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M any citizens thinking of scientific research envision a lone individual wearing a white 
coat, laboring in the back of a laboratory immersed in a study of, say, the chemistry of 
butterfly wings.

They may not recognize that it was precisely a study of butterfly wings that led to a treatment for 
cancer. Similarly, it was not large corporations seeking means of peering inside the human body that 
led to the creation of x-ray machines; it was William Roentgen studying the flow of electrons through 
plasmas that led to x-ray machines—and their descendent, computer-aided tomography. Alexander 
Fleming was not hoping to discover penicillin when he noted that mold had contaminated a dish in 
which he had been studying bacteria and that the bacteria near the mold were dying. Or that studies of 
seals swimming under the Antarctic ice pack would provide a clue to reducing the hazard to children 
undergoing lung surgery.

Apple certainly deserves a great deal of credit for the innovativeness that led to the iPhone, but it was 
not Apple that produced the foundational breakthroughs that made the iPhone possible.

That was the result of research performed many years earlier on such esoteric topics as the behavior of 
matter and light at an atomic or subatomic scale. It was from the latter type of research, often funded 
by the federal government, that semiconductor integrated circuits, light sensitive arrays, advanced 
rechargeable batteries, super-hard glass, and touchscreen displays evolved.

Most people take for granted the benefits of scientific research. At least a momentary exception has 
been the intense attention paid to efforts to find a vaccine against Covid-19. And while biomedical 
research justifiably garners public support (fully half the government’s investment in basic research), 
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other disciplines of science and technology tend to be even more seriously underfunded, particularly 
considering that the various fields of science are highly interconnected. For example, the human 
genome could not have been sequenced had it not been for advancements that led to digital computers 
and robotics.

Consider how different our lives would be today without high-definition televisions, microwave 
ovens, GPS, electric vehicles, synthetic materials, digital cameras, solar cells, air conditioning, laptop 
computers, iPhones, artificial joints, stents, a cure for Hepatitis C, and vaccines for polio, measles, 
smallpox, chickenpox, and the flu. The list goes on . . . and on. All this was made possible by scientists 
performing fundamental research and engineers transforming the results of that research into 
everyday products—and in doing so creating millions of jobs.

The world today certainly does not lack challenges, but neither does it lack opportunities. Confronted 
with the Covid-19 pandemic, society has turned to scientific research for a defense. When the carbon 
dioxide content of the Earth’s atmosphere far exceeded that experienced any time over the past 
900,000 years, society is turning to scientific research in such areas as clean energy and atmospheric 
carbon removal for a solution.

Then there is the economic impact of research. Even prior to Covid-19, nearly three-quarters of a 
billion people on this planet were struggling to survive on less than $2 a day. Forty million Americans 
were living in poverty. How are the jobs to be created that will raise the standard of living of the 
world’s people? Much of the answer is to be found in studies, including two that were recognized with 

A scientist looks at a section of the European Organisation for Nuclear Research’s Large Hadron Collider.
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Nobel Prizes, that show that up to 85 percent of the growth in U.S. GDP—read jobs—is attributable to 
advancements in just two closely related fields: science and technology.

But if science and technology have such a profound impact on people’s lives, why, other than 
the ongoing debate over Covid-19, is the need to fund scientific research so rarely mentioned in 
political discussions or on the editorial pages of the nation’s newspapers? A number of years ago 
the writer of this piece prepared an op-ed addressing the importance of increasing funding of basic 
research, nearly three-quarters of which is performed in the nation’s great research universities and 
government laboratories. Twenty-four of the 25 CEOs of Fortune 100 companies who were asked to 
place their signature beneath the article agreed to do so. But to our collective chagrin, every media 
outlet that was asked to publish the piece declined to do so. They explained, in so many words, that 
the topic was not of interest to their readers.

And when the firm that this writer once led appeared to be on the threshold of several highly 
promising scientific discoveries and sent its president to Wall Street to share the exciting news that 
the company would be increasing its investment in research, the firm’s stock promptly dropped 
by 11 percent. One analyst who happened to be in the audience later explained that research is so 
risky and takes so long to produce returns that, in his actual words, “Our firm does not invest in 
companies with such shortsighted management!”

But there are individuals who have in fact recognized the importance of investing in scientific 
research. For example, the former premier of the People’s Republic of China, Wen Jiabao, had 
this to say: “The history of modernization is in essence a history of scientific and technological 
progress. Scientific discovery and technological inventions have brought about new civilizations, 
modern industries, and the rise and fall of nations . . . I firmly believe that science is the ultimate 
revolution.”

It is remarkable how quickly a leadership position in science 
and technology can be lost—and how difficult it is to regain 
given the pace of advancement in science and technology.

To this end, in 2007, in keeping with China’s multiyear plan, the number of doctoral degrees 
awarded in science and engineering by universities in China passed the number awarded by 
U.S. universities. Nineteen percent of U.S. baccalaureate degrees are awarded in STEM (science, 
technology, engineering and mathematics) fields as compared with over half in China. Less than 
40 percent of undergraduates entering college in the United States planning to study in a STEM 
field actually complete a degree in a STEM discipline. It should therefore come as no surprise that 
between 2008 and 2018 the number of Chinese companies in the Global Fortune 500 increased from 
29 to 120, while the number of U.S. companies declined from 153 to 126. China recently passed the 
United States by this measure as well. It is perhaps noteworthy that only six of the 535 members of 
the U.S. Congress are scientists or engineers, strongly contrasting with the representation in modern 
China’s leadership.
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How many Americans are aware—or even care—that China is approaching the United States in 
investment (at purchasing power parity) in research and development? Or that by this measure 
China’s GDP has already passed that of the United States. Were these Sputnik moments ever a topic in 
a presidential debate? Or a headline in a major newspaper? Or featured on the evening news?

It is remarkable how quickly a leadership position in science and technology can be lost—and how 
difficult it is to regain given the pace of advancement in science and technology. As recorded in 
Moore’s Law, the pace of change in the omnipresent semiconductor integrated circuit has seen the 
number of transistors per chip double roughly every two years. That is a factor of some 10 million over 
the past 50 years. The cost of gene sequencing has declined by over six orders of magnitude in less 
than 20 years. The now ubiquitous iPhone, already through many generations of enhancements and 
owned by nearly half the people on earth, first went to market only 13 years ago. Craig Barrett, the 
retired CEO of Intel, states that 90 percent of Intel’s revenues on the last day of any year are derived 
from products that did not even exist on the first day of that year. This is indeed the Golden Age of 
science and technology—from quantum science to artificial intelligence, from genomics to robotics.

America cannot hope to compete in science with China based on the size of its scientific workforce, 
or, for that matter, can America compete militarily with China based on the abundance of its military 
manpower. Today, the United States has only the third-largest active military in the world—and if 
reserves and paramilitary units are included, the United States drops to seventh place. Clearly, if 
America is to prosper it will have to compete based on the creation of knowledge and the innovation 
that applies that knowledge.

This will require, among other things, that the United States has a highly educated workforce, 
particularly in the fields of science and technology. In this regard, high school graduates in China have 
nearly three more years of classroom education than their U.S. counterparts because of the relative 
number of schooldays pursued in the two countries. The most widely accepted global test of student 
performance (PISA) ranks America’s 15-year-olds 23rd among students in 29 developed nations in 
combined science, mathematics, and reading scores. Using America’s own measurement of educational 
progress, commonly referred to as the Nation’s Report Card, 67 percent of fourth graders in the 
United States are found to be “not proficient” in science. After eight more years of exposure to our 
primary and secondary education system, the share of 12th graders who rank not proficient in science 
increases to 79 percent. In China, the standard high school curriculum includes four years of physics; 
in the United States a single year of physics is conventional, and some schools fall short of even that. 
In Bill Gates’ words, “When I compare our high schools to what I see when I’m traveling abroad, I’m 
terrified for our workforce of tomorrow.”

In recent years the Bloomberg Innovation Index dropped the United States from first to eighth place among 
nations in innovation. The United States has similarly fallen to tenth place in research and development 
intensity (R&D as a fraction of GDP). In terms of the fraction of national research funding that is provided 
by government, the United States ranks in 29th place. Measured by the portion of baccalaureate degrees 
that are awarded in engineering, America is in 76th place—just behind Mozambique.

While underrepresented minorities represent 40 percent of K-12 students in the United States, they 
receive only 17 percent of the baccalaureate degrees in the natural sciences and 7 percent of doctorates 
in the STEM fields. Similarly, women receive only 20 percent of the doctorate degrees awarded in 
physics and engineering.
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America’s science and technology enterprise would barely function today were it not for foreign- 
born individuals who came here to study at its great research universities and remained to raise 
families and contribute to America’s economic growth. Seventy-three percent of graduate engineering 
students at U.S. universities are foreign-born, as are 28 percent of the nation’s science and engineering 
faculty, along with half of the post-doctoral workers who perform much of the nation’s research. 
Correspondingly, 26 percent of the members of the U.S. National Academy of Sciences and 31 percent 
of the National Academy of Engineering are foreign-born. Thirty percent of the nation’s overall science 
and technology workforce is foreign-born. When it comes to employers (and jobs), nearly half of the 
nation’s Fortune 500 companies were founded by immigrants or the children of immigrants. Yet, the 
number of foreign-born individuals possessing college degrees in critically needed fields who are 
permitted visas under the H-1B program has been capped and reduced over the years.

Meanwhile, America’s states have disinvested in higher education, cutting funding of their public 
universities during the period of the Great Recession by an average 25 percent in real dollars. Adjusted 
for inflation, states were spending $5.7 billion less on their colleges and universities in 2019 than 
they were a decade earlier, all while educating 800,000 more students. Many of our state’s flagship 
universities are becoming de facto private institutions, but without the needed endowments. One 
result has been ballooning tuition, even net of financial aid. Concomitantly, the federal government 
took its first pernicious step in taxing the endowments of some of the nation’s most highly regarded 
private universities—money that could otherwise have been devoted to scholarships, infrastructure 
and scientific research.

A researcher feeds stem cells at the University of Connecticut’s Stem Cell Institute.
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A skeptic could legitimately point out that advances in science and technology have created problems 
as well as solved them. This is true. Some 2 million years ago humans discovered that fire could be 
used to warm their shelter, but also could accidentally destroy their shelters—or could even be used 
intentionally to destroy the shelters of others. Technology in the form of nuclear weaponry poses 
one of the greatest perils faced by humanity today—but in the form of fusion energy it arguably 
provides the greatest hope for providing abundant clean, affordable, sustainable commercial power.  
New technologies such as robotics and artificial intelligence will unquestionably destroy some jobs, 
but throughout history technological advancements have created more and better jobs than they 
destroyed. In one recent survey, 78 percent of U.S. adults expressing an opinion indicated that they 
believe the benefits of scientific research outweigh any harmful results—a sentiment that has changed 
little over the past 40 years.

But if scientific research is so important, why are the nation’s political and industrial leaders not 
providing the funds needed to assure that America sustains a leadership position in the field, a 
position built from decades of investment and effort following World War II? U.S. overall funding in 
R&D has remained stagnant at about 2.5 percent of GDP for a half century, even as the global role of 
science and technology flourished. Several other developed countries have now exceeded that level of 
spending. In the case of political leaders, emphasis in funding allocation tends to focus on activities 
that produce results within two, or at most six, years. The U.S. government, unlike virtually every 
successful business, does not even maintain a capital budget: it funds long-term projects in year-by-
year increments. With regard to industry leaders, one survey found that 80 percent of corporate chief 
financial officers said they would cut their firm’s research and development budget rather than miss 
their next quarter’s earnings projection. High-risk, long-term endeavors, even those offering high 
potential payoff, are simply not attractive to shareholders who today hold their shares on average 
about four months. In spite of that, as government has cut its share of overall spending on R&D from 
two-thirds to less than one-third, business has increased its share from one-third to nearly two-
thirds. The issue that arises is that industry is increasingly focusing its spending on development, not 
research.  Even at that, industry still funds one-fourth of the nation’s basic research. A consequence 
has been the decline of America’s great industrial research institutions such as the iconic Bell 
Laboratories, home of the transistor, the laser, and nine Nobel Laureates. Bell Labs is now owned by a 
Finnish corporation.

As noted, the underpinning of scientific research, along with adequate funding, is education—a 
similarly long-term proposition. If, for example, the United States were to seek to have one more U.S.- 
born individual engaged in basic engineering research in the year 2033, given existing levels of student 
interest and attainment, it would have to begin with a pool of 3,000 eighth graders today.

So what can be done? As is the case with most complex problems, there are no simple solutions. 
However, the following three actions, taken from studies chaired or co-chaired by the writer of this 
report, would form the nucleus a powerful beginning:

I. Rapidly increase the fraction of GDP the United States invests in basic research by 50 percent.

Increasing the nation’s research intensity (research as a fraction of GDP) by one-tenth of one 
percent may not sound terribly aggressive, but in a nation that currently devotes only 0.2 percent 
of GDP to research it would be enormously impactful.
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Today, Americans spend more on potato chips than on clean energy research. They allocate 

only 0.1 percent of GDP to biomedical research to explore the fundamental causes and cures of 

diseases—while spending 18 percent on health care. The latter happens to be seven percentage 

points greater than is devoted by the next-highest-spending nation in the world, and nearly ten 

points higher than the average for developed countries.

II. Have the federal government annually award 10,000 competitive scholarships to U.S. citizens to 
study math, science or engineering at a U.S. university, in return for teaching at least five years 
in a public primary or secondary school. (Cost: 0.005 percent of GDP, or 0.025 percent of the 
federal budget.)

Today, one-third of America’s high school students have a physical science teacher who does 

not possess a degree in the physical sciences. In middle school, that figure rises to 93 percent. 

It is significant that the average teacher today remains in the profession only five years, and the 

number of STEM teachers being graduated has dropped by 40 percent in the past six years.

III. Introduce into pre-K-12 education key elements of the free enterprise system, such as 
incentives and competition. 

America’s highly competitive and incentivized system of free enterprise as embraced by the 

nation’s higher education system has produced 18 of the world’s 25 top-ranked universities, 

including all of the top five. But its pre-K-12 system is undermined by regulations, special 

interests, and the lack of incentives.

A high school teacher must work 24 hours to earn $1,000, while it takes a corporate CEO only 

about 75 minutes. A top basketball player takes two minutes, and a premier major league baseball 

pitcher receives $20,000 per strike thrown. Pre-K-12 teachers need to be financially rewarded 

commensurate with their immense contribution to society and their market value in their 

specialty outside of teaching. Further, high-achieving teachers should receive substantially greater 

compensation than is the current practice, and poorly performing teachers should be provided, in 

a timely fashion, the opportunity to work in other fields wherein they may be better equipped to 

excel. America’s public schools spend more per student than all but one other nation on Earth. The 

problem is not what is spent; it is how it is spent. Is it in the nation’s interest, or even rational, that 

in 40 states the highest-paid public employee is a football or basketball coach?

As has been variously attributed, “Every system is perfectly designed to get the result it gets.”

* * *

Resetting America’s scientific research enterprise and the endeavors that support it will be an 

indispensable part of assuring America’s future prosperity; and doing so will be inexpensive compared 

with the cost of not doing so. The issue is simply one of priority. And national will.
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