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to that of scientists generally—that sci
entists bear a serious and immediate 
responsibility to help mediate the ef
fects of scientific progress on human 
welfare, and that this obligation should 
be reflected in the program of the 
AAAS. 

In the present report we endeavor to 
translate this conviction into action by 
suggesting a general approach and some 
specific procedures which may serve as 
a guide for the development of a AAAS 
program on the role of science in the 
promotion of human welfare. 

Now, as in 1956, our premises are 
these ( 2 ) : 

1) We are witnessing an unprece
dented growth in the scale and intensity 
of scientific work. 

2) This growth has been stimulated 
by an intense demand for the practical 
products of research, especially for mil
itary and industrial use. 

3) The public interest in, and under
standing of, science is not commensu
rate with the importance that science 
has attained in our social structure. It 
cannot be said that society provides 
good conditions for the proper growth 
of science. 

4) For reasons such as those just 
cited, science is experiencing a period 
of rapid but rather unbalanced growth. 
Basic research, which is the ultimate 
source of the practical results so much 
in demand, is poorly supported and, in 
the view of some observers, lacks vigor 
and quality. 

5) The growth of science and the 
great enhancement of the degree of 
control which we now exert over nature 
have given rise to new social practices, 
of great scope and influence, which 
make use of new scientific knowledge. 
While this advance of science has great
ly improved the condition of human 
life, it has also generated new hazards 
of unprecedented magnitude. 

Science and Human Welfare 

The AAAS Committee on Science in the Promotion of 
Human Welfare states the issues and calls for action. 
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An Estimate of the Present Situation 

Since 1956 this general pattern has 
taken on some new features which con- 
cern us at this time. 

1 )  The conscious exploitation of sci- 
ence for military advantage continues 
at an accelerating rate. But in recent 
years this process has merged with an- 
other, equally important trend: science 
is being pressed into the service of in- 
ternational politics. Scientific accom- 
plishment per se has become an ac- 
cepted-and at present dominant-fac- 
tor of prestige among nations. The phil- 
osophy of "getting ahead of the Rus- 
sians" (or Americans), which once re- 
ferred only to military matters, now 
includes scientific achievements as well. 
This rivalry has strongly motivated the 
recent intensification of government 
support for scientific research. 

2) The rapid emergence of political 
independence among the "underdevel- 
oped" nations of the world, and their 
natural desire to exploit modern tech- 
nology, has added to the importance of 
international exchange of scientific 
knowledge and personnel. Perhaps one 
reason for the rivalry for scientific pre- 
eminence among the more advanced 
nations is the expectation of political 
advantage from this exchange. 

3) Certain recent scientific advances 
add directly to the ease with which our 
knowledge of nature can be applied to 
the control of human beings and of 
social organization. Development of 
new psychotomimetic drugs and psycho- 
logical techniques have suggested, to 
some, effective means for controlling 
the behavior of social groups. Progress 
in the science of cybernetics and the 
development of automation techniques 
result in new capabilities for direct con- 
trol of social and economic processes. 

4) Despite some recent effort toward 
improvement, there is no reason to alter 
the earlier conclusion that our present 
social environment does not favor the 
development of an understanding of 
science, or of science's aims and needs. 
The increasingly spectacular practical 
achievements of science have only ac- 
centuated misconceptions about the rel- 
ative significance, for the growth of sci- 
ence, of practical results and the ad- 
vancement of basic knowledge. To  
many people physical science means 
nuclear energy and rockets. The public 
is sometimes led to expect that biolog- 
ical and medical research will conquer 
every human ailment-will overcome 
death. There is a tendency to equate 

scientific progress with a sum of money 
and a number of people. There is in- 
sufficient appreciation of the signifi- 
cance of basic research, or of the con- 
ditions in which it can flourish. 

The situation appears to be this: We 
are witnessing an unprecedented and 
accelerating rate of growth in man's 
power over his environment. Science, 
the instrument which produces this 
power, is being consciously exploited 
for industrial, military, and political 
purposes. At the same time there is 
little recognition of the internal needs 
of science, or of its purposes as a dis- 
cipline of the human mind. 

In this situation it is inevitable that 
the inner strength of science should 
suffer, for what is essential to the proper 
growth of science is often in conflict 
with the conditions of its service to mil- 
itary and political affairs. 

An important example of this effect 
is the matter of "competition." The mil- 
itary and political advantages, to a na- 
tion, of scientific progress within its 
own borders are self-evident. Yet, it is 
a truism-but nevertheless a vital one 
-that nature is the same everywhere, 
and that the study of nature is an ac- 
tivity of the whole human race. Any 
effort to divide science into fragments 
which are delimited by national bound- 
aries, and dominated by a local social 
philosophy, will inevitably restrict the 
free discovery and communication of 
new knowledge that is the substance of 
scientific progress. A "nationalistic" sci- 
ence is an anachronism which cannot 
long continue without damage to sci- 
ence, and eventually to the nation. 

What, then, is the scientist's respon- 
sibility to his own nation's scientific ef- 
fort? Clearly, we need to understand 
that what science contributes to the na- 
tional purpose is measured by what it 
adds to the sum of human knowledge; 
science serves the nation by serving 
humanity. 

A further examination of the effects 
of the present social uses of science on 
life inside the house of science itself 
leads to even more disturbing conclu- 
sions. There is some evidence that the 
integrity of science is beginning to 
erode under the abrasive pressure of its 
close partnership with economic, social, 
and political affairs. 

In recent controversies about fallout 
and the detection of nuclear explosions, 
partisanship on the part of some sci- 
entists for a particular political ap- 
proach to the problem has been so in- 
tense in some instances as to cloud-at 

least in the public mind-the identity 
between science and an objective regard 
for the facts. 

The grim international competition 
for "supremacy" in scientific accom- 
plishment also endangers the integrity 
of science. Unseemly claims of pri- 
ority may be encouraged. Premature re- 
ports of new scientific discoveries, 
which will occur to some extent in any 
circumstances, may be permitted to ac- 
quire a semblance of credibility. 

An illustration-as yet unrealized- 
is the matter of "the creation of life." 
Some scientists believe that the proper- 
ties of life are inherent in the chemistry 
of nucleic acid, and would regard the 
artificial synthesis of a reproducible 
nucleic acid or nucleoprotein molecule 
-which may occur in the reasonably 
near future-as the "creation" of life. 
Other scientists would disagree with this 
interpretation because they believe that 
nucleic acid, nucleoprotein, or anything 
less than a living cell is not "life," for 
the reason that it is not a self-sufficient 
replicative agent. 

Under ordinary circumstances this 
difference of opinion would be occa- 
sionally debated among scientists and 
finally resolved when the weight of ev- 
idence on one side or the other became 
sufficiently strong, or when a new and 
more acceptable idea emerged. How- 
ever, in the present circumstances this 
matter may take another course. There 
is some evidence that a claimed "crea- 
tion of life" based on the test-tube syn- 
thesis of an infectious molecule might 
be regarded by a government as a sci- 
entific accomplishment of great political 
importance-a kind of "biological Sput- 
nik." In this case, scientists may be 
hard pressed to persuade government 
officials-and perhaps even some of 
their colleagues-that the discovery 
should be given an interpretation which 
is less dramatic but more in keeping 
with the divided scientific opinion of its 
significance. 

It is evident that the accelerating 
progress of science has evoked a num- 
ber of serious problems that affect both 
the social order and the internal situa- 
tion of our scientific establishment. 
Having become a major instrument in 
political affairs, science is inseparably 
bound up with many troublesome ques- 
tions of public policy. That science is 
valued more for these uses than for its 
fundamental purpose-the free inquiry 
into nature-leads to pressures which 
have begun to threaten the integrity of 
science itself. 
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Scientists' Approaches to 
Their Social Responsibilities 

It can be seen from the foregoing 
discussion that the scientific comn~unity 
is faced with numerous problems that 
very seriously affect the development of 
science and the future of society. How 
have scientists responded to this chal- 
lenge? 

Since World War I1 there has been a 
considerable growth in scientists' partic- 
ipation in political affairs. The growth 
has been intermittent, and based on a 
variety of views of the scientists' rela- 
tion to social problems. 

The Federation of American Scien- 
tists, initiated by scientists involved in 
the wartime atomic bomb project, is 
frankly designed to give scientists a 
direct voice in discussions of political 
matters that relate to science. The Pug- 
wash movement and the less formal 
groupings represented by the Bulletin 
o f  the Atomic Scientists take the view 
that scientists can serve a useful func- 
tion in proposing political solutions to 
the international problems that result 
from the applications of modern sci- 
ence. This approach results in a delib- 
erate effort, on the part of these scien- 
tists, to persuade government agencies 
to follow a recommended course of ac- 
tion. A third group is typified by the 
Society for Social Responsibility in Sci- 
ence, which takes the view that scien- 
tists have a moral responsibility to try 
to limit to ethical uses the applications 
of science and technology. 

In the 1956 Presidential campaign, 
ad hoc groups of proponents for both 
political parties developed anlong scien- 
tists. During the past year both parties 
have organized scientific advisory com- 
mittees, which will presun~ably provide 
the "scientific authority" for the posi- 
tions that these parties will take in the 
1960 campaign. 

Finally, some scientists take the view 
that their proper role with respect to 
questions of policy that are related to 
science is to bring to public attention 
the relevant facts and scientific prin- 
ciples and an explanation of the limits 
of accuracy and alternate interpreta- 
tions that apply. Thus informed, the 
citizen is prepared to make his own 
choice between possible solutions. This 
approach has been the basis for the 
formation in St. Louis of the Citizens 
Committee for Nuclear Information, a 
group of scientists and citizens devoted 
to the dissemination of information 
about the radiation problem. A group 
of scientists with a similar purpose, the 

Scientists Committee for Radiation In- 
formation, has been organized in New 
York City under the auspices of the 
New York Academy of Science. 

This account shows that scientists are 
trying to meet their social responsibil- 
ities in a variety of ways. It also sug- 
gests that no single approach has as yet 
won the active participation of more 
than a very small part of the scientific 
community. Nor has there been a sus- 
tained development of these activities. 
Indeed, in the last few years activity on 
these matters within the scientific com- 
munity has been relatively slight. 

If we regard participation in the reso- 
lution of public issues related to science 
as a part of the scientists' professional 
responsibilities, we must conclude that 
the scientific community has not yet 
developed a consistent, widely sup- 
ported way of meeting this obligation. 

A Suggested Approach 

This committee and its antecedent 
groups have developed a distinctive ap- 
proach to the matter of how scientists 
and their professional organizations 
(and in particular, the AAAS) can 
best function with respect to the public 
issues that involve the progress of 
science. 

To begin with, we suggest that the 
issues fall into two classes with respect 
to where, in our social structure, their 
ultimate solutions lie. Certain prob- 
lems-for example, the effects of public 
policy on the development of science 
itself-are matters in which scientists, 
as scientists, have a particular interest, 
responsibility, and experience. In the 
solution of these problems, the opinions 
of the scientific community should 
carry some special weight, and scien- 
tists should accept the obligation to 
develop and explain these opinions. 

The more difficult problems are those 
which do not so exclusively concern 
scientists but which have a broad re- 
lation to public policy and affect all 
citizens equally. An example of such 
a problem is public policy in relation 
to nuclear energy, but this is only the 
most obvious of a growing class of 
troubleson~e issues. 

It is our view that such problems are 
in essence social and political. We ex- 
pect the choice among alternative solu- 
tions of these problems to be made 
through the normal, democratic pro- 
cesses of social and political decision- 
making, in which all citizens participate. 

In this respect the general issues that 

relate to scientific developnlents do not 
differ from other social and political 
questions. The difference between them 
lies at a less fundamental level. In the 
case of the more familiar questions of 
public policy, the facts which the citi- 
zen, or the government official, requires 
to make an informed choice between 
alternative solutions are relatively ac- 
cessible and the consequences of dif- 
ferent solutions are more or less ap- 
parent. On the other hand, the factual 
background and implications of the 
issues with which we are concerned in- 
volve scientific and technical data, often 
in areas relatively new to science, which 
are in themselves complex. Many citi- 
zens are neither familiar with science 
generally nor well informed about the 
specific developn~ents which are at the 
root of present public issues. Scientists 
as well as other citizens often lack the 
relevant scientific facts and are unable 
to visualize the effects of alternative 
courses of action. In these circum- 
stances, there is little reason to hope for 
informed decisions about questions of 
public policy that relate to science. 

In our view, this deficiency is a major 
cause of the difficulties that now im- 
pede the proper development of public 
policy on science-related issues. This 
conclusion can be documented in de- 
tail from recent experience regarding 
public policies on radiation hazards, 
food additives and insecticides, the 
significance of space exploration, the 
nature of modern warfare, the popula- 
tion question. This list also illustrates 
the importance which such issues have 
assumed in public affairs. 

The foregoing analysis leads to a 
distinctive view of the part which the 
scientist and his professional organiza- 
tions should play in the social proc- 
esses involved in the resolution of 
science-related issues. 

With respect to the process of deci- 
sion-making, the scientist's role is simply 
that of an informed citizen. Like any 
other citizen, the scientist is free to 
express his opinions regarding alterna- 
tive solutions for matters of public 
policy and will perhaps join with like- 
minded citizens in a group effort to 
foster the solution he prefers. This 
role does not derive from the scien- 
tist's professional competence or obli- 
gations but only from his citizenship, 
and therefore it bears no direct rela- 
tionship to his professional organiza- 
tions. 

But in the nlatter of providing citi- 
zens with the knowledge required to 
make informed decisions on science- 
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related public issues, the scientist and 
his organizations have both a unique 
competence and a special responsibility. 
As the producer and custodian of sci- 
entific knowledge, the scientific com- 
munity has the obligation to impart such 
knowledge to the public. 

The scientific community has another 
special competence (which derives 
naturally from its concern with new 
and potentially significant attributes of 
nature), for attempting to detect incip- 
ient problems before they become un- 
necessarily acute. For example, the 
likelihood that the relation between 
nutrition and the development of can- 
cer would eventually become a practical 
problem for the food industry-a mat- 
ter which is at present agitating farmers 
and food processors-has been ap- 
parent from the work of investigators 
in many countries for the past 15 to 
20 years. 

Early detection of such problems is 
one of the most important direct con- 
tributions science can make toward 
their solution. Too often the most 
serious obstacle to the solution of such 
issues is that they are recognized only 
after the commitment of massive and 
essentially irreversible economic and 
social investments. If the Los Angeles 
area were now about to be settled, it 
would be a relatively sinlply matter, 
given our present knowledge about the 
causes of smog, to make plans that 
would prevent a future smog problem. 
How much more costly is the real situa- 
tion, which may require that an entire 
community's reliance on gasoline- 
powered transport be altered! In its 
fields of competence, foresight is a 
capability and, in our view, a respon- 
sibility of the scientific community. 

It follows, then, that the scientific 
community should accept the obliga- 
tion to determine how new advances in 
our understanding and control of nat- 
ural forces are likely to affect human 
welfare, to call these matters to public 
attention, and to provide for the public 
and its social and political agencies the 
objective statements of the facts and 
of the consequences of alternative 
policies that are required as the basis 
for informed decisions on the relative 
merits of proposed courses of action. 

At what point in the social process 
should the scientific community enter 
as an agency of information? One view 
is that, since most social decisions are 
executed by government, the scientist's 
function is to inform and advise govern- 
ment departments and officials. The 
government does, of course, need such 

advice, and a number of useful methods 
of providing it have been evolved. In 
these instances, scientists serve only by 
invitation. Inevitably, the general con- 
tent of the information that is pro- 
vided and the tenor of the advice that 
is offered are to some degree con- 
ditioned by the particular interests of 
the requesting agency, which deter- 
mines what questions are asked and 
who is given an opportunity to answer 
them. 

Such a relationship does not wholly 
fulfill the scientist's social role, as we 
see it. In dealing with social issues, the 
scientific community must demonstrate 
its responsibility and its inherent re- 
gard for truth and objectivity and 
must zealously preserve the freedom of 
thought and communication that is es- 
sential to the pursuit of these goals. 
Accordingly, we believe that the sci- 
entific community ought to assume, on 
its own initiative, an independent and 
active informative role, whether or not 
other social agencies see any immediate 
advantage in hearing what the scientist 
has to say. 

We believe, also, that what scientists 
have to say about the social i'mplica- 
tions of science should be addressed 
directly to the general public. Our 
traditional preference for democratic 
procedures requires that the citizen be 
sufficiently informed to decide for him- 
self what is to be done about the issues 
that scientific progress has thrust upon 
us. Furthermore, our command over 
natural forces-for example, the des- 
tructive potential of nuclear war-is 
now so great as to create social and 
moral questions of such great moment 
that no social agency ought to intervene 
between the issue and the public. 

In sum, we conclude that the sci- 
entific community should, on its own 
initiative, assume an obligation to call 
to public attention those issues of public 
policy which relate to science, and to 
provide for the general public the facts 
and estimates of the effects of alterna- 
tive policies which the citizen must 
have if he is to participate intelligently 
in the solution of these problems. A 
citizenry thus informed is, we believe, 
the chief assurance that science will be 
devoted to the promotion of human wel- 
fare. 

Questions of Immediate Importance 

Many specific problems command 
the attention of scientists who are con- 
cerned with meeting their responsibility 

to mediate the interaction between 
science and society. In  choosing certain 
issues for emphasis, we have adopted 
the view that it is more important to 
learn how to deal with the difficult prob- 
lems than with the simpler ones. 

The probleins presented below have 
been chosen with this in mind. Other 
issues may appear to be niore important 
to other observers; we shall welcome 
our colleagues' recommendations in 
this regard. 

1)  The social conseqtiences of  tech- 
nological progress. It is characteristic 
of the present situation that scientific 
advances lead to a very profound level 
of control over our environment and 
to widespread effects on nature. Often 
the benefits which are the original aim 
of a particular application of science 
are accompanied by secondary effects 
that cause unanticipated harm. The ap- 
plication of new scientific advances 
calls for social decisions which weigh 
the benefits against the disadvantages, 
and the public needs to have the facts 
relevant to such a decision. The sci- 
entific community faces an immediate 
need for developing the necessary edu- 
cational programs. Important examples 
of such problems include: (i) the gen- 
eral effects of technological advances, 
such as that of automation on industrial 
development, or of rapid social changes 
on health; (ii) the effects of radiation 
from military and peaceful applications 
of nuclear energy; (iii) the effects of 
new organic insecticides, food addi- 
tives, and food colors on animals and 
man; (iv) artificial control of the 
weather; and (v) population control. 

2 )  The association o f  scientific re- 
search and military activities. Military 
usefulness is, at present, a dominant 
motivation in the social support of sci- 
entific research and has a profound 
effect on the development of our sci- 
entific establishment. Any significant 
change in the pattern of military activi- 
ties-disarmament, for example-is 
likely to cause serious changes in re- 
search opportunities. The close associa- 
tion of science with recent military ad- 
vances tends to foster a public image 
of science and the scientist which is 
not in keeping with the inherent goals 
of the discipline. The secrecy associated 
with military applications may restrict 
the development of science. Some ob- 
servers regard the problem of prevent- 
ing the catastrophic application of the 
power of science in war as a matter 
which overshadows all others. 

There is an obvious need for the 
scientific conlmunity to give attention 



to the wide range of problems arising 
from the close linkage of science and 
military activity. The role of science in 
possible efforts toward disarmament and 
the practical impact of disarmament 
on scientific research are of immediate 
concern. 

3) International aspects o f  science. 
Science figures prominently in the in- 
tense political rivalry among the major 
nations of the world. This use of sci- 
ence tends to conflict with its basic 
international character, and means must 
be found to resolve this difficulty. A 
useful innovation has been the develop- 
ment of collaborative international sci- 
entific programs, such as those associ- 
ated with UNESCO, the World Health 
Organization, CERN, and the IGY. A 
number of proposals for similar pro- 
grams in medicine, space research, and 
oceanography have been made. This 
area is a fruitful field for developing 
new ways to foster a sound develop- 
ment of collaborative science. Of partic- 
ular importance are international pro- 
grams to provide scientific and tech- 
nological assistance to underdeveloped 
nations. 

4 )  Government support for scientific 
research. This problem has received 
considerable attention in the last few 
years, but two recent discussions [the 
Parliament of Science (March 1958) 
and the Symposium on Basic Research 
(May 1959)l have shown that no ade- 
quate solution is in sight. The basic 
difficulties seem to be the absence of 
any over-all rationale in the support of 
science and the overemphasis on proi- 
ects that give promise of immediate 
practical results. We find, as a conse- 
quence of this emphasis, that the major 
part of governmental research support 
(about 57 percent in the projected 1961 
budget) is in the military area, that 
basic research is inadequately sup- 
ported, that the pattern of support is 
not conducive to the development of 
free inquiry into nature, and that the 
narrow base of support is distorting the 
development of science as a whole, in 
our universities in particular. Various 
solutions have been proposed, none of 
which has as yet received really wide 
support in the scientific community. A 
specific example is the proposal for the 
establishment of a federal Department 
of Science. Clearly, further analysis 
and discussion of this problem are 
greatly needed. 

5 )  How can scientists best meet their 
social responsibilities? From what has 
been said above it is clear that the 

scientific community has not yet devel- 
oped a widely accepted means of per- 
forming its function in connection with 
public issues related to science. It 
would be useful, therefore, to stimulate 
discussion among scientists on how 
such activity can best be developed 
and to encourage efforts which seem to 
promise success. 

6) The integrity o f  science. As sci- 
ence becomes more deeply involved in 
the frequently discordant affairs of pub- 
lic life and in highly competitive social 
endeavors, we may expect a growing 
pressure toward relaxation of the tradi- 
tional rules for the conduct of science: 
objective, open con~munication of re- 
sults; rigorous distinction between fact 
and hypothesis; candid recognition of 
assumptions and sources of error. It is 
these rules which permit science to 
progressively increase our understand- 
ing of and control over nature. With- 
out them science becomes useless, and 
even dangerous to the social order. If 
the scientific community is to accept 
the obligation to participate in public 
affairs, means must be found to 
strengthen the discipline's rules of con- 
duct. Some observers favor the adoption 
of a code of ethics; others propose less 
direct means of maintaining scientific 
objectivity. To  begin with, there is a 
clear need for candid discussion of this 
problem. 

Proposed Procedt~res for 

AAAS Consideration 

We wish to confirm the general pro- 
cedural approach suggested by our 
antecedent committee in its 1958 report 
to the AAA'S Board of Directors. In 
summary we suggest that AAAS activi- 
ties follow these steps with respect to 
any given issue : 

1) Stitnulation of discussion, within 
the scientific comnzunity, o f  issues relat- 
ing science and Izuman welfare. Such 
discussion would result in the identifi- 
cation of issues which the scientific 
community regards as of most im- 
mediate interest and would serve as a 
guide for the development of a specific 
program. We urge our colleagues to 
submit articles and comments for pub- 
lication, and we welcome direct com- 
munications to this committee as well. 
Symposia and other discussions on these 
matters should be organized in con- 
nection with the AAAS annual meeting. 

2 )  Assernbly o f  the facts relevant to 
a given issue. We propose that a de- 

tailed report directed toward the sci- 
entific community be prepared after an 
issue has been identified. Such a report 
would include the relevant data, a dis- 
cussion of assumptions and sources of 
error, and a description of the ex- 
pected consequences of alternative 
courses of action. The report would 
not recommend a specific course of 
action. The report would be made 
widely available to the scientific com- 
munity, either directly or  by publica- 
tion in a suitable journal. For the prep- 
aration of such reports we would rely 
on ad Izoc committees, conferences, 
and symposia. 

3 )  Preparation and dissemination o f  
reports for the general public. We pro- 
pose that the content of the report 
should then be translated into forms 
suitable for distribution to the public 
through all available channels. This 
step is part of the program of the 
AAAS Committee on Science and the 
Public and would be carried out in ac- 
cordance with plans which that com- 
mittee is developing. An important 
aspect of these activities is the proposed 
appointment of a new member of the 
AAAS staff to supervise work in this 
area. Our own committee will cooperate 
in this stage of the program. 

4) Development of liaison between 
scientists and the public on a local 
basis. It is expected that, as the fore- 
going program progresses, citizens will 
develop an increasing interest in learn- 
ing more about the facts relevant to a 
particular issue directly from scientists 
in their own community. Many scien- 
tists report an increasing demand from 
local civic groups for lectures on con- 
temporary issues. As already noted, in 
some communities scientists have 
formed organizations devoted to in- 
forming the public about radiation 
problems. The British Association for 
the Advancement of Science has 
organized local groups to meet public 
demand for information on these and 
related problems. The success of these 
activities suggests possible extension, 
both geographically and with respect to 
the types of issues considered. Our 
committee may serve a useful function 
in stimulating such developments. 

Conclusion 

In this report we have reviewed the 
monlentous problems which result from 
the interactions between the social order 
and the progress of science. We con- 
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clude that the scientific community 
bears a serious responsibility for help- 
ing to solve these problems, and have 
suggested a program that might accom- 
plish this aim. 

Such a program does not yet exist, 
and it would be appropriate for the 
AAAS to help bring it into being. The 
task is not an easy one. It will add to 

the scientist's burden of work; it will re- 
quire from the citizen more attention to 
public affairs; it will demand new social 
inventions. But we believe that a society 
capable of producing the enormous new 
powers of science ought to be capable 
of finding the means of comprehending 
their effects on the social order. And we 
are confident that with such understand- 

Some Vistas of Astronomical 

Discovery 

New developments in instrumentation have opened up 
new possibilities in opticril astronomy. 

W. W. Morgan 

As is the case w ~ t h  all epochs, the 
present one has its own characteristics, 
both in its political and its scientific 
aspects. The science of 1960 is not the 
science of 1920, and, most emphatical- 
ly, the astronomy of 1960 is not the 
astronomy of 1920. 

The differences are not entirely dif- 
ferences in instrumentation and in tech- 
niques; even if the instruments of the 
1950's had been identical with those of 
1920, we would have been doing dif- 
ferent things with them, because our 
thinking has matured and our approxi- 
mation to reality in the astronomical 
field has improved through the investi- 
gations of the intervening years. 

But the appearance of the new fields 
of radio astronomy and space science, 
with the accon~panying revolution in 
instrumentation, is certainly the most 
spectacular astrononlical development 
of the past 30 years, and the implica- 
tions for the future in these fields lie 
beyond the range of the imagination. 

However, the field of optical astron- 
omy has also its charms for the future 
-even for earth-bound astronomers 
and telescopes, and I should like to de- 
scribe some of these possibilities as they 
appear to a simple observer. The omis- 

sion of further reference to radio as- 
tronomy, and to space, does not mean 
that I consider these fields unimportant 
but is, rather, a confession of inade- 
quacy on my part to discuss them. 

Continuities in 19th-Century Science 

A perceptive observer, Jerome S. 
Bruner, emphasized a basic develop- 
ment in 19th-century science-the rec- 
ognition of continuities-and he has 
pointed out the two giant figures in this 
development, Charles Darwin and Sig- 
mund Freud. The former removed, dis- 
pelled, the concept of discrete catego- 
ries for living forms and showed that 
organic connections, relationships, exist 
everywhere, and that man himself could 
no longer be considered a completely 
detached phenon~enon. 

Freud showed that in the case of the 
mind itself such absolutes as conscious- 
unconscious and sane-insane have to be 

ing, science-as an expression of the 
creative gifts of the human mind-will 
flourish, and the power which it endows 
will be turned more fully to the promo- 
tion of human welfare. 
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Continuities in Astronomy 

The development toward a concept 
of continuities has been a major fea- 
ture of 20th-century astronomy. The 
idea of some uniq~ieness in the location 
of the earth, or the solar system, re- 
ceived three destroying blows in this 
century: (i) the demonstration by 
Shapley that the solar system is located 
far indeed from the central region of 
what Kapteyn had called "The Sidereal 
System"; (ii) the demonstration by 
Heber Curtis and by Hubble that our 
own stellar system is by no means 
unique, and that, on the contrary, mul- 
titudes of such systems exist; and (iii) 
the revision of the scale of distances by 
Baade, with its accompanying conclu- 
sion that our own stellar system is not 
unique in size. And, as we pass through 
the mid-century period, we find that 
more detailed study of astronomical 
problems brings us inevitably to a 
broader and broader concept of conti- 
nuities in this field. 

The "either-or" approach grows pro- 
gressively more inadequate to describe 
the newly discovered shadings and re- 
lationships between phenomena. The 
concept of "giant" and "dwarf" stars, 
with its great importance in the histori- 
cal development of stellar astronomy, 
has had to be modified successively by 
the introduction of subdividing cate- 
gories-subgiants, supergiants, sub- 
dwarfs-and, finally, by the recogni- 
tion of continuities. 

The picture that developed out of 
Baade's brilliant discovery of the two 
stellar populations has had to be suc- 
cessively modified, first by recognition 
of an increasing number of subdivisions 
and now by development of the con- 
cept of a continuity of populations lying 
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