
How Much Research? 

The educational aspect is crucial in 

justifying further growth in research. 

Kenneth S. Pitzer 

The American people, through the 
national government, have given re- 

markably strong support for scientific 
research throughout the period since 
the second world war. There are very 
few peace-time activities that have re- 
ceived as strong support as basic re- 
search in universities, which was given 
a 25 percent per year increase in funds 
each year over the 5-year period 1958- 
63 after already having grown at a very 
rapid rate over the preceding decade 
1948-58. For the next 3 years, 1963- 
66, the growth still continued at the rel- 

atively high rate of 15 percent per 
year increase. The total rate of federal 

expenditure for research in universities 
was now well over $1 billion per 
year, and it is not surprising that ques- 
tions were asked and that congressional 
committees made special studies of re- 
search activities. 

Both the Elliot Committee and the 
Daddario Committee handled their as- 
signments in a most constructive and 

responsible manner, and their reports 
were generally favorable. Nevertheless, 
the question remained unanswered 
about how much further growth of 
basic research was really justified. Re- 

cently several committees of scientists 
have struggled with this question. The 

report, "Basic Research and National 
Goals," prepared by the Committee on 
Science and Public Policy of the Na- 
tional Academy of Sciences, is directed 

primarily to this question. 
The requirement most frequently 

suggested by scientists is one calling for 
a continued 15 percent annual in- 
crease, and this figure is justified on the 
basis of an 8- to 10- percent annual in- 
crease in the number of research stu- 
dents, and a 5- to 7-percent annual in- 
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crease in cost because of price rises and 
increased sophistication of instrumenta- 
tion. But the gross national product and 
the total federal budget grow at a much 
slower rate, approximately 6 percent 
per year. Consequently, it was easy to 
see that funds for academic research 
could not continue to grow at 15 per- 
cent per year for many more years 
without becoming an absurd proportion 
of the federal budget. Since a schedule 
for a leveling off of the research budget 
has not been forthcoming from the sci- 
entific community, budgetary officials 
in Congress and in the Executive branch 
have been forced to make their own 
decisions, and the result was a reduc- 
tion to a 10 percent growth from 1966 
to the 1967 fiscal year and the prospect 
of not over a 6 percent growth next 
year. Even these last figures indicate a 

strong underlying support for research 
in view of the budget pressures of the 
Vietnam War. 

I believe it is very important, how- 
ever, for scientists to continue a discus- 
sion among themselves and with gov- 
ernmental leaders in an effort to work 
out generally acceptable principles for 
determining how much research. These 
comments are intended as a contribu- 
tion to that discussion. 

Diminishing Returns 

Next let us put aside for a moment 
the discussion of federal dollars and 
consider the nature of scientific research 
as it is today. I believe it is easy to 
see in the current situation factors sup- 
porting a concept of diminishing re- 
turns. At least three factors apply here. 

First, we see that further growth 
brings less able people into research. 
All of the most creative scientists now 
have little difficulty in finding good posi- 
tions, and it is quite clear that the 
contribution of those who are added by 

further growth in research will be less, 
per person, then the present average. 

Second, there is the enormous in- 
crease in published literature which 
makes communication of really impor- 
tant discoveries more difficult. It is 
neither feasible nor desirable to prevent 
the publication of competent but rela- 

tively pedestrian research results; never- 
theless, the increasing volume of such 

papers makes it harder for a scientist 
to learn of the unexpected result which 
would suggest a new idea for his own 
work. I am sure that improvements can 
be made in our publication system, but 
the fact will remain that the net value 
of additional research of mediocre 
quality is diminished by the burden 
that it places on scientific communica- 
tions. 

A third factor, which is closely relat- 
ed to the second, is the tendency toward 
over-specialization. As the population 
of research scientists grows, there is a 
tendency to split up into narrower fields 
of specialization. But major discoveries 
frequently arise from the interaction in 
an investigator's mind of concepts de- 
veloped in other fields of science. Ex- 
cess specialization will decrease the 
range of science which will be inter- 
acting in the minds of creative in- 
dividuals. 

I conclude from these three factors 
that in many scientific areas the argu- 
ment for further growth as a means 
to an increased rate of major dis- 
coveries is not very convincing. There 
are convincing arguments for growth, 
but these relate to research training, 
and I shall return to them presently. 

Arguments Favoring Science 

If we now look outside the research 
laboratories, we find strong arguments 
favoring science, but these do not uni- 
formly favor further growth. 

Science is an important part of our 
intellectual heritage; it is a response to 
our curiosity about nature, about our- 
selves, and the things we see about us. 
Consequently, science has an essential 
position in our education system, and 
reports of advances in science are of 
interest to citizens generally. I find it 
difficult to argue, however, that we need 
to increase further our research effort 
in all areas in order to have more dis- 
coveries to report to the community 
generally at a time when the public 
is interested in only a small fraction of 
the present research output. 

The importance of science and, more 
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explicitly, of developments based upon 
scientific research to economic prog- 
ress is widely accepted. Certain eco- 
nomic studies indicate that about half 
of the recent increase of production in 
this country may be attributed to ad- 
vance in technology with additions of 
capital and labor contributing the other 
half. Since the cost of the additions 
of capital and labor is much greater 
than that of the expenditure for ad- 
vanced education, research, and de- 

velopmient, the latter seems very well 

justified. This is a value to the pub- 
lic that, in my view, does justify fur- 
ther growth in research. In some areas, 
such as medicine, the value is best dis- 
cussed as public welfare more broadly 
than dollar income, but, here, also, I 
believe additional research can be justi- 
fied. But if we accept these justifying 
factors we must accept also certain im- 
plications concerning the type of re- 
search, its geographical location, and its 
relationship to education. 

Research is more likely to contribute 
to economic development and public 
welfare if it is in a field of science 
related to technology, or to medicine, 
or agriculture, or is at least relevant 
to other scientific disciplines from which 
important practical developments have 
arisen. Also the nation has a right to 
expect the benefits of technology to be 
equally available in all geographical re- 
gions, and this is one justification of 
the demand that advanced education 
and research be as uniformly distributed 
over the nation as is feasible. 

One of the best methods of en- 
couraging useful developments based 
upon new scientific discoveries is to 
bring students who have participated in 
the scientific work into the develop- 
ment laboratories. In any event, the 
staff recruits for development, as well 
as for management of technologically 
advanced activities, need to be familiar 
with the latest science and with the na- 
ture of research. And the best way 
to accomplish this is through research 
activity in the universities in which 
these recruits receive their most ad- 
vanced education. Thus, one can build 
a much stronger case for additional re- 
search which is associated with graduate 
education than for the research alone. 

Educational opportunity is given 
great importance in our society, not 
only for the welfare of the society 
generally, but also because we value 
the individual most of all. In accord- 
ance with this principle, we believe 
that gifted individuals should be able 
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to pursue their education to the most 
advanced level if they wish. An in- 
creasing number of brilliant and crea- 
tive students are choosing to seek the 
Ph.D. with the research experience that 
it implies. This research opportunity 
should be provided, at least in fields 
of modest cost, by the necessary ex- 
pansion of academic research. 

We must also recognize those areas 
of research involving major supporting 
facilities, such as particle accelerators 
in the billion-volt range, large tele- 
scopes, oceanographic research vessels, 
and space probes and satellites. These 
facilities make possible unique experi- 
ments that open up whole new areas 
of science. This nation must maintain 
a leading role in these fields during 
the pioneering phase, at least. We can- 
not afford not to be in the forefront 
during the exploration of totally new 
territory. On the other hand, the cost 
of the work per scientist is so high 
that it is not reasonable to expect to 
provide research opportunity for every 
competent investigator who wishes to 
work in these fields. Rather, the mag- 
nitude of our program should be judged 
in terms of the importance of the field 
and the facilities necessary to support 
a vigorous effort. 

"Little Science" 

Those who are familiar with recent 
discussions of these questions will rec- 
ognize that I have arrived at the defini- 
tion of "big science" as contrasted with 
"little science." I am not going to say 
more about big science; decisions con- 
cerning these major national facilities 
and programs must be made as they 
are now being made on a case-by-case 
basis in the government. It is to little 
science that I now return; the typical 
unit is a university professor with sev- 
eral graduate students. Instruments are 
used, but their cost, per year, is small 
in comparison with the cost for per- 
sonnel and operating expenses. 

Such little science is also carried out 
in industry and in private and govern- 
ment research institutes, as well as in 
universities. Indeed, such research may 
be of great value in support of the pur- 
suit of the industrial or programmatic 
objectives of such organizations, and 
should then be supported on that basis. 
But I have indicated earlier, and I want 
to emphasize now, that there is much 
greater public-welfare justification for 
additional basic research which is as- 

sociated with education, than for the 
additional research alone. Thus, I prefer 
such terms as "research training" or 
"academic science" to "little science," 
because I believe the educational aspect 
is crucial. 

Many scientists have argued that 
every scientist with real research talent 
should have his program supported if 
it falls in the range of little science. 
I maintained this position myself dur- 
ing the years 1949-51 when I was di- 
rector of research for the U.S. Atomic 
Energy Commission; at that time it 
seemed clear that a wider diffusion of 
research fundamentally relevant to 
atomic energy was clearly in the na- 
tional interest. But, the growth in re- 
search since 1951 has been enormous, 
and criteria which were adequate then 
may be inappropriate now. In fact, it 
is not clear to me that one can any 
longer justify support for all competent 
applicants in the little science area un- 
less their research is an essential part 
of the training of students in research. 
But I do believe that one can still 
justify further growth of the academic 
science which constitutes Ph.D. level 
research training because of its rele- 
vance to both the development of the 
talent of individuals and to the prog- 
ress of technology in terms of both 
economic growth and public welfare. 

Adequate Federal Support 

Let us examine more precisely the 
federal funding that this policy implies. 
I believe it is possible to have very 
good academic research in the little 
science area for a group comprising one 
professor and four or five students with 
government support of $50,000 per 
year. This includes student stipends. 
I believe it is essential that the federal 
government continue to carry at least 
its present proportion of the cost of 
this type of academic science. There 
should be, on the average, one Ph.D. 
per year awarded from this group; 
hence, we can take $50,000 per 
Ph.D. as the basis for government 
funding. This amount is somewhat 
larger than the estimate of the Westhei- 
mer Committee, which was $30,000 per 
Ph.D. in chemistry. Since approximate- 
ly 8000 Ph.D.'s are awarded annually 
in science and engineering, the total 
expenditure currently required is $400 
million per annum if we take the $50,- 
000 estimate. 

Let us now recommend that this an- 
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nual expenditure level of $400 million 
be increased as required by the growth 
in numbers of doctoral students and in 
the cost of research of this type. From 
this point of departure, an increase of 
15 percent per year until 1975 would 
raise the expenditure level to approxi- 
mately $1 billion, which would be well 
justified in my view. 

As one looks beyond 1975 it seems 

very likely that the growth in the num- 
ber of doctoral students will be slower 
because the population of the appropri- 
ate age group will level off. Also the 
growth in the proportion of students 

seeking the Ph.D. may decrease. Hence, 
I believe one can justify a policy of 

adequate federal research support of 
this type, for all qualified doctoral stu- 
dents, as far into the future as is mean- 
ingful. 

Although this is my primary conclu- 
sion, two other matters require atten- 
tion. One concerns the additional sup- 
port of research in universities in ex- 
cess of the level just considered for 
Ph.D. training. The other concerns the 
allocation of funds for Ph.D. training 
among disciplines and among univer- 
sities, and between institutional as com- 
pared to project grants. 

The total federal funding for research 
in universities this year is approximate- 
ly $1.5 billion, or $1.1 billion more 
than the $400 million which I at- 
tributed to research training for the 
Ph.D. in little science. This indicates 
that there is a large amount of inter- 
mediate level science in universities 
which involves substantial instruments, 
as well as postdoctoral and other pro- 
fessional research personnel in addition 
to professors and students. Examples in- 
clude nuclear physics programs involv- 
ing small cyclotrons or Van de Graaff 
accelerators. Even a program in chemis- 
try including postdoctoral fellows, and 

possibly a mass spectrometer, would 
contribute to this additional cost. There 
is a large expenditure in universities 
for medical research, but relatively few 
Ph.D. degrees arise from this area. I 
do not intend to discuss this component 
of cost in detail; I shall only say that 
it is important; indeed, it is essential to 
American leadership in science; but I 
do not believe one can justify its in- 
crease in proportion to growth in num- 
ber of Ph.D. students. Reports such 
as that of the Westheimer Committee 
show the importance of these addi- 
tional costs for better instruments. The 

need for growth in number of post- 
doctoral appointments is, in my opinion, 
an open question which needs prompt 
study. Certainly the present level of 
expenditure should be maintained, but 
I believe it is more important to pro- 
vide the basic level of research support 
for additional doctoral students and 
their professors than it is to increase 
all of these other categories of re- 
search expenditure. 

New Core Grants 

Finally, I wish to urge a new pat- 
tern of grants for part of the basic 
level of Federal support, which I esti- 
mated as $50,000 per Ph.D. Support 
for the basic costs of any worthwhile 
but relatively inexpensive research in 
a given field-for the chemicals, vacu- 
um pumps, oscilloscopes, and similar 
items-should come through relatively 
flexible core grants to the university. 
The size of these grants should be re- 
lated primarily to the number of Ph.D. 

degrees awarded in various scientific 

disciplines. 
Project grants for basic academic re- 

search were originally intended to pro- 
vide only the extra support for unusual- 

ly expensive experiments, but project 
grants must now cover these basic costs 
in most laboratories. This is a clumsy 
method; it is expensive in administra- 
tive time and disastrous when a mis- 

judgment denies a good scientist and 
his students even this basic level of sup- 
port. The proposed core grants would 
take over this basic support and allow 

project grants to resume their original 
and appropriate role. 

A careful study should be made in 
order to choose the best method for 

administering the core grants. If they 
were based simply upon the number of 
Ph.D. awards in science, a very care- 
ful check upon the quality of students 
and programs would be required to 
avoid the temptation to lower stand- 
ards. Also, special consideration would 
be needed for new programs or for 
those growing very rapidly. But market 
forces should be allowed to control 
the distribution among fields of study 
and among institutions through student 
choice influenced by employment op- 
portunities, as well as the intrinsic 
interest in each subject, and by the at- 
tractiveness of each university's pro- 
gram. 

Probably the core grants should be 
allocated primarily on a departmental 
basis with appropriate consideration of 
research costs in various fields, but uni- 
versities should be free to make rea- 
sonable adjustments between depart- 
ments and be able to meet necessary 
costs outside of, as well as within, de- 
partmental budgets. 

Funds for student stipends would 
continue to flow through grants for fel- 
lowships or traineeships, as they are 
presently allocated to universities for 
award to students. These grants should 
be increased gradually to replace stu- 
dent stipends in project grants, and 
then further increased in proportion to 
the number of Ph.D. degrees granted 
after appropriate consideration of quali- 
ty and any other relevant factors. 

The new core grants, together with 
the traineeship grants, would provide 
the basic cost for research training and 
would be increased from year to year 
in proportion to the increase in doc- 
toral theses completed; these funds 
should not be in competition with the 

project grants, which would provide 
additional funds above this minimum 
level of research training expenditure. 

Summary 

In conclusion, I believe the com- 

ponents which I have discussed con- 
stitute an outline of a sound program 
for federal support of science in uni- 
versities, which provides first, a basic 
minimum of funding proportional to the 

growth of the research student popula- 
tion, and second, a pattern of grants 
based upon justified need and individual 
merit for more costly instruments, post- 
doctoral appointments, and other fac- 
tors that allow our best scientists to 
be more productive. In addition, there 
is, of course, the array of major na- 
tional facilities and programs, each 

judged individually, in fields requiring 
very costly equipment. 

This proposal is based upon my be- 
lief that people are more important 
than machines. While elaborate instru- 
ments are important, we should give 
first priority to those programs which 

provide the opportunity for an initial 

experience in research for all our able 
and creative young minds. We can af- 
ford to keep the door open to all these 
gifted young people; let us be sure to 
do so. 
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