of curricula" and act in effect
as coordinators of the academic courses and see to it that they remain
respounsive to the requirements of the Naval Service.

It might be of interest to you to know that this School was started in
1909 in Aunnapolis and has continued uninterruptedly since that date. It was
moved to Monterey in 1951 and is accredited by the Western College Associ-
ation and by the Engineers Council for Professional Development.

At the request of your President, the Engineering School has arranged
for some very short tours of the immediately accessible facilities following
this meeting. I think that perhaps they might be interesting to those of you
who have not seen the facilities of this School. Guides will meet small
parties outside the building at the end of this session. Please feel free to
call on me or any member of the staff for any assistance we can give you.

I am confident that your Forum today will be both interesting and profitable,
and I assure you I am greatly honored to be included.

Mr. de Guigne: Thank you again, Captain Foley, for your gracious
hospitality.

It is now my privilege to introduce Admiral Stone who is going to tell
us a little about the first Brainpower Forum conference.

Admiral Stone: In 1956, it was my pleasure to welcome a similar
group to the first Brainpower Forum here. I regret that Admiral Yeomans
cannot be here today, but we surely appreciate what Captain Foley has said
in his stead.

Today my assignment is to tell you briefly what happened at the first
conference. Many months have passed since October, 1956 when that
conference convened, and, of course, much has happened to change the




picture somewhat concerning scientific and technical manpower. We are all
aware of the relatively recent advent of Sputnik which gave so much impetus
to action looking toward long-range improvements in the scientific and
technical manpower situdtion, especially through improvements in our
secondary schools. But while there has been considerable action and
certainly some progress, I feel--and I think you will agree--that much more
can and should be done.

Early in 1956, it was the opinion of many of the members of the
International Science Foundation that the so-called shortage of scientific
manpower was not as critical as some believed and that the problem was
partially one of discovering the hidden sources of manpower and bringing
them into use.

I believe that most of you who are present today know that the
International Science Foundation has a service organization for research
known as the Cooperative Research Institute or CORE. Since our meeting
in 1956, CORE has undertaken several very interesting and worth-while
projects wherein some of the so-called hidden sources of manpower, including
senior or retired professional personnel, have been utilized most effectively.
I trust that some of the speakers who are to follow me will tell you more about
the activities of CORE. The program of the International Science Foundation
to establish additional international science centers such as the one which is
now in operation in San Francisco also holds some interesting opportunities
for senior scientists and engineers. These science centers can serve as the
focal point for CORE operations which I think will expand in the future and
will be most useful and worth-while.

The underlying thought that led up to the first conference has been
expressed as follows: "The continuance of the upward trend of our economy
is dependent upon increased development of our most important scientific
resource--BRAINPOWER. We have been preoccupied for some time with the
so-called shortage of scientific manpower. Yet, an immediate increase in
the rate of production of engineers and scientists could not possibly ease the
shortage for some time. Therefore, would not a re-examination of ideas



which might lead to hidden sources of brainpower be in order? It was this
question which brought on the first conference here.

This question was broken down into several somewhat more specific
ones, which were presented to the conference by Dr. Miller, who is here
today. These were the specific questions that that conference tried to
answer:

‘What is the scientific manpower problem in the military
services? In government? In industry? In research institutes,
universities, and foundations?

‘Why do we have this problem?

‘Where can the additional required technical and scientific
manpower be found?

How can the productivity of our present supply of scientific
manpower be increased?

How can now unused maunpower resources be marshalled?
How can they be organized for effective use?
How can they be motivated?

There were several very eunlightening presentations at the first
conference by extremely well qualified speakers who represented industry,
educational activities, and the military services. As a result of these
pertinent presentations, the stage was set for the informal panel dis-
cussions which followed.

Several of the speakers concurred in the belief that the root of the
problem lay in our secondary schools where the seeds of scientific and
technical interest are planted or at least nurtured. The motivation of
students at this stage appeared to be the crux of the situation, as this
(the secondary school level) is where the choice of a career in science or
mathematics is usually made. The shortage of well qualified scientific

and technical secondary school teachers was recognized as a vital weakness.

Attention was directed to the situation in the U. S.S.R. where obvious



advances were being made in scientific endeavor.

Captain A. B. Metsger represented the Office of Naval Research at
the conference. He pointed out that, in Russia, members of the Academy of
Science have status and prestige at the top of the community. I would like to
quote from some of his remarks:

This is in deep coutrast to what happens here. We read about

the large number of scientific and technical engineering students

who are graduated in Russia as contrasted with the relatively

small number graduating here. And we have a strong impression

that education in Europe in general is more serious, more intense

by far, thaun it is in most American schools. It sometimes seems
that we lack a certain stimulus. We look about and see a very

fine economy surrounding us and we are delighted with it. There's

every reason to be complacent about it, which is well enough for

a few years. But complacency is the last stage before the fall.

It's up to us to see to it that the seeds are sown today for the

America of ten or twenty years hence. We have to take care not

ouly of our immediate needs and keep our heads above water now,
but we must be planning for the decade or two beyond.

So said Captain Metsger in 1956.

Another distinguished speaker at that conference was Dr. Wernher
von Braun of the Army Ballistic Missile Agency. The subject of his talk
was ""Our Research and Development Program and its Manpower Needs."
Dr. von Braun said many things which are worth rereading and considering.
I would like to quote a few: '"We must marshal public opinion to de-emphasize
the hot-rodders among the youth and to encourage hot mathematicians....
We must attract more young people into scientific work. We must back youth
with incentives rather than directives.' He pointed out that we were neglecting
the help that we might get in science and engineering from women, stating that
science is impersonal and without gender. He gave the case of Madame Curie
as an example of what women who are educated and qualified can be expected
to do. He indicated that further help could certainly be obtained from many
older persons who are scientifically trained and who are reluctant to be put
out to pasture. Also, Dr. von Braun pointed out that there are many handi-
capped people who have been by-passed and forgotten and who could and would
contribute something worth-while if given the opportunity.



Dr. von Braun particularly pointed out the shortage in mathematicians,
stating that in 1956 the IBM Corporation estimated that 7, 500 mathematicians
were needed to man computers that were then known to be on order. He said
that there must be a general effort to increase the supply at the source by
encouraging more able young people to go to college and by strengthening the
material rewards to be derived from entering scientific pursuits in college,
in industry, and in government. ''Such professions,' he said, '""must be made
attractive. "

Dr. von Braun called attention to a four-point proposal, as follows:

1. Establish several thousand U.S. scholarships to help
gifted but needy high school graduates to go to college;

2. Revitalize the teaching of science and mathematics in
our secondary schools;

3. Convene a national forum to spotlight the ways whereby
the nation can educate more and better scientists and engineers; and

4. Formulate the outlines of a grand strategy for maintaining
our technical advances in the United States.

Finally, he said, ""The teams of scientists and engineers of tomorrow
are in the grammar schools of today. "

Mr. Edward McCrensky of the Office of Naval Research, another
speaker at the first Forum, also said some things which I think are worth
repeating. He mentioned the importance of retaining science teachers in the
nation's school systems and the need for improving the standing of science
teachers. It appeared that the only direct solution in the secondary schools
to this problem was to double or triple science teachers' salaries. These
teachers are often in the paradoxical situation of having their students, upon
leaving school, go directly to employment in a filling station or some other
unskilled occupation at about the same salary the teacher receives after years
of conscientious work. Mr. McCrensky also pointed out the need for getting
more of the obviously capable young men and young women into college. He
said that at least one-third of the high school graduates who had aptitude for
college were not going to college because of their financial situation. He said
that in England a very large number--I think he said almost 80%- - of the



students who are needy are subsidized directly by the government. It is
important to note that in the U.S. S.R. professional graduates, in addition to
being educated by the government, are accorded relatively high social and
cultural status.

Another speaker was Captain R. S. Mandelkorn, who was then
attached to the U.S. Naval Radiological Defense Laboratory. Talking on the
subject ""A New Look at the Scientific Manpower Problem, ' he pointed out
the desirability of using available scientists for generative thinking and of
relieving them of mental drudgery and frustrating administrative tasks. He
recommended that the scientist be assisted by adequate technical support
personnel, both laboratory and clerical assistants. These assistants should
be sub-professional personnel who could effectively carry out limited experi-
mental work with minimum supervision and who could perform calculations
and assist in report writing. All possible mechanical assistance that modern
computer techniques can afford should be provided. He pointed out the
possibility of using active and retired professors and qualified retired
military personnel, possibly on a part-time basis. In this counnection, I feel
that it is interesting to note that some important research laboratories have
already been established near scientific and technical schools, admittedly to
take advantage of the professional talent that is often available on a part-time
basis in those areas. Monterey is no exception, as there have been some
laboratories established here because of the Naval Postgraduate School with
its personnel available on a part-time basis for consulting work. Captain
Mandelkorn also stressed the need for overnauling our secondary school
curricula to include and stress the teaching of physics, chemistry, and mathe-
matics.

On the improvement in utiljzation of our limited scientific andtechnical
personnel, he pointed out that frequently teams rather than individuals are
¢mployed on research projects. When a team finishes a project, it is naturally
often desired to keep that team intact until it can be given a new project.
However, between assignments, there is a period when the whole team has
little or nothing of value to do. This is a serious waste of valuable talent and




runs up the overhead cost of operations. But there appears to be no good
solution to this costly situation since we cannot hope to have a clearinghouse
to control the employment assignments of the valuable people concerned.
Possibly something can be worked out to alleviate this situation within industry
or within the military services.

Dr. Erunst Stuhlinger of the Army Ballistic Missile Agency gave a
most interesting preseuntation on '""Outlook to Space Travel.' What he said
in 1956 sounded utterly fantastic to many who heard him. However, since the
advent of Sputnik and the publicity which his subject has since received,
Dr. Stuhlinger's remarks do not seem quite so fantastic.

Dr. Richard L. Balch of Massachusetts Institute of Technology pre-
sented a very interesting paper entitled '"Liberal Education or Liberation of
the Individual--a Manpower Problem."

Dr. Claude Fawcett, representing the National Association of Manu-
facturers, spoke most interestingly on the subject '""The Brainpower Shortage--
a Threat to our Free Enterprise System."

Perhaps the greatest interest and enthusiasm at the first Forum were
evoked by the panel discussions in which most of the conferees participated.
I shall not attempt to summarize these discussions. However, I feel they are
well reflected in the eleven-point program which resulted from this conference.
These points are enumerated in your conference program, but I would like to
take a few more minutes to read them to you:
1. Make use of the reservoir of retired scieuntists and engineers

and other qualified persounnel capable of assisting in research and
development.

2. Goverument, industry, and educational institutions should
join forces in preparing and maintaining a census of retired scientists,
engineers, teachers, etc.

3. Teachers should be permitted to take periodic leaves of
absence to work for or in industry and goverument; qualified personnel
from industry and government should help to relieve the shortage of
teachers by accepting teaching assignments.

4, Utilize more efficiently the services of existing scieuntific
personnel by providing them with qualified administrative support.

5. Technicians should be employed in increasing numbers to
relieve the scientist of detail in research projects.
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6. Wide use of television, radio, and other media is needed
to present to the American people, and particularly the younger
generation, the importance of teaching, science, and engineering,
and the rewarding satisfactions which come in the pursuit of these
professions.

7. Government and industry should review their research
programs, organization, and personnel with a view to making
changes which will keep their personnel more effectively and
continuously employed.

8. The educational system should be made flexible enough
to provide opportunities for the exceptional student which will
challenge him to the full extent of his abilities.

9. The teacher shortage should be relieved through the use
of qualified retired personnel trained in subject matter fields.

10. Attention must be given to the problem of attracting and
retaining the more capable teaching, engineering, and scientific
personnel by provision for greater incentives and more recognition
in the community.

11. Programs for financial assistance to promising students
must be substantially increased and must include the development of
projects to underwrite the careers of outstanding science researchers.
This ends my summary concerning the first Brainpower Forum, but,
in concluding my remarks, I should like to quote a brief passage from
Shakespeare's play The Tempest. In that play Antonio says, '"What's past
is prologue.' This remark is inscribed in stone over the euntrance to the
National Archives Building in Washington, D.C. Perhaps some of you have
not heard of a conversation which is supposed to have taken place in a taxicab
between the driver and his passenger while crawling along with the traffic
past the Archives Building. The passenger, who was on his way from the
railroad station to the Capitol to attend a Senate hearing, read the inscription
aloud, '""What's Past is Prologue, "' and then he added the question, ' What
could that possibly mean?" Of course, this taxi driver, like all of them,
knew the answer. He said, '"Mister, I figure it means that you ain't heard
nothing yet'"

So with that, and admitting that the past is prologue, I am sure that
subsequent speakers will have much to say to you that is both current and
pertinent.
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Mr. de Guigne: Gentlemen, it is now my privilege to introduce
Dr. Howard Bevis, Chairman of the President's Committee on Scientists and
Engineers.

Dr. Bevis: Needless to say, I am very happy to have the opportunity
to meet here with you this afternoon and to bring you the greetings of the
President's Committee on Scientists and Engineers, particularly in view of
the similarity of purpose that I discern between your organization and ours.
Perhaps our methods are not exactly similar, but the objectives as I under-
stand them and as they're expressed here in this little pamphlet in three
short sentences are certainly very similar. You say here that the objectives
of the International Science Foundation are the establishment and operation
of science centers in metropolitan areas capable of supporting their programs,
strengthening the mechanism of exchange between all scientists and engineers,
and development of cooperative projects between members of the Foundation.

Perhaps I might just say a word about the President's Committee. It
was established about two and a half years ago by the order of Presideunt
Eisenhower. The Committee consists of the president or titular head of
eighteen national organizations, several of the leading engineering societies,
some representing the humanities, the Land Graut College Association,
Association of American Colleges, etc., and also the American Federation of
Labor-C.I. O., the National Association of Manufacturers, the Chamber of
Commerce of the United States, the organization of State Governors, and the
organization of City Mayors. I am happy to report that, on the subject we were
brought together to deal with, we have, at least thus far, had very happy
concurrence of opinion and a very great similarity of objective. So, I am glad,
Mr. Chairman, to be here to join with you in what seems to me to be a purpose
common to both your organization and ours.

My assignment, as you have already perhaps observed, is to undertake
to relate for you something of what happened six months ago at a conference at
Yale University.

It is almost six months to the day since the President's Committee,
in cooperation with the William Benton Foundation, sponsored the conference
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on what we called "America's Human Resources to Meet the Scientific
Challenge' at Yale University. Six months is usually long enough for even
the most newsworthy material to go stale, and I should have been most
reluctant to come to speak to you about that conference if the intervening
months had not proved so conclusively that the subject is more pertinent now
than ever.

Marshalling America's human resources to meet the scientitic
challenge is unquestionably our most important task. It is a task on which
we have barely begun. And in this task every day of delay and every step
taken halfheartedly represents an irrecoverable loss to our ability to meet
and profit from that challenge.

The points brought out during the panel discussions at Yale are no
less relevant today than they were in February. The questions raised still
need answers; the suggestions made, for the most part, still need to be put
into action. They have not lost in interest during these past six months;
they have gained immeasurably in urgency.

In fact, the President's Committee is about to publish, in cooperation
with the Public Affairs Press in Washington, a collection of papers based
on the Yale discussions. It is directed to the general public and we hope that
it will stimulate vigorous local discussions of these same questions in
communities throughout the country.

In a democracy, such public airing of major national problems is the
only sound basis on which policy decisions can be taken. The effort required
of us is clearly one that demands not only widespread and enthusiastic public
support but the active participation of each citizen--parents and taxpayers,
voters and politicians, employers and workers, teachers and students.

I might interject here that the President's Committee as such was
not set up to make a fact-finding report, nor was it set up for the purpose of
trying directly to induce the Congress or the Federal Government to do some-
thing; its mission rather, in the President's language, was to address its
activities to citizens and citizens' groups throughout the country in the hope
that each group could manage, each in its own way, each in its own locality,
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to tackle this problem of trying to increase the brainpower of our country;
for clearly that is what we must do in order to survive in the face of the
challenge presented to us by the other great world power, Russia.

We have passed the stage when we can be prosperous in this country
by simply moving west and taking up more land. We have taken up most of
the land that people want to take up. We have used up an overly large part
of the natural resources with which we began. We have very much less to
work with than when we started out fifty or one hundred years ago. In the
meantime our population is increasing at a very rapid rate--there are now
almost three times as many people in the United States as there were when
I first began to know about population. Our standard of living has gone up
and continues to rise. Now, obviously, if we are going to continue to
maintain our standard of living with this rise in population and our diminish-
ing store of natural resources, there is ounly one answer, andthat is more
and better trained brainpower. We have to be able to apply the resources
to our technology if we are going to maintain our own economic position and
our position in the world.

As a matter of fact, one of the principal purposes of the Yale Con-
ference was to promote public understanding of the problems posed by the
scientific challenge, the same problems which you will discuss in your panel
sessions during the next two days. For this reason we invited to Yale not
only 150 of America's leaders in science, education, and industry, but we
also invited some fifty leaders in the public information media to attend as
active participants. The decision to do so proved most rewarding. The
editors, writers, radio and television executives, and commentators
leavened the discussion with their non-academic, pragmatic approach to the
subject, and the broader insight into the problem with which they apparently
came away has since been directly reflected in the media they represented.

The presence of this journalistic "high brass'" may also have had
something to do with the quite startling turnout of the working press. Having
made provision for approximately thirty correspondents, we were promptly
swamped by 120 reporters and cameramen demanding briefing materials,



14

crowding into the panel sessious, and insisting on interviews and press con-
ferences. I understand that a few of our scientist-participants were a little
upset by these journalistic intrusions. If that is true, I hope they elected to
attend the round table on "Public Understanding of the Scientist' where the
view was freely expressed that the aloofness and indifference of some
scientists are mainly respousible for creating the ludicrous stereotypes
which the public has of them.

You will not be surprised that the Number One round table on the
Counference program, under the chairmanship of Mr. Thomas K. Finletter,
was euntitled ""Understanding the Nature of the Soviet Threat' and that the
dinner address by Mr. Allen Dulles had as its title "The Soviet Challenge."

It is a hard fact that we cannot discuss the scientific challenge without
immediately running into the military, political, and economic aspects of that
challenge which the Kremlin is so vigorously exploiting. It is clearly the
settled policy of the Soviet Union to take full advantage of the scientific
revolution. The Russian leaders are determined that the age of atomic energy,
of space flight, of transmuted elements, and of an end to our dependence on
conventional natural resources will be a predominantly Russian age. Having
failed in their plan to fomeunt a world-wide social revolution, they are making
every effort to achieve their goal of world domination by exploiting the
scientific revolution.

Russia's new venture into economic warfare was pointed out not long
ago by Mr. Douglas Dillon, the Deputy Under Secretary of State for Foreign
Affairs, who spoke to the Senate Foreign Relations Committee, as follows:

There is a new aspect of Soviet economic policy toward the
free world which is becoming a matter of major concern to
the United States. This is the economic offensive in the
less developed countries...... Aid and trade have become
part of an intensive diplomatic campaign which has concen-
trated heavily on points of weakness within the free world
and which has been conducted with vigor, imagination,
flexibility, and dispatch.

The way in which Russia's technological capabilities are being used as
politico-economic tools was illustrated a few months ago by Soviet manipulation
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of its aluminum production to push down the world price of aluminum in order
to put pressure on the Canadian economy and American producers of aluminum,
our second largest metal product.

Not only has Russia forced down aluminum prices on the world market,
but the Soviet Union is now an important supplier of aluminum to Great
Britain and West Germany. And we know that Russia is also exporting
important amounts of coal, corper, oil, cotton, and manufactured products
into Britain and Western Europe. Russia is obviously trying to make our
allies in the free world more and more dependent on her for raw materials
and many manufactured products. You may have seen a newspaper story,
two or three weeks ago, reporting that Russia was preparing to extend its
economic offensive to newsprint in order to undercut the principal free world
producers--Canada and the Scandinavian countries.

This evidence, of course, was not available in February. I mention
it only to illustrate how this particular aspect of the challenge has become
more graphic and more urgent in the few months since we discussed it in
New Haven.

The urgency of meeting the ""Technological Requirements of the Free
World and the Uncommitted Countries, " which was the subject of a round table
under Mr. Eric Johnston, has similarly been underlined by receunt events in
Indonesia and the Middle East and, perhaps, by the reception accorded some
prominent American visitors in countries much nearer the United States.

Since I have already digressed into post-conference events, I should
also like to quote from a talk which Dr. Lawrence G. Derthick, the United
States Commissioner of Education, made to the Press Club in Washington
just after he had returned from a tour of schools in the Soviet Union. Ex-
pressing astonishment at the accomplishments of Russia's ''education-
centered economy, " Dr. Derthick declared:

‘We were simply not prepared for the degree to which the

U.S.S.R. as a ndtion is committed to education as a means

of national advancement. Everywhere we went we saw

indication after indication of what we could only conclude
amounted to a total commitment to education.
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The importance of science in Soviet education is unquestioned, Dr. Derthick
reported. Biology, chemistry, physics, and astronomy are required of every
pupil regardless of his individual interests or aspiratiouns.

You will be interested in another comment by Dr. Derthick. '"Low
marks on examinations or lessouns,' he said, "are usually considered a
reflection upon the teacher rather than the pupil."

What this signifies, of course, is that the Communist leaders, despite
their ruthless disregard of the rights of the individual, recognize their
country's human resources as its most valuable asset and respect intellectual
achievements provided, of course, that they have a spotless political bill of
health.

In only thirty years Russia has risen from the. position of a backward
agrarian country (what today we should call an underdeveloped country) to a
position from which it challenges our claim to technological leadership. The
secret of this remarkable ""operation boot-strap' is an unstinting dedication
to massive education and a firm faith in its value and efficacy.

We should be untrue to our traditions and disloyal to our heritage in
the humanities and social sciences if we sought to copy the Russian educational
system. I am sure none of us wants that. But I am equally sure that few of us
can doubt that in some places there is something seriously wrong with our
educational system.

Dr. Griswold, the President of Yale University, in his welcoming
address to our Conference, laid it on the line. '"We have neglected the welfare
of our educational system for two or three decades at least, ' he said. He went
on to point out that our ubiquitous elective system has proliferated the courses
in our secondary schools from twenty-seven in the academic and eight in the
non-academic categories in 1910 to fifty-nine in the academic but 215 in the non-
academic categories forty years later. '"This period,' he said, '"'saw the
combination of mathematics and foreign languages and the sciences declining.
It saw English language and literature and rhetoric diluted. It saw physics
and chemistry transformed into general science and algebra into general math.
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It saw the proportion of high school students, for example, enrolled in algebra
decline from 56% in 1910 to 26% in 1949."

The worst disease, Dr. Griswold believes, that American education
has to contend with, is buck-passing, that hapless merry-go-round in which
the university blames the high school, the high school blames the elementary
school, the elementary school blames the parent, the parent blames the
school board, the school board blames the local government, and the local
government blames Washington, which of course everybody does.

Perhaps now is the time when each respounsible citizen sincerely
interested in his country might emulate one of our recent presidents and keep
on his desk a sign which says, '""The buck stops here."

As long as we insist--I believe that we are right to insist-~that
education is a local matter, we have an obligation, a patriotic duty, also to
insist that the education we provide for our children be the best that tax money
can buy. By insisting, I do not mean feckless grumbling; I mean taking the
same vigorous action you would take if the sewer below your house was stopped
up, or if a hump in the street scraped the bottom of your car when you backed
out of your driveway, or if your house were suddenly assessed at double its
market value. Are such dangers to health and property and such injustices
more dangerous and more unjust than our countinued failure to provide the
nation's children with the best and most thorough education?

Needless to say, education was the primary concern of the conference
on "America's Resources to Meet the Scientific Challenge." At New Haven
education was the subject of Dr. DuBridge's enthusiastically applauded address.
Education was also the topic of five of our ten round table sessions: '""Educating
Future Scientists in a Rounded Educational System' was chaired by Mr. Thomas
Carskadon of the Twentieth Century Fund. "Conserving Our Rarest Resource--
Creative Talent'" was the charge of Dr. Eric Walker, President of Penn State
and Vice-Chairman of the President's Committee. '"The Quality of Elementary
and Secondary Education' fell to Dr. Clarence Faust of the Ford Foundation.
"The Coming Crisis on the Campus--Maintaining Standards with Increased
Eunrollments" (and this is one of the thorniest problems with which we will have
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to deal) was the subject of a round table under Dr. Katharine McBride, Presi-
dent of Bryn Mawr. ''Advanced Training for Superior Talent, the Problems of
Graduate Education and Research' was discussed by a group under Dr. Paul
Gross, Vice-President of Duke University. '

Even if I had the time this afternoon, I should not have the reportorial
skill to attempt to summarize the always thoughtful, but sometimes conflicting,
views aired during these round table discussions. Some of the highlights will
appear in the book which grew out of the Conference, and I shall seize this
opportunity for a free commercial to refer you to it. It is scheduled to come
off the press next month. I have recited the topics ounly to indicate the wide
range of educational problems with which we must deal and to suggest to you
that there are many areas in which you might do something now that the buck is
passed to you. If you are in the right tax bracket, you might also remember that
every buck needs some dough.

What we must cultivate in ourselves and in our fellow citizens is what
Dr. Derthick describes as the Russian's "burning desire'" for excellence. He
reports that all over Russia he saw signs which said ""Pass and Surpass the
U.S.A." It is a good slogan and one which we might well adopt. We, too, need
to pass and surpass the U.S. A. I don't think we are inferior to the Russians;
I don't think we are behind them, yet. But they are certainly catching up to us
awfully fast, and, if we don't redouble our own efforts and pass and surpass the
U. S. A., the time might come when we won't be as well satisfied as we are now.
We must surpass all our previous efforts not merely to match Russian effort
(we shall grossly misinterpret the demands of the new age into which the world
has moved if we set our sights no higher than that) but really to meet ''the
challenge and promise of the scientific revolution."

This more exhilarating challenge of the frontier of science and its rich
promise of constructive awards underlay more of the discussions of the Con-
ference than I have indicated here today. It was the special subject of a round
table chaired by Dr. Harrison Brown of Cal Tech who has become something of
an apostle of the scientific age. Another group, under Mr. Alfred Neal, Presi-
dent of the Committee on Economic Development, discussed '"The Economic
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Implications of an Adequate Science Program' to meet the demand of the
scientific revolution. The opportunities offered by the scientific age were the
basis for most of the suggested educational reforms discussed. The need for
- these reforms was seen at New Haven--and will, I hope, be seeun in every
county in America--not as preparation for a manpower race with Russia, but
as a preparation for a perhaps soberer but more intellectually venturesome
citizeury, a less complacent but more confident national attitude, and, above
all, a more spirited and dedicated democracy.

I cannot do better than to close where the Yale Conference began, with
excerpts from Dr. Killian's opening address:

‘With all of the responsibilities and challenges it faces today,
our nation must ask of us, its citizens, a certain height, and
this height is increasing. The gathering obligations and
challenges of our time place a mounting premium on excel-
lence, on high performance, on better taste in all our work
and living in the United States...... More than any other kind
of society, democracy requires talent and leadership......
(But) it is not enough for the exceptional to act exceptionally.
Throughout the entire spectrum of individual abilities, our
goal should be to achieve the opportunity and incentive for the
fullest possible exercise of each individual ability...... There
is a need for more vigor and more emphasis on excellence in
the secondary schools...... America's strength requires that
the American people attach a higher value to the hard labor of
rigorous thought...... Our goal should be to meet our own
indigenous needs superbly well and. . .the achievement of a
high degree of scientific literacy among the rank and file of
Americans. A man cannot be really educated in a relevant
way for modern living unless he has an adequate understanding
of science. The defensiveness of those of us who used to attach
ourselves to the humanities I think is unfortunate. One can't
read science out of liberal education at the present time.

Such is Dr. Killian's prescription. Filling it will not be easy, but it is
essential to the continued healthy growth of the nation.

‘We need not doubt that the American people can and will do what is
required if the participants in such meetings as this one will carry the message
of the need and its urgency into their own communities. That is one of the
highest services we can render our country today.
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Mr. de Guigne: Thank you very much, Dr. Bevis. I am sure everyone
joins me in expressing our appreciation to Dr. Bevis for his efforts to hold
open a spot in his busy schedule to permit him to come out here and participate

in our conference.

Gentlemen, according to my agenda, that seems to be it. As you heard
from Captain Foley, there will be a tour of the Naval Postgraduate School and
I have been asked to suggest that those desiring to make the tour assemble in
small groups at the left side of this room. The meeting stands adjourned.



DINNER
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Mr. Thompson: It is an endorsement of the importance of the Inter-
national Science Foundation's Brainpower Forum that the speaker I am about
to present replied with such enthusiasm when our president, Mr. Champion,
invited him to speak on "The Critical Element in our Brainpower Picture--

Quality not Quantity. "

Dr. Joel Hildebrand, Professor of Chemistry Emeritus at the
University of California, is uniquely qualified to speak on this subject. He
has had a varied and interesting career. Aun outstanding chemist, he received
in 1952 the American Chemical Society's prize for contributions to chemical
education and served as the Society's president in 1955.

I think that I can perhaps introduce him best by quoting to you the
‘citation with which the University of California bestowed on him the LL.D. in
1954:

Member of the faculty since 1913 and former Dean, both of the

College of Chemistry and the College of Letters and Science.

He and the modern University of California have grown up
together, each countributing to the greatness of the other.

A scientist, honored many times, nationally and internationally,
for researches on solvents. A teacher of generations of
students, who has made the study of chemistry and exciting
intellectual adventure. An administrator conscious of the whole
university--the humanities, the fine arts, the physical sciences,
student life, and faculty government. Even in these days of his
retirement he is the chief citizen of our academic community.

I have now the very pleasant function of presenting Dr. Hildebrand.

Dr. Hildebrand: I have been pleased by the topic assigned for this
address because I have long been disturbed by the extent to which what is
called "'scientific manpower'" has been discussed in terms chiefly of supply
and demand. This indicates failure to understand the differences between
explorers on the one hand, and practitioners, consultants, and technicians
on the other. These differences are most clear in relation to the very
question of supply and demand itself.

The latter categories are necessary in order to perform certain
needed services. If the supply is unequal to the demand, society suffers;
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if it is excessive, there is unemployment. The need for dentists, for example,
is determined by the size of the population and the incidence of dental caries.
A well-run society would seek to provide enough, but only enough, well trained
dentists to supply its needs. The relation of explorers to society is very
different. They do not advertise any services for sale in the yellow pages of
the telephone directory. Society published no "want ads' for someone to
discover America, or the laws of motion, or the Periodic System of the
Elements, or the Quantum Theory, or the Uncertainty Principle, or to manu-
facture the trans-uranium elements. Only the explorer himself has the vision
of what he may find. The editor of the Saturday Review asked me to predict
some future advances in science. I replied that I could venture only tentative
predictions of those I myself hoped to make.

Creative scientists differ from the others I have named also in that they
do not compete for jobs. Instead, they make them. A large chemical company
stated that 30% of its employees were eungaged in producing products not known
fifteen years earlier. Who created these jobs? The scientists who had made
the discoveries upon which they were built.

These distinctions I do not intend to be invidious. Society needs experts
and consultants as well as explorers; it needs persons who can make available
to non-experts the knowledge, the "know-how, ' that has gradually accumulated
with the advance of civilization; it needs people who know the best answers pre-
sently available. But civilization that does not grow dies. We need also persons
who can get answers to many questions better than those we now have, and,
furthermore, we need persons who can think up new and better questions. Such
answers to infections as were furnished by iodine and phenol were not the best;
the sulfa drugs were better, and antibiotics still better, though not, as yet, the
final best.

The standing of a scientist is not measured by what he knows but by what
he has done, not by knowing a vast store of answers to old questious but by having
invented some good new questions and put them to nature in such ways as to obtain
answers. His ingenuity has often been expressed by the invention of new instru-
ments or greatly extending the range and precision of the old. The microscope,
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the cyclotron, the radar telescope, the oscillograph, the cloud chamber, the
bubble chamber, all have been vehicles for exploring new territory.

Some great discoveries have been made by men with eyes and minds
more alert to the unexpected than are ordinary people. Examples include
the discovery of X-rays by Roentgen and of penicillin by Fleming.

Persons who are able to deal with new scientific questions and new
answers are always in short supply, as are highly creative people in the
arts. Onuly a few are born with the peculiar combination of qualities neces-
sary for the making of truly great poets, novelists, actors, violinists,
scientists, and teachers. One has only to spend an evening before a tele-
vision set to see how far the demand for that sort of talent exceeds the
supply. Most of us look back to school and college days when just a few
teachers towered far above the mass of good, mediocre, and poor.

I speak mainly about creative scientists because it is their discovery
and training that I know most about from having spent my life at it. To be
a productive scientist one should have several qualities in good measure,
each of which is comparatively rare among the population, and which, in
combination, are extremely rare. Their scarcity is a simple matter of
probability.

In order to make the point clear, let us put it this way. If there are
five recognizably different and unrelated qualities essential at a high level
for success and one man in ten possesses one of them, the probability that
all five qualities will be combined to the necessary degree in a single
individual is 1 in 105, i.e., one in a hundred thousand. This illustrates, in
principle, why great men in any important field are always and always will
be in short supply. It should alert us to the fact that we should prize, foster,
and utilize so slender a resource with the utmost solicitude. It differs from
some other natural resources in that it is perishable. If a mine or oilfield
is not exploited, it remains for future use; but a youth who may have
potential creativity will be forever lost to society if he is never confronted
with the necessary challenge and the opportunity to develop his talents. It
is often asserted that a genius will develop willy-nilly. That is not so.
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Potential scientists rarely develop in an unscientific environment.

There is much evidence that the early years are critical for developing
scientific talents. I had this to say in an address in Chicago several years ago:

The awakening of the scientific spirit may occur anywhere along
the line, from early childhood to adulthood, and the determining
influences are various, including books, parents, friends, and
teachers. There are also adverse influences, such as poverty
poor teaching, social distractions, a thirst for riches, and falling
in love with the wrong girl. I wish to discuss some of these as
they operate at various stages of development: in early childhood,
in high school, in undergraduate and graduate years in college and
university.

There are many scientists whose interest in science was awakened
very early. I was not more than ten years old when I was intro-
duced to physics and chemistry by a man who came once a month
to the little private school I attended and performed experiments
in elementary chemistry and physics. I was entranced and re-
peated at home every experiment for which I could assemble the
necessary materials. I acquired a set of nature readers from
which I learned about bees, ants, dragon flies, tadpoles, and frogs
and discovered my pleasure in telling my playmates about them as
we wandered in woods and fields. (I had already, you see, the
makings of a professor.) Later, I was allowed to have a room in
the attic as workshop and laboratory.

I have sometimes wondered how I would be developing if I had been
born in 1941 instead of in 1881. Would I be pretending to study with
a radio blaring in the room? Would I be reading '""comics" and
"science fiction" instead of astronomy, geology, and chemistry?
Would there be television in my home, turued on continuously and
unselectively? Not necessarily, perhaps, but with all my friends
talking about these things, and school trying chiefly to''socialize"
me, I am not sure I would have had enough strength of character
to go my own way. A little girl who lives near us lamented
bitterly to her mother that, as they ride home in the school bus,
her friends all talk about nothing but television, '""and we don't
have it and they simply ignore me''" I am glad, therefore, thatI
was born in 1881 instead of 1941 and could occupy my mind with
science facts instead of opening it indiscriminately to science
fiction and the pseudo-scientific frauds of advertising.

There is much that a parent can do to develop the intellectual
possibilities latent in his child. One of the most effective is to be
interested in the subjects his child is studying. Too often the
parent merely inquires into grades and rewards or punishes
accordingly. But the goal of education is not marks but under-
standing, and, if a father treats his son's problem in algebra as
at least as interesting as a problem in bridge, he may not only
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assist in a desirable motivation for his child but also jar his
his own brain out of its quiescent state. My daughter studied
anthropology under professors of distinction. Weekly,
during her freshman year, she was my guest for lunch at the
Faculty Club and gave me a summary of her intake for the
week. This not only helped her to organize her knowledge
but filled with fascinating material a gap in my own education.

Some pareunts actually discourage a child's efforts at self
education. My zoologist son, who from early youth was
surrounded by specimens, bones, skins, and a menagerie
awaiting death and dissection, was allowed by his indulgent
mother even to keep carcasses in the family refrigerator.

He ounce let a friend have several white rats from his colony.

But, the next day, the lad brought them back, tearfully

explaining that his mother would not let him keep them. Our

boy remarked at supper, "I knew the minute I saw that

woman that she would not let him keep them.' His own

mother's stock was boosted further by the comparison. She

restrained more than one natural feminine impulse in the

interest of her children's education. When, for example,
another son sauntered into the living room one day with a live

garter snake round his neck, she sat unmoved, although a

lady caller nearly had hysterics.

If talent is to be developed it must be recognized as early as possible
in order to provide the desirable opportunities and stimuli. The test most
commonly relied upon is the "I.Q." I hear purils characterized by their
I.Q. scores, as a sprinter may be rated as, say, a '"ten-second man."
There have been proposals to spend huge sums of money on large-scale

testing to discover talent.

I doubt whether that would be the best way to spend the money. Iet
me tell about my first experience with such a test. Soon after World War I,
a professor of psychology in my university wanted data on the "Army Alpha"
tests that had been introduced during the war. I got the students in my two
quiz sections in freshman chemistry to volunteer as guinea pigs. One was
the top section; the other, the bottom section in my huge class. The student
who made the poorest score in the high section won the university medal for
scholarship at graduation and later a Ph.D. in chemistry and then had a
notable scientific career. A student in the low section got a higher score
than all, including me. (I stuck out my neck by taking the test with the
students.) That student, however, failed the course at the end of the term.
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What was the matter? The test itself was somewhat defective in that
it assumed that all truly alert young Americans would know such items as
who are the ""Red Sox" (I didn't); nevertheless it was not a poor test of
intelligence. Where it utterly failed was as a test of other items just as
essential as intelligence in a productive scientist: curiosity, drive,
persistence, imagination, and judgment. The university medalist had these
qualities in good measure; the "bright boy" did not.

There is another reason to mistrust "intelligence' tests. We have long
given certain placement tests to students eunrolling in our course in freshman
chemistry in order to place them in laboratory and quiz sections with others
of comparable ability. The final grades approximate rather well to the
prognosis, but there are some students who do not perform nearly as well as
they should on the basis of the tests, and there are others who purposely get
mediocre scores in order to be placed in a section where competition will not
be severe.

Words such as "intelligent' and "intellectual' are '""bad" words. People
who do not pass the tests maintain their self esteem by substituting supposed
equivalents, such as "egghead," '"square," "a brain.'" They swat the eggheads
that thrust themselves up above the general level. And they are partly right,
because supposed intellectuals have been known to say and do very stupid things.
I have advised many a student, if he regards himself as an intellectual, to keep
that fact to himself.

Although a scientist needs a good brain, there are many people with
good brains who do not and could not become scientists. There is a report in
the Scientific American for July of this year by Morris I. Stein of the University
of Chicago of a five-year study of sixty-seven industrial chemists. He found no
significant difference in intelligence between the non-creative and creative
members of the group. The respects in which the latter excelled were the
setting of more distant goals, better personal relationships, less conventional
conduct, slower and more careful analysis of problems, longer work-hours, etc.
These are not qualities measured very well by I. Q. tests or quiz programs.
They are qualities of character.
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The best way to try to predict success in any activity is to see how the
individual performs in that activity, not in some other. The person best able
to find out whether a lad is capable of becoming a mathematician is not an
educator who has studied testing, but a teacher who understands mathematical
reasoning and knows how to make that sort of activity seem exciting. The
only good way to tell whether a college undergraduate has the makings of a
research scientist is to give him a piece of research to do, not examinations
for which to plug.

In our councern for high quality, we should not try to produce only
scientists of the highest quality. We must subject the many to strong stimuli
in all the basic subjects in order not to miss the few who are capable of
responding in the highest degree. This is not wasteful because not only is
there a need for many artisans and workmen to give effect to the visions of
the designers, but there is need also for a general public sufficiently in-
formed to understand its ultimate dependence upon brainpower.

Making science interesting to the many and affording each the fullest
possible meaus to develop is the way to obtain the maximum number of
scientists of the highest quality and at the same time the larger number of
collaborators necessary for bringing to fruition the ideas that germinate in
the highly fertile minds. The ranks of the latter are best recruited not by
exhibits of ripe fruit, but by allowing the apprentices to participate in
cultivating the trees. The best education is one that takes the form of an
apprenticeship. The apprentice should be learning not primarily what the
master knows but how he works. Even if it were possible for him to
assimilate all that is known about the subject at the time, such knowledge
would not equip him for very long in the future.

Let me consider now in more detail how the raw material of the
potential scientist can be wisely discovered and developed. I shall here
preach nothing that I have not endeavored to practice as a parent, as a
teacher of some 40, 000 university students fresh from high school, of many
Ph.D. candidates, and, recently, in my own research assisted by young post-
doctoral scientists supported by the Atomic Energy Commission and the
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National Science Foundation.

I am not one of those who have sought the money and prestige to be
found in administration. Three times I have had brief tours of duty as a dean
and once in command of a military scientific establishment in France during
World War I. Now, at 76, I teach and carry on an active research program
for fun.

At the risk of being considered immodest, I give part of an introduction
by one of my sons, now Associate Professor of Physics in the Fermi Institute
of the University of Chicago. Men who produce goods are not reticent about
their merits; I am not disposed to be reticent about my work directed to
producing three male scientists and a daughter who is research assistant to
a professor of sociology. Here is that son's account of what I tried to do for
them. He said:

In a few minutes my father will speak to you of pedagogic cookery:
how to stir and season callow youths to turn out well done chemists.
His words may bring new life to teachers and new hope to students,
but those who really want the secrets of his culinary craft must

see him at his work, since teaching is for him an art more than

a science. The tens of thousands who have read his books have

had a glimpse of how he teaches. Of these the freshmen chemists
have had a better look; and, better still, his graduate students.

But best of all is the view of those in his own kitchen. Let us
examine how he teaches in the comfort of his home.

Long ago, I well remember, I asked my father, '""What do you do
for a living?" He said, "I am a chemist." "A chemist?" I said,
"What's that?' He answered, ""Let me show you what a chemist:
does, ' and right then and there he put some galvanized nails into
a bottle. He poured in some acid and put a balloon over the neck
of the bottle. In a few minutes he handed the balloon to me full
and floating. Then, with charcoal from the fireplace and saltpeter
and sulfur from the garage (we had a well stocked garage), he
made gunpowder, which he burned before my wondering eyes. By
then I had forgiven him for being a chemist.

I1had two brothers anda sister to help me quiz the Medalist. We
gave him no peace; yet whatever we asked he would listen to with
interest and then show us the answer or tell us how to figure it
out for ourselves.

Nothing inspires such faith as a teacher who never asks that you
accept a truth on faith. Here was a savant who welcomed being
put to test. Nearly every evening after dinner he would read to
us some poem or play or novel. He taught us to recognize the
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paintings of the great masters. He taught us to know all the
trees in the Sierra forests, the flowers and rocks in the field,
the constellations in the sky. He taught us how to swim and
dive, how to sail a boat. He taught us much about getting
along with people by telling us of the problems which con-
fronted him and how he proposed to solve them. He said,
""Never despair for lack of brains. You probably aren't

using the ones you have at maximum efficiency. Judgment
and perseverence go a long way to make up for lack of genius.
Look at me, " he said, "I am not brilliant; yet I have managed
to do a number of things in my life."

We were encouraged and instructed in any worth-while pursuit.

The most confirmed blockhead could hardly have withstood

the assault of intellectual enthusiasm which we enjoyed. Any

flair for science, athletics, music, arts, or crafts on our

part was noticed and the spark was fanned by a powerful hand.

As a result, enough bonfires lit the sky to reduce any mother

but mine to a cinder.

It is of the utmost importance to capitalize upon the natural curiosity
of the very young child. He should have at least one parent or teacher, at
every stage of his development, who can do for him what I tried to do for my
children. Stimulating books should be lying about where he can see them
because avid reading can often contribute more than formal schooling.

This sort of stimulus is more often than not woefully lacking in the
critical years in elementary school, especially in the key subject of arithme-

tic. What is the evidence?

Well, let us inspect it. I deal with California, leaving it to my
hearers to investigate the health of the patients in their own states. In The
Arithmetic Teacher for February of this year, there is an article by
Professor G. T. Buswell entitled "A Comparison of Achievement in Arithme-
tic in England and Central California." The same test was given to approxi-
mately 3, 000 pupils between the ages of 10 years and 8 months and 1l years
and 7 months in each area, to all pupils in attendance upon the day of the
test. Here are several of the questions with the percentage of English and
California pupils, respectively, who answered each correctly.
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Questions English California
Multiply 7 Ib. 4 0Z. by 9 59% 3%
Divide 49 touns, 1,200 lbs. by 8 48% 0%
Subtract 47 gals., 5 pts. from
86 gals., 4 pts. 49% 3%
What is 1/2 of 7 1/2? 61% 15%

How many minutes are there

between 9:30 a. m. and 10:45 a. m.

the same morning? 51% 19%
70 was a perfect score; 1,077 pupils in England scored above 53; only 13, in
California. Evidently something in California is far inferior to the same thing
in England, and I don't think it is the children. I suspect, also, that arithme-
tic is not in a healthy condition elsewhere in the United States because one
state university east of the Mississippi that I visited offers a course designated
""Math Zero."

Few adults and few elementary teachers have had their eyes opened
to the true nature of mathematics, to its beauty and its power. Their blindness
is but the natural consequence of having had teachers like those mentioned in
a certain survey of the schools of five states. Out of sixty classes observed,
ten teachers were reported ""adequate' and fifty were '""confused' by their subject
and barely able to keep ahead of their young students. Most of them disliked it
and almost inevitably transmitted their attitude to their students. The report
said:

Future teachers pass through the elementary schools detesting

mathematics. They drop it in high school as early as possible.

They avoid it in teachers' college because it is not required.

They return to the elementary schools to teach a new generation

to detest it.

In some cases this hostility takes an aggressive form. A freshman told
me that his high school counselor had tried her best to steer him away from
mathematics, his intended major in college, because, she said, "it is too hard;
you won't enjoy it." She had been certified as a counselor despite her utter
ignorance of the vital role of mathematics in our complex civilization as well as
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of the satisfaction that is to be had in mastering difficult, worth-while tasks.
If she were in the pay of the Kremlin, she could not contrive a better way to
serve its interests.

There is widespread ignorance of even the most elementary features
of science. Otherwise well educated men have asked me what keeps the
Sputniks going. There is niore astrology than science in certain newspapers.
$60 per annum per person is profitably spent by advertisers to "condition"
people, like Pavlov's dogs, to react to words that convey no pertinent infor-
mation. There is only one scientist on the Atomic Energy Commission. A
cabinet member blocked funds for basic research on the ways of nature
because, he said, ''basic research is not knowing what you are doing.' That
wasn't in Russia.

I have seen a girl in school prepare a "project' about ""hard'" water.
Under the guidance of the teacher, she had brought a carton of common salt
to make the water hard and a package of baking soda to soften it. Now common
salt is not the constituent of hard water that renders soap insoluble, and
baking soda does not soften hard water. The poor child could learn nothing
about hard water under the guidance of a teacher utterly ignorant of the
chemistry involved. I could furnish case after case of this sort.

Such projects are embodied in what are today called "units of education."
They used to be called ""lessouns' or "assignments, " but educational progress
consists partly of inventing new words: "work shop" for '"'conference, " "unit"
for "assignment." A retired teacher of my acquaintance calls them "eunuchs
of education' because ''they don't produce anything. "

A candidate for a credential to teach science cannot learn what science
is from a professor of "science education, ' such as one who declared in an
outburst of enthusiasm over his own methods, '"Where democratic interplay
is permitted, and interchange of ideas and content information is fostered,
our best teachers teach science in the midst of a glowing, vibrant, pulsing
atmosphere of''--what do you think? --'""social awareness." I have a beautiful
granddaughter who has never needed lessons from a teacher to develop social
awareness; the boys have taken care of that. What she has needed, but not
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always had, is teacihers who can make her more aware of the elements of our
culture wliich shoula be transmitted to the oncoming gereration.

The teaching of science cannot be improved by a school superintendent
who cited as a model a "core curriculum' adopted under the direction of a
school of education in waich science consists of items such as "science in
commurity living, science in personal living, consumer chemistry, landscape
gardening, outdoor science, atomic energy." That brings it up to date.) You
see, they haven't a ghost of a notion of what science consists.

Nor are pupils learning English in a California school (and good training
in English is even more important to our success in classroom chemistry than
training in chemistry in the schools), which, as described by my colleague,
James J. Lynch, Professor of Engligh, "is madly pursuing audio-visual aids"
and wiere "every newly arrived or recently resurrected film strip must be
shown in the classroom, no matter how irrelevant to the work at hand. "
Incidentally, some time ago I was present in a classroom where one of these
ubiquitous and irrelevant films was being shown. The only thing of interest I
could find going on was tne 'group dynamics' in the bac:: row, where the more
piaysically mature boys and girls were taking advantage of the darkened room
in ways entirely unrelated either to the film being shown or to the subject
matter of the course.

How can competent teachers ve provided for your children and grand-
children? Educationists say, ''give us the money". But money alone will not
do it. There are other even more serious deterrents that are seldom mentioned
and are not being removed. Oae is lack of recognition for merit, because
teachers do not trust administrators to recognize it. Aunother deterrent is the
protective tariff that educationists in most states have had written into law.

Many gifted college students who have considered teaching have balked
at the courses in education required. I offer in evidence a few extracts from a
large file of unsolicited letters. A capable teacher in San Francisco wrote to me:
The education courses which in this state are compulsory are more

often superficial and of little value than any to which I have been
subjected. Our administrators and younger teachers are strongly
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influenced by this superficiality and by the overemphasis of
the social rather than the intellectual training of the pupil

in the school. Schools of education need a searchlight turned
on them so that the trash may be discovered and weeded out.

A man in another state wrote:

Off and on since 1946 my wife had accumulated over three
semesters of college credits. Her grade average was
approximately 3.9 out of a possible 4.0, almost straight A.
This fall she took her first education course, educational
psychology. Within two weeks, on the basis of the unadult-
erated drivel contained in this course, she decided that she
would change her major at the first opportunity.

An extraordinarily competent young woman of my acquaintance has rebelled
at being required to take in-service courses in education and has been lost
to teaching. She wrote:

Five of my ten teaching years have been spent in the California
elementary schools. My only qualification to teach is an M. A.
in an academic subject. In a system where many certificated
people were not retained, I was given cousistent renewals and
offered tenure if I would take certain education courses and
become fully certified. The repetitive indoctrination sessions
which these courses represent are so akin to brainwashing
techniques that I find myself morally obligated not to take any
more of them. Having no other choice, I have resigned from
teaching.

My group at the White House Counference approved the following statement:

There are many persons well qualified to teach, by virtue
of intelligence, knowledge of specific subjects, facility in
speech, personality, and sympathetic understanding of
young people, who could be recruited to teach school if
these natural qualifications were accepted for certification
in place of course requirements in education.

Many persons, otherwise well qualified, are repelled by

courses in education that they regard as repetitive,

doctrinaire, or inferior in intellectual quality.

A considerable portion of what is taught in schools of education may
be not unfairly described as the preaching of doctrine, not the dissemination
of knowledge. There is not nearly enough positive knowledge in existence
to justify the hundreds of courses offered in most schools of education. (The
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School of Education of the University of Texas offers 351 courses') In one
university where the department of chemistry offers ten graduate courses,
education offers fifty-seven. A subject that has arrived at some intellectual
maturity, such as physics or chemistry, has a content of objective concepts,
laws, and principles of such wide applicability as to make it unnecessary to
deal in details and mere opinions.

Such observations have led me to propose as an academic law that the
number of courses given by a department is inversely proportional to the
product of scholarly eminence of the staff and the body of real knowledge in
the field.

Another major deterrent tothe recruitment and retention of able
teachers is dictation by administrators and supervisors. One teacher ex-
pressed it as follows:

The majority of administrators, department heads, and co-

ordinators have been appointed to their positions precisely

because they follow the ""party line, ' and thus they in turn

rate good those teachers who stress ''life adjustment, ' not

competence in the subject. Those teachers who stress

competence in the subject are labeled "anti-progressive, "

"subject-centered. "

A San Francisco lady wrote to me saying that she had visited the class
where her eleven-year-old son was enrolled. The teacher complained because
the boy "'thought of himself as an individual and not as a member of the group."
That would have been appropriate in Hitler's Germany, but hardly in a
democratic country.

There is a statement by Dewey in his Democracy and Education (page
127) that should be hung over the desk of every counselor and school admini-
strator. They all swear by John Dewey and quote him in support of their
policies, but they never quote this statement:

Too rarely is the individual teacher so free from the dictation
of authoritative supervisor, textbook on methods, prescribed
course of study, etc., that he can let his mind come to close

quarters with the pupil's mind and the subject matter.

My Chicago son wrote in a family letter:
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A Soviet scientist (Professor Gol'dansky) who visited us

recently made it clear that his countrymen are very proud

of Sputnik. He made two interesting remarks. He said,

"One reason we have surpassed you in developing satellites

is that, for this work, we have adopted a capitalistic organi-

zation, while yours, from what I hear, is somewhat social-

istic.”" He went on to say, ""You Americans did us an

incalculable service by your successful explosion of the

atom bomb. It brought us to life’ Now we are delighted to

return the favor."

Have we awakened? As far as I can see, we are just yawning and
stretching. There are intrenched as school administrators in many places
men who have had no more liberal education than a major in physical
education followed by indoctrination in a school of education. You can read
about them, for example, in the April issue of the Atlantic Monthly in an
article by Louise Short, wife of a University of Florida professor. These
men neither wish nor are able to teach any basic subject but prefer to
impose "life adjustment'' upon real teachers. What are we doing about

them? As far as I can see, little or nothing.

Not all are this sort. There are many, but not nearly enough, well
educated, intelligent administrators. The only way to displace the in-
competent by the competent is by electing intelligent, able persons to
school boards. Where that has been done, the schools are good. Our only
hope is to follow that course. We can expect little leadership from Uncle
Sam. It is a case of "do it yourself. "

Alfred North Whitehead wrote:

The nation that does not value trained intelligence is doomed.
Tomorrow, science will have moved forward yet another
step, and there will be no appeal from the judgment that will
be pronounced upon the uneducated.

Will that be our doom? We shall see, perhaps sooner than we should like
to think.
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Mr. Ruddock: Greetings, Scientists, Brains, and Fellow Sinners.
We have a very interesting program this morning; so I will be as brief as
possible.

I take pleasure in introducing Dr. Edward N, Saveth, Project Director
of the National Committee on the Aging, who is going to talk to us on "The
Utilization of Older Scientists and Engineers. "

Dr. Saveth: I noticed that in your previous Brainpower Forum you
made two recommendations upon which I am going to touch today in my presenta-
tion. The first of these is "making use of the reservoir of retired scientists
and engineers" and the second is''the easing of the teacher shortage by means of
the utilization of qualified retired personnel.' I will have something to say
about these points in the course of my presentation.

In today's complex world, with its ever-increasing demand for special-
ization and brainpowar, the trained professional worker exercises a key function
in giving intelligent direction to the nation's manpower,

Under a grant from the Dorr Foundation to the National Committee
on the Aging, I have been studying the older scientific and engineering worker
whose problems are not unrelated to the professional group as a whole and to
certain long-term trends in manpower utilization.

Professional, technical, and kindred workers, as the United States
Census classified them, have increased very rapidly, more rapidly than any
other census occupational category. In 1870, the professional group included
less than one-half million workers, about 3% of the labor force. In 1950, there
were about five million professionals representing 8% of the labor force. By
1950, professionals had increased three and one-half times faster than the
nation's population and three times faster than the American labor force.

Within the professional, technical, and kindred worker group,
scientists, engineers and technicians have increased more rapidly than any
other classification. They were 3% of all professionals in 1870 and 20% in
1950. By 1960, with current emphasis upon scientific training reinforcing
the long-term trend, trained scientific and engineering workers will constitute
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an even greater percentage of the professional labor force than in the past.

The influx in recent decades into the professional, technical, and
Zindred worker group has had the effect of lowering the group's average age,
compared to the rest of the labor force. The scientists and engineers are even
younger than the professional group as a whole because science and engineering
have proved more attractive than other professional categories to youth in search
of careers.

What I have been saying can be expressed statistically as follows: the
special reports of the United States Census of Population (1950) reveal that,
whereas 5. 6% of the total male labor force was 65 years and over, in the profes-
sional group only 4.6% was 65 years and over. Engineers 65 and over were 2. 5%
of the total number of engineers; natural scientists 65 years of age and over were
2.5% of their number; and the chemists 65 years of age and over ware 2. 2% of the
chemists. In newer branches of engineering, such as aeronautical engineering,
those 65 and over were only 0.3%, whereas in relatively older branches of
engineering, like civil engineering, they were 4.3%. These figures are based on
a 3-1/3% sample. (Occupational Characteristics, 1950 Population Census).
References are to male workers oniy.

I have based these percentages of the distribution of professionals by age
on the census table reporting '"Age of the Experienced Civilian Labor Force'" (1950),
including both employed and unemployed professionals. I have used this table
rather than the table reporting ""Age of Employed Persons. . . .'" because of the
significance of self-employment in the survival of certain categories of professionals
in the labor force, notably doctors, lawyers, clergymen, pharmacists, veterin-
arians, and dentists. These, for the most part, after the age of 65, can work on
their own terms and at their own pace, and they tend to show up in large numbers
in any count of employed professionals 65 and over. The table ""Age of the
Experienced Civilian Labor Force" reduces the factor of self-employment in
estimating professional suryival in the labor force.

It is apparent, therefore, that because of certain historic circumstances
attendant upon development and growth of the scientific and engineering profes-
sions, scientists and engineers who are 65 years of age and over are relatively
small percentages of the total professional groups.
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This does not mean that the problem of the utilization of the older
scientist and engineer can be dismissed lightly, Indeed, the actual number
of older scientists and engineers is at this time not insignificant and will
inevitably increase. Some gauge of their future proportion may be obtained
by looking at age distribution in the older and traditional professions of law,
clergy, medicine, pharmacy, optometry, dentistry, and veterinary medicine
in which practitioners of 65 years of age and over are about 10% of the total
number in the experienced labor force. In time, the distribution of scientists
and engineers will approach that of the traditional professions. Finally, and
I think vou will agree, proper utilization of talent is beyond numbers and
percentages.

It should be recognized that relatively few scientists are self-employed
and that, before 65 and after, they are overwhelmingly wage and salary workers.
As such, they are affected, more so than in the professions in which self-
employment predominates, by mandatory retirement policies at a fixed age.

I cannot tell you quantitatively how many scientists and engineers are
forced out of employment each year by the operation of compulsory retirement
systems. In 1952, a survey conducted by the Institute of Industrial Relations
of the University of California in cooperation with the Current Population
Survey of the United States Bureau of the Census revealed that about 12% of
all retirements in the category of professional worker were the result of the
operation of compulsory retirement systems. Since 1952, the number of
retirement systems has proliferated. It can be assumed that the number of
professionals affected has increased and that the impact of compulsory
retirement upon scientists and engineers has also increased.

The belief that compulsory retirement will be more of a problem in
the future than it is at present was expressed frequently during a series of
interviews I had with the industrial research directors of large corporations
concerning the work and retirement problems of older scientists. (In a later
stage of research, an effort will be made to express quantitatively certain of
the data collected as a result of the interviews.) This again reflects an
historical situation. Industrial research is a relatively new field in the
United States. Except for a very small number of corporations which began
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their scientific research laboratories relatively early in the twentieth century,
industrial research in this country developed significantly in the 1920's, held its
own in the 1930's, and made rapid strides in the 1940's and 1950's. Consequently,
only a relatively small number of industrial scientists are retired or are approach-
ing retirement. However, that retirement will mount in importance as a problem
in a very few years no research director whom I have interviewed has denied.

How is retirement handled at this early stage of the evolution of the'problem™?
A'l of the companies whose research directors I interviewed have some form of
retirement and pension plan. None of these pension plans discriminates between
the professional and non-professional employee. The retirement scheme that applies
to a manual laborer in a plant applies, too, to that plant's top scientist.

Some plans provide for greater flexibility than others. In some companies,
a scientist can be retained beyond retirement age (usually 65)--but not long beyond--
at the discretion of his superior. In certain others, and this condition prevails in
several of the largest industrial scientific laboratories in the country, no man
regardless of his ability can be retained beyond the age of 65.

Industrial research directors have mixed feelings about compulsory
retirement, They are aware that compulsory retirement fosters inequities insofar
as the productive scientist is forced out along with the unproductive scientist, once
the chronological age limit is reached. But they also feel that the policy of mandatory
retirement presents fewer problems administratively, Auy other policy, certain
research directors have told me, would involve them in all sorts of difficult decisions
of a personal character, involving the evaluation of the capacities of one man over
that of another,

These research directors are rather vague as to why weeding out of an
inefficient employee is more difficult at age 65 than at age 45 or 55. They mention
that the older man has been around longer, that his ties to the company are that much
closer, "One hates to offend an old-timer in his last years of service....... "

Such a point of view on the part of research directors appears to be part
of a broader personnel policy. Age-determined factors as seniority and length of
service influence significantly the personnel policies of industrial laboratories.
In most laboratories, the aim is to hire a man in his 20's or early 30's and train
him {o the needs of the company. To the man who "makes his career" with the
company, the company feels a certain responsibility which may or may not transcend
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the scientist's productivity as manifest, let us say, on the employee's

fiftieth birthday. The scientist, too, feels himself a company man. Con-
sequently, the reciprocal pattern of loyalty, employee to company and company
to employee, prevails until age 65 when, owing to compulsory retirement, the
company, without guilt but not without a sigh of relief, says good-bye to an
employee who has the satisfaction of knowirz that he made it to the end.

Thus, compulsory retirement enables the company to rid itself painlessly
of a scientist whho may not have been "pulling his full weight'" for the past decade
or more, But what of the efficient scientist who would like to stay on and whom
the company would like to have stay, but who nevertheless must go because of
mzndatory retirement? The plight of the efficient scientist, age 65, forced
to retire along with the "dead wood" is in part predetermined by failure of
the personnel office to deal courageously with the inefficient scientist ten or
fifteen years earlier.

A scientist, age 50, of average ability, finds difficulty in gaining a
foothold in the company science hierarchy. To begin with, a scientist of
99 looking for a job is suspected of professional incompetence or personal
maladjustment. Secondly, some research directors indicate that, because
of pension systems and for other reasons, they would have to make a special
pitch to the personnel office in order to hire a scientist of 50 or 55. The
industrial scientific ranks--and this is particularly true in the large corpora-
tions--are pretty much closed at age 45 or earlier, with promotion coming
from the ranks.

I am not attempting to depict the field of American industrial science
as a battleground in which creativity struggles to be born against a deterrent
hierarchy fortified by aging and tenure. No organization, certainly not a
scientific organization, can survive without structure. But it is also true
that the intelligent management of age and its concomitant of compulsory
retirement is a determinant in the ultimate efficiency of an industrial
laboratory. A study of the retirement policies of industrial scientific
laboratories should not be isolated from an overall analysis of personnel
policies in these laboratories and the role played by age in them.
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I referred above to the "intelligent management' of the age factor, But
management might well ask, "Where are the guides to such an approach?" These,
admittedly, are very few. The conclusions of H., C. Lehman in Age and Achievement
have not been tested in a laboratory situation except for the far-from--definitive
researches of Dr. Donald C. Pelz and Professor Morris Stein. Dr. E, S. Hiscocks,
writing in the British journal, Technology, on ""Age and the Scientist' in June, 1957,

has some interesting insights on the implications of Lechman's thesis for industrial
research, but he has little to offer in the way of additional experimental data. Social
science should endeavor to supply management with the data on which to base decisions.

Compulsory retirement is defended on the grounds that men in the lower
echelons are able to move up into better jobs for which they have patiently waited
these many years. In the course of interviews, the research directors return time
and again to the theme that ""'new blood" is needed, that the younger men must be given
both incentive and opportunity. Compulsory retirement, they argue, keeps careers
open to talents.

At the same time, there is a feeling among some of the research directors
that a scientist who is doing a competent job in his particular field should not be
compelled to quit at age 65. They feel there is waste in forcing a bench scientist,
skilled in a certain process, to retire. Separate this man from the job and his
usefulness to society is at an end. This man knows his particular narrow field; he
has not kept up with the advance of science in other areas. His skill is not transferrable
to another aspect of science, and he cannot get a job somewhere else doing something
else in the field of science. Owing to rapid developments in science, his skill has
become obsolete except for that particular job. (It should be pointed out that occasion-
ally, because of an industrial lag, an older man will find his place. Witness the
recent employment of an older engineer who happened to be familiar with DC motors
of 2,000 h.p.)

The research directors to whom I have spoken are very much aware of the
obsolescence of their owa skills, Having spent years in management, they are no
longer abreast of latest scientific developments. Consequently, in retirement, they
tend to look forward to selling their managerial rather than their scientific skills.
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The research directors, while aware of inequities in particular
instances of compulsory retirement, are not of the opinion that there is much
ta_ent loss because of compuisory retirement. Many of them feel that by age
65 a man has pretty much "had it, " and so has the company. At the same time,
the research directors acknowledge that both company and employee are "age-
65-retirement-oriented, " that the arbitrary age of 65 becomes a cut-off point
which management and worker are conditioned to anticipate. The employee is
expected to think of himself as ""too old to wori" and management learns to
regard him as such., Were there no automatic cut-off point, these directors
feel, a psycho.ogical hazard to continued usefulness might be eliminated.

Occasionaily research directors and, less frequently, scientists of
lesscr company rank are retained as consultants. But there is much
dissatisfaction with that status on the part of research directors who have
difficulty adjusting to a consultant status in a company operation which they
once dirccted. Besides, not all companies offer consultantships, and con-
sultantships which are offered, by admission of the research directors, are
insufficient to absorb even the small number of today's retirees.

What happens to retired scientists? In most instances, the research
directors do not know. Almost nothing is being done in the field of pre-
retirement counseling of industrial scientists, and still less is done by way
of a follow-up of the scientist in retirement, Thereare, of course, the
annual company affair to which all retired employes are invited and the
mailing address to which pension checks are sent. A vesearch director
may, on a personal basis, keep up with the retired man and might even invite
him back to do a special job. But no company pursues a policy of systematic
follow-up of its scientist retirees.

Most research directors paint a picture of the happy retired scientist,
relatively well-fixed financially, enjoying his leisure, having little or no
interest in science, anxious to quit the job for the better pursuit of his
hobbies--in brief, that of a well adjusted and happy man. And yet, not
all of the research directors themselves want to retire, One man
admitted to me that, when he first became research director, he planned
to retire at 55, Now that he is 58, he contemplates distastefully the
prospect of retirement at age 65.
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Let me conclude this discussion of interviews with research directors
by saying that the research directors are not unbiased people. As administrators
of company policy, they are inclined to defend it. At the same time, most research
directors express some uneasiness about compulsory retirement which, they feel,
has been imposed by the exigencies of pension programs, union demands, and
simplified administration. Off the record, and after a certain amount of rapport
has been established with the interviewer, they are likely to express misgivings
about compulsory retirement while asserting that they know of no alternative plan.
It may be significant that the research directors who are most critical of compulsory
retirement are those who had been themselves retired and want to return to work.
These retired research directors are by no means examplary of the picture of the
retired scientist, happy in his idleness, painted by many active research
directors.

So much for management. Now let us turn to the older scientists them-
selves. It so happens that the older scientists I have interviewed are active
people who, for one reason or another, are restless in retirement. Some are under
financial pressure; others are looking for a kind of prestige and power they once
had and lost on retirement day; others, at age 65 and more, feel a strong sense
of career; others would like to be useful in their professions; others feel a
need to belong, somewhere,

These men have taken steps, some quite ingenious, to help themselves.
Mohawi Associates of Schenectady is made up of retired Gsneral Electric
employees. Stavid Engineering Company in Plainfield, New Jersey, employs
a number of retied scientists and engineers, chiefly from the Bell Telephone
Company which has a hard and fast retirement rule at age 65. Stavid manage-
ment has been most ingenious in utilizing the talents of highly skilled older men
without allowing this practice to interfere with the advancement of younger
scientists and engineers. Shortly before I left New York for California, I came
in contact with a group of retired research directors who, under the auspices of
the Industrial Research Institute, are discussing organization of a consulting
firm in the field of industrial laboratory management. Other retired scientists
are consultants for the firms they once worked for, and still others are
government consultants. Some are teaching on the college level; a few, in
high school.
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These are most typical of the jobs which retired scientists take when
they are available. The trouble is that there are too few openings for
retired scientists. Or perhaps, not enough is being done to bring job and
retired scientist together. There is a deep need for creative research in
areas of job opportunity for retired scientists and an agency to bring together
the job opening and the retired scientist. The establishment of such an agency
and of pre-retirement counseling programs are essentials to maximum
utilization of retired scientists and engineers.

It may be that I have overemphasized the desire of the retired scientist
to return to work. It is possible that as an active researcher I have unearthed
more active than passive older scientists. Unfortunately, statistical infor-
mation has not advanced to a point where one can state precisely how many
retired scientists are both able and willing to work and how many of those who
are presently unwilling to work would again return to the laboratory under
suitable employment conditions. Nor can I describe definitively the reasons
why scientists who are well enough to work do not work and whether these
reasons, in case of a critical manpower shortage, might be modified.

Peter Steiner and Robert Dorfman in their study The Economic Status of the
Aged have revealed a relatively large group of professionals, including an

unknown number of scientists, who are well enough to work and do not work.
This is an aspect of the older scientific manpower problem that requires
further study before we can speak definitively of the manpower potential of
the retired scientists.

In other areas, too, the quantitative information we have about scientists,
retired and not retired, leaves much to be desired. On Dacember 1, 1957,
the President's Committee on Scientists and Engineers called the attention
of the general public to the lack of data concerning numbers and distribution
of scientists and engineers in the American population, regardless of age.
The decennial census is particularly remiss with respect to the enumeration
of retired scientists and, for that matter, all other workers who are retir ed.
The census takes cognizance of only those workers who are in the labor force,
A retired man is considered as not in the labor force and is not enumerated
by the Census Bureau.
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Fortunately, the National Science Foundation has established the
National Re gister of Scientific and Technical Personnel whose task is to
inventory the nation's scientific talent. From these records, it is possible
to separate out the retired scientists. The Foundation has made available to
the National Committee on the Aging records of all scientists in its files who
were 65 and older. Taking the data at its face value, the following are the
distinguishing features of 3,251 scientists who are 65 and over and who are
listed in the National Register:

(1) Approximately 35% of the group is retired. That is, of 3,251
scientists who indicated whether they were employed or retired, 1,172 said
they were retired. It is, at present, however, not possible to determine how
many of the retired group are working. (I should like to digress a moment here
to explain one of the difficulties we encounter in taking these data at face value.
The difficulty focuses on the following question which is asked of the responding
scientists: "PROFESSIONAL EMPLOYMENT: professionally employed  ;

employed but not in a scientific field __; retired ; unemployed :
full-time student . POSITION: list only your present or last professional
position ."" This question does not distinguish between

a respondent who is retired and presently employed, and a respondent who is
retired and gives his former employment. Thus, a scientist who checks
"retired" and "prefessionally employed" may be referring in the latter case

to his present position or he may be referring to his last position. Accordingly,
there may be confusion between scientists who are retired and employed and
retired scientists who indicate their previous occupation. In a communication

to me, a representative of the Register attempts clarification of this point by
saying, "Respondents were instructed to give information concerning either their
presentor lastprofessional position. Thus, in the case of retired respondents,
w2 would assume the information referred to the last position held by the
respondent. " In fairness to the National Science Foundation, it should be pointed
out that the Register is primarily a means of locating scientists and was not
designed to serve the purpose of sociological inquiry. )

(2) Whereas only 31. 6% of all scientists are engaged in the field of
education, 51.2% of the scientific retirees are from the education field. In
addition, those scientists who are 65 and over and employed are concentrated most
heavily (44. 5%) in education.
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(3) A relatively small number of scientists are retired from industry
(35.2%) and an even smaller number (13, 5%) are retired from government,

(4) Industry employs 50. 8% of all scientists whereas, as we have
pointed out above, only 35.2% of the retirees are from industry. This may
be accounted for by the fact that industrial research was slow getting under
way in the United States and, for a long period of time, educational institutions
were the largest employers of scientists. There is an additional factor which
may account for the over-representation of retired scientists from the field of
education. Several interviews with former industrial scientists who are now
teachers would seem to indicate that there is a tendency (how strong, it is
impossible now to estimate) for certain industrial scientists to shift over in
their middle 50's into the field of education. They advance as reasons the
slower pace and the possibility of a longer career line in education than in
industry. Moreover, certain of these men in recent years, in addition
to teaching, have general supervision of a government-sponsored or
industry-sponsored research project at the university.

(5) Whereas 31. 6% of all scientists report their employer as being in
the field of education, only 15. 8% are actually engaged in teaching. The
ratio of employed scientists 65 and over engaged in teaching is larger than
that of all scientists, being 29. 0% compared to 15.8% for the entire group.
Finally, the percentage of scientists retired from teaching is larger still,
34.8%. Half of all employed scientists affiliated with educational institu-
tions are teachers. The ratio of teachers to non-teachers affiliated with
educational institutions is higher among employed scientists over 65 and
higher still among the retired scientists.

(6) Statistics reveal research and development to be primarily the
field of young scientists. That is, 49.4% of all scientists are engaged in
research, development, and field exploration, whereas only 26. 9% of the
employed scientists over the age of 65 and 26. 1% of the retired scientists
over the age of 65 ware engaged in these fields.

(7) Management or administration claims a slightly higher percentage
of employed older scientists (20.3%) and of retired older scientists (19. 8%)
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than it does of all scientists (17.9%). These figures indicate that within the

age framework of American science there has been taking place a process which
parallels recommendations inherent in "Lehman's Law. " It will be recalled
that Harvey C. Lehman's Age and Achievement established that the peak age of

creativity was in the early 30's and that, once this age was passed, a man's
potential for creative endeavor--qualitative and quantitative--gradually declined.
The fact that the older and retired scientists are present in more than the normal
distribution in the fields of teaching, management, and administration and in

less than the normal distribution in research and development indicates that the
actual distribution of American scientists by age and function follows that which
Lehman's treatise implies as most desirable,

(8) Educationally, older scientists compare favorably to the younger group.
Of the retired scientists, 49.2% have a Ph.D. degree, compared with 41. 3% of
the total group. This might be explained, in part, by the fact that many of the
older scientists are or were in academic life and that the Ph. D. traditionally is
more esteemed, and incidentally more valuable, in terms of promotions and
pay increases than in the industrial laboratory of yesterday.

(9) Of those 65 years of age and over who are not retired, 10.8% are
engaged in non-scientific work, Of the retired group, 9.3% indicate that they
have retired from non-scientific work.

(10) The greatest concentration of working older scientists and
retired older scientists is in the fields of life science, chemis try and chemical
engineering, and earth science--in that order and for both groups.

This analysis of the country's older and retired scientists is suggestive
rather than definitive. I cannot tell you, for example, what proportion of the
country's total of older scientists the 3,251 cards represent.

The National Register assumes that its total deck of scientists represents
half of the natural and physical scientists in the United States. It is possible,
therefore, that the 3,251 cards of scientists who are 65 and over represent half
of the older scientists of whom there should be about 6,500. However, it is known
that older professionals tend to discontinue their membership in professional
societies. Also, there is evidence that the raile of response to questionnaires is
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lower among older professionals than among younger professionals,
Consequently, the number of older professionals included in the National
Register of Scientific and Technical Personnel may be short on two counts:
first, because the older people leave the professional societies and, secondly,
because of their lower rate of response to questionnaires.

Plainly, the evidence is insufficient for me to give you a precise figure
as to the number of older scientists, the extent to which they are being utilized,
and the amount of under-utilized older talent. The best I can offer is informed
guesses. I should say that there are certainly no fewer than 6, 500 natural and
physical scientists who are 65 years of age and older and that about 65%, or
4,225 are employed. Of the approximately 2, 275 scientists who are not working,
a little more than 10% are not well enough to work. My guess is that there is a
pool of at least 2,000 natural and physical scientists who are not working and who
are capable of working. How many of these want to return to work, and under
what conditions, I cannot tell you.

I do not mean to suggest that full utilization of at least 2, 000 older
scientists will solve current shortages. Indeed, I hesitate to enter the lists
in the debate over shortages because of the complexity and ramifications of the
subject. Assuming that a shortage exists, a limited number of older scientists,
concentrated mainly in fields like the life sciences where the shortages tend to
be less acute, may be less of a solvent than is popularly believed. Full utiliza-
tion of the older scientist will help meet the problem of shortages, but my
tentative feeling is that there are too few of the older scientists to begin with,
and far too few in the right fields, to make much of an impact upon the nation's
manpower supply. At the same time, if a labor shortage may be defined as the
lack of the right men to fill the right job, this is sufficient reason for inventorying,
conserving, and utilizing skills of older scientific workers.

There are other reasons, too. (I am afraid that I have overwhelmed you
this morning with statistics.) We should not lose sight of the fact that behind the
statistics there are human beings. Many of these people are anxious, even eager,
to be useful. The fact that they are not being utilized because of age barriers is
as serious a problem to them as it is to the society they would serve,



COMPARISON OF DISTRIBUTION OF SCIENTISTS 65 AND OVER BY EMPLOYER, FUNCTION, AND EDUCATION

VITH ALL SCIENTISTS IN THE NATIONAL REGISTER OF SCIENTIFIC AND TECHNICAL PERSONNEL* >
Type of Industry Government Education
Employer No. Percent No. Percent No. Percent No. Percent
All tcientists 86,453 100.00 43,949 50.8 15,204 17.6 27,300 31.6
Employed, 65 plus 2,050 100.00 799 39.0 338 16.5 913 44 .5
Retired, 65 plus 827 100.00 291 35.2 112 13.5 4ol 51 .2
Research, Dev.
or Field Managmnt or

Type of Exploration Admnstrtn Teaching Production Other**
Function No. Percent No. Percent No. Percent No. Percent No. Percent No. Percent
.11 Scientists 74,177 100.00 36,671 4g9.4 13,249 17.9 11,706 15.8 2,589 3.5 9,962 13.4
Employed, 65 plus 2,079 100.00 526 26.9 399 20.3 569 29.0 41 2.0 421 21.5
Retired, 65 plus 1,172 100.00 194 26.1 147 19.8 258 34.8 13 1.3 130 17.5

Bachelor's & Less than a

first prof. Bachelor's

Ph.D. degree Master's degree degree Degree

Education No. Percent No. Percent No. Percent No. Percent No. Percent
411 Scientists 85,986 100.00 35,513 41.3 21,600 25.1 27,373 31.8 1,500 1.8
kmployed, 65 plus 2,040 100.00 996 47.3 418 24 .9 566 27 .4 60 2.1
Retired, 65 plus 1,156 100.00 570 49.2 216 18.6 335 28.9 35 el

*Figures for "all scientists" based on the 1954-55 deck of 94,000 scientists. Figures for older
scientists are based on the current deck of 126,000 scientists. It is the percentages, therefore, which
are significant for comparative purposes.

**Includes consulting, clinical practice, engineering economics or evaluation, technical writing and
editing, patents, or library work; design, inspection, clinical analysis, testing or analytical and
process control; technical sales and services or marketing and purchasing.
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Mr. Raddock: Thank you, Dr. Saveth, for that comprehensive and
penetrating insight into an extremely critical problem. Are there any
questions which any of the members of the group wou