JASON REDMOND/AFP VIA GETTY

Bipedal robots at Amazon’s Robotics Research and Development Hub in Sumner, Washington.
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How the United States
became ascience superpower

US global dominance in science was no accident, but a product of a partnership
between public and private sectors to boost innovation and growth. By Steve Blank

ince 20 January, US science has been

upended by severe cutbacks from

the administration of US President

Donald Trump. A series of dramatic

reductions in grants and budgets —
including the US National Institutes of Health
(NIH) slashing reimbursements of indirect
research costs to universities from around 50%
to 15% — and deep cuts to staffing at research
agencies have sent shock waves throughout
the academic community.

These cutbacks put the entire US research
enterprise at risk. For more than eight dec-
ades, the United States has stood unrivalled
as the world’s leader in scientific discovery
and technological innovation. Collectively,
US universities spin off more than 1,100 sci-
ence-based start-up companies each year,
leading to countless products that have saved
andimproved millions of lives, including heart
and cancer drugs, and the mRNA-based vac-
cinesthat helpedto bring the world out of the

COVID-19 pandemic.

These breakthroughs were made possible
mostly by arobust partnership between the
US government and universities. This system
emerged as an expedient wartime design to
fund weapons research and development
(R&D) inuniversities. It has fuelled US innova-
tion, national security and economic growth.

But, today, this engineis being sabotagedin
the Trump administration’s attempt to purge
research programmes in areas it doesn’t sup-
port, such as climate change and diversity,
equity and inclusion, and to rein in campus
protests. But the broader cuts are also dis-
mantling the very infrastructure that made
the United States a scientific superpower. At
best, USresearchisatrisk fromfriendlyfire; at
worst, it’s political short-sightedness.

Researchers mustn’t be complacent. They
must communicate the difference between
eliminating ideologically objectionable pro-
grammes and undermining the entire research

ecosystem. Here’s why the US research sys-
tem is uniquely valuable, and what stands to
belost.

Unique innovation model

The backbone of USinnovationisaclose part-
nership between government, universitiesand
industry. Itis awell-calibrated ecosystem: fed-
erally funded research at universities drives
scientificadvancement, whichin turnspins off
technology, patents and companies. This sys-
tem emerged in the wake of the Second World
War, rooted in the vision of US presidential sci-
enceadviser Vannevar Bushand a far-sighted
Congress, which recognized that US economic
and military strength hinge on investment in
science (see ‘Two systems’).

It need not have been this way. Before the
Second World War, the United Kingdom led the
world in many scientific domains, butits focus
oncentralized government laboratories rather
than university partnerships stifled post-war
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Two systems

How US and UK science diverged.

When Winston Churchill became UK

prime minister in 1940, he had at his side
his science adviser, physicist Frederick
Lindemann. The country’s wartime
technical priorities focused on defence and
intelligence — such as electronics-based
weapons, radar-based air defence and plans
for nuclear weapons. Their code-breaking
organization at Bletchley Park, UK, was
reading secret German messages using the
earliest computers ever built.

Under Churchill, Lindemann influenced
which projects received funding and which
were sidelined. His top-down, centralized
approach, with weapons development
primarily in government research laboratories,
shaped UK innovation during the Second
World War — and led to its demise post-war.

Meanwhile, in the United States, Vannevar
Bush, a former dean of engineering at the
Massachusetts Institute of Technology (MIT)
in Cambridge, became science adviser to US
president Franklin Roosevelt in June 1940.
Bush told him that war would be won or lost
on the basis of advanced technology. He
convinced Roosevelt that, although the army
and navy should keep making conventional
weapons (planes, ships, tanks), scientists
could develop more-advanced weapons and
deliver them faster. He argued that the only
way that the scientists could be productive
was if they worked in a university setting
in civilian-run weapons laboratories run by
academics. Roosevelt agreed to it.

In 1941, Bush convinced the president
that academics should also be allowed to
acquire and deploy weapons, which were
manufactured in volume by US corporations.
To manage this, Bush created the US Office
of Scientific Research and Development.
Each division was run by an academic
hand-picked by Bush. And they were located
in universities, including MIT, Harvard
University, Johns Hopkins University, the
California Institute of Technology, Columbia
University and the University of Chicago.

Nearly 10,000 scientists, engineers,
academics and their graduate students
received draft deferments to work in
these university labs. Their work led
to developments in a wide range of
technologies, including electronics, radar,
rockets, napalm and the bazooka, penicillin
and cures for malaria, as well as chemical
and nuclear weapons.

The inflow of government money
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— US$9 billion (in 2025 dollars) between
1941 and 1945 — changed US universities,
and the world. Before the war, academic
research was funded mostly by non-profit
organizations and industry. Now, US
universities were getting more money than
they had ever seen. They were full partners
in wartime research, not just talent pools.

Wartime Britain had different constraints.
First, England was being bombed daily and
blockaded by submarines, so focusing on a
smaller set of projects made sense. Second,
the country was teetering on bankruptcy.

It couldn't afford the big investments that
the United States made. Many areas of
innovation — such as early computing and
nuclear research — went underfunded. And
when Churchill was voted out of office in
1945, with him went Lindemann and the
coordination of UK science and engineering.
Post-war austerity led to cuts to all
government labs and curtailed innovation.

The differing economic realities of the
United States and United Kingdom also
shaped their innovation systems. The United
States had an enormous industrial base,
abundant capital and a large domestic
market, which enabled large-scale
investment in research and development.
In the United Kingdom, key industries were
nationalized, which reduced competition
and slowed technological progress.

Although UK universities such as
Cambridge and Oxford remained leaders
in theoretical science, they struggled to
commercialize their breakthroughs. For
instance, pioneering work on computing at
Bletchley Park didn’t turn into a thriving UK
computing industry — unlike in the United
States. Without government support, UK
post-war innovation never took off.

Meanwhile, US universities and companies
realized that the wartime government
funding for research had been an amazing
accelerator for science and engineering.
Everyone agreed it should continue.

In 1950, Congress set up the US National
Science Foundation to fund all basic
science in the United States (except for
life sciences, a role that the US National
Institutes of Health would assume). The US
Atomic Energy Commission spun off the
Manhattan Project and the military took
back advanced weapons development. In
1958, the US Defense Advanced Research
Projects Agency and NASA would also form
as federal research agencies. And decades
of economic boom followed.

commercialization. By contrast, the United
States channelled wartime research funds
into universities, enabling breakthroughs
that were scaled up by private industry to
drive the nation’s post-war economic boom.
This partnership became the foundation of
Silicon Valley and the aerospace, nuclear and
biotechnology industries.

The US government remains the largest
source of academic R&D funding globally —
with a budget of US$201.9 billion for federal
R&Dinthefinancial year 2025. Out of this pot,
more thantwo dozenresearchagenciesdirect
grants to US universities, totalling $59.7 bil-
lionin2023, with the NIH and the US National
Science Foundation (NSF) receiving the most.

The agencies do this forareason: they want
professors at universities to do research for
them. In exchange, the agencies get basic
research from universities that moves science
forward, or applied research that creates pro-
totypes of potential products. By partnering
with universities, the agencies get more value
for money and quicker innovation thanifthey
did all the research themselves.

This is because universities can leverage
their investments from the government with
other funds that they draw in. For example,
in 2023, US universities received $27.7 bil-
lion from charitable donations, $6.2 billion
inindustrial collaborations, $6.7 billion from
non-profit organizations, $5.4 billion from
state and local government and $3.1 billion
from other sources — boosting the $59.7 bil-
lionup to $108.8 billion (see ‘US research eco-
system’). This external money goes mostly to
creating research labs and buildings that, as
any campus visitor has seen, are often named
after their donors.

Thus, federal funding for science researchin
the United Statesis decentralized. It supports
mostly curiosity-drivenbasic science, but also
prizesinnovation and commercial applicabil-
ity. Academic freedom is valued and compe-
tition for grants is managed through peer
review. Other nations, including China and
thosein Europe, tend to have more-centralized
and bureaucratic approaches.

But what makes the US ecosystem so pow-
erful is what then happens to the university
research:it’sthe engine for creatingstart-ups
and jobs. In 2023, US universities licensed
3,000 patents, 3,200 copyrights and 1,600
other licences to technology start-ups and
existing companies. Such firms spin off more
than1,100 science-based start-ups each year,
which lead to countless products.

Since the 1980 Bayh-Dole Act, US univer-
sities have been able to retain ownership of
inventions that were developed using federally
fundedresearch (see go.nature.com/4cesprf).
Before thislaw, any patents resulting from gov-
ernment-funded research were owned by the
government, so they often went unused.

Closing the loop, these technology
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start-ups also get ayearly $4-billion injection
in seed-funding grants from the same gov-
ernment research agencies. Venture capital
adds a whopping $171 billion to scale those
investments.

Italladdsuptoavirtuouscircle of discovery
andinnovation.

Facilities costs

Acrucialbutunder-appreciated component of
this US research ecosystemis the indirect-cost
reimbursement system, which allows univer-
sities to maintain the facilities and adminis-
trative support necessary for cutting-edge
research. Critics often misunderstand the
function of these funds, assuming that uni-
versities can spend this money on other
areas, such as diversity, equity and inclusion
programmes. In reality, they fund essential
infrastructure: laboratory space, compliance
with safety regulations, data storage and
administrative support that allows principal
investigators to focus on science rather than
paperwork. Without this support, universities
cannot sustain world-class research.

Reimbursing universities for indirect costs
beganduringthe Second World War, and broke
ground, just as the weapons development
did. Unlike in a typical fixed-price contract,
the government did not set requirements for
university researchers to meet or specifica-
tions for them to design their research to. It
asked themto doresearchand, iftheresearch
looked like it might solve a military problem,
tobuildaprototype they could test. Inreturn,
the government paid the researchers for their
directand indirect research costs.

Atfirst, thegovernment reimbursed univer-
sities for indirect costs at a flat rate of 25% of
direct costs. Unlike businesses, universities
had no profit margin, so indirect-cost recov-
erywas their only way to pay for and maintain
their researchinfrastructure. By theend of the
war, some universities had agreed on a 50%
rate. Therateis applied to direct costs, so that
aprincipal investigator will be able to spend
two-thirds of a grant on direct research costs
andtherestwillgototheuniversity forindirect
costs. (A common misconceptionis thatindi-
rect-cost rates are a percentage of the total
grant, for example a 50% rate meaning that
half of the award goes to overheads.)

After the Second World War, the US Office
of Naval Research (ONR) began negotiating
indirect-cost rates with universities on the
basis of actual institutional expenses. Universi-
ties had tojustify their overhead costs (admin-
istration, facilities, utilities) to receive full
reimbursement. The ONR formalized financial
auditing processes to ensure that institutions
reportedindirect costs accurately. Thisled to
the practice of negotiatingindirect-cost rates,
whichis still used today.

Sincethen, the reimbursement process has
been tweaked to prevent gaming the system,

but has remained essentially the same. Uni-
versities negotiate their indirect-cost rates
with either the US Department of Health
and Human Services (HHS) or the ONR. Most
research-intensive universities receive rates
of 50-60% for on-campus research. Private
foundations often have alower rate (10-20%),
but tend to have wider criteriafor what canbe
considered adirect cost.

In 2017, the first Trump administration
attempted to impose a 10% cap on indirect
costs for NIH research. Somein the administra-

“Erosion of the US scientific
workforce will have long-
term consequences for its
ability toinnovate.”

tionviewed such costsas aformofbureaucratic
bloat and argued that research universities
were profiting frominflated overhead rates.
Congressrejected this and later added lan-
guagein the annual funding bill that essentially
froze most rates at their 2017 levels. This pro-
vision is embodied in section 224 of the Con-
solidated Appropriations Act of 2024, which
hasbeen extended twice and is still in effect.

US RESEARCH ECOSYSTEM

US government funding fuels university research,
leading to innovation, patents, start-up organizations
and private-sector investment, driving economic and
technological growth.
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In February, however, the NIH slashed its
indirect reimbursement rate to an arbitrary
15% (see go.nature.com/4cgsndz). That policy
is currently being challenged in court.

Ifthe policyis ultimately allowed to proceed,
the consequences will beimmediate. Billions
ofdollars of support for research universities
will be gone. In anticipation, some research
universities are already scaling back their
budgets, halting lab expansions and reduc-
ing graduate-student funding. This willmean
fewer start-ups being founded, with effectson
products, services, jobs, taxes and exports.

Race for talent

The ripple effects of Trump’s cuts to US aca-
demia are spreading, and one area in which
there will be immediate ramifications is the
loss of scientific talent. The United States has
historically been the top destination for inter-
national researchers, thanks toits well-funded
universities, innovation-driven economy and
opportunities for commercialization.

US-trained scientists — many of whom
have historically stayed in the country to
launch start-ups or contribute to corporate
R&D —arebeing actively recruited by foreign
institutions, particularly in China, which has
ramped up its science investments. China
has expanded its Thousand Talents Program,
which offers substantial financial incentives
to researchers willing to relocate. France
and other European nations are beginning to
design packages to attract top USresearchers.

Erosion of the US scientific workforce will
have long-term consequences for its ability to
innovate. If the country dismantlesits research
infrastructure, future transformative break-
throughs — whether in quantum computing,
cancer treatment, autonomy or artificial intel-
ligence — will happen elsewhere. The United
States runs the risk of becoming dependent
on foreign scientific leadership for its own
economic and national-security needs.

History suggests that, once a nation loses
itsresearchleadership, regainingitis difficult.
The United Kingdom never reclaimed its pre-
war dominanceintechnological innovation. If
current trends continue, the same fate might
await the United States.

University researchis not merely an academic
concern—itisaneconomicand strategicimper-
ative. Policymakers must recognize that federal
R&Dinvestments are not costs but catalysts for
growth, job creation and national security.

Policymakers need to reaffirm the United
States’ commitment to scientific leadership. If
the country fails toactnow, the consequences will
befeltfor generations. The questionisnolonger
whether the United States can afford toinvestin
research. Itis whether it can afford not to.
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