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Such policy has its own problems, but the sci 
is not necessarily the best fitted to deal with 

Emmanuel G. Mc 

The belief is prevalent that the policy 
problems raised by the rapid advance 
of science and technology are best dealt 
with when professional scientists are ap- 
pointed to policy-making positions in 
the government. My own involvement 
in the business of science and public 
policy, both in Washington and in an 
international organization, convinces me 
that this is not necessarily so. Policy 
making, even when it concerns science, 
has its own problems and techniques, 
to the understanding of which scientists, 
I think, can lay no special claim. 

I do not speak of individual people 
who happen to be trained scientists. 
Individual people who happen to be 
trained anything are often very good 
policy makers, and scientists are cer- 
tainly no exception. Indeed, other things 
being equal, the presumption probably 
remains in their favor. But other things 
are never equal. The issue thus con- 
cerns scientists as a professional com- 
munity, scientists as such. I am ques- 
tioning the myth that science policy is 
best handled by scientists because they 
are scientists. 

It is a curious myth. Few would 
claim that architects or bricklayers 
make the best housing policy, and 
doubts have been raised about whether 
doctors make the best medical policies. 
There have been other such myths- 
for example, that generals somehow 
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A Permanent Role 

In one capacity the professional sci- 
entist never will and never should leave 
Washington. The technical content of 
major policy issues will not lessen. It 
will increase and get more technical. 
The professional policy maker at his 
best will never be able to do the job 
of the professional scientist. More and 
more, the best of professional scientists 
will have to advise on all policy that 
science touches, which is just about all 
policy. The scientist will forevermore 
have to participate in the policy-mak- 
ing process, along with the economist, 
the soldier, and the public official. 

But advice is a two-way street: there 
must be those who know how to give 
it and those who know how to take it, 
where "to take" means to understand 
and to evaluate. One trouble during the 
last two decades has been that there 
have not been enough good scientific- 
advice-takers in government, not 
enough policy makers sophisticated in 
the new technical dimensions of policy. 
That is why many scientists had to go 
beyond their adviser role, to hold the 
fort by filling in also in the policy- 
making spots, in the White House, the 
Defense Establishment, the State De- 
partment, and elsewhere. It is a safe bet 
that most of these men would willingly 
go back to their own profession-to 
science, and to giving scientific advice 
to government-once they were con- 
vinced that competent professional poli- 
cy makers would succeed them in the 
government jobs. 

My argument so far is that profes- 
sional scientists have been the best sci- 
ence policy makers available between 
World War II and now, but that they 
are not by nature the best for all time. 
This statement requires elaboration. 

Science Policy 

Making policy relating to science- 
making "science policy," to use a short- 
hand term that is gaining currency- 
has two aspects. A government has to 
have a policy for science, a policy (or 
policies) concerned with the support, 
health, and growth of science and 
scientists. But a government must also 
be concerned with the role of science 
for policy-for policy in general-be- 
cause the rapid advance of science and 
technology increasingly affects policies 
aimed at extrascientific national ob- 
jectives, like military strength, economic 
development, international relations, 
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and so forth. Actually, if pushed far 
enough, these two aspects collapse into 
the second, because few but profes- 
sional scientists would much care how 
fast and where science went if it were 
not for its important extrascientific im- 
plications. The country certainly could 
not reasonably be expected to put bil- 
lions of dollars into science just be- 
cause science is good. Music is good, 
too, and it does not get a cent. 

The science-for-policy aspect, then, is 
ultimately the core of science policy 
making. But one of the effects of en- 
trusting science policy making to pro- 
fessional scientists is that the narrow- 
er, policy-for-science aspect can get em- 
phasized out of proper proportion. That 
is, to put it very simply, scientists by 
and large tend to be much more in- 
terested in science than in policy, which 
certainly should surprise no one. 

An example of this bias is a fre- 
quently disproportionate concern with 
the danger to scientific freedom implic- 
it in the very idea of government policy 
making for science. Government re- 
search projects that carry rather funny 
titles, like "An Investigation of the Mat- 
ing Habits of the South American Flea," 
are sometimes questioned on the ground 
of relevance to the sponsoring agency's 
mission, and because there is concern 
that irresponsible bandying about of 
such titles can compromise an agency's 
entire research budget. The scientists 
involved too often answer that this 
is evidence of anti-intellectualism in 
government, and that their professional 
dignity and scientific competence are be- 
ing questioned. They sometimes threat- 
en to resign if the projects are not re- 
tained, but happily they do not often 
do so. The interesting thing, of course, 
is that they rarely even try to justify 
their choices in the light of alterna- 
tive projects that the money could be 
spent on. No sensible person can deny 
that the presence of government in sci- 
entific affairs carries a real risk of un- 
warranted interference and control, but 
crying wolf too often may weaken the 
response if and when the wolf really 
appears. 

Such incidents reveal another bias: 
a conviction that the only criterion rele- 
vant to the making of science-policy 
decisions is whether a project to be 
supported is or is not good science. 
Down deep, very many scientists prob- 
ably wish that the government would 
support all the good science there is, 
and otherwise keep hands off. Of 
course, government cannot do that, be- 
cause there is more good science than 

there is money. Choices must therefore 
be made, and they must be made on 
grounds other than scientific. To spend 
a billion dollars on physics and a mil- 
lion on archeology, or the million on 
physics and the billion on archeology, 
is not an indifferent choice in America 
in 1964, even when the purely scientific 
claims and credentials of the archeolo- 
gist and the physicist are equally good. 
It is perfectly clear that the govern- 
ment should not support bad science, 
but that proscription is not enough to 
build a science policy on. 

Another source of a disproportionate 
emphasis on the narrower, policy-for- 
science aspect of science policy making 
has its source in the at times ineffec- 
tive way in which scientific advice has 
been used by government, especially in 
the earlier days. An inevitable conse- 
quence of scientific spectaculars is that 
science becomes spectacular. It comes 
into fashion, becomes a fad. With the 
public uncovering of the atom bomb, 
everybody decided he needed his own 
private atomic pile, and his own per- 
sonal nuclear-scientist-in-waiting. Dif- 
ferent departments of the government 
all suddenly flowered with their own 
scientific advisory boards. No one could 
any longer afford to be caught with his 
science down. 

Look at these advisory boards. By 
and large, they were staffed from the 
same small group of eminent men in 
science who tended to rotate from one 
to the other. Each was told, "Look, we 
know that science is wonderful, we 
know that we need it in this department, 
we don't know anything about it though, 
so please tell us what we should do." 
And the answer inevitably came back, 
"Support oceanography, or meteorol- 
ogy, or molecular biology," or, if this 
was still in the 1940's, "Support an 
atomic reactor." You ask the same ques- 
tion of the same people ten times, and 
you'll get the same answer ten times. 
And that is what happened. Oceanog- 
raphy programs, meteorology projects, 
and atomic reactors began to spring up 
ten at a time, whether or not they had 
any relevance to the missions and ob- 
jectives of the agencies that sponsored 
them. Policy making thus tended at 
times to be replaced rather than re- 
fined by science. 

Science policy making will come fully 
of age when science begins to serve 
policy, rather than the other way 
around. As yet, it is still missing more 
opportunities than it is exploiting. 

When the National Science Founda- 
tion was established in 1950, it was giv- 
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en two principal tasks: to provide fi- 
nancial support for scientific research 
and scientific education, and to concern 
itself with formulating and coordinating 
government-wide policies relating to sci- 
ence. It never did the second job, de- 
spite a pointed Presidential reminder in 
1954. Supporting research and educa- 
tion was relatively easily done, and was 

good for science. Making science policy 
was a new and murky area, little un- 
derstood and likely to fan interagency 
rivalries. The foundation played it con- 

servatively, partly for want of sufficient 

authority, and to that extent missed a 
chance to enrich the art of policy mak- 
ing and to make it adequate to the 
needs of the present time. 

International scientific cooperation is 
another case in point. Why do coun- 
tries cooperate in scientific programs? 
Sometimes, as in the case of CERN 
(the European Organization for Nu- 
clear Research), because equipment is 
too costly for them to support singly, 
in order to make up for their individ- 
ual weaknesses in certain areas by call- 
ing on the strength of others. Some- 
times because the field-like astrono- 
my, meteorology, or space science- 
does not respect national boundaries. 
The first of these reasons, in particular, 
does not apply to the United States. 
No single European country may have 
enough money to buy the latest particle 
accelerator, but the United States could 
buy ten. Belgium may be weak in 
physics, and Italy, perhaps, in biology, 
but the United States is pretty strong 
in all departments. In other words, the 
United States can do without European 
science. But it cannot do without Eu- 
rope. It needs it as an ally, and it 
needs it increasingly as a market. Con- 
versely, Europe needs and wants sci- 
ence from America, but is no longer 
dependent on this country for economic 
aid, and is increasingly going its own 
way in foreign and defense policy. 

Now, if each of two people has some- 
thing that the other wants, they are 
likely to start talking about a trade. But 
no! The argument that too often greets 
proposals for increased U.S. participa- 
tion in international scientific coopera- 
tion is, "But European countries are not 
cooperative these days, either in NATO 
or in tariff negotiations. If they're anxi- 
ous to cooperate in science, it's only 
because they want our science, and we 
get little in return." 

This is looking at the issue solely 
from the point of view of probable 
scientific benefit to the United States. 
The real payoff to this country from 
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international scientific cooperation may 
be more political than scientific: science 
may offer an important and viable chan- 
nel of international communication at 
a time when more traditional diplomat- 
ic, military, and economic channels are 
faltering. Failure to recognize the full 
extent of this can amount to using 
science to obstruct policy rather than to 
advance it. 

Science-or rather its name-has 
also sometimes been used to obstruct or 
confuse policy in other ways. One very 
eminent scientist will say that we should 
build bigger and better and more H- 
bombs more quickly, because he is a 
great scientist and he says so. Another 
equally eminent scientist will say that 
we should destroy all our weapons im- 
mediately and unilaterally, because he 
is a great scientist and he says so. 
Congress, which can be short on science 
but is very long on politics, plays such 
people like poker chips. My scientist 
can lick your scientist. In the mean- 
time, of course, the really useful work 
is done by the man who invents the 
detection device that makes the test- 
ban treaty possible, and by the scientists 
who work hand-in-glove with the dis- 
armament negotiators in Geneva. I cite 
this instance only to show that profes- 
sional scientists are no more immune 
than anybody else to bias and special 
pleading. Scientist A's supporters, of 
course, argue that Scientist B is not 
representative of the scientific commu- 
nity, and B's associates argue that A is 
not. Probably neither is, but it is un- 
likely that it matters one way or the 
other. The problem is not to distill the 
true essence of the scientific communi- 
ty, and then listen. It is to distill the 
essence of particular policy problems at 
particular times, and to call on scien- 
tists, among others, to help deal with 
them. 

An Interdisciplinary Effort 

Such examples and arguments cast 
doubt on the idea that professional sci- 
entists have a special competence as 
policy makers because they are sci- 
entists. That is not to say that being 
a scientist is a disqualification for a 
policy-making role. It just is not a 
special qualification, any more than be- 
ing a professional economist is, or a 
professional philosopher. Rather must 
all these specialists, and more, partici- 
pate together in making policy, because 
making policy is as truly interdiscipli- 
nary an effort as there is. 

The economist as such must contrib- 
ute his special expertise in cost-benefit 
analysis to guide the allocation of sci- 
entific resources. The physical scientist 
as such must determine the purely sci- 
entific priorities: how manpower and 
money should be divided according to 
the intellectual demands of each branch 
of science. The political official must 
introduce the extrascientific considera- 
tions. The engineer must perform his 
unique function of translating scientific 
theories into useful objects, and the 
political scientist must help design the 
institutions that can convert this variety 
of contributions into viable policy. 

Because the job is so complex, talent- 
ed policy makers are rare. Talented 
policy makers who are also competent 
professional scientists are therefore 
necessarily rarer still. This sometimes 
means that important policy jobs are 
filled by good scientists who are rela- 
tively insensitive to policy when they 
could be better manned by competent 
policy makers sophisticated in the facts 
of science. That is why we should not 
assume without examination that scien- 
tists as such are better qualified than 
anybody else to deal with science-policy 
problems. 

Am I preaching to the converted? I 
believe not. Most scientists will agree up 
to a point with what I have been say- 
ing, and still believe that, when all is 
said, a scientist is really better fitted 
by training than anyone else to do 
the policy making. In their souls they 
feel that policy making in government 
is a messy, disorganized, and irrational 
business, and that only the clear eye 
and trained mind of the professional 
scientist can clean it up. 

Too often the effect of this is that 
the policy problems are simply not 
tackled. The full-time scientist-adviser in 
the government can sometimes be in- 
different to the value and need for de- 
tailed examination of the specific ways 
in which science and technology enter 
into the often delicate policy questions 
with which his agency struggles. Un- 
used to thinking in political terms, he 
tends to concentrate still on the sub- 
jects that occupied him in his university 
laboratory. 

To the suggestion that his prin- 
cipal concern should now be with 
policy rather than with science as such, 
he has too often been known to reply, 
"Yes, I see that, and I suppose it's 
right. I hadn't quite thought of it that 
way before. I generally leave these 
political questions to others, and con- 
centrate my own efforts on the things 
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I know how to do; for example, our 
efforts in oceanography and our new 
program in meteorology." 

I have at times, after frustratingly 
frequent encounters with this kind of 
reaction, asked knowledgeable friends in 

Washington when we will learn that we 
don't absolutely have to appoint scien- 
tists to these jobs irrespective of their 
political sophistication. "Not in the fore- 
seeable future," is the answer I get, 
"because the entire scientific communi- 
ty would be up in arms if we con- 
sidered nonscientists for them. All these 
jobs have to go to scientists, even when 
we can't attract our first or second 
choices to them." 

Conclusions 

Two comments seem in order. (i) 
The failure of the traditional policy- 
making machinery to grapple with the 
new technically rich problems that have 
arisen over the last 20 years is adequate 
explanation for the development of this 
attitude on the part of the scientific 
community. By and large, it has until 
now been better to have scientists than 
nonscientists in these jobs. (ii) The 
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country's progress in dealing effectively 
with the important problems of science 
policy will be measured by the degree 
to which the scientific community pro- 
gressively abandons this attitude. Mili- 
tary policy making has on the whole 
been better done since the professional 
military man gave up his special claim 
to omniscience and began to cooperate 
rather than dominate. The analogy 
with science policy is clear. The special- 
ist may be the best man to deal with 
the policy implications of his field, but 
he is not always or by nature the best. 

Of course, professional policy mak- 
ers must first become more adept than 
they have been in dealing with issues 
that touch science before the govern- 
ment can safely lessen its encroachment 
on the scientist's time. It is not clear 
that physicists and chemists have to be 
in the policy-making jobs, but it is clear 
that these jobs must be manned by peo- 
ple who know what physicists and chem- 
ists do when they do physics and chem- 
istry. The modern public servant, in 
other words, has to be scientifically 
literate. He must be able to understand 
a scientist when he talks. He has to be 
able to sift good from bad scientific ad- 
vice. He has to be able to make his 
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superiors in the Executive branch and 
in the Congress understand what sci- 
ence is really about, understand that it 
is more than modern sorcery. He must 
also be able to explain government and 
its special problems to the scientist, so 
that the scientist can provide more rele- 
vant advice to the government. He 
must function as the communications 
link, missing up to now, between the 
professional scientist and the profes- 
sional politician. 

This is no mean task. It is one to 
which this country is only now begin- 
ning to awaken. It is one to which 
public officials, professional scientists, 
scholars in general, and educators per- 
haps above all must henceforth devote 
themselves explicitly and systematically, 
in order to understand the problem and 
to help breed the new, technically 
sophisticated public servant who can 
deal with it. It is only when that is 
done that the scientist can reasonably 
be asked to yield to the new profes- 
sional in government. But it is doubt- 
ful that he will even need to be asked. 
He will probably do so willingly-per- 
haps even eagerly-once he is con- 
vinced that the policy-making job will 
not be bungled by scientific illiterates. 
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By "the far-infrared" I mean here 
that awkward region of the electromag- 
netic spectrum between the microwave 
and the conventional infrared region. 
Until recently, this region had remained 

largely unexplored since the pioneering 
work of Rubens and his collaborators 
shortly after the turn of the century. 
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To be specific, I use the term far- 
infrared to refer to the wavelength re- 

gion of 0.1 to 1 millimeter, or 100 to 
1000 microns. This means that v in spec- 
troscopic wave-number units is between 
10 and 100 cm-1, or that the actual 

frequency, v, lies in the range 3 X 1010 
and 3 X 1012. Put in more physical 
terms, photons in this region of the 

spectrum have quantum energies hv 
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corresponding to thermal energies kT 
for temperatures T of 15? to 150?K. 
(Here h and k denote the constants of 
Planck and Boltzmann, which are re- 
spective constants of proportionality 
connecting energy to frequency and 

temperature.) This energetic equival- 
ence suggests one reason why the spec- 
troscopy of solids at these wavelengths 
is interesting; namely, any phenomenon 
of ordering on the atomic level within 
a solid which has a characteristic tem- 

perature Te lying in the convenient 

range 15? to 150?K may be expected 
to have characteristic energy-level sep- 
arations which may be studied spectro- 
scopically in the far-infrared. 

An example of this is the transition 
of a metal to the resistanceless super- 
conducting state, characterized by an 
ordered electronic state. We now know 
that a material which becomes super- 
conducting at a critical temperature Te 
has a characteristic energy gap of width 
Eg3 3.5 kTc in its excitation spectrum 
at low temperatures. Since most known 

superconductors have Tc in the range 
1? to 18?K, these gaps fall either in the 
far-infrared or the millimeter micro- 
wave region of the spectrum. Another 
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