
tute a major element of uncertainty 
about the duration of present population 
and employment deconcentration. Sub- 
urban sprawl of the 1950's and 1960's is 
sometimes explained as  the product of 
cheap energy and profligate automobile 
use; the logical corollary seems to be 
that rising energy prices and potential 
gasoline shortages might serve to  recen- 
tralize population. Although population 
began to grow faster outside than inside 
metropolitan areas before the 1973-1974 
oil embargo that set in motion gasoline 
price increases, there is no evidence that 
the rate of population dispersion was 
slowed in the late 1970's (4). Little is 
known, however, about what the long- 
term constraints on population disper- 
sion may be. 

What is more certain at present is that 
enough people and jobs located in rural 
settings in the 1970's to effect consid- 
erable mixing of life-styles ordinarily 
thought to be discrete. As manufacturing 
jobs were moving to the countryside, 
some evidence of an increase in small- 
scale (possibly part-time) farming was 
reported (13). There is no evidence of a 
return to agriculture as a primary way of 
making a living, but there seems to be 
greater mixing of farm and nonfarm em- 

ployment and more combining of retire- 
ment with employment in rural settings. 
Options for combining life-styles in these 
ways are both cause and consequence of 
new patterns of population dispersion 
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Education, Science, and National 
Economic Competitiveness 
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The United States still ranks first in 
the world in its total economic, educa- 
tional, and technological strength. But 
there is a national problem which is seen 
in international competition: that we risk 
losing out against tougher, more prag- 
matic, more adventurous international 
contenders in the years ahead. We have 
seen signs of slippage: our imports of 
Japanese and German automobiles, 
steel, and television sets (not to mention 
semiconductor memory chips); our loss 
of market share in exports of manufac- 
tured goods; and above all our rate of 
increase in manufacturing productivity, 
which has been lagging behind that of 

virtually every other industrialized coun- 
try in the world. 

These signs of decline, of course, have 
many causes and require many solu- 
tions, including more savings and more 
investment in plant and equipment. But 
I want to focus on the trend that to 
me seems most alarming of all: that 
the United States is slipping in the race 
to strengthen not its capacity in build- 
ings and machines, vital as they are, 
but the capabilities of its people: talent- 
ed, educated, and trained human be- 
ings-the ultimate resource in any na- 
tion. 

Nearly a quarter-century ago the Rus- 
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an area of 42 million, the population of Jean 
Gottmann's megalopolis, the urbanized north- 
eastern seaboard extending from Boston to 
Washington, D.C. Below we show population 
change in terms of the SCSA scheine; the basic 
conclusion that highest growth rates shifted to 
the smallest size category in the 1970's is un- 
changed. 
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sians put up Sputnik, the first earth satel- 
lite. That event took us by surprise. It 
frightened us into a sustained national 
effort, and 12 years later we landed the 
first man on the moon. 

Today we face, I believe, an even 
more ominous threat. In contrast to 
Sputnik, we have no spectacular event to 
jolt us  into action. We have only a suc- 
cession of facts-facts so subtle that we  
often overlook them or  bury them on the 
inside pages. 

For  nearly two decades, the average 
combined verbal and mathematical 
scores on Scholastic Aptitude Tests 
(SAT'S) given to U.S. high school stu- 
dents have been falling; they have fallen 
by a total of 90 points. 

Half of all U.S. high school students 
take no mathematics at all after the tenth 
grade. Only one junior o r  senior in six 
takes a science course. Only one in four- 
teen takes physics. 

N o  wonder so many students graduate 
from high school unqualified to enter 
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SCIENCE, VOL. 217. 17 SEPTEMBER 1982 



engineering school. N o  wonder 30,000 to 
40,000 American students who enter en- 
gineering school every year need remedi- 
al algebra o r  remedial trigonometry be- 
fore they can start on calculus, the begin- 
ning math course for an engineering ma- 
jor. 

And when we move further up the 
ladder, what do we find? Some 2000 
vacancies in our engineering faculties, 
with particularly glaring weaknesses in 
computer science, chemical engineering, 
and electrical engineering. And, even in 
a recession, 17,000 unfilled entry-level 
engineering jobs coast to coast, and no 
prospect that we  can possibly fill that 
gap any time soon. 

The Japanese are outproducing us per 
capita in engineers by more than 2 to 1. 
Between 1965 and 1977, for every 10,000 
in the labor force, the number of scien- 
tists and engineers in research and devel- 
opment nearly doubled in Japan. In the 
United States it fell. 

In the face of these facts, the time has 
come for action. It  could well start with a 
resounding federal declaration of a long- 
range commitment to scientific and engi- 
neering excellence and with a willingness 
to spend the money and do the work to 
make it happen. 

Four years ago a distinguished group 
of university educators recommended 
that the National Science Foundation 
increase its competitive graduate fellow- 
ships in science and engineering from 
500 new starts a year to 2000. What 
happened? Last year the Administration 
budget not only did not increase those 
fellowships, it eliminated new starts alto- 
gether. Only congressional action re- 
stored the old number, 500. In this year's 
proposed budget the number of new 
starts remains flat. That flat trend line 
discloses a shortsighted penny-wise poli- 
cy. 

We do have to reduce the deficit, we 
do have to cut out waste, and we  do have 
to make sacrifices. But we cannot fore- 
close our future-a future which will 
hinge significantly on the scientific and 
technological training of our most gifted 
young people. The IBM company itself 
is increasing its science and engineering 

fellowships 20 percent, from 100 to 120 a 
year. 

Another thing we  should d o  is to mod- 
ernize the equipment in university labo- 
ratories. Much of it today is obsolete and 
worn out. T o  bring it up to industrial 
standards would cost between $1 billion 
and $4 billion. The new tax law encour- 
ages donations of corporate equipment 
to universities. We in industry should act 
on this provision to help close the gap. 
Another provision of the tax law permits 
industrial sponsorship of university re- 
search. We should modify the tax law to 
change that "permit" to "encourage." 

We need to unleash a secret weapon: 
women. Women make up half our popu- 
lation, but they make up less than 10 
percent of our scientists and engineers. 
Why? Because for years we have told 
them that math and science and engi- 
neering belong to the boys. The result is 
that we have a great reservoir of talent 
that we are not tapping. And while we  
are at it, we  must do a far better job of 
tapping the talents of minorities, also 
sharply underrepresented in our scien- 
tific and technological work force. 

In addition to these corrections in 
higher education, we  must reach down to 
the roots of the problem-down into the 
secondary school system. 

Last year a survey of state science 
supervisors revealed a shortage of high 
school chemistry teachers in 38 states, a 
shortage of mathematics teachers in 43 
states, and a shortage of physics teach- 
ers in 42 states, including 27 states with a 
"critical" shortage. 

In the 1970's the annual average num- 
ber of new science and math teachers 
produced by our colleges and universi- 
ties plunged: the science teachers by 64 
percent, the math teachers by 78 per- 
cent. 

The result is that the schools have 
been forced to bring in "emergency" 
science and math teachers, men and 
women who are unqualified to  teach 
these subjects. Last year they totaled 
half of all new math and science faculty 
members hired. 

Moreover, while the average SAT 
scores of U.S. students were declining 

during the 1970's, the SAT scores of 
those intending to major in education 
and to teach in public schools were de- 
clining more than 1% times as  fast. N o  
wonder some of our leading scientists- 
the members of the National Science 
Board-have set up a commission on 
precollege education in mathematics, 
science, and technology. Its findings and 
its suggestions for action will not come a 
moment too soon. 

However, I believe that we already 
know much of what we have to do: roll 
up our sleeves and go to work in our 
public school systems to insist that they 
heighten instruction in these fields, pay 
what it takes to  recruit able trained peo- 
ple, and reverse our downhill course. 

There are a few specific actions we  
must take. But let us  be  clear about the 
full extent of the problem. It is not 
confined to science and engineering. It  
will not be eliminated by a neat pro- 
grammed solution, by some kind of 
quick government fix. What we are  see- 
ing when we look at  all those facts on our 
eroding performance is a decline in our 
capacity as a people to solve problems- 
not just problems in laboratories but all 
sorts of problems-through a disciplined 
capacity to think. 

So widespread a decline demands a 
widespread response. We should recall 
the example of Thomas Jefferson, a man 
trained and disciplined not only in math- 
ematics and the sciences but also in the 
arts and history, who was prepared to 
find pragmatic solutions to  practical 
problems. The productivity of our coun- 
try in agriculture and in industry 
throughout our history has relied on that 
kind of intelligence. Above all, we 
should recall Jefferson's faith in the indi- 
vidual man and woman-in the power of 
an aroused citizenry to overwhelm any 
problem they confront. That,  more than 
anything else, will arrest our present 
decline. What we  need now is another 
such shock of recognition: an awareness 
in community after community across 
the land that we face an urgent national 
problem and a resolve to overcome it. 
Without that recognition, we cannot suc- 
ceed. With it we cannot fail. 
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