
How can enlightened support for 
basic scientific work be ensured at a 
time when such research is increasingly 
classed among the indulgences of a so- 
ciety that is no longer inclined to be 
indulgent? 

This problem can only be understood, 
I think, in the context of questions con- 
cerning the health of our entire sci- 
entific undertaking as a social enter- 

prise in the decade ahead. To be pre- 
occupied with the primacy of pure, as 
contrasted to applied, science is to re- 
ify a specious distinction, for science 
is, in its most fundamental sense, only 
an approach to solving problems-an 
approach based on logic tempered by 
experience-and its goals may be both 

specific and general, concrete and ab- 
stract, practical and theoretical, and 
immediate and long-range. Indeed, his- 

tory has taught that fundamental knowl- 

edge often emerges in the course of at- 

tempting to solve practical problems. 
By way of example, one need only note 
the impact of the transistor and the laser 

upon the recent expansion of knowledge 
in physics. By way of an object lesson, 
one need only speculate about the re- 
lation of such technological innovations 
to the unprecedented affluence enjoyed 
by virtually all of us in the scientific 

community during the past 20 years. 
I approach the question of the cur- 

rent welfare of science by first asking 
how it is that scientists suddenly find 
themselves confronted by a crisis of 
confidence on the part of the public 
and then by suggesting several courses 
of remedial action: political strategies, 
broadly defined; educational programs, 
both short- and long-range; and the 
stimulation of a more clearly articu- 
lated national science policy than the 
one now held by our government. 
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Why the Crisis of Confidence? 

People ultimately resent being excluded 
from judgments or even information about 
scientific and technical developments that 
may change their lives and their world 
in major ways which they are powerless 
to anticipate or affect-CARYL P. HASKINS 

(1, p. 246). 

This statement tells us a lot about 
the bases of society's present estrange- 
ment from science. We Americans have 

always regarded ourselves as essentially 
unique in our commitment to a bright 
tomorrow. We have steadfastly believed 
that we can, with appropriate effort, 
achieve whatever we wish, and over 
the years science has been seen as a 
handmaiden to that achievement. In 
this tradition and flushed by its suc- 
cesses during World War II, the 
American scientific community turned 
to the problems of a world at peace 
and assured their countrymen that, 
with sufficient funding, anything was 

possible. 
Funding was indeed provided-and 

in unprecedented amounts. By the mid- 
1960's, the annual total had in a dozen 

years grown from $2.8 to $12.6 billion 
and was continuing to grow at the rate 
of 12 percent per year; meanwhile, the 
leaders of the scientific community 
were asserting that 15 percent per year 
was closer to the necessary rate. Then 
the troubles began. Scientists had based 
their justification for the large-scale sup- 
port of science by public resources on 
the criterion of utility, but had failed 
to take into account the principle of 

public accountability and thus had 
failed to reconcile the traditional laissez- 
faire philosophy of research with a 
need for strategies that relate basic 
studies to socially useful outcomes. 

More than this, the scientific commu- 
nity had built a closed world of grants 
and contracts, publications, professional 
meetings, and committee business that 
inevitably excluded such matters as 
public concern and welfare. Thus, when 
their hand was called on specific nation- 
al problems-curing cancer, curbing the 
physical deterioration of the environ- 
ment, reducing crime rates-they were 
caught by surprise. 

This failure to perceive fully the im- 
plications of public support of science 
has meant many things. Among other 
things, it has meant that scientists sim- 

ply have failed to understand the im- 

portance of making clear to the non- 
scientific public the long time lag that 

usually occurs between the formulation 
of a scientific concept and its practical 
application (2). The average scientist, 
let alone the average layman, does not 

readily recall that 100 years separated 
Babbage's idea of a computing engine 
and the modern electronic computer, 
that 40 years were required to get from 
Oberth's analysis of space propulsion to 

Sputnik, or that a similar period elapsed 
between Einstein's paper on stimulated 
emission and the first laser. 

Given the role of science and tech- 

nology in World War II, it was easy 
for scientist and layman alike to as- 
sume that national prestige and power 
were linked to scientific supremacy. 
This became another justification for 
continued escalation of science funding, 
particularly by the military establish- 
ment. But if there is anything that has 
been learned about the geopolitics of 

science, it is that science is funda- 

mentally international in character. In- 

deed, this was a lesson the war itself 
should have taught: Great Britain and 

Germany developed both radar and jet 
aircraft at about the same time, and 
the United States and Russia developed 
atomic weapons (and, subsequently, 
ballistic missiles) and orbital satellites 
at approximately comparable rates. 
Breaches in security undoubtedly made 
their contribution to these parallel de- 

velopments, but I cannot believe they 
were totally responsible for them. The 

way in which scientific interests evolve, 
the nature of scientific communication, 
and the whole manner in which the sci- 
entific enterprise operates all militate 
against national advantage for any 

The author is publisher of Science and execu- 
tive officer of the AAAS. This article is taken 
from a paper presented at a symposium on the 
relations between basic research and the applica- 
tions of psychology, AAAS annual meeting, Phila- 
delphia, 28 December 1971. 
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length of time. Joseph Ben-David (3, 
p. 179) advances the compelling view 
that the two greatest spurts in scientific 
production in the past (that in Ger- 
many during the late 19th century 
and that in the United States after 
World War II) were both impaired by 
sudden increases in governmental sup- 
port motivated by concerns for military 
superiority and national prestige. 

Its prevalent laissez-faire philosophy 
of research, in addition to a preference 
for problems that are manageable in the 
laboratory of the individual scientist, 
has inevitably meant that the scientific 
community has given little or no at- 
tention to problems that are-or should 
be-of overriding concern to the larger 
society. John Platt (4, pp. 160-178) has 
recently catalogued these problems in 
order of their urgency and has made 
estimates of the time still available for 
solving them before they reach crisis 
proportions. He describes eight grades 
of crisis intensity and a time scale ex- 
tending to 50 years, although 20 years 
in most cases marks his estimates of the 
outer limits of tolerance. Platt's order- 
ing of problems ranges from the danger 
of annihilation by nuclear, chemical, or 
biological means, through the disturb- 
ance of our ecological balance and the 
problems of the cities, to those prob- 
lems with which scientists are current- 
ly preoccupied. These last he character- 
izes as sets of exaggerated or over- 
studied problems associated with mili- 
tary research, certain kinds of medi- 
cal research (for example, heart trans- 
plants), and space research. He also 
states that thousands of studies are 
simply minor variations on well-known 
themes. In every case, Platt says, the 
number of scientists involved exceeds 
the number of significant questions. 

The essence of the scientist's philos- 
ophy of conduct is that he refuses to 
assign priorities to the importance of 
his work. Yet, as Marcus Goodall (5) 
points out, priorities are, for the most 
part, what politics is about. When it 
acquired large-scale government fund- 
ing, science also inevitably acquired a 
political dimension. Platt summarizes 
the situation pungently (4, p. 172): 
"When we see the scale and urgency 
of our worldwide problems today, the 
idea of 'science as usual' is so irrele- 
vant ahd wasteful of tens of thousands 
of our best minds that it approaches 
frivolity." This failure of science to 
confront Platt's urgent problems Ben- 
David (3, pp. 169-185) perceives in 
terms of Durkheim's concept of anomie. 
2 JUNE 1972 

He points to the fact that many scien- 
tists have experienced a feeling of loss 
of purpose and satisfaction in their 
work. This, he suggests, may be the 
result of a too easy material success, 
with little or no substantial contribu- 
tion to science and society. And now, 
as Edward E. David (6) observes, so- 
ciety is no longer content to allow sci- 
entists simply to do what they will, or 
even to pick and choose their projects 
from a long list of societal needs. Rath- 
er, it will increasingly insist that sci- 
entists do what society as a whole de- 
mands. 

The Elitism of Scientists 

Certainly, a factor in the public's 
disaffection for science has been a mat- 
ter of the style or posture adopted by 
scientists. The scientific community's 
traditional preoccupation with individ- 
ual excellence has produced a psychol- 
ogy of elitism that has excluded the lay- 
man, often unnecessarily, from both 
the intellectual and social company of 
scientists. 

On questions of research funding, 
elitism has meant for many scientists 
an expectation of support by virtue of 
some special position in society, with- 
out a commitment to accountability in 
the sense that men of public affairs 
understand this phrase. This attitude is 
epitomized by Vannevar Bush's widely 
quoted 1946 statement on the strategy 
for supporting research (7). 

Select scientific men of great power-men 
who are thus regarded by their colleagues 
-and see to it that they get every bit of 
support which they can utilize effectively, 
in their own undertaking, and in accord- 
ance with their own plans. Such an effort 
should cover every contributory field, and 
hence the entire science of man's physical 
and chemical constitution and growth. 
Such selections are difficult to make, 
and over the past several decades of 
rapidly expanded funding many sci- 
entists have come to equate membership 
in the scientific fraternity with quali- 
fication for support. 

Furthermore, implicit in the philos- 
ophy of elitism, I suspect, is the assump- 
tion that intellectual superiority means 
moral superiority. History, however, 
has demonstrated that the scientific 
community is like any other community 
of men: it contains both sages and 
fools, men of integrity and selfless com- 
mitment and men whose purposes are 
less admirable. The individual scientist 

must have the right to make the tech- 
nical decisions necessary to the course 
of his scientific work without interfer- 
ence. But to insist that scientific free- 
dom also means that only scientists 
shall participate in decisions that relate 
to the purposes of scientific funding or 
otherwise concern public policy in areas 
related to science is quite another mat- 
ter. The correctness of scientific state- 
ments is, of course, independent of value 
judgments; but, as Ben-David (3, p. 
181) has observed, decisions to spend 
money for research involve a choice 
between alternatives and are an expres- 
sion of values. Most scientists, I am 
sure, would be quick to question the 
wisdom of leaving matters of defense 
policy exclusively to the professional 
military community or questions of the 
economy exclusively to the leaders of 
the corporate community. Thus they 
should not be too surprised if the lay- 
man insists that science is, in an exten- 
sion of Clemenceau's thesis, too serious 
a matter to be left only to scientists. 

A clear mark of the Zeitgeist of the 
late 1960's and the 1970's is the in- 
creased demand for participation in 
decision-making by those affected by 
it. The voting down of the supersonic 
transport was, I suspect, as much a re- 
action against an earlier, narrowly taken 
decision by a small special-interest 
group as it was a reflection of concern 
for environmental pollution. There is, 
says Daniel Moynihan (8, p. 8), "a 
fairly steady evolution toward direct 
citizen participation in the actual work- 
ings of government, a movement that 
has somewhat lagged but otherwise 
paralleled the increasing professionali- 
zation of government service." Twenty- 
five years ago, Bush's great-and un- 
doubtedly justified-fear, following the 
spectacular technological accomplish- 
ments of the World War II period, was 
that there would be an overemphasis 
on applied science, to the detriment of 
both basic science and national interest. 
For the past several years, the concerns 
of many, both scientists and laymen 
alike, have taken the opposite turn. 

Science Is Knowing; 

Technology Is Doing 

Now that I have sermonized on the 
sin of irrelevance, I must also caution 
against the excessive enthusiasms of the 
saved. At present, scores of scientists- 
particularly many of the- younger ones 
-responsive to social pressures from a 
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number of quarters, sensitive to emerg- 
ing patterns of funding, troubled that 
science may have missed an important 
turn in the onward movement of so- 

ciety's institutions, have rushed pell- 
mell to attack what they have heard 

variously are society's critical problems. 
This is reassuring and commendable. 
But even as scientists engage themselves, 
they must ask themselves just what their 

qualifications for such a task are. Cer- 

tainly, they bring to the situation bet- 
ter than average intelligence, experience 
in framing questions for empirical 
analysis, and certain relevant informa- 
tion. However, science is not in itself 

technology. A distinguished engineer, in 
a recent conversation about these mat- 

ters, commented to me, "There are too 

many scientists mucking up the prac- 
tical. They should leave this to the en- 

gineer. We still need basic science. The 
shoemaker should stick to his last." 
Modern scientists and modern technol- 
ogists, however, are, as John Ziman (9) 
has pointed out, extremely difficult to 

distinguish from one another. Certainly, 
the distinction cannot be made simply 
in terms of differences in substantive 
interests or available skills. Rather, it 
is more appropriate to differentiate in 
terms of goals, motivation, and pro- 
fessional life-style. I am indebted to 
Dr. Newman Hall (10) for a succinct 

way of putting it: knowing versus 

doing. 
The goal of the scientist is to under- 

stand nature, and his ambition is to pro- 
vide information useful to his profes- 
sional peers and thereby to secure and 
maintain their respect and attention. His 

preference is for restricted problems 
that are easily adapted to the style of 
the individual investigator in the labor- 

atory setting, and his commitment to 

precision is absolute. In contrast, the 

technologist's goal is to create socially 
useful things; his aim typically is to 

bring to bear all available means on 

achieving an acceptable solution of some 
immediate practical problem. He there- 
fore must consider a wide range of 

questions outside his specific sphere 
of technical competence. His approach 
is usually the team approach. And his 
concern for precision is limited to that 

required for dependable operation. 
When the scientist has acquired in- 

formation related to the meeting of a 
societal need or has uncovered a prin- 
ciple significant for the solution of a 
societal problem, he has still made only 
the important first step. There follows 
the complicated and usually laborious 
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task of developing the reliable produc- 
tion model or operational system [it 
has been estimated (11) that for every 
dollar spent on basic research, $10 is 
needed for development and $100 for 
the introduction of a new product]. 
These last steps are ones that the sci- 
entist typically is not prepared, by tem- 
perament or training, to take. 

Relevance or Significance? 

Yet the difference between science 
and technology is not simply a matter 
of understanding for its own sake versus 

understanding for application. Melvin 
Kranzberg (12, p. 31) says it is both, 
"singly and together in whatever com- 
binations are necessary for the prob- 
lems we wish to solve." Thus, it strikes 
me that the fundamental question for 
the scientist is not "How can I be rele- 
vant?" but "Is my work significant?" 
Furthermore, significance must be de- 
fined as broadly as possible: significance 
not simply for a handful of colleagues 
who engage themselves on some nar- 
row piece of intellectual turf, but for 
the broader reaches of science and be- 
yond, and for purposes beyond those 
of basic understanding. Only if he is 
willing to face this question honestly 
and often is the scientist justified in 
asking society to be tolerant of the risks 
inherent in basic science and to under- 
stand its value in the long haul. 

Scientists in a democracy have a re- 
sponsibility to their lay peers to explain 
clearly both the nature of science and 
the potential significance of their sci- 
entific achievements for the larger so- 
ciety. It is increasingly in the scientist's 
interest to understand more clearly 
what the layman thinks and feels about 
science. What approaches may the sci- 
entist take in order to bring about this 
mutual understanding? What can he do 
to restore a climate of favorable opin- 
ion toward science and technology so 
that the value of his contributions may 
be adequately appreciated? 

Scientists and the Politics of 

Enlightened Social Involvement 

Conflicts (of human values) must be 
settled ultimately by the political process, 
but experts may nevertheless have a great 
deal to say about the differing relevance 
of various kinds of values to the problem 
at hand. Some systems of values may be 
far more appropriate to the situation than 
others-MURRAY GELL-MANN (13, p. 24). 

As a field of activity acquires the 
status of a profession, this evolution is 
marked by certain signs: members of 
the profession concern themselves with 
the quality of education that leads to 
admission into the profession; with pro- 
cedures for certifying the competence 
of members already admitted; with 
means for ensuring the personal welfare 
of individual members, including pro- 
tection from attack by persons or groups 
outside the profession; and with mech- 
anisms for protecting the essential 
values upon which the profession bases 
its existence. Furthermore, as a field of 
interest achieves a more prominent place 
in society, it increasingly strives for the 

acceptance of its dominant values by 
the society at large. At least some frac- 
tion of the methods available to achieve 
these ends are political. 

Scientists in a variety of fields have, 
with differing degrees of enterprise, 
busied themselves with the accreditation 
of their educational programs, certifica- 
tion and licensing, codes of ethics, and 
such things as insurance and pension 
plans. But their traditional elitism and 
its attendant self-preoccupation have 
meant that almost all of them have 
been essentially blind to the inherently 
political component of their enterprise. 

In general, scientists publicly show 
ambivalence toward politics-even pro- 
nounce it corrupting-with the conse- 

quence that, when scientists have partici- 
pated in public affairs, their perform- 
ance, judged in political terms, has 

usually been poor. They have depended 
on powers of personal persuasion; they 
have usually been unwilling to take 

risks; and, above all, as I briefly noted 
earlier, they have not yet fully under- 
stood the meaning of public accounta- 

bility. 
The individual scientist typically has 

assumed that, as long as he was not 

profiting financially from the award of 

public funds, he was meeting his respon- 
sibility to the public agency that 
awarded them. He has failed to ap- 
preciate the literal nature of his obliga- 
tion as an awardee, its implications for 
the goals of his work, and his commit- 
ment to the constant evaluation of what 
he is doing and to proper reporting. But 
whatever the depth of his appreciation 
of the notion of accountability, it has 
never been for him more than a rule 
of personal conduct. Accountability as 
an obligation acquired by a social insti- 
tution by virtue of its growth and in- 
stitutionalization (especially when that 

growth and institutionalization have re- 
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suited from the evolution of public 
policy and funding) is something that 
has not yet occurred to him. In this 
age of "participatory democracy," the 
public is demanding that all segments 
of society be accountable, and science 
and technology are not exempt. In this 
period of a troubled national economy, 
accountability, both individual and in- 
stitutional, is inevitable. Ivan Bennett, 
speaking from his post as deputy sci- 
ence adviser to the President during 
the Johnson Administration, put the 
matter squarely a full 5 years ago: 
"Science . . . can no longer hope to 
exist, among all human enterprises, 
through some mystique, without con- 
straint or scrutiny in terms of national 
goals, and isolated from the competi- 
tion for allocation of resources which 
are finite" (14). 

In his 1968 AAAS presidential ad- 
dress, Don Price identified the political 
role of American science as one of help- 
ing to "clarify our public values, define 
our policy options, and assist responsible 
political leaders in the guidance and 
control of the powerful forces which 
have been let loose on this troubled 
planet" (15, p. 31). Not every individ- 
ual scientist may be qualified to partici- 
pate directly in such activities. But all 
share equally in the responsibility to see 
that they are carried out, and carried 
out well. 

To date, scientists have failed to de- 
velop mechanisms for effectively ex- 
pressing the views of the scientific 
community or for engaging it respon- 
sibly in matters of social concern. In 
recent years, groups of scientists have 
expressed themselves on specific issues, 
but they have not created the impres- 
sion that they are more than one voice 
among many. The institutions of science 
-the faculties, the laboratories, and, 
above all, the professional associations 
-have done little more than utter 
pious platitudes. 

I propose some starting points for 
responsible public involvement. First of 
all, scientific associations must take 
greater initiative in arranging public 
forums for the airing of issues to which 
scientists can effectively contribute. A 
good example is the persistence of the 
AAAS Council, over a period of 4 
years, in concerning itself with the use 
of herbicides in Vietnam, its consequent 
adoption of resolutions, and, ultimately, 
the work of the AAAS's Herbicide As- 
sessment Commission, which played a 
major role in the Department of De- 
fense's changing its policy in this matter. 
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Second, scientific associations must 
move to commission more in-depth 
studies of problems that have policy 
implications. In 1964, well before the 
general apprehension about air pollu- 
tion, the AAAS established its Air 
Conservation Commission. This group, 
after 2 years of intensive work, issued 
a report entitled Air Conservation, 
which has over the years greatly in- 
fluenced thinking on this matter and 
continues to be among the best-sellers 
in the AAAS monograph series. 

Third, the scientific community must 
vigorously seek dialogue with persons 
involved in establishing public policy 
on those public issues with which sci- 
ence is appropriately involved. This in- 
cludes presenting testimony to legisla- 
tive committees as well as arranging 
for more informal opportunities for an 
exchange of views. For the past 12 
years, the AAAS, in collaboration with 
the Brookings Institution, has each 
spring conducted a series of seminars 
on topics of current interest to con- 
gressmen and members of their profes- 
sional staffs. Last year the program was 
expanded to include a fall series. 

Fourth, opportunities for involve- 
ment with decision makers must be 
sought not only at the national level, 
but also at the state and local levels. It 
is gratifying to note that governors as 
well as state legislators now regard it 
as desirable to include persons with 
scientific and technical backgrounds as 
members of their staffs. Individual sci- 
entists are to be urged to enter volun- 
teer roles as consultants to schools, 
departments of public works, mayors' 
offices, and other public agencies, par- 
ticularly in small communities where 
budgetary limitations prevent the em- 
ployment of full-time, professional sci- 
entific staff. A notion that is very at- 
tractive to the AAAS is that of the 
regional center. These centers are con- 
ceived of as strategically placed offices 
containing a small professional staff 
that serves as broker in the relationship 
between the scientific and the public- 
service communities. 

Fifth, young scientists must be en- 
couraged to enter careers of public 
service. At present, only a very small 
number have done so. For example, a 
solid state physicist now serves as sci- 
ence consultant to the Committee on 
Science and Astronautics of the House 
of Representatives. The AAAS board o,f 
directors has recently approved the de- 
velopment of an internship program 
that would recruit young scientists and 

arrange for their preparation to assume 
such posts. 

Sixth, scientists must be encouraged 
to seek elective office. While Congress 
includes members of the legal profes- 
sion in large numbers, and physicians 
and business executives are not unheard 
of in those halls, there is, to my knowl- 
edge, only one scientist, Representative 
Mike McCormack of Washington, in 
Congress today. 

You will note that I have stopped 
short of advocating outright lobbying. 
I believe that our traditional commit- 
ment to what Ziman (9) calls the 
"principle of consensus," as well as to 
the requirements of an enlightened self- 
interest, prompt us to give attention to 
more than our own parochial concerns. 
We have already seen the frequently un- 
fortunate consequences of a narrow 
rationality ["facts and figures marshalled 
in huge arrays that have failed some- 
how to include inputs from common 
sense or from human values" (13, p. 
23)]. 

In an interview in the National Sci- 
ence Foundation's Mosaic, Presidential 
Science Adviser David lamented the 
absence of "a credible group which can 
lay out in terms understandable to the 
public, Congress, and the Executive 
Branch too, what the scientific and 
technological facts are and to do it in 
an unbiased and credible way" (16, p. 
14). I feel compelled to gently chide 
David for what I can only assume to 
be a momentary lapse of memory. The 
AAAS is such an organization. It has 
been doing the things that David calls 
for and, indeed, has launched a signif- 
icantly more ambitious program for the 
future. 

On the Essential Role of Education 

In the conditions of modern life the rule 
is absolute, the race which does not value 
trained intelligence is doomed-ALFRED 
NORTH WHITEHEAD (17). 

If those of us who have experienced 
concern about what has happened to 
both science and society in the last 
decade share one conviction, I suppose 
it is that education constitutes an es- 
sential means for ensuring the future 
welfare of both. I am thinking of edu- 
cation in two senses: first, as the acqui- 
sition of both the skills and the en- 
lightened perspective required of peo- 
ple to be effective members of tihe 
society of the future and, second, as a 
strategy for restoring the climate of 
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respect and acceptance science needs 
now if it is to realize its potential to 
contribute to society in the years ahead. 

The situation is already reassuring for 
education in the first sense. Young 
people, I believe, have again turned to 
education as a prerequisite for the social 
change they wish to bring about. I re- 
cently had occasion to visit one of the 
nation's leading universities in connec- 
tion with a research-training grant pro- 
posal. In the course of a discussion with 
a group of graduate students, I pressed 
them on why funding should be con- 
tinued for research training when there 
were such great and immediate physical 
needs in communities all over the coun- 
try. Their response was polite but firm: 
"We have taken part in protest; we have 
spent long hours in the ghetto; and we 
know that society's problems are not 
going to be solved by rhetoric or by 
the declaration of good intentions. They 
are only to be solved by knowledge 
and skill." Others are speaking in the 
same way. 

U.S. News and World Report (18), 
in a story entitled "Turn from campus 
violence," reports that at the Univer- 
sity of California at Berkeley, where 
the U.S. student protest movement 
started back in 1964, large numbers of 
freshmen are enrolling in chemistry, 
and big gains are taking place in the 
physical and biological sciences, and in 
engineering as well. The writer quotes 
John Hensill, dean of the school of 
natural sciences at San Francisco State 
College, as saying that students are 
pushing the faculty to get all they can 
from their courses, and Douglas Davis, 
associate dean of undergraduate studies 
at Stanford, to the effect that students 
now recognize the importance of science 
and the law as instruments o,f social 
change. Donna Clark, vice-president of 
the student body at Kent State, is 
quoted as saying, "Students are realizing 
that in order to create change you have 
to renovate the system, and for that, 
you need book learning." 

My primary concern at present is for 
education in the second sense. An effec- 
tive program of education for under- 
standing requires both a full awareness 
of the concerns, fears, and aspirations 
shared by people in all walks of life 
and a precise perception of how science 
can-and cannot--function as an in- 
strument for improving the human 
condition in the context of these con- 
cerns, fears, and aspirations. The strate- 
gies must be both short- and long- 
range. I have on another occasion (19) 
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described some of the latter. Suffice it 
to say here that we need a vigorous and 
imaginative program, and that, without 
minimizing the responsibility of science 
and technology for many of today's 
urgent problems, we must more effec- 
tively demonstrate specific ways in 
which science and technology have 
advanced the interests of society. More 
important, we must clearly communi- 
cate their essential roles for the future. 

A general program of education for 
public understanding is a multimedia 
program. Because today's 18-year-old 
has spent some 18,000 hours before the 
television set, in contrast to 14,000 
hours in the classroom (20), television 
must constitute an important element in 
such a program. For television, I think 
the goals should be threefold: first, to 
produce a large number of programs of 
the general documentary sort for both 
public and commercial outlets; second, 
to create a means for ensuring that in- 
formation on or about science and sci- 
entists is competently presented in gen- 
eral entertainment programming (if 
science is to ibe included in soap operas, 
it ought to be good science); and third, 
to encourage the production, on a regu- 
lar basis, of programs that treat sci- 
entists, both real and fictional, as peo- 
ple. To date, there have been no sci- 
entist or engineer counterparts of 
"Marcus Welby, M.D." or "Mr. District 
Attorney." 

The AAAS produces five 1-hour, 
color programs in prime time to present 
the major themes of the annual meet- 
ing over the nationwide network of the 
Public Broadcasting Corporation. It is 
now examining the feasibility of a 
widely expanded program that will 
further exploit the medium in a great 
variety of ways. 

Radio was used by the AAAS for 
the first time at the Philadelphia meet- 
ing last December, and a proposed 
program of activities in radio to com- 
plement the proposed activities in televi- 
sion is now under review. Planning is 
already under way for a series of vi- 
gnettes presenting basic concepts in sci- 
ence and technology, to be narrated by 
well-known radio or television personali- 
ties. Later, these vignettes may be ex- 
panded and organized in the form of 
study kits for use in educational pro- 
grams of clubs and community-interest 
groups. 

Possibilities are also being studied 
for the expansion of the AAAS's !book 
publication program, which is now es- 
sentially limited to symposium volumes, 

to include paperbacks and other mate- 
rials directed toward various lay groups. 
Finally, the communications office of 
the AAAS has ambitions for establish- 
ing more effective information services, 
as well as a program of workshop con- 
ferences for professionals in the com- 
munications media. 

Education and the Zeitgeist 

Science first emerged as an avocation 
of men of learning and affluence. Much 
has been written in recent years con- 
cerning the management of leisure in a 
world in which work routines are in- 
creasingly being performed by machines. 
The expansion of higher education, ac- 
companied by the condition of relative 
affluence experienced in the United 
States since World War II, has re- 
sulted in a marked upsurge of interest 
on the part of the 'wider public in the 
graphic arts, music, the theater, and 
books. We in the AAAS believe that 
imaginative measures must now be 
taken to stimulate increased interest in 
science-oriented hobbies and in partici- 
pation in amateur science of all sorts. 

I deeply believe that in this cyber- 
netic age, to borrow Glenn Seaborg's 
phrase (21), science must be viewed 
not simply as a beneficent instrument of 
society, but, more important, as an es- 
sential part of the intellectual infrastruc- 
ture of society. It must not only be un- 
derstood, but assimilated to a significant 
degree by all members of society, in 
the way that politics was incorporated 
into the life of ancient Greece, religion 
into the life of the Middle Ages, and 
commerce into the life of the 19th cen- 
tury. For this to occur, science must be 
understood not simply as a collection of 
facts, nor even as an integrated system 
of information, but rather as a way of 
looking at the world. 

In the past decade or more, the loss 
of interest in science on the part of 
many students has come about, I be- 
lieve, through the disembodiment of sci- 
ence as a result of its parochial concerns. 
The scientific community's education- 
al predilections, particularly in higher 
education, have been largely oriented 
toward the training of professionals, and 
in this pursuit they have been so preoc- 
cupied with communicating the theoreti- 
cal basis of a particular science that they 
have ignored the importance of discover- 
ing its exciting facts. Young people need 
to know again more of the pleasure of 
observing the phenomena of nature. The 
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demonstration lecture, a dying art, 
merits a renascence. Professors, through 
the mechanism of a sabbatical in in- 
dustry or public service, need to see 
science in the context of the problems 
of the real world. 

Just as important, young people need 
to become familiar in a first-hand way 
with the scientist's approach to solving 
problems, both pure and applied. This 
understanding is best acquired not 
through the medium of the cookbook 
laboratory exercise, but through the in- 
dividual design and execution of experi- 
ments. The AAAS program "Science- 
A Process Approach" does just this for 
youngsters in kindergarten through the 
sixth grade. The child is led to under- 
stand science by dealing with the world 
in the way that the scientist does. Begin- 
ning with very simple situations, he 
observes, classifies, uses numbers, mea- 
sures, communicates, infers, and ulti- 
mately formulates hypotheses and does 
simple experiments. In the process of 
these activities, he incidentally acquires 
an impressive body of information that 
is functionally meaningful for him. Thus 
the categorical mode of thinking that 
compartmentalizes pure and applied sci- 
ence is, hopefully, avoided. 

The Need for a National 

Science Policy 

In the affairs of science there are two sets 
of forces acting; the external representing 
the aims of society and the internal forces 
representing the natural development of 
science; and there must be some balance 
between them, or the system collapses.- 
SIR BRIAN FLOWERS (22, p. 26). 

When, in the 1950's and early 1960's, 
financial support for the scientific en- 
terprise (mainly from government 
sources) was expanding at a more rapid 
rate than scientists could effectively use 
it, the question of a coherent science 
policy was not of overriding national 
concern. The national strategy was, 
rather, to respond with more money to 
needs and pressures as they appeared, 
a characteristically American mode of 
response, as Haskins (1) has noted. But 
now, in a period of financial stringency 
marked by an acute sense of urgency 
in many areas of our nation's life, sci- 
ence has to compete with activities of 
higher priority for its share of gov- 
ernment appropriations. Under such 
circumstances, its funding must in- 
evitably be justified in terms of clearly 
specified national interests, and the 
2 JUNE 1972 

creation of an explicit policy becomes 
an essential instrument to this end. Cer- 
tainly, the need for such a policy has 
been increasingly recognized in the past 
several years. In February 1970, the 
Subcommittee on Science, Research, 
and Development of the House Com- 
mittee on Science and Astronautics 
called for hearings on the matter. In 
April 1970, the President's Task Force 
on Science Policy issued its report, Sci- 
ence and Technology: Tools for Prog- 
ress (23). A report of hearings held by 
the subcommittee in the summer of 
1970 was issued in October 1970 under 
the title "Toward a Science Policy for 
the United States" (24). 

It is important, I think, that the sci- 
entific community also now exercise its 
own initiatives toward a national sci- 
ence policy. Recognizing the great range 
of responsibilities of government, and 
its inherent promiscuity of interests, the 
scienti,fic community could, through a 
carefully planned series of study groups 
and conferences, identify the essential 
dimensions of such a policy. While I 
would not presume to state what the 
substantive provisions of the policy 
should be, I can suggest certain im- 
portant considerations that I believe 
should be included. 

First, it should be what Haskins (1) 
calls a coherent policy. That is, it should 
be flexible and should treat the funding 
of basic research and technology to- 
gether, not in isolation from each oth- 
er. It should reconcile needs and priori- 
ties with available resources and en- 
compass the range of relevant con- 
siderations, such as the limitations of 
present knowledge and questions of 
manpower. 

Second, it should include some ra- 
tional basis for maintaining, over time 
and all circumstances, a reliable floor 
in research--particularly basic research 
-appropriations. As an example of this 
floor, the President's task force (23) 
has recommended for the National Sci- 
ence Foundation an annual budget 
equal to 0.1 percent of the gross na- 
tional product. 

Third, the funding of science should 
remain the responsibility of multiple 
agencies, for balance and institutional 
control are advantages of a pluralistic 
system. At the same time, areas and 
scope of responsibility should be de- 
fined with sufficient clarity to minimize 
wasteful duplication of effort. 

Fourth, questions of manpower, both 
present and future, should be related 
to national priorities and program goals. 

Provision should be made for a continu- 
ous assessment and management of the 
supply of scientists and engineers in the 
light of these needs and goals. 

Fifth, attention should be given both 
to the technological requirements re- 
flected in the formulation of national 
priorities and to the physical and social 
costs of these technologies. Active in- 
terest, both governmental and nongov- 
ernmental, in technology assessment 
over the past several years has been re- 
assuring. However, one would hope 
that the nation could afford the luxury, 
in areas other than national defense, of 
developing comprehensive sets of alter- 
native technologies from which a final 
selection might be made. Such a policy 
would not, in the long run, be wasteful 
(13). 

Sixth, the policy should clearly 
acknowledge the relations between gov- 
ernment, the private sector, and what 
Greenough (25) calls the independent 
sector-the universities, foundations, 
and other nonprofit, service-oriented in- 
stitutions-in the pursuit of national 
goals. The independent sector has in- 
creasingly been the vehicle for creative 
social innovation and discovery (witness 
the plant-breeding studies that have led 
to the green revolution or the history 
of the civil rights movement), and the 
formal recognition of its role in policy 
is essential. 

Seventh, special attention should be 
given, for at least the next decade or 
so, to the development and utilization 
of the behavioral and social sciences, 
since societal problems, whatever their 
nature, ultimately include important 
human dimensions. 

And there is, finally, a consideration 
that must apply regardless of the nature 
of the policy. Quality in American sci- 
ence must not be sacrificed. Regardless 
of the institutional character of science 
in this country and the organizational 
mechanisms that are devised for its 
pursuit, the nation must, without excep- 
tion, insist upon having first-rate science, 
with all that this phrase implies. 

Closing the Two-Cultures Gap 

Last spring, officials of the Chicago and 
Southern Airways of Peoria, Illinois, 
broadcast a call for stewardesses no taller 
than four feet, ten inches. Reason: Cabin 
ceilings in their commuter craft are only 
five feet high. This long overdue recogni- 
tion of the need for new people to fit new 
machines opens exciting vistas of a Brave 
Little World of Tomorrow.-HARLAND 
MANCHESTER (26). 
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This amusing anecdote should bring 
us up short, for it demonstrates that 
somewhere along the line we have ex- 
changed roles with the machine. It is 
master and we are servants. And this, 
of course, is what the two-cultures gap 
is all about. The point of C. P. Snow's 
(27) essays was not simply that there 
were two cultures (that of the scientist 
and that of the literary intellectual) and 
that these were marked by two con- 
trasting approaches to understanding 
the world (the rational, analytical, in- 
vestigative method versus that of intui- 
tion and the creative imagination), but 
that they were alien to each other- 
unable to communicate across the cul- 
tural gap-and hostile. 

The two-cultures gap is nothing new. 
Early in the 18th century, Swift and 
Pope defended traditional learning and 
attacked science for its effect on the 
area of the spirit. Blake, and later Keats, 
saw science as something that destroyed 
creative imagination. And Wordsworth, 
who truly admired science, had a great 
and abiding fear of its companion, tech- 
nology. In the sooty industrial towns of 
England and the 19th-century industrial 
society that created them, he saw both 
physical damage to Nature and a dwarf- 
ing of the spirit on which so much of 
civilization as he conceived it was 
based. 

Snow judged neither culture, in it- 
self, to be adequate as a world view. 
Humane rhetoric alone cannot meet the 
demands of our complex modern world. 
Sophisticated technology, without a 

humane dimension, cannot ensure sur- 
vival. Snow foresaw a third culture, and 
those who are in the behavioral and 
social sciences share it. They find them- 
selves between the natural sciences and 
the humanities; they incorporate ele- 
ments of both traditions and can speak 
both languages. They therefore have a 
special obligation to the future-they 
can close the two-cultures gap, if only 
they will. 

The future of science and of the 
larger society are inextricably linked 
(indeed, they probably always have 
been), but this does not imply a rela- 
tion in which scientists may participate 
on their own terms. Rather, they must 
recognize that the relation is one in 
which the fundamental knowledge and 
outlook of science must join the other 
great intellectual and ideological tradi- 
tions to enrich, in the fullest sense, the 
lives of all citizens. 

As the United States faced the reality 
of involvement in World War II, Walter 
Lippmann admonished his Harvard 
classmates in words that seem especial- 
ly appropriate for the scientific commu- 
nity at now another moment of national 
crisis (28, p. 39): "You took the good 
things for granted. Now you must earn 
them again. . .. For every right you 
cherish, you have a duty which you 
must fulfill. For every hope that you en- 
tertain, you have a task you must per- 
form. For every good that you wish to 
preserve, you will have to sacrifice your 
comfort and your ease. There is nothing 
for nothing any longer." 
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