
Science and competitiveness 
By Thomas P. Rona 

B asic science should be pursued 
for its own sake, as a charac
teristic cultural attribute of 

human society. The benefits are far 
broader than just economic advan
tage, although it is true that science is 
a rich source of inspiration and stimu
lus for inventiveness. But much more 
than the traditional pursuits of basic 
science is needed for true internation
al competitiveness: extend its con
cerns to problems of global stability 
and couple its results to a vertically 
integrated process aimed at develop
ing products and services for the in
ternational marketplace. 

The distinction between basic and 
applied sciences is a relatively new 
phenomenon dating from the start of 
the industrial revolution, roughly the 
1850s. The distinction between "nat
ural philosophers" and "mechanicks" 
was a matter of class, but mainly a 
matter of state of mind. Philosophers 
were trying to understand; those in
terested in applications were trying to 
be useful. Empirical success placed a 
strong premium on further expanding 
applications to other fields. Many 
outstanding scientists had no qualms 
about attempting to put their ideas 
into practice. 
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Examples are plentiful. To cite only 
a few in our own field, Newton found 
it useful to perfect achromatic lenses 
to improve the performance of his 
telescope; Gauss designed his own 
eyepiece for his instruments; Foucault 
established quite a reputation for lens 
and mirror "figuring," as well as for 
having designed tests of exquisite sen
sitivity for determining the quality of 
his optical components. 

The causes of the growing dichoto
my between basic and applied sci
ences are evident. Applied research 
has become institutionalized: Gov
ernments and industry are supporting 
huge establishments, with internal dy
namics of their own. It is practically 
no longer possible to make major 
contributions in applied research 
without investments in equipment, fa
cilities, and organization that are 
quite beyond the means of individ
uals. Just to keep up with the state of 
the art represents a major investment. 

On the other hand, there is little 
doubt that basic sciences have been 
(and will probably continue to be) in 
the vanguard of civilization: 
• Astronomy—the basis for mathe
matics, geometry, and cosmogony 
with the essential derivatives for geog
raphy, geodesy, and navigation. 
• Astrophysics—the basis for spec
troscopy, thermodynamics, atomic 
theory of matter, quantum mechan
ics, relativity, cosmic rays, nuclear 
chain-reactions. 
• Electromagnetism—the basis for 
radiation theory and field theory. 

• Biology—the basis for evolution, 
heredity, genetics, health sciences (the 
latter as contrasted to medical sci
ences). 

Nobody seriously questions the as
sertion that, in the past 150 years, ba
sic science has revolutionized the way 
human society views itself and at
tempts to come to grips with the 
problems engendered by its own fan
tastic (if self-proclaimed) success in 
the interspecific competition. We have 
overcome the problems of hostile en
vironments, of food and other re
sources, the dangers presented by oth
er species following the same general 
biological strategy, even though these 
may be much better endowed physi
cally than our own fangless, clawless, 
and slow-moving bodies. Let us not 
forget, though, that this success is far 
from being complete and final. We 
still compete with the insect world 
and with the bacterial and viral mi
croparasites who happen to follow a 
basically different "biostrategy": they 
invest in massive reproduction and 
genetic adaptability, rather than nur
turing a central nervous system sup
posedly capable of solving all prob
lems associated with interspecific 
competition. 

Our relatively new problems are 
how to deal rationally with the age-
old issues of intra-specific competi
tion: 
• Protection (as contrasted to simple 
exploitation) of the global environ
ment. 
• Control of population growth. 
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• Resolution of residual conflicts. 
• Distribution of wealth, access to re
sources. 

These problem areas strongly inter
act; competitiveness is a component 
among all of them. Unless basic sci
ence addresses all of these new global/ 
societal problems, the issue of how to 
secure near-term economic advan
tages for any particular group of na
tions becomes irrelevant. 

To be specific, if, in the interest of 
promoting unrestricted industrial de
velopment, we despoil our forests and 
accelerate the growth of "greenhouse 
effect gases," the advantage gained 
for the U.S. will not endure. If a given 
nation, living under near-desert con
ditions, introduces effective insect 
control that leads to overgrazing by 
multiplication of domestic cattle, the 
resulting desertification wi l l soon 
threaten the survival of that nation. 

Much in the same vein, if unre
stricted population growth absorbs 
any gain in food production, or if tri
bal and religious warfare consume all 
the discretionary surplus in a given re
gion, the survival and the stability of 
that region is seriously impaired, its 
economic competitiveness notwith
standing. 

Lastly, all industrialized nations be
gin to understand that they cannot 
use their cultural and economic base 
of uncontrol led accumulat ion of 
wealth at the detriment of less advan
taged nations. Sooner or later, such 
imbalance leads to hosti l i ty and 
breeds conflict. Hence the interest of 
all wealthy nations in foreign eco
nomic and financial aid and in creat

ing bilateral or multilateral economic 
relationships that are not strictly com
petitive or exploitative. The Peace 
Corps concept, even though political
ly motivated at the start, has survived 
several U.S. administrations. 

Respect for science universal 
Basic science is the long-term intel

lectual investment of mankind. It is 
deeply ingrained in the human spe
cies. The curiosity to find out what 
our surroundings contain is common 
to all mammalian species. It is far 
from obvious that this "intellectual 
curiosity" is not one of the fundamen
tal advantages our species enjoys over 
all the other vertebrates. Humans, 
from the earliest recorded history, 
also added the why and the how. N o 
competitive human groups (the "ad
vanced nations") are immune to this 
tendency; they cannot afford to ig
nore it. Notice that all religions, in
cluding Islam, express respect for sci
ence . . . so long as science does not 
question the tenets of religion. 

Who pays for the investment? Ob
viously, the economy of a particular 
group, such as (in modern times) a 
nation. Those who govern are, in gen
eral, conscious of the need for, and 
the potential benefit of, science invest
ment—at least they go along with the 
accepted norms observed in their 
neighboring states, all potential rivals 
for power and influence. The ostensi
ble rationale or pretenses for science 
differ with time and locale. Priestly 
classes in Babylon and Egypt were en
listed to keep calendars and predict 
the seasons; astronomers were kept at 
royal courts to cast individual horo
scopes; the Royal Society in England 
was preoccupied (among other top
ics) with navigation and the compila
tion of lunar ephemerides. 

In more modern times, universities 
and observatories were enlisted in the 
study of electromagnetic propaga
tion, radioactivity, cosmology, and 

many other topics of no apparent im
mediate application. In the course of 
W W II and its aftermath, the relation
ship between science and warfare be
came so obvious that modern govern
ments would have felt delinquent not 
to institutionalize basic research, if for 
no other reason than insurance 
against surprises. 

There are some rare exceptions: In
dividuals such as Herschel, Darwin, 
and Carnarvon were individually 
wealthy dilletanti, who could gratify 
their scientific curiosity. Their mod
ern equivalents (at a much more mod
est scale of achievement) are the late 
Prince Ranier of Monaco (father of 
the current ruler) and the late Emper
or Hirohito of Japan. 

There is also a measure of continu
ity in the role of individual wealth in 
the support of basic science: accumu
lation of individual fortunes, mostly 
of commercial origin, finds its way to
ward playing a major role, in the 
form of foundations, in encouraging 
research mostly in the fields of social 
and medical sciences. The Rockefel
ler, Carnegie, and Ford Foundations 
are prime examples. 

In the U.S., federal agencies—pri
marily NSF, N A S A , N O A A , D O D , 
D O E , EPA, and HHS—al l support 
some basic research, if for no other 
reason than to keep highly trained sci
entists on hand in case some attrac
tive application would appear. Addi
tionally, privately endowed universi
ties and observatories do pursue some 
basic research, and so do some of the 
more farsighted private corporations. 
University-industry alliances, exem
plified by the Harvard-Dupont agree
ment of the mid-'70s, appear to con
tinue a trend that has been observed 
in less formal shape for more than 
two decades. 

Quite frequently, the practical pay
off of basic research can be near-term 
and spectacular. It can appear in the 
form of new commercial products, 
such as research in polymer chemistry 

Basic science is the long-
term intellectual investment 

of mankind 
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resulted in nylon and many other 
commercial plastics; ionospheric re
search and radio astronomy ended up 
by making radar conceptually possi
ble; solid-state physics led to the de
velopment of the transistor and of mi
croelectronics, as well as eventually to 
lasers and electro-optics. 

In a completely different field, the 
availability of x-ray diffraction al
lowed the unraveling of the D N A mo
lecular structure, leading not only to 
an unparalleled rate of progress in 
molecular biology, but to a whole 
new industry based on biotechnology 
and genetic engineering. Based on 
such examples (admittedly among the 
most successful ones), it would be 
easy to conclude that basic research 
should be seen as the essential ele
ment in international competitive

ness. However, before accepting this 
proposition, another point must be 
made. 

When pursued by major agencies 
and institutions, the payoff of basic 
research is often in terms of added 
recognition, increased priority, and 
even expansion of the organization's 
mission. Thus, computer sciences, in
ertial navigation, propellant chemis
try, and thermonuclear physics paved 
the way toward strategic nuclear war
fare based on long-term missiles. 
Again, research in satellite communi
cations, navigation, and meteorologi
cal observations gave birth to N A S A 
as an institution, soon followed by 
ambitious space science, transporta
t ion, and explorat ion programs. 
N A S A and N O A A are also expected 
to benefit from their science base in 

Should we pursue science 
for the fundamental quest 
of knowledge or should we 

keenly remain on the 
lookout for applications? 

the recently emphasized Planet Earth 
missions. 

Still other examples can be found 
in the pursuit by D O E of fusion ener
gy and in the growing responsibility 
of both the Department of Agricul
ture and the Environmental Protec
tion Agency for the exploration and 
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Should basic research be 
aimed deliberately at near-

term competitiveness? 

preservation of biodiversity within 
the U.S. and worldwide. It is worth 
noting that the derivatives of basic 
science associated with agency mis
sions, current or potential, are just as 
likely to lead to competitive product 
applications as those pursued by uni
versities or private industry. 

Basic knowledge vs. application 
So the temptation is always there 

for the scientists and the sponsors 
alike. Should we pursue science for 
the fundamental quest of knowledge 
or should we keenly remain on the 
lookout for applications? Should we 
rationalize the pursuit of basic science 
in the name of economic competitive
ness or specifically identified "benefits 
to mankind"? 

This dilemma does not exist in real
ity, but only in the minds of those 
who attempt to "manage" the basic 
science activities. Offer a reasonable 
living to truly outstanding scientists, 
allow them to interact in-depth with 
peers, provide opportunities for ex
perimentation (but no conspicuous 
status or luxury), and basic sciences' 
results are bound to be forthcoming. 
The rewards for practical applica
tions—in terms of status, recognition, 
and financial rewards—are so power
ful in any modern society (U.S., Ja
pan, Europe, and, yes, the "socialist" 
countries, as well) that no manage
ment direction is needed to elicit op
portunities for, and drive toward, 
such applications. 

Should basic research be aimed de
liberately at near-term competitive

ness? M y answer is emphatical ly 
" N o . " It should have three objectives: 
• Increase the depth of knowledge in 
"dynamic" (rapidly evolving) fields 
that offer challenges to young talent. 
• Educate and motivate the next gen
eration of outstanding scientists. 
• Develop fundamental knowledge in 
fields pertinent to the global issues 
not heretofore addressed in a scientif
ic manner. 

If basic research accomplishes one 
or several of these objectives, it wil l 
automatically supply the necessary 
seeds for economic competitiveness. 
On the other hand, by not addressing 
the global issues, irrational causes of 
conflict among scientists are more apt 
to destroy the economic benefits of 
remaining "competitive." 

Let me offer a few topics of interest 
for the global environment: 
• Predictive modeling of global cli
mate. 
• Paleoclimatic markers. 
• Enlisting living species to counter 
the effects of greenhouse gases and 
those of atmosphere or marine pollut
ants. 
• Economics of hydrogen-based 
transportable energy sources. 

Let us remind ourselves of a few 
topics of interest for control of popu
lation growth: 
• Family economics and planned par
enthood in developing nations. 
• Advanced low cost mass birth con
trol techniques. 
• International incentives for popula
tion growth control. 

It is somewhat more difficult to list 
a number of basic research topics in 
conflict resolution. On the one hand, 
the communications channels be
tween nations have advanced to the 
point that video images can be trans
mittted instantaneously, but true 
communication is still elusive. A curi
ous observation is that humans can 
trade and fight over intercontinental 
distances; they can also interbreed 
and share their microbial and viral 

parasites. However, they cannot talk 
to each other because of language dif
ferences. So the following topics in 
conflict resolution are offered with 
considerable diffidence: 
• Global educational and research in
formation networks. 
• Means for developing two-way, 
long-lasting trade gradients. 
• Limitations on weapon/military 
equipment trade. 
• Language education/interpretation, 
translation. 
• Multilateral economic aid. 
• Multilateral development of marine 
resources. 
• Countering terrorism and drug traf
fic. 

Basic research isn't enough 
At this point, I would hope you are 

convinced that basic research should 
be pursued for objectives other than 
competitiveness alone. We are, I trust, 
also satisfied that there is ample sup
port for basic research in this country 
and that, as a matter of course and 
personal motivation, a number of 
competitiveness-oriented results will 
be forthcoming. 

Let me address one last point: Is 
basic research, competent and amply 
funded, sufficient for international 
competitiveness? M y answer is, re
grettably, no. Let me justify this opin
ion which, to some extent, is contrary 
to prevailing wisdom. 

First, basic science activity is inter
national. Practically all the U.S. re
search facilities and universities are 
open to foreign scholars and students. 
In point of fact, many of the most 
productive scientists active in the U.S. 
are foreign born, even though U.S. 
trained. U.S. scientific publications, 
unless subject to security restriction, 
are available in foreign countries and 
are often translated into foreign lan
guages. We, as a nation, are doing our 
utmost in our international science 
and technology agreements to secure 
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symmetry and reciprocity on matters 
of basic science. We insist on appro
priately funded translations, visits, or 
participation. 

Second, the results of basic science 
have to be injected into competent, 
prepared, and aggressive minds (to 
paraphrase Pasteur, in some mea
sure). Competent, because they have 
to understand the potential impact of 
scientific results on their applications 
of interest; prepared, because they 
must have the imagination to con
ceive new approaches, new design 
principles based on the new scientific 
insights; aggressive in the sense of not 
recoiling from unorthodox develop
ment strategies. Individuals with these 
attributes are rare, they are difficult to 
train, and our U.S. reward system, in 
general, tends to co-opt them into 
management, rather than offering 
them larger scope for creativity. 

Third, to bring forth international
ly competitive products, a vertically 
integrated industr ial /commercial 
multi-pronged activity must be de
fined and implemented. This includes 
the preliminary design, the final de
sign, and the manufacture of the pro
posed product, (or as the case may be, 
the definition and development of a 
proposed service), the organization of 
the production, financing, and mar
keting activities. From a private cor
poration's viewpoint, it means long-
term, sustained investment, coupled 
with a true strategy structured to 
overcome—under realistically per
ceived circumstances—the counter-

strategies of likely foreign nations. It 
is in this field that competitiveness 
battles are usually lost: the very large 
U.S. corporations in general are com
petent, but often complacent (witness 
the automobile and electronics indus
tries); the medium and smaller corpo
rations appear to have more interest 
in quarterly balance sheet results than 
in sustained long-term winning strate
gies. The excuses are numerous, rang
ing from complaints about the cost of 
capital all the way to the predatory 
practices of foreign competitors, but 
the brutal truth is often the lack of 
commitment, long-term perspective, 
and imagination. 

Let us not foster any i l lusions 
about the magic of basic science re
search. It is essential for inspiring ad
vanced technology hardware prod
ucts, it should be extended to address 
problems that contribute to the stable 
growth of the global economic struc
ture. But without the appreciation of 
these three additional facets of inter
national competitiveness—increasing 
our depth of knowledge, educating 
and motivating the next generation, 
and addressing global issues—the re
sults are likely to be disappointing. 

One last point. Do not assume that 
the federal government will provide 
the soft cocoon of a protective cli
mate, a permissive and forgiving fi
nancing scheme or guaranteed mar
kets to nurse you back to competitive
ness. It must come from your own 
dedication, your willingness to take 
risks commensurate with the expect
ed rewards, and your own efforts to 
develop the strategy you are willing to 
support for the long haul. In this ef
fort, investment in basic science re
search has its place, government 
agencies and private organizations do 
carry most of the corresponding bur
den, but the benefits will only accrue 
to those who understand and aggres
sively pursue the burdensome, but ul
timately rewarding, path illuminated 
by basic science. 

... the very large U.S. 
corporations in general are 

competent, but often 
complacent. 


