spacecraft, would have been turned
through an angle of about 12 degrees,
in a direction away from the top of
the spacecraft, which in flight points
near the horizon. This probably ac-
counts for what was seen in the photo-

graphs. The existence of these reflec-

tions has been directly verified in the
Mercury procedures trainer at the Mer-
cury Control Center. It was further
found, in spacecraft No. 18, that one
of the reflections (there were two) was
a light tan in color, like the band ob-
served by Glenn.

Since it is a spacecraft phenomenon,
the luminous band produced by re-
flection must also have been present
in the night sky, especially after moon-
rise. It may have been the band ob-
served by Glenn. The color which he
remarked on may have resulted from
an antireflectant coating which had
been applied to the windows.

(Addendum. This supposition does
not explain the disappearance of stars
as they reach the level of the luminous
band. However, let us note Glenn’s
comments on stars disappearing dur-
ing the time between sunset and moon-
rise. During that time, the bright planet
Venus set. It is possible that what
Glenn saw was the disappearance of
the reflection of Venus as it reached
the level of the reflection of the
horizon.)

If the band is not due to reflection,
it may be possible to attribute it to
some auroral phenomenon. There is
a line in the auroral spectrum at 5577
angstroms. This line is known from
rocket measurements to stop at 100
kilometers. A height of 100 kilometers
would appear, at the spacecraft height
of 250 kilometers, as a false horizon at
an angular altitude of about 3 degrees.
It would be green in color and would
be more difficult to see after moonrise.
In height and color it does not agree
with the luminous band.

There are, in addition, two auroral
red lines, at 6300 and 6464 angstroms,
respectively, which are known to come
from a height greater than any so far
reached by rockets sent to observe
them. From theory we estimate that
they ought to be at a height of about
240 kilometers. These might be recon-
cilable with the observed Iluminous
band, though they ought not to be
easier to see after moonrise. They would
explain the tan-to-buff color observed.
On the other hand, these lines are
much fainter than the line at 5577
angstroms, so it is hard to understand
why they would be observed while it
was missed.

On the whole, the balance of proba-
bility is that the luminous band was due
to reflection in the spacecraft window.
The outstanding reason for connecting

The Scientific Establishment

The American system gives scientists in government
a freedom and influence unmatched in other countries.

Now that the federal government is
spending more money on research and
development than its total budget be-
fore Pearl Harbor, American scientists
find it hard to figure out their new role
in society. They used to assume that
democracy would never be a patron of
the sciences, and even after the Second
World War the Executive had to urge
the support of research on a skeptical
Congress. But even though the last Ad-
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ministration started to cut back on ex-
penditures for science, it ended by
quadrupling them. And this was by no
means for defense alone; over those 8
years the Congress multiplied the budget
of the National Institutes of Health
more than ninefold, giving them each
year more than the President recom-
mended. It is almost enough to make
one try to apply to politics the theory
of Henry Adams that science, as it be-

the two is the belief that the inclined
windows would have given a ghost
image.

Glenn reports that the sunset ap-
peared to be normal until the last
moment, when the sun appeared to
spread out about 10 degrees on either
side, and to merge with the twilight
band. Glenn specifically states that he
did not see the sun as a narrow, flat
object.

On the other hand, three consecutive
photographs of the setting sun can be
well interpreted in terms of the theoreti-
cally predicted sausage shape. In two
of these there is some slight spreading
of the image, evidently partly photo-
graphic and partly due to motion, and
in the third the motion is considerable.
All, however, appear to indicate a
solar image of about Y5 degree in its
greatest dimension, as required by
theory, rather than a much shorter
image, as would have been the case if
the sun, setting, had looked as it does .
from the ground.

JouN A. O’KEEFE
Theoretical Division,
Goddard Space Flight Center,
Greenbelt, Maryland
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comes more abstract, increases in geo-
metrical progression the power that it
produces (7).

In his farewell message President Eis-
enhower warned the nation against the
danger that “public policy could itself
become the captive of a scientific-tech-
nological elite.” Even though he quickly
explained that he was not talking about
science in general, but only those
parts allied with military and industrial
power, this was a shock to the scien-
tists (2). To one who believes that sci-
ence has helped to liberate man from
ancient tyrannies—who, in short, still
takes his political faith from Franklin
and Jefferson and the Age of the En-
lightenment—it is disconcerting to be
told that he is a member of a new
priesthood allied with military power.

Yet the plain fact is that science has
become the major Establishment in the
American political system: the only set

The author is dean of the Graduate School of
Public Administration, Harvard University. This
article is being published simultaneously in the
Proceedings of the American Philosophical Society
(106, No. 3); it is reprinted with permission.
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of institutions for which tax funds are
appropriated almost on faith, and under
concordats which protect the autonomy,
if not the cloistered calm, of the labora-
tory. The intellectual problems involved
in this new status are likely to trouble
scientists almost as much as the fears
of the apocalyptic uses to which their
discoveries may be put by politicians.

The scientists are not the first, of
course, to find it difficult to adjust their
political ideals to the new world of
technology. For example, the old cor-
poration executive liked the great power
technology had given to industry, but
wished to limit the role of government
on Jeffersonian principles. But the
American scientist has a better right to
his political nostalgia. For while the
Founding Fathers had very little idea
that industrial corporations would ever
exist, let alone claim freedom of enter-
prise as a fundamental of the Constitu-
tion, some of them had a strong faith
that free science would advance the
cause of political freedom.

This faith of the Enlightenment tend-
ed to persist in the political thinking of
American scientists, even in the period
between the two world wars, when it
came to seem naive to their colleagues
abroad. Even to this day they have
shown singularly little interest in the
conservative political theorists who have
been telling them that science cannot
deal with basic values or solve the major
human problems, and the radical
theorists who tell them that science can,
if it will only join in a political system
that will give it real power over society
(3). The conservative theorists have
usually supported the conventional
views of those in the European parlia-
mentary tradition who believed that
major political issues should be dealt
with by party leaders and career ad-
ministrators, with scientists speaking on
such matters only when spoken to. And
the most important radicals have been
the Marxists, who proposed to let sci-
ence, as they defined it, determine all
human values through a disciplined sys-
tem that would leave no room for the
disorder of liberal democracy.

If American scientists generally ig-
nored both the conservative and the
radical critics of the Enlightenment, it
was probably, in the main, because they
were simply not interested in political
theory, or even in politics. But it may
have been also because neither theoret-
ical position seemed very relevant to
their practical experience. In disregard
of the conservative and conventional
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theory, American scientists have come
to have a much more direct role in high
administration and in the making of
policy than their counterparts in the
parliamentary systems of Western Eu-
rope. (This is not to say that they had
a more satisfactory role in the per-
formance of scientific functions in the
government.) And the more influence
the scientists acquire, the more they
now seem to work toward the dispersal
of government organization and the
decentralization of decisions, a trend
impossible to explain to technocrats or
the theorists of Marxism.

The Scientist in Public Affairs

If we wish to understand the nature
of our present scientific establishment,
and its role in the making of public
policy, perhaps we should look at the
unusual way in which the role of scien-
tists in public affairs has developed in
the United States, and what its in-
fluence has been on the governmental
system. That influence, I think, has been
profound, not because of anything the
scientists were seeking to do deliberate-
ly, at least until quite recently, but be-
cause of the special opportunities that
were offered them by the nature of
American political institutions. From
the Jacksonian period, indeed, Ameri-
can scientists rarely had any distinctive
opinion about politics or its relation to
science; they were most often inclined
to combine the antipolitical prejudices
of the business community with an envy
of the social status of the European
scientist. But while the American sci-
entist lacked the honorific status of a
member of a European Academy, he
probably found it easier to play a direct
role in government policy-making.

Sir Charles Snow has written with
great insight of the Two Cultures, of
the persisting failure of the humanists
to understand the scientists or the
changes they are working in the world,
and of the scientists’ personal and in-
stitutional difficulties in their relation-
ship to government administrators and
politicians. He has warned Americans
most cogently against the naive belief
that their constitutional system protects
them against the dangers that face all
countries as the result of the terrible
weapons that scientists have put at the
disposal of politicians who still think
in prescientific terms (4).

But in the United States we need to
understand the idiosyncrasies of our in-

stitutions not in order to admire them
but to know how to remedy their short-
comings, which were only a minor nui-
sance a generation ago, but may be a
mortal threat today. Our television ex-
perts and editorial writers may be ad-
dicted to oratorical overconfidence in
our peculiar institutions, but our scien-
tists and intellectuals generally—and
government reformers in particular—
are rather more addicted to applying
constitutional cures that do not fit the
disease.

I suspect that Sir Charles has a spe-
cial degree of popularity in the United
States for a reason that he would prob-
ably disapprove. We enjoy what he
writes not only because we see many
important ways that it applies to us,
but also because of ways in which
it does not. We like it much as we
like Anthony Trollope; we like to read
about a scholarly world in which the
classicists can still snub the scientists
and social scientists hardly exist at all,
just as we like to read about the squire
and the vicar and the butler. And
American scientists like to imagine, as
they read about the problems that sci-
entists have when serving under the
career administrators of the United
Kingdom, that they can blame their
own problems on lack of status in the
bureaucracy.

The British System

Yet a look at the main outlines of
the two systems gives a different pic-
ture. In Great Britain, in spite of dec-
ades of debate about the basis of re-
cruitment of the Administrative Class,
it is still dominated by men trained in
the classical and historical studies; not
one man in twenty among these guard-
ians of public policy has had a scien-
tific or technical education. In spite of
recurrent criticism of its role, it still
maintains a professional monopoly
(though in a studiously amateur and
nonscientific way) over the organiza-
tion of the government departments,
and a major share of influence in the
formation of national policy. It thus has
no great interest in maintaining easy
institutional channels by which scien-
tists could move into its membership,
or the universities could work closely
with it on its major policy problems (5).

Now that we are both constitutional
democracies, it makes much less differ-
ence that Great Britain has a king and
the United States a president, but a
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great deal of difference how we set up
the professional group of men who ac-
tually run the government. Our Jack-
sonian revolution indeed destroyed the
hopes of John Quincy Adams for a
continuation of the Jeffersonian alliance
between science and republicanism. At
the same time, by wiping out the be-
ginnings of a career system, it pre-
vented the development of an elite ad-
ministrative corps and thus cleared the
channels of promotion for the scientists
who, decades later, were to begin to
move up in the civil service. The fron-
tier radicalism of the day distrusted all
forms of Establishment; this was the
era in which state constitutions forbade
ministers to hold public office and pro-
hibited educational qualifications for

admission to the bar. But as the
business of government got more
complicated, the frontier had to

admit that certain skills were neces-
sary. Its essentially pragmatic temper
insisted, as it became necessary to hire
civil servants for merit rather than pa-
tronage, that the requirements be de-
fined in terms of the needs of the
specific jobs, rather than by general
educational status. It was easiest to
prove the need for special skills, of
course, in technical fields, partly on ac-
count of the objective nature of the
problem, partly because scientific soci-
eties were determined to raise and main-
tain their professional standards in the
civil service as well as in private prac-
tice (6).

As a result, it was in the scientific
and professional fields that the career
civil service system was first pushed up
to the higher ranks. As we developed
our top civil service, we made it some-
thing quite different from a career Ad-
ministrative Class; most of its members
are not only nonpolitical but nonad-
ministrative as well, and they are not
career officials in the same sense as a
U.S. Navy officer or a British civil
servant.

The Scientist as Civil Servant

In recent years, scientists and engi-
neers, while certainly rare among those
in high political office, have done rea-
sonably well in the civil service. The
positions of administrative continuity
and bureaucratic power in Washington
are, in the civil service departments, the
bureau chiefs. A study in 1958 of the
63 bureau chiefs showed that 9 of
them had advanced degrees in the nat-
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ural sciences and 17 others had been
trained in lesser ways as engineers or
technicians. By comparison with these
26 from various branches of technol-
ogy, there were 9 economists and
only 8 lawyers, and 20 from miscel-
laneous administrative or business ca-
reers (7). Aside from the positions of
bureau chief, the top career positions
are the so-called “super-grades,” which
were added above the regular civil serv-
ice grades to let the government com-
pete for scarce talent (8). The favorite
justification for these positions is the
need to employ capable scientists and
engineers, notably in the technical
branches of the Defense Department
and the National Aeronautics and Space
Administration. Administrators have
ridden along to higher salaries on the
political coattails of scientists.

Scientists who become bureau chiefs
are, of course, no longer practicing sci-
entists; they are doing work that in the
United Kingdom would be done by a
member of the Administrative Class
educated in history or the classics. But
when they are good at their jobs, as
some of them are, it is for a reason
that would have appealed to Macaulay,
who used to argue that he wanted to
recruit university graduates in the clas-
sics not because they had been studying
the classics but because the classics at-
tracted the best minds, which could
adapt themselves to anything (9). And
the American scientist who turns ad-
ministrator is the equal of his English
humanist counterpart in at least one
respect: his lack of interest in manage-
ment as a science, or sometimes at all.

But while the scientists in top civil
service posts have not been deeply in-
terested in administration, they have
been interested in policy. What chance
do they have to make their policy views
prevail?

In their influence on policy, as in
their advancement in the hierarchy, the
scientists in American government had
a special opportunity because they did
not have to work under a tightly organ-
ized governing elite. After the Civil
War, there was no strong conservative
tradition based on a landed interest,
and no national party with a coherent
ideology, to take control.

As a result, policy tended to develop
separately in every field. There was no
one to tell the scientific experts that
they were on tap but not on top; indeed,
they were listened to all the more read-
ily because they were usually not
thought of as bureaucrats. There was

no one from whom Congress wanted
advice less than from the regular career
service. But each group of scientists
had one foot in government, so to
speak, and one outside, and the policy
views that the insiders developed would
come back to the Congress from the
National Academy or the scientific so-
cieties (10). In a government of limited
constitutional powers, a research pro-
gram could be justified in a given field
when an action program could not. But
the research ultimately seemed to lead
to action, in spite of the lawyers’ scru-
ples and the lack of interest of the party
machines. This was only in part be-
cause the politicians were persuaded
by objective data; it may have been
even more because scientists (and in
some fields, the economists) were the

' major organized communities of pro-

fessional opinion with a continuous in-
terest in specific public programs. This
is a summary of the development of
many new federal programs; you can
trace it in agriculture, in natural re-
sources, in the regulation of business,
in labor and welfare, and we now
see its beginnings in the support of
education.

The most influential pattern was set
in agriculture. Washington and Jeffer-
son had been interested in fostering
scientific improvements in agriculture,
and in federal support of a national
university. They were blocked by the
lawyers’ scruples about states’ rights,
until the agricultural scientists found a
way to get there by a different route—
one that evaded constitutional barriers
by merging federal and state interests
through the device of federal grants to
states in either land or money, and by
building a program up on scientific and
educational bases. The foundation was,
of course, the land-grant college; from
it grew the experiment station, the ex-
tension program, and the whole system
of policy which has let the federal gov-
ernment play a more effective role in
the agricultural economy than the gov-
ernment of any supposedly socialized
state. In all this development, the land-
grant colleges and the associations of
various kinds of agricultural scientists
maintained an important influence on
the Department of Agriculture, supplied
most of its career personnel, and gen-
erally provided the intellectual leader-
ship for national agricultural policy.
They thus, in effect, greatly weakened
the old constitutional distinction be-
tween state and federal functions, but

. without subjecting the field of agricul-
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ture to the control of a centralized
bureaucracy.

The pattern of grants in aid, with its
new set of administrative relationships,
met two cardinal needs: to provide
money, as well as national policy di-
rection, from Washington, and to main-
tain the autonomy of the states. It ac-
cordingly became the basis on which
new programs were developed—high-
ways, public health, social security,
welfare, housing, and others. This was
what political scientists came to call the
“New Federalism,” which has given
the scientists and specialists in each
field of policy a chance to work out
programs without too much constraint
by any party doctrine.

An elite administrative corps may
look on scientists as properly subordi-
nate, and on science as a way of think-
ing that should deal with the means to
support a policy, a tradition, or an
ideology, rather than as an end in itself.
We can understand this relationship in
other countries if we recall how until re-
cent years our military services thought
that civilian scientists in military lab-
oratories should conduct their research
only pursuant to “requirements” defined
by military staff work. This notion was
exploded as it became apparent that
what scientists discovered by unre-
stricted research might be of greater
military importance than the things the
military officers thought they wanted
—in short, that the means might de-
termine the ends.

This example provides the extreme
(and almost the only conspicuous)
example in American politics in which
scientists have been faced with diffi-
culties in getting a direct political
hearing for their policy ideas. The
typical editorial writer may still think
in terms borrowed from the experience
of parliamentary constitutions with
tightly knit administrative elites, but
all the habits of American public life
run on a different pattern.

The American Pattern

Its constitutional peculiarities are
typified in one trivial incident: in a
recent Congressional hearing, a friendly
Representative addressed the newly
appointed political head of the Na-
tional Aeronautics and Space Adminis-
tration, to his mild embarrassment, as
“Doctor.” In a legislature that is
supposed to distrust eggheads, a
Congressman often wants his advice
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on a specific program undiluted by
either party doctrine or the policy views
of general administrators; he is so con-
ditioned to go directly to the scientific
expert whenever he can that he some-
times treats his witnesses as experts
even when they are not. This constitu-
tional model is worth looking at with
more critical sympathy. Its essential
parts—none of which exists in the
classic parliamentary system—are the
standing Congressional committee that
considers policies without being bound
by party doctrine; a chief executive
who is elected independently of the
legislature, on a nonideological plat-
form so that he can tolerate loose co-
ordination and experimentation in
policy matters; and a civil service which
lets scientists move freely up into top
administrative positions, and in and out
of government, thus maintaining a con-
tinuous interchange of men and ideas
between the government and universi-
ties. This system makes it impossible
to maintain an institutional distinction
between ends and means, between
policy decisions on the one hand and,
on the other hand, scientific research or
administration. Hence, it makes party
responsibility in the parliamentary
sense impossible, and it greatly com-
plicates the task of coordinating either
policy or administration.

On the other hand, to deny the dis-
tinction between ends and means is a
part of the scientific approach: no sci-
entist likes to feel that his basic values
and objectives have been set by others
so rigidly that he cannot follow where
his research leads him. It was, after all,
the purpose of the Enlightenment to
free both politics and science from the
monarchical and ecclesiastical institu-
tions that defined traditional values (Z1).
It may be even more necessary to deny
the distinction between ends and means,
in an institutional sense, in the 20th
century, when it is the requirements of
new ideology, rather than old ortho-
doxy, that threaten freedom For sci-
ence itself, by introducing so many
complexities into public policy, des-
troyed the comfortable 19th-century
notion that public issues could really be
determined by the parliamentary com-
petition of two opposing doctrines. At
the same time, it made possible, by the
development of new techniques of mass
communication, the means for pro-
ducing disciplined support of authori-
tarian government. If the structure of
political ‘institutions does not specif-
ically encourage some social experimen-

tation based on scientific initiative, with
some degree of deliberate freedom from
the constraints of policy as determined
by either partisan theorists or an ad-
ministrative elite, it will narrow the
range of free scientific and political
development. Perhaps our 18th-century
Constitution, with its implied distrust of
party discipline, will yet prove to be
more adaptable to our scientific era
than the classic 19th-century parlia-
mentary model of Walter Bagehot or -
Woodrow Wilson (12).

After World War I

At any rate, it is easy to guess why
large groups among American scientists
—especially in the agricultural sciences
—were less pessimistic in the period
after the First World War than their
European colleagues with respect to the
role of science in democratic politics.
In two very practical ways their situa-
tion was entirely different; in civil
service, their advancement was not
blocked by a career bureaucracy, and
the constitutional system gave them a
chance to advocate policies in compara-
tive freedom from administrative or
political discipline. It was no wonder
that they had not lost faith in the
political approach of the Enlighten-
ment, for they had made it work.

Nevertheless, by the time of the
Great Depression this naive faith was
least prevalent in the most important
universities and the most advanced
fields of science. In them, science was
supported more by private corporations
and foundations than by government,
and its leaders in newer fields like
nuclear physics and biochemistry had
closer intellectual ties with their Euro-
pean counterparts than with the agrono-
mists or engineers of the land-grant
colleges. For the loose American con-
situtional system had worked best in
those aspects of public affairs in which
the power of government and the power
of the great industrial corporations were
not in rivalry. The scientists in institu-
tions that derived their support from
industrial wealth and were interested
in problems of the industrial urban
economy saw the constitutional model
in a different political perspective.
Among them, accordingly, were to be
found both those conservative scientists
who were most distrustful of govern-
ment, and those radicals who tended to
take a Marxist view of the role of
science in society.

SCIENCE, VOL. 136



The Depression had thus made it im-
possible for the American scientist to
avoid the second challenge, explicit in
Marxism, with respect to the signifi-
cance of his role in society: does sci-
ence as it grows in importance lead us
away from constitutional liberalism,
and require party dictatorship? In a
society of growing complexity, is not
an increase in the role of government
inevitable, and does not that inevitably
lead to a centralization of power that
will destroy democratic freedom?

These are still troublesome questions,
but they are being discussed on a some-.
what higher level of sophistication than
three decades ago. The change has
come about partly because scientists,
under the pressure of the Second World
War, worked out a new type of con-
tractual relationship that has brought
private scientific institutions into a con-
nection with the federal government as
intimate and active as that of any land-
grant college. And the extension of this
system to industrial corporations may
now be bringing about a new rela-
tionship between government and busi-
ness, following the quarrels of the
Depression era, much as the grant-in-
aid system transformed federal-state
relations after the Civil War.

Before going into the nature of this
new system, let us note two peculiarities
of American politics that made it possi-
ble.

The first was the assumption that it
was just as appropriate for the voters
and legislators to control the adminis-
trative organization and procedures of
government as its policies—that is to
say, the means as well as the ends. This
was a radical departure from British or
European assumptions. The political
progression from conservatives to liber-
als to socialists never changed the
fundamental European assumption that,
while governments might be responsi-
ble to legislatures for the substance of
their policies, it was better for politics
and legislation not to meddle with in-
ternal administrative organization, or
the management of the bureaucracy.
The socialist political leaders took the
unity of the state and its bureaucracy
for granted. If anything, they tended to
make it all the more monolithic, and
to push to its logical conclusion the
tendency of Benthamite liberalism to
abolish the privileges of guilds and
public corporations. But in the United
States the current of radicalism ran in
the opposite direction; after the age of
Jackson, lobbyists and legislators were
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likely to concern themselves at least
as much with the details of administra-
tive organization as with major policies,
generally with the purpose of creating
centers of independence within govern-
ment. This tendency was pushed so
far that it destroyed the unity of ad-
ministration, and had disastrous effects
on the competence and the political re-
sponsibility of government. But it also
made it a mistake to assume—as was
often assumed both by those who ad-
mired and those who feared socialism—
that an extension in the scope of govern-
mental business in the United States
would automatically involve a corre-
sponding centralization of power.

The second peculiarity of American
politics was the extent to which uni-
versities and private foundations had
a hand in the initiation of new public
policies. Private universities as well as
the land-grant colleges were drawn into
public-service functions, partly because
they were, in the absence of a career
bureaucracy, the main reservoir of ex-
pertise on which politicians could draw
for advice, and partly in response to
the influence of the philanthropic
foundations.

By the 1920’s, some of the major
foundations had lost interest in the
charitable alleviation of social prob-
lems, and began to hope that science
might solve them. This idea led to a
strategy of supporting both scientific
resecarch and demonstration projects to
test the application of such research,
which could then be extended by the
greater resources of government. Their
aid to scientific education and research
is a familiar story, in almost every
branch of science. But equally impor-
tant, they went on to help strengthen
the professional organizations of scien-
tists (/3) and to pay for the efforts of
governments to improve their organi-
zation and administration, and to make
use of research and research institutions
as they did so. By the time of the
Second World War, the leading sci-
entists knew that a grant-making agency
like a foundation could initiate nation-
wide programs by working with in-
dependent universities and govern-
mental agencies, as the stories of hook-
worm and malaria control, the founda-
tion of public libraries, and the reform
of medical education all suggested. And
political leaders were inclined to turn
to private funds to help them explore
future policy opportunities, or experi-
ment with them, as when President
Hoover sought foundation financing for

his Committee on Social Trends and
for a National Science Fund, and the
Public Administration Clearing House
provided the initial administrative costs
for President Roosevelt’s Science Ad-
visory Board (14).

As scientists learned that the organi-
zation of government was something
that could be influenced from the out-
side, and that universities and founda-
tions could have a substantial influence
on public policy, they were in effect
freeing themselves from the assump-
tion that government and private in-
stitutions were sharply different in
nature. They were accordingly ready,
at the outset of the Second World War,
to work out a thoroughly pragmatic
set of arrangements for the conduct of
weapons research. The approach that
they adopted was simply to enlist in-
stitutions rather than individuals in the
two great scientific programs of the
war: Office of Scientific Research and
Development (OSRD) and the Manhat-
tan Project of the Army Engineers.

To those who expect wartime crises
and military authority to produce a
centralization of authority, this ap-
proach must have been as surprising
as if the Army had used the war as
an excuse to increase, rather than de-
crease, its reliance on the state militias.
But in the hands of Vannevar Bush,
James B. Conant, and Karl T. Compton
the government contract became a
new type of federalism. Under the
OSRD, the Massachusetts Institute of
Technology took on the responsibility
for developing radar, and California
Institute of Technology rockets, and
under the Manhattan District, the
University of Chicago set up the first
sustained nuclear reaction and the
University of California fabricated
the first atomic bomb, while du
Pont, General Electric, Union Carbide,
and other industrial giants built the
facilities to produce the fissionable
materials (75).

Postwar Sequel

The postwar sequel is a well-known
story. Through a continuation of this
system of administering research and
development programs by grant or
contract, the Atomic Energy Com-
mission, which was hailed by the drafts-
men of the Atomic Energy Act as a
triumph of socialism (76), supports
a program in which some nine-tenths
of the employees work for private
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corporations. The adamant arguments
of many scientific leaders of the 1930’s
against federal support of science now
seem as ancient and irrelevant as de-
bates over infra- or supra-lapsarianism;
no major university today could carry
on its research program without fed-
eral money. The Massachusetts Institute
of Technology, California Institute of
Technology, Chicago, and Johns Hop-
kins, of course, all administer special
military or atomic energy programs and
consequently draw from three-fifths to
five-sixths of their budgets from govern-
ment, while Harvard, Yale, and Prince-
ton now get a larger proportion of
their operating revenues from federal
funds than do land-grant colleges like
~ Illinois, Kentucky, and Maryland (/7).

In dollar volume, the biggest con-
tracts are between the military services
and industrial corporations; while most
of this money goes for procurement,
much of it goes for research and de-
velopment, and for the kind of systems
analysis and the direction and supervi-
sion of subcontractors that, in a simpler
age, would have been done by the
technical services of the Army and
Navy. And even in the business of
procurement, the contractual relation
is not the traditional market affair: the
contract is not let on competitive bids,
the product cannot be specified, the
price is not fixed, the government sup-
plies much of the plant and capital,
and the government may determine or
approve the letting of subcontracts, the
salaries of key executives, and a host
of ‘other managerial matters. A sizable
proportion of the government’s (and
nation’s) business is done this way;
any one of six industrial corporations
spends more federal tax dollars than
any of the four smallest executive de-
partments (78).

Significance and Effects

But the significance of this develop-
ment does not turn on the sheer quantity
of money, but on the possibilities of in-
stitutional development: if a contract
can be made with an established aca-
demic or industrial corporation, why
cannot a new one be set up for the
purpose, and if the system will work
for scientists and engineers, why not
for others? Accordingly, we have been
seeing not only the splitting off of cer-
tain functions that government might
have operated directly, and their ad-
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ministrative fusion with private institu-
tions, but the creation of entirely new
private corporate entities (for example,
the RAND Corporation, the Institute
for Defense Analyses, the Aerospace
Corporation) for the performance of
government business.

As for the kinds of business that
can be done under this system, Sir
Henry Maine, who believed that prog-
ress was measured by the change from
status to contract, would be intrigued
to note that private corporations have
contracts to maintain the Air Force’s
bombers and its missile ranges, private
institutions make strategic studies for
the Joint Chiefs of Staff and foreign
policy studies for the Senate Foreign
Relations Committee, universities ad-
minister technical-assistance programs
for the State Department all over the
world, and telephone and radio com-
panies are about to help the National
Aeronautics and Space Administration
carry our messages through outer space.

This new system is doubtless break-
ing down the political opposition to
federal programs even more effectively
than did the system of grants to the
states. State and local governments and
private corporations used to join in
their jealousy of purely federal activi-
ties, any extension of which was con-
sidered socialistic. The federal grants
to states in the field of agriculture,
however, were no longer socialistic in
the eyes of the governors and the
farm bloc; they were a defense of the
American way of life, even though they
involved more government controls than
some avowedly socialistic states have
ever managed. And now that the
atomic energy and space and military
programs support such a large share
of the nation’s business, and so much
of its enterprise and innovation come
from research and development financed
by federal funds, and so much of that
innovation and enterprise spills over
quite naturally and properly into related
commercial fields, it is no wonder that
private business corporations are less
jealous of government. More accurate-
ly, their jealousy no longer takes the
form of fighting socialism, but of hag-
gling over the administrative provisions
of contracts. A great deal of private
enterprise is now secreted in the inter-
stices of government contracts. In short,
what the grant-in-aid programs did to
the arguments for states’ rights, the
new contractual systems are doing to
those for pure private enterprise.

But the argument for a measure of
independence from central authority
still remains valid in either case, and
so does the need to recognize that the
fundamental responsibility of govern-
ment cannot be delegated. In a proper
sense of the term, “sovereignty” is, of
course, not affected by this type of
delegation. Policy decisions remain the
responsibility of government. But “poli-
cy” here means simply those aspects
of the business that government authori-
ties consider it important enough to
warrant controlling, either because
they think them of major importance
or because they realize that voters or
Congressmen think so.

This means that they will consider
as policy certain aspects of manage-
ment (for example, fair employment
practices or prevailing wage rates).
But, as long as they retain ulti-
mate control, they may act on the
advice of contractors with respect to
the most momentous new issues, or
delegate major segments of the business
whenever they can specify the purposes
to be accomplished; the complex and
costly nature of certain types of military
studies, and the sophistication of the
new techniques of operations research,
make the possibility of such delegation
very broad indeed. There is nothing
in the nature of the contract itself (or
the grant, which differs from it only
symbolically and in technical detail)
to determine whether in this relation-
ship a central bureaucracy will control
every detail of the contractor’s man-
agement or will leave him free to de-
cide matters in secret that ought to be
determined by the President and Con-
gress.

But the general effect of this new sys-
tem is clear: it has destroyed the notion
that the future growth in the functions
and expenditures of government, which
seems to be made inevitable by the
increase in the technological complexity
of our civilization, would necessarily
take the form of a vast bureaucracy,
organized on Max Weber’s hierarchical
principles, and using the processes of
science as Julian Huxley predicted to
answer policy questions (7/9). To the
considerable extent that scientists have
shaped this development, its political
and administrative patterns have re-
flected the way scientists actually be-
have rather than the way science fiction
or Marxist theory would have them
behave: they have introduced into the
stodgy and responsible channels of
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bureaucracy the amiable disorder of a
university faculty meeting.

Compare, for example, our oldest and
least scientific federal agency with a
large operational mission with the
newest and most scientific—the Post
Office with the Air Force or the Space
Administration. The Post Office is a
relatively self-contained hierarchy. The
Air Force develops its policies and runs
its program with the advice and co-
operation of several dozen of the most
influential universities and industrial
corporations of the country, whose ex-
ecutives and faculty members conse-
quently have independent bases from
which to criticize any policies, strategic
plans, or administrative arrangements
they dislike—and they can always find
a Congressional committee to listen to
them.

Science’s Role in the New Structure

I do not think the role of science
in this difference is entirely accidental.
This is in part because the pursuit of
science itself is a nonhierarchical af-
fair; the best scientists either personally
prefer, or are taught by their guilds
that they should prefer, the university’s
combination of research, teaching, and
irresponsible administration, and to get
the best scientists the government took
them on their own terms. But more
important, I believe, is the long-range
and indirect connection: when the Rev-
olution of the Enlightenment proposed
that the organization and procedures
of government, as well as its policies,
should be open to scientific inquiry and
independent criticism, they started a
process which has had deep effects on
the constitutional system. These effects
showed first in the relation of scientific
administrators to their executive su-
periors and to Congressional commit-
tees, and later in the new structure of
federalism, and in the new contractual
relationships between the federal gov-
ernment and private institutions.

As the story of the President’s Sci-
ence Advisory Committee illustrates, to
say nothing of the similar advisory
groups to the military services and the
Atomic Energy Commission, this type
of relationship very greatly reduces the
possibility that great issues will be de-
cided by closed scientific politics, or
that the increase in importance of sci-
entific staff work will reduce the free
olay of policy debate. For the institu-
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tional bases from which advisers
operate give them a measure of in-
dependence as public critics, and thus
provide something of a counterbalance
to the centralizing pressures of wars
and rumors of wars.

American scientists, who have tended
to be a little disillusioned about their
relationship with politicians ever since
the Jacksonian period, are now entitled
to look with somewhat greater satis-
faction on the domestic Establishment
that they have helped set up. For to
some small extent science has helped
the political system of the United States
develop along lines quite different from
the classic patterns of either parliamen-
tary government and laissez-faire eco-
nomics, on the one hand, or socialism
and one-party rule on the other. Among
its essential institutional features are
universities that are concerned with
applied as well as basic sciences, and
continuously exchange personnel with
the government at all age levels; a
personnel system which puts up no
barrier against the administrative pro-
motion of men with scientific training;
and grants in aid and contracts through
which federal agencies may influence
or guide the policies, but not direct the
detailed management, of certain aspects
of local governments, business corpora-
tions, and universities. Among these
institutions, the connecting links are
strongest in scientific and technical
fields. And the peculiar looseness of
the constitutional system enables the
scientists in each field to take the
initiative in developing policies—just
as their innovations are providing the
greatest impetus to industrial enter-
prise. Most important, science is not
restrained in its impact on policy by
any rigid distinction between ends and
means, imposed by institutionalized
systems of traditional or ideological
values. The key to this is the freedom
to influence or determine the organiza-
tion and procedures of government
from the outside, not conceding con-
trol over them to professional admin-
istrators or party leaders.

Dangers

But there are some good reasons why
scientists should not be too self-satisfied
about their new status. A good many
of them already think that science has
been corrupted by this new system and
the wealth that it has brought (20).

They tend to look back on prewar sci-
ence as the Reformers looked back to
the Primitive Church: a period of
austere purity, an era in which no vows
were needed to guarantee the poverty of
the professor, no scientist was seduced
by the government contract, and teach-
ing fellows were obedient. One may
well be a little skeptical about this
point of view and suspect that poverty
probably brought its distractions, no
less troublesome than those of riches.
But even if we discount such dangers
so far, the worst may be yet to come.
The public and members of Appropria-
tions Committees are being led to think
of science in terms of spectacular re-
sults, like a space satellite or a cancer
cure, and the political pressure to work
miracles may lead to some major dis-
tortions in our national policy and put
some uncomfortable pressures on the
independence of scientific institutions.
We probably have less reason to fear
that major governmental decisions in-
volving science will be secret than that
they will be popular.

For while our new system of ad-
ministration by contract temporarily
avoids the political problems that come
with the growth of bureaucracy, it en-
counters them again in more subtle and
difficult forms. We do well to recognize
that a government bureau is tempted
to be more concerned with its own
status and power than with the pur-
poses of national policy. But if we
entrust those purposes to industrialists
or even scientists, we do not sterilize
that political temptation. We only let
it begin to work directly on the in-
dustrialists and scientists. If public
ownership is no guarantee of unselfish-
ness, neither is private ownership. And
it is ironic, in view of the general public
image of his political ideas, that it was
President Eisenhower who presented
most forcefully to the country the
danger that, having hired private cor-
porations to further specific public ends,
we will see them use the public means
for private profit, or even in political
efforts to control the policy decisions
of the government.

Government policy, like science it-
self, needs to be conceived and pursued
with some regard for its totality as well
as its parts. By giving priority to the
parts—by turning over the administra-
tion of public functions to private in-
stitutions—we have strengthened our
ability to do a great many separate
things, but not our ability to give in-
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tegrity and discipline and direction to
our total effort. Indeed, by relying too
much on the contracting method we
have probably weakened the quality of
the scientists within the civil service,
whose help is needed by the executive
who seeks to manage our scientific pro-
grams as a coherent system (21).

Summary

In the dimensions of its financial sup-
port and in the breadth of its influence,
science has indeed become a national
Establishment. Politicians are more like-
ly to abuse it by calling on it to advance
their special causes than they are to
ignore it. In this predicament, scientists
cannot protect their essential interests
in government by setting themselves
apart in a separate status or separate
department. They used to be content
with the control of particular bureaus
or programs. Today, in the White
House Office or the lobbies of the
Capitol, they are obliged, by the nature
of the system they helped create, to
play a responsible role in all aspects
of national policy, and in the develop-
ment of a new pattern of relationships
between public and private institutions
in our society.
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