number of sea-salt particles, both because
of sedimentation and removal in rain.
Measurements show an order-of-magni-
tude decrease in the number of large par-
ticles as maritime air moves from the
Gulf of Mexico to the vicinity of St.
Louis, during the summer months. Meas-
urements in Arizona and New Mexico
show even smaller chloride concentra-
tions, presumably because of the long
overland trajectories required in reach-
ing these areas. The maritime particles
lost in overland trajectories apparently
are more than replaced by particles of
land origin. The latter are usually of
mixed composition and are less favor-
able for the formation of outsized solu-
tion droplets.

3) Ice nuclei, required for the forma-
tion of ice crystals and for droplet freez-
ing, are rather rare at temperatures
higher than about —10°C. This, of
course, accounts for the fact that natural
clouds undergo extensive undercooling.
Because of the scarcity of suitable nuclei,
precipitation through the ice phase usu-
ally is not found in clouds warmer than
about —15° to —20°C. Natural cirrus
clouds might provide ice nuclei for pre-
cipitation at somewhat higher tempera-
tures, but this possibility has not been
extensively studied.

4) Precipitation in tropical clouds in-
variably first develops through the all-
water mechanism; points discussed in

paragraphs 1, 2, and 3 above all work
toward this end. Tropical clouds which
reach to heights above about 25,000 feet
also develop precipitation through snow
pellets.

The data for mid-latitude clouds are
conflicting. Some measurements suggest
that summer clouds in the central
United States and in the semiarid South-
west develop rain largely through the all-
water process; existing theories support
such a suggestion. However, flight meas-
urements indicate that there is consid-
erably more ice and snow in the clouds
than can be accounted for by present
theory; as a consequence, one must be
careful in ruling out the ice mechanism
in these areas. It appears to me, how-
ever, that the ice particles in these clouds
are best accounted for through the hy-
pothesis of freezing of drops which have
grown to fairly large size through dif-
fusion of vapor. Thus, the ice would be
only incidental to the precipitation de-
velopment.

Winter clouds in the central United
States and almost all of the clouds of
northern United States and Canada ap-
pear to precipitate largely through the
ice-crystal mechanism. The relatively
cold cloud bases and the continental
sources of air masses in these regions ap-
pear to retard the warm-rain mecha-
nism to the point where the ice mecha-
nism dominates. But here again, a great

Science and Public Policy

Recent actions by the Federal Government in helping

science and technology help the nation are surveyed.

Those of you who planned this joint
meeting of Phi Beta Kappa—-Sigma Xi
had a happy inspiration. You reduced
the number of scheduled annual speeches
by one—an act of the purest sort of hu-
manism not easily come by—and you
exemplified Laertes’ observation that “a
double blessing is a double grace.” By
joining forces tonight you doubly bless
the theme of this AAAS meeting and en-
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dow with grace your proclamation that
man and his world are one and that sci-
ence and humanism are complementary,
each dependent upon the other.

You also have placed the speaker you
didn’t cancel in a position of double re-
sponsibility, if not double jeopardy. That
I had the temerity to accept your invi-
tation bespeaks my sense of privilege in
speaking on this occasion.

deal of research must be completed be-
fore a firm conclusion can be drawn
(18).
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To relate my remarks to the theme of
this AAAS meeting, I wish to discuss
some of the ways in which the affairs of
men and the affairs of science interact in
the area of public policy-making. This is
a subject very much in vogue today. It
is a topic of conferences, and universities
appropriately are beginning to establish
special programs dealing with science
and public policy. My approach, how-
ever, is not academic; I come to you
fresh from the firing line, where I have
been engaged day in and day out in mar-
shaling scientific advice for the Federal
Government. I report to you on this ex-
perience—on the work of the Office of
the Special Assistant to the President for
Science and Technology and of the
President’s Science Advisory-Committee.
Until November a year ago, this office
never existed in its present form in the

Dr. Killian is Special Assistant to the President
for Science and Technology. This article is
adapted from an address delivered 30 Dec. 1958
before the 125th annual meeting of the American
Association for the Advancement of Science, in
Washington, D.C.
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Federal Government, nor had there been,
save in wartime, a Science Advisory
Committee directly responsible to the
President.

Before reporting on these particular
activities, however, I wish to list some of
the efforts which have been made since
Sputnik to strengthen science and to re-
late it more effectively to policy-making.
These efforts have been made in many
places—in the Executive Branch, in Con-
gress, in international organizations, and
wherever our scientists do their work.
They have been directed at multiple ob-
jectives: to enhance the excellence of
our science, both basic and applied, and
to add to our effort, relatively, in basic
research; to extend the recognition of
science as a creative activity that aug-
ments man’s dignity and understanding
and affords him intellectual adventure of
the highest order; to recognize that out-
standing accomplishments in science ap-
peal deeply to the hopes and aspirations
of men everywhere and contribute to the
prestige and good will of nations; to
demonstrate that the democratic environ-
ment of the free world is the best en-
vironment for achievement in science;
to improve the ways in which our Gov-
ernment uses and supports science; to ap-
ply it more effectively to improve our
environment, to strengthen our economy,
to improve the health and welfare of
our citizens and the peoples of the free
world; to promote international under-
standing and good will; to insure that
science and technology contribute their
maximum to the defense of the United
States and the free world.

I pause to recall these objectives be-
cause the campaign in which we are en-
gaged to strengthen science and use it
wisely must embrace them all if it is to
achieve full success.

And now let me summarize some of
the events and some of the efforts made
since Sputnik to strengthen our science
and its use, especially on the part of the
Federal Government.

In two speeches during November a
year ago, President Eisenhower called
for a many-pronged effort to insure that
the best resources of science and scien-
tific manpower be mobilized in support
of national security and welfare. He em-
phasized the importance of strengthening
science education and of bringing our
over-all scientific and technological effort
up to peak performance. As he said later
in his State of the Union message, “In
both education and research redoubled
exertions will be necessary on the part of
all Americans if we are to rise to the de-
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mands of our times.” He called for better
exchange and better cooperation among
the scientists of the free world. In calling
for the most effective possible use of sci-
ence and technology in behalf of na-
tional security he stressed at the same
time the vital need for basic research and
the contributions which science can make
to a better life for all men. Through
these messages he heightened public
awareness of the need for better science
and better science education and he
made specific proposals for action.

In the months that followed, these pro-
posals were translated into action.

Record of Progress

The program of the National Science
Foundation was expanded. The funds
available to it were increased from a
total appropriation of $50 million in
fiscal 1958 to $136 million in fiscal 1959.
As a result, the Science Foundation has
been able to increase its support of basic
research and expand its programs for
science-teacher training and other efforts
contributing to the quality of science
education. The National Science Foun-
dation has really come into its own, and
is now one of the Government’s major
means for advancing science and for sup-
porting basic research.

The Department of Defense Reorgani-
zation Act reflected the impact of mod-
ern weapons technology and “systems
engineering” on military organization,
and by providing for the new office of
the Director of Research and Engineer-
ing, to which a scientist, Herbert York,
has just been appointed, stressed the im-
portance of high-level formulation of re-
search and development policy. and
supervision of the over-all program of
defense research and development. Dur-
ing the year, also, the Department of De-
fense brought into operation the Ad-
vanced Research Projects Agency to
sponsor long-range research for defense
and to undertake projects of common
interest to the military services.

Last spring, upon the recommendation
of the Administration, Congress passed
legislation creating the National Aero-
nautics and Space Administration to pro-
vide a civilian-directed and civilian-
oriented space science and exploration
program. The new NASA continues the
work of its predecessor, the National
Advisory Committee on Aeronautics, and
in the same manner as this latter agency,
it provides research support for military
aeronautics and space programs.

The Act which created the NASA also
established the National Aeronautics and
Space Council, a body advisory to the
President and presided over by him. This
council is unique in that its membership
includes both government officers and
members from outside of government, in-
cluding civilian scientists. Those who re-
member the congressional debates over
the organizational form of the Atomic
Energy Commission and the National
Science Foundation will find much of in-
terest in the legislative provisions for the
NASA and for this new council.

Altogether the year brought an im-
pressive array of organizational innova-
tions for the management of government
programs in science and technology and
for the provision of scientific advice at
policy-making levels. The NASA, the
National Aeronautics and Space Coun-
cil, the Advanced Research Projects
Agency, and the new post of Director of
Research and Engineering in Defense,
the Science Adviser in the State Depart-
ment, the Special Assistant to the Presi-
dent for Science and Technology, the re-
constituted President’s Science Advisory
Committee, and the newly authorized
Federal Council for Science and Tech-
nology, which I shall discuss presently—
all these taken together convey the sense
of urgency to improve the management
and promotion of science by the Federal
Government.

In listing these organizational changes
it is appropriate to recall the thoughtful
comment of Don K. Price that, “in the
organization of the government for the
support of science we do not need to put
all of science into a single agency; on
the contrary, we need to see that it is
infused into the program of every de-
partment and every bureau. We do not
need to insulate it from executive author-
ity; on the contrary we shall protect it
best from political interference and en-
able it to be most effective if we give
it a direct and effective relationship with
the responsible executives, as well as the
support of well organized groups of ad-
visers from the leading private institu-
tions of the nation.”

Next in the record of the year’s ac-
complishments is the National Defense
Education Act. While designed to aid
education generally, this act contains im-
portant provisions specifically directed at
strengthening science education—as, for
example, the matching grants it makes
available to the states for refurbishing
and re-equipping high-school science
laboratories.

The State Department reestablished
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the Office of Science Adviser and ap-
pointed to this office the president of the
American Association for the Advance-
ment of Science. It also authorized the
appointment again of scientific attachés.
About a fortnight ago, announcement
was made by the Department of the ap-
pointment of seven of these attachés.

NATO has strengthened its organiza-
tion for promoting the use of science,
both by NATO itself and by the mem-
ber countries. During the year a Science
Adviser to the Secretary General of
NATO was appointed, and a NATO
Science Committee was established. In
addition to these NATO actions, the
year brought significant increases in the
science program of the Organization for
European Economic Cooperation.

In many ways the most striking ac-
complishment of the year was the pro-
gram of the International Geophysical
Year. This has been an unprecedentedly
productive and successful international
effort. While governments have helped
to support the program, it has been car-
ried out by a nongovernmental inter-
national organization, the International
Congress of Scientific Unions. The suc-
cess of ICSU in coordinating this world-
wide program suggests the pattern for
future international programs in science.
During the year ICSU established inter-
national committees on Oceanographic
Research, on Antarctica, and on Space
Research.

In addition to the above, there have
been other important advances in inter-
national cooperation, notably the second
Atoms for Peace Conference in Geneva.
It was at this conference that the United
Kingdom and the United States joined
in announcing the declassification of re-
search in the field of fusion. At this same
conference the United States staged a
superb exhibit that contributed impor-
tantly to the dissemination of informa-
tion about peaceful uses of the atom and,
in doing so, greatly enhanced American
prestige abroad.

A number of important actions were
taken this past year by Congress and the
Executive Branch to improve the status
of scientific personnel in the service of
government.

The President’s Committee on Scien-
tists and Engineers completed a success-
ful year in their efforts to improve the
utilization of scientists and engineers
across the nation, to enlarge our statisti-
cal knowledge of the nation’s resources
in this field, and to strengthen scientific
education and counseling.

The House of Representatives estab-
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lished a Standing Committee on Science
and Astronautics, thus creating for the
first time in Congress a single committee
which is concerned broadly with basic
science. The Senate also created a new
Standing Committee on Astronautics and
Space Science, but so far its scope does
not encompass the broad range of sci-
ence. Upon recommendation of the Na-
tional Science Foundation, Congress also
gave authority to government depart-
ments and agencies to make grants for
scientific research as well as contracts
and to vest title to research equipment
procured with contract funds with the in-
stitution involved.

In assembling here this record of prog-
ress, I do not wish to leave the impres-
sion that we have done more than make
a start on the great task of realizing the
full potential of science in the United
States and in the free world. Much re-
mains to be done, but the record makes
it clear that we can make headway. It
also illustrates the multiplicity and va-
riety of the things which must be done
to bring our science and technology up
to peak performance. It demonstrates
that we advance by “steps and not by
leaps,” to use Macaulay’s phrase.

Science Advisory Committee

Let me turn now to another part of
the year’s record and describe the or-
ganization and work of the President’s
Science Advisory Committee since it was
reconstituted at the White House level

and since the appointment of the Special
Assistant to the President for Science and
Technology.

The committee is concerned broadly
in making scientific advice and analysis
available where they are needed in the
formulation of national policy. It is also
concerned with the effect of national
policies on the nation’s scientific and en-
gineering activities.

There has been apparently a miscon-
ception abroad that my office and the
Science Advisory Committee have oper-
ating responsibilities. We do not. We
have no operational responsibility, for
example, for the development of mis-
siles or satellitess. We have, of course,
made intensive studies of various aspects
of our missile and space programs for
the information and use of the President.
Neither do we have any responsibility to
decide policy. My function and that of
the committee is to provide answers to
questions raised by the President, to un-
dertake assignments for him of an advis-
sory kind, to mobilize the best scientific
advice in the country, and to make rec-
ommendations to him in regard to ways
by which United States science and tech-
nology can be advanced—especially in
regard to ways by which they can be ad-
vanced by the Federal Government—and
recommendations on how they can best
serve the nation’s security and welfare.
This advisory service, the President has
indicated, is available also to members of
the Cabinet and other officers of Gov-
ernment when they wish it.

One of the principal functions of the
Science Advisory Committee is to pro-
vide a communications center for science
in the Federal Government and thus to
facilitate intercommunication among
various scientific activities within govern-
ment and between the civilian scientific
community and the Government. It is
important to note that the president of
the National Academy of Sciences is ex-
officio a member of the committee and
that the outgoing president of ICSU has
also been a member. The director of the
National Science Foundation and the
Science Adviser of the State Department
sit with the committee, and the Director
of Research and Engineering of the De-
partment of Defense and the chairman
of the Defense Science Board are mem-
bers. Warren Weaver once observed that
“what science needs is not a lot of plan-
ning, but a lot of convenient communi-
cation, so that controls may arise natu-
rally from feedback.” I am sure that I
and the members of the Science Advisory
Committee share this view.
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The 18 members of the committee are
representative of those fields of science
and technology currently important to
the Government. With the exception of
certain ex-officio members, the regular
members of the committee have limited
terms, and thus the membership on the
committee rotates. Rotation of members
will bring to the committee different
points of view and fields of science not
hitherto represented. It will also help the
committee to avoid ever becoming inbred
in its point of view.

In carrying on its work for the Presi-
dent, the Science Advisory Committee
is organized into a group of panels which
include both regular committee members
and other engineers and scientists se-
lected from outside the ranks of the
committee. Some of these panels have
standing responsibilities; others are called
together for ad hoc assignments. This
panel structure has been a marked char-
acteristic of the work of the committee,
and the intensive studies made possible
by the individual panels have enabled us
to tackle problems which could not be
effectively undertaken by the committee
itself with its limited membership. The
panels are responsible to the Science Ad-
visory Committee, but they draw into
our councils a wider range of scientific
experience and expert advice than can
be provided by a single committee. The
committee also serves as a board of con-
sultants to me as Special Assistant to the
President. This relationship is highly im-
portant. One man should not try to rep-
resent science or to provide expert advice
in a variety of fields. I draw upon the
full range of advice and experience of
the Science Advisory Committee and its
panels. The committee has the preroga-
tive, when it chooses, to report directly to
the President. As special assistant I also
have, in addition to the Advisory Com-
mittee and its panels, special consultants,
task forces, and staff. At the present time
the Science Advisory Committee and my
office have about 75 scientists and engi-
neers serving part time.

It is important to note that the Special
Assistant for Science and Technology is
invited to sit in on meetings of the Na-
tional Security Council and the Cabinet
and, when it is appropriate or requested,
to present the views and findings of the
Science Advisory Committee. The Presi-
dent has thus created a mechanism to
bring objective scientific and engineering
advice to the top levels of government in
a manner that reaches across all agencies
and departments and yet can serve each
of them.
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In creating this new post and in re-
constructing the Science Advisory Com-
mittee, widening its scope and associat-
ing it with the White House, the Presi-
dent has given special recognition to the
fact that science and technology, apart
from their use in solving specific prob-
lems, have a direct and creative impact
on the formulation of public policy. The
reconstitution of the committee and the
establishment of my office have stimu-
lated an extraordinary array of requests
within government to make scientific ad-
vice available. The problem has been to
avoid being overwhelmed by the many
requests for advisory services while at the
same time trying to respond helpfully
and promptly whenever a need exists.
The President’s Committee has encour-
aged the strengthening and full use of
each department’s and agency’s own ad-
visory groups.

One of the current concerns of the
committee and myself is the difficulty of
bringing younger talented scientists and
engineers into our own panels and into
other types of advisory service to the
Government. So many of the scientists
and engineers who now serve in advisory
capacities are the same ones who held
important posts during World War II.
Although their wisdom and experience
are invaluable, this group is overworked.
We have great need for bringing to the
service of the Government a new gen-
eration, and we need to find methods of
doing this which will make their services,
skills, and fresh ideas available without
handicapping their professional develop-
ment or curtailing their vital contribu-
tions to science. As we widen the net for
first-rate talent, we need also to remem-
ber that this talent is to be found within
the Government as well as outside and
that the advisory functions at the top
level of government can benefit from
groups that represent activities both
within and without government.

Work of the
Science Advisory Committee

Turning now to the substantive work
of the Science Advisory Committee and
its panels, let me select the following five
examples and report on their work.

First, the panel on space science took
the lead last winter and spring in suggest-
ing the elements of a “down-to-earth”
program in space science and in provid-
ing a basis for proposals which were sub-
sequently made by the Administration
on the organization of a space agency.

The panel prepared a statement, ““Intro-
duction to Outer Space,” for purposes of
public information, and this was issued
by the President as a formal paper pub-
lished under the imprint of the White
House. This statement has had circula-
tion running into many millions. It has
had value, too, in helping the American
people share, through understanding, in
one of the great adventures of our time.
It has also helped, I hope, in distinguish-
ing between what is authentic and sound
in space planning and what is fantasy.

Second, the panel on scientific infor-
mation (the report of which was made
public several weeks ago) addressed it-
self to the problem of how best the ra-
pidly growing volume of foreign and do-
mestic scientific and technical informa-
tion can be mobilized to meet the critical
needs of our scientists and engineers in
furthering new research and of how the
Federal Government should organize to
assist in this mobilization.

I hardly need to point out the prob-
lems which arise from the growing vol-
ume of scientific publications. Currently
there are some 55,000 journals contain-
ing articles of significance for some
branch of research or engineering in the
physical or life sentences. More than 60,-
000 books are published annually in these
fields, while approximately 100,000 re-
search reports remain outside the normal
channels of publication and cataloging.
The problem is further complicated by
the fact that a large and important pro-
portion of the world’s scientific literature
appears in languages unknown to the ma-
jority of American scientists—Ilanguages
such as Russian and Japanese. Russian-
language publications now account for a
tenth or more of the scientific literature
published in the world. A recent
UNESCO report concluded that about
0.1 percent of American scientists and
engineers read the Russian language,
while approximately 50 percent of Rus-
sian scientists and engineers read English.
We must now anticipate a growing vol-
ume of scientific and technical publica-
tion in Communist China, and this will
place new requirements on our translat-
ing services.

The solution proposed by the panel
was based upon the conviction that we
should not follow the Soviet pattern of
establishing a centralized information
center but should seek instead to coordi-
nate the many very excellent programs
we already have in this field, among both
government agencies and private insti-
tutions.

In the course of the panel’s review of
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the problem, there developed a wide-
spread consensus, not only among the
members of the panel but among many
representatives of the different agencies
of government and of nongovernment
institutions, as to what the proper solu-
tion would be. As a consequence, much
of what the panel finally recommended
had already been widely accepted within
and without government. This consensus
reflected itself in the action of Congress
in including Title 9 of the National De-
fense Education Act, directing the Na-
tional Science Foundation to establish a
Science Information Service. The panel,
with the endorsement of the Science Ad-
visory Committee, therefore, recom-
mended to the President that the Na-
tional Science Foundation expand its
information activities to provide a co-
ordinating center for the information
services of the Federal Government and
appropriate assistance to private infor-
mation agencies. The President accepted
the recommendations of the panel and
directed that the National Science Foun-
dation take the leadership in bringing
about effective coordination of the var-
ious scientific information activities
within the Federal Government.

Third, the Science Advisory Commit-
tee’s panel on research policy has just
published a report entitled, “Strengthen-
ing American Science,” which deals with
the role of the Federal Government in
research and development. The Presi-
dent has directed that an executive order
be prepared to carry out the recommen-
dation of the report that a Federal Coun-
cil for Science and Technology be estab-
lished to advise the Cabinet on those
aspects of the Government’s program
which require interdepartmental and
Government-wide coordination and pol-
icy-making and which affect science as
a whole. Membership on the council
will include representatives of the de-
partments and agencies which have sub-
stantial research activities, these repre-
sentatives to be drawn from the policy-
making levels of these departments and
agencies. The council, made up of gov-
ernment officers, can call for advice from
the President’s Science Advisory Com-
mittee, which draws its members largely
from the nation’s scientific and engineer-
ing community outside of government.

While searching for ways to improve
public management where it relates to
science, the report devotes attention to
the nurturing of important new scientific
fields and the strengthening of those
which are assuming new importance.
Meteorology is one example of a field
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where additional capital funds and em-
phasis are necessary. Geology, geophysics,
oceanography, materials research, radio-
astronomy, studies of the upper atmos-
phere, and combustion are other exam-
ples of fields where augmented support
and effort are clearly needed.

Government operations increasingly
have brought growing demands for the
fruits of research and more support for
actual work performed. There has been
no comparable provision, however, for
new instruments and facilities, except in
certain specialized fields. Capital defi-
ciencies, moreover, are being further ag-
gravated by the rapid progress occurring
in the improvement and invention of the
instruments of science themselves.

The panel urges the formulation of
thoughtfully conceived policies for the
financing and planning of the great mul-
ti-million-dollar research instruments of
modern science, such as particle acceler-
ators for nuclear physics, and of central-
ized research institutes which are needed
or proposed in various fields. We are at
a point where we need to bring together
the best available judgment from the do-
mains of government, education, and
science to determine how far we should
go in the establishment of research insti-
tutes and what their relations should be
with the universities. Unsound planning
might result in weakening the universities
and, by drawing away from them too
many research scholars, in reducing their
capacity to nurture new scholars.

The importance of the role of private
support in the nation’s total scientific ef-
fort is emphasized. Private foundations
are uniquely qualified to provide venture
capital, to “grub-stake” new ideas, and to
“support men as well as projects.”

The growth of federal support of sci-
ence in recent years has been marked by
some hesitancy on the part of private
sources of funds to maintain the level of
their contributions to academic and other
nonprofit institutions. It would be most
unfortunate if this hesitancy were to con-
tinue or spread, for there are growing op-
portunities for private philanthropy to
contribute to the strength and freedom
of American science. It is vitally impor-
tant, therefore, that government science
policy should not discourage private sup-
port of science but, indeed, should take
pains to encourage more of it.

In making public recently the report
of the Science Advisory Committee, the
President called particular attention to
its conclusion that the task of further
strengthening United States science is so
broad that government, industry, univer-

sities, foundations, and individuals all
have vital roles to play. The future
growth of American science will depend
upon increased participation and contri-
butions by all of these types of institu-
tions if we are to be equal to the full
range of opportunities which lie ahead.

Fourth, we have a very active panel on
science and technology in foreign affairs.
It is a source of advice on the role of
science and technology in supporting our
foreign-policy objectives. It seeks to as-
sist government departments and agen-
cies in using science and engineering
effectively in our foreign programs and
in furthering international cooperation
in science and technology.

The interaction between science and
foreign affairs is similar to that between
science and public policy in general—
that is, there are two clear areas of em-
phasis. One is the impact of scientific
progress or scientific activities on for-
eign policy, on aid to underdeveloped
countries, on our military alliances; the
other is the requirement placed on our
international policies to further and en-
courage scientific development by cre-
ating the necessary climate for effective
interchange of ideas and international
scientific cooperation.

The panel on science and foreign af-
fairs has been concerned with both as-
pects of this interaction, as has the Presi-
dent’s Science Advisory Committee as a
whole. One of the first concerns of the
panel was to respond to a request from
the State Department to help re-estab-
lish the post of Science Adviser in the
State Department and to aid in the re-
establishment of the Science Attaché
program at overseas posts.

The Lacy-Zaroubin agreement negoti-
ated with the U.S.S.R. includes provi-
sion for exchange of scientists between
the United States and the U.S.S.R. The
State Department Science Adviser and
the president of the National Academy
of Sciences, who is also chairman of our
panel, visited Moscow in the fall of 1958
to establish the details of the exchange
agreement between the respective acade-
mies of science which will bear the ma-
jor responsibility for the exchange of
scientists.

It is well to point out here the close
collaboration that takes place continu-
ously between the panel and the Na-
tional Academy of Sciences. One of the
best examples of this collaboration, and
of the general activities of the panel, is
the consideration which has been given,
at the invitation of the International
Cooperation Administration, to ways in
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which our scientific resources can be
better employed in the planning and
operations of the United States technical
aid programs. The panel studied this
question in some detail, consulting with
representatives of ICA and other inter-
ested agencies. As a result of this, the
ICA has sponsored a National Academy
of Sciences’ study of a particular area;
Africa south of the Sahara was selected.
This study is now being performed by a
full-time staff under the auspices of a
special Academy committee.

In summary, the activities of the
panel on science and foreign affairs have
ranged over the entire broad field of the
impact of science on United States for-
eign affairs and the furthering of inter-
national scientific cooperation and ex-
change. All that has been considered or
influenced by the panel cannot be re-
counted briefly, but it is well to point
out that one of the major aids in the
work of the panel is the representation
on it of those whose regular responsibili-
ties include the day-to-day integration of
science and foreign affairs—for example,
the president of the National Academy
and its foreign secretary, the present and
the past Science Adviser in the Depart-
ment of State, the director of the Na-
tional Science Foundation, the United
States representative on the NATO Sci-
ence Committee, a past president of
ICSU, and a vice president of the ICSU
Special Committee on Space Research.

Scientists and engineers have special
advantages and opportunities to assist in
achieving international cooperation and
agreement. The concepts of laws of sci-
ence cross all national and ideological
boundaries. It is the one language under-
stood the world around. It is a means to
common understanding and joint action.

In the unrelenting competition which
faces the entire free world, nothing less
than the full and eflicient use of the free
world’s scientific resources will provide
the strength it needs. The full develop-
ment of science and technology by the
free world is essential to its economic
and military strength and thus to its
political and cultural stability and ad-
vance. This is why the achievement of
better exchange and cooperation is so
important.

Fifth, the panel on science and engi-
neering education is now completing a
study aimed at clarifying and highlight-
ing objectives and needs of that part of
our educational system which has the re-
sponsibility for preparing adequate num-
bers of first-rate scientists and engineers
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and for achieving a high degree of sci-
entific literacy in the United States.

The panel feels deeply that some of
the major challenges which face the na-
tion today are on the intellectual front.
A greater desire to learn and an in-
creased respect for learning—for intel-
lectual excellence—may now in the long
run be essential to national survival;
consequently, we need a greater devo-
tion to learning, a greater pride in intel-
lectual achievement, a greater determi-
nation to achieve excellence in Ameri-
can life. In any educational enterprise
or discussion of education we need con-
stantly to be asking ourselves what we
must do to obtain these objectives.

The panel’s discussions on science
education foreshadow some of the fol-
lowing more specific conclusions.

1) We have not yet faced up ade-
quately to the fact that in the imme-
diate years ahead the rising number of
students will outrun the supply of col-
lege teachers. While estimates are diffi-
cult to make, it is not far off the mark
to predict that the number of Ph.D.’s
graduating from our universities who are
qualified or who elect to go into college
teaching will be less than a third of the
number of college teachers that will be
needed. We must, therefore, find new
ways to increase the effectiveness of each
teacher we now have. We must increase
the time he has available for actual
teaching, and we must extend the result
of his efforts to more students. We must
make better and wider use of every ef-
fective teaching aid, and we must invent
new ones. There are still unrealized pos-
sibilities for bringing the great teacher
into effective contact with greatly in-
creased numbers of students.

2) We need to give more national
attention to the quality and content of
courses and curricula in science, both in
high schools and colleges. We need exten-
sive, organized, national efforts to bring
together in each subject field the lead-
ing scientists and scholars with groups
of high-school and college teachers, for
re-examining and modernizing the con-
tent of courses in the sciences. We need
to bring about the preparation of better
and more modern textbooks and to find
ways of making available better but less
expensive laboratory equipment. Taking
the country as a whole, there seems to
have been a serious decline in the quality
of laboratory teaching in recent years. In
too many places it has become routine,
overmechanized, and sterile.

This combination of requirements call-

ing for bold and large-scale efforts to en-
able our teachers to teach better and to
modernize and improve our curricula in
science is pressing upon us now. Our col-
leges and universities have a very grave
responsibility to help, as they have never
done before, in meeting these needs. Es-
pecially does it seem to be incumbent
upon the administrative heads of our in-
stitutions of higher learning to give sup-
port and encouragement to faculties in
assuming the responsibility of planning
new courses and course material, both
for high school and college, which is in
line with the most modern scholarly re-
search and the most modern insights into
the science being taught.

3) The nation’s responsibilities and
opportunities in science have grown to
the point where we find ourselves today,
in the judgment of the panel, with too
few first-quality institutions of higher
education in science and engineering.
We need more of the same quality as the
best we now have. Particularly do we
need more top-flight graduate schools.
Of the 700 colleges and universities in
the United States which offer graduate
degrees, something less than 300 offer
graduate degrees in scientific, medical,
and engineering subjects, and not enough
of these can claim real distinction in any
one scientific field. The few top-quality
departments are in danger of becoming
overloaded, and the peak in graduate en-
rollment is still several years off. It is
especially important that we build more
first-rate graduate schools of engineering
and that they be developed in close asso-
ciation with excellent departments of
science.

In the fall of 1958 there was a signifi-
cant drop in the number of students en-
tering engineering schools. This is seri-
ous, and it comes at a time when we
must enroll more able students in engi-
neering, not fewer. There is some evi-
dence that students are shifting into the
sciences, and so they are not lost to the
broad fields of science and technology.
But we need to try to find all the reasons
why this reduction in enrollment has oc-
curred, so that we may take measures to
counter it and guarantee our future sup-
ply of outstanding engineers.

These five examples of the panel ac-
tivities of the President’s Science Ad-
visory Committee, as you will note, fall
outside of the defense area and bear
testimony that the committee is deeply
concerned with civilian science and tech-
nology and with the strength of science
apart from any applications. At the same
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time, the committee and my office are
working hard on various problems im-
portant to defense. This will continue.

Controversy and Collaboration

We have also had to deal with the
difficult problem of making technical
evaluations in projects or programs on
which there has been a history of tech-
nical controversy, or of differing inter-
pretations of the technical facts by in-
formed laymen. In dealing with these
controversial problems, we have sought
to recruit the most competent advisers
available and to let them study these
problems in an atmosphere as free as
possible from past commitments or from
personal or departmental positions. We
have recognized that there are certain
kinds of technical questions to which sci-
entists and engineers of equivalent ob-
jectivity, competence, and complete in-
tegrity will respond differently. Here we
have sought to state the facts and to list
the possible alternative interpretations.
It is important, as science gets involved
more and more in controversial policy
decisions, that the public should under-
stand that scientific method and analysis
do not always yield a single, mathe-
matically exact, incontrovertible answer.
It will help the relation of science to
policy-making to have it recognized that
the scientist, however objective, must
sometimes be limited to dusty answers
when policy-makers understandably are
“hot for certainty.” There are, of course,
many questions, too, on which they can
give positive and exact answers, the cor-
rectness of which can be demonstrated.

We have also given much thought to
the problem of how the scientist and
engineer may most effectively partici-
pate with military and political person-
nel in analyzing policy questions which
must have the benefit of the joint think-
ing and professional competence of all
these groups. The scientist and engineer
have much to learn about their role un-
der circumstances of this kind, but there
have been recently heartening demon-
strations of effective political-military-
technical teamwork in support of the
formulation of policy.

In any discussion of science and policy,
we must recognize that these two areas
—(i) the problem of dealing with evalu-
ations and analyses with respect to tech-
nical matters in controversy and (ii) the
way in which the scientist and engineer
play their part in studies and confer-
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ences requiring joint political, military,
and technical approaches—call for the
objective and creative attention of all
three groups and afford the scientist and
engineer a new and important kind of
collaborative effort that symbolizes their
widened role in the area of public policy.

In this summary report covering the
work of the past year that has been di-
rected toward strengthening our national
science program and improving the rela-
tionship between science and policy, I
must end by reiterating that we have
much yet to accomplish. There is clearly
now a national will to be strong in sci-
ence, but much remains to be done. If
the United States is to use to their full-
est all its resources in science and tech-
nology, we must not slacken our efforts
to provide the conditions and the cli-
mate which will promote peak perform-
ance.

And now may I conclude with four
observations which seem to me to be im-
portant to any program designed for
underwriting the strength of our science
and technology.

The Factor of Excellence

First, the quality of our science and
our science education cannot be sepa-
rated out from the quality of our intel-
lectual life generally. What we are con-
cerned with basically is the importance
which the American people give to the
factor of excellence in our society. It is
basically important that we achieve a
greater respect for learning, a greater
pride in intellectual achievement, a will-
ingness to assign education a higher
place in our national list of priorities.
This requires that we be willing to in-
crease our investment in men as well as
our investments in material resources. In
considering the effect of American atti-
tudes and values on science and educa-
tion, one cannot fail to ask whether we
Americans, in our drive to make and
acquire things, have not been giving too
little attention to developing men and
ideas. If we are to maintain leadership
in this century of science, we must be
sure that we devote an adequate amount
of our energy and resources to the cul-
tivation of talent and quality and intel-
lectual accomplishment. These qualities
are important to our national strength
in all fields, and they are vital to our
strength in science.

Should we not seek so to order our
society that it will someday be said of

Americans, as it has been said of the
ancient Greeks, that they were a people
of “fine quality living in conditions which
habituated them to high spiritual, men-
tal, and physical endeavor”?

Our Tradition of Progress

My next observation relates to the mo-
tivations in our society which give vigor
to our science and technology and which
are important to our continuing strength,
So far we have demonstrated a sustained
eagerness to find better ways of doing
things. We have forged ahead because
we wanted things to change. We have
wanted to look forward and not back-
ward. The revolution of modern man—
the revolution which has found its fullest
expression here in the United States—
lies essentially in this. It is a revolt
against things as they are when there are
ways of doing things better. It is a revo-
lution based upon determination rather
than determinism. It is a revolution
against all the forces which hinder man
in building a better life. Science has had
a major part to play in shaping this basic
American faith in creative change and
improvement.

The course of our nation has been
deeply affected by the tenet, very early
embraced, that nature could be put to
work for the benefit of man and that it
is possible to wrest from nature a range
of benefits to meet the needs of our peo-
ple—that science and technology pro-
vide a means to advance the welfare of
our people and that this has been a bet-
ter way to progress than through radical
social change or ideological nostrums.

I do not suggest that we have any war-
ranty, expressed or implied, that progress
is inevitable or immutable; I only de-
scribe the deep-rooted American belief
that progress is an achievable and worthy
goal. I reflect my own intuitive belief
that man has the capacity greatly to im-
prove himself and his society.

Today we hear voices of doubt and
pessimism, decrying or questioning the
concept of progress. The increased cur-
rency of such phrases as the “illusion of
progress” and the “corrosive effect of
materialism” reflect an array of attitudes
challenging the power of reason and the
actuality of progress. Technology and
science are attacked as contributing only
to the convenience and comfort of life
and not to its quality. In mentioning this
attitude of doubt and pessimism, it is not
my purpose to debate the philosophical
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considerations on which they rest. My
purpose is to express my contrasting
faith that we can continue to draw the
blueprints of a still greater society and
that we can direct our advancing tech-
nology toward the realization of those
plans. My purpose is to stress the im-
portance of those aspects of science
which enhance the quality of our so-
ciety, which encourage individuality in
the midst of standardization, which en-
hance man’s excellence and dignity as
well as his productivity. We must direct
and expand our technology to serve
man’s highest capabilities, in addition to
his safety and material comfort.

If research is to continue to flourish,
these traditional American beliefs in the
validity of progress become increasingly
important. They are the wellsprings of
that zest and audacity which have char-
acterized our research and our economy
in the past and, God willing, will con-
tinue to characterize them in the future.

National Responsibility

My third observation has to do with
the great responsibility which rests upon
science today in the light of the extra-
ordinary opportunities to participate in
the formulation of national policy which

it has been given. The growing linkage
of science and technology with govern-
ment demands of science a new order of
poise, steadiness, and statesmanship. It
demands of scientists who serve in ad-
visory capacities a deep understanding
of the role and the limitation of the
adviser.

The current emphasis on science, if it
is not to cause reactions adverse to sci-
ence, also requires of the scientific com-
munity humility and a sense of propor-
tion. It requires of scientists a recogni-
tion that science is but one of the great
disciplines vital to our society and worthy
of first-rate minds—a recognition that
science is a partner, sharing and shoul-
dering equally the responsibilities which
vest in the great array of professions
which provide the intellectual and cul-
tural strength of our society.

Science and Human Values

Fourth and finally, I recall the remarks
which I made in giving the Sigma Xi
address at the AAAS meeting three years
ago. I emphasized then, as I do again,
that if American science is to continue to
prosper, if it is to attract to it its proper
complement of creative and gifted
minds, we must combat the notions that

News of Science

AAAS Council Resolutions

The Council of the AAAS passed the
following resolutions on 30 December
1958, when it met in Washington, D.C.,
during the Association’s annual meeting,
26-31 December.

Resolution on Parliament of Science.
The Council commends the Board and
the special committee which arranged
the stimulating Parliament of Science in
Washington in March, 1958, pursuant to
the Council’s resolution in 1957, and
notes with gratification that plans for
further symposia are already well ad-
vanced.

Resolution on Committees on the So-
cial Aspects of Science. The Council
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commends the accomplishments of the
ad hoc committees on the Social Aspects
of Science. They have had significant and
beneficial effects on the understanding by
scientists and by the public of the ines-
capable problems of adapting society to
the age of science.

The Council has approved the Board’s
proposals to create standing committees
to continue work in this area and will
take special interest in their activities.

In order that the Council members
and the affiliated societies may be kept
fully informed of the thinking of these
committees, as well as of formal Board
actions resulting from their recommen-
dations, the Council requests that the
President arrange for the circulation to

science and engineering are incompatible
with the great humanities, and that they
are narrowly materialistic and destruc-
tive of human values. In the face of
the practical responsibilities which rest
in science and engineering for our se-
curity and our material welfare, it is all
too easy for people to conclude that sci-
ence is inimical to the spiritual ends of
life and for them to fail to understand
that in reality it is one of man’s most
powerful and noble means for searching
out truth and for augmenting man’s dig-
nity by augmenting his understanding.
Scientists have an obligation to make
this true character of science better un-
derstood, not by an arrogant advocacy
of science and technology as the only ob-
jective means to increase our under-
standing and well-being, but by the bal-
anced and tolerant practice and presen-
tation of science as one of the powerful
means by which man can increase his
knowledge and understanding and still
remain humble and ennobled before the
wonder and the majesty of what he does
not understand. When thus perceived
and practiced, and when not misused
for ignoble ends, science and engineer-
ing are major means for “making gentle
the life of mankind.” When so practiced
and used, they become one of the great
humanistic forces of our time.

Council members of the special report of
the Committee on the Social Aspects of
Science issued after their June, 1958,
meeting and of future reports of the
three standing committees.

Resolution on International Scientific
Programs. The success of the Interna-
tional Geophysical Year in correlating
and integrating international scientific re-
sources and extending the areas of co-
operation and communication in science
stands as a challenge to all other areas
of scientific and cultural endeavor. This
magnificent international effort is a fit-
ting prelude to the “space age.” The
time is now ripe for world-wide attacks
on other major problems.

The Council of the American Associa-
tion for the Advancement of Science
urges its affiliated societies, the Board
of Directors, and appropriate committees
to participate fully in appropriate inter-
national programs, for example, in such
areas as the health sciences, outer space
exploration, population problems, and so-
cial consequences of science.

Resolution on Dissemination of Coun-
cil Resolutions. The Council requests the
President to send duplicate copies of res-
olutions passed at this meeting to each
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