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Chair Budd, Ranking Member Baldwin, and Members of the Subcommittee, thank you for the
opportunity to submit testimony for this hearing titled, “Measuring What Matters: Science, Standards, and
Strategic Competition.” My name is Julia Phillips. I spent several decades performing materials physics
research and leading research organizations in the private sector and at an NNSA national security
laboratory. Let me emphasize that I am commenting in this document and during my oral testimony as a
private citizen and reflect my own views. Nothing in this testimony represents the views of Oregon State
University.

Between 2016 and April 24, 2026, I was a member of the National Science Board (NSB) and served for
six years as the chair of the Board’s Science and Engineering Policy Committee. This is the committee of
the NSB that leads the biennial publication of Science and Engineering Indicators, published under
Congressional mandate. The most recent edition of The State of U.S. Science and Engineering report was
published on May 4, 2026 (https://ncses.nsf.gov/pubs/nsbsep20261). The report is a policy-relevant,
policy-neutral source of high-quality U.S. and international data. The indicators presented in the report
are quantitative representations relevant to the scope, quality, vitality, and evolution of the S&E
enterprise.

The summary report, The State of U.S. Science and Engineering 2026 pulls together data from three
thematic reports published between July 2025 and May 2026. The thematic reports cover the three major
components of the S&E ecosystem:

o Discovery: R&D Activity and Research Publications (https://ncses.nsf.gov/pubs/nsb20257
published 7/23/2025) — The report covers trends in U.S. R&D performance and funding across
the entire spectrum of R&D — basic through applied and on the experimental development —
coverage of U.S. Business R&D, Academic R&D, and Federal support for U.S. R&D. The global
R&D landscape is also covered, along with worldwide publication output by geography and
scientific field.

o  STEM Talent: Education, Training, and Workforce (https://ncses.nsf.gov/pubs/nsb20261
published 2/12/2026) — Much of the focus is on the U.S. STEM workforce scale and composition
including workforce growth and economic impact, K-12 STEM education performance and
challenges, and the higher education STEM pipeline and international competitiveness, including
international comparisons.

o Translation to Impact: U.S. and Global Science, Technology, and Innovation Output
(https://ncses.nsf.gov/pubs/nsb20262 published 5/1/2026) — The focus of this report is on the
translation of discoveries to societal benefit with data on the economic impact of science and
engineering activities; innovation, commercialization, and technology transfer; global innovation
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and patent landscapes; and many aspects of global market dynamics and investment patterns,
especially in high tech (knowledge and technology intensive or KTT) industries.

The Emergence of a Peer Competitor

Indicators 2026 places the most recent data in the context of the changes in the S&E ecosystem
throughout the 21% Century. The bottom line: China has emerged as a peer competitor after more than 80
years of uncontested American pre-eminence. Other forces are at play, as well. The data tell us:

e R&D Investments:

Share of Global R&D Expenditures
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Source(s): NCSES, National Patterns of R&D Resources (2023-24 edition); OECD, MSTI, March 2026.

Both the U.S. and China have consistently increased their level of investment in R&D over the
course of the 21 Century. Both countries crossed the $1T threshold in 2024, with China at
$1.028T and the U.S. $1.009T. The most important point is that China started the century at a
MUCH lower rate of investment but has consistently increased its investments by 12-20% per
year. As a result, China’s R&D increased from a 5% share of global R&D in 2000 to a world-
leading 30% in 2024. The Chinese investment trend promises to continue, meaning that the
investment gap will widen absent a change in the rate of U.S. R&D investments. Over the same
time period, the U.S. share of R&D expenditures declined from 39% to 29%. By itself, this might
not be much to worry about, but there is more.
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High Tech Industries:

Global Share of Value Added
High Tech Manufacturing
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Source(s): S&P Global Market Intelligence, Comparative Industry Service special tabulations,
April 2025.

We divide high tech industries into two categories, because the global picture is quite different for
the two. For high tech service industries - software publishing and IT and information services
industries — the U.S. has dominated to this point, with $1.7 trillion in value added in 2024, and
taking a 38-43% global share of value added since 2000, primarily led by the software publishing
and IT and information services industries. It is important to recognize, however, that these are
lagging indicators, and recent announcements suggest that the U.S. lead may be shrinking rapidly
in critical areas such as Al

The picture is quite different when one looks at the global picture for high-tech manufacturing
where the global distribution has changed dramatically in the first quarter of the 21* century. The
figure above shows that in 2002, the U.S. dominated overall with a third of the global share in
these industries, while China only had 8% share. By 2012, China surpassed the US, and as of
2024, China now controls a third of the world’s share at $2.4 trillion in value added. The picture
is not uniform across industries, however. The US has the largest share in four industries (air and
spacecraft, medical and dental instruments, pharmaceuticals, and weapons and ammunitions).
China has the largest shares in the remaining six industries (computer/electronics/optical
products; chemicals; motor vehicles; railroad/ military vehicles/other transport; other machinery;
and electrical equipment). In all industries, these two countries occupy the first and second
position. And in some industries, the difference between the two countries is small.

The semiconductor industry is especially important for the building blocks of the digital
economy, electronics, critical infrastructure, and advanced technologies across industries like
communications, healthcare, energy, transportation, defense and emerging technologies such as
Al and quantum computing. The same reversal of dominance that is seen in the metrics for all of
high tech manufacturing is apparent, although it might be even worse, given the uncertain future
of Taiwan, whose market share also exceeds that of the U.S.
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Global Share of Value Added
Semiconductor Manufacturing
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Source(s): S&P Global Market Intelligence, Comparative Industry Service special tabulations,
April 2025.

e Other Leading Indicators of Global Competitiveness: The economic impact of high tech
industries tells a story about the evolution of global leadership that has already occurred.
Research expenditures portray the level of aspiration for future attainment in S&E. Other
indicators shed light on ongoing changes in S&E leadership.

o Ph.D. in STEM fields: The scientific breakthroughs and technological innovations that
will shape the world of tomorrow emerge from the talented and trained people who will
carry ideas from the laboratory to the workplace. China produces more PhDs in fields
underlying critical and emerging technologies than any other country, especially in
engineering and computer science. The U.S. is the second largest producer, but relies on
international talent, who are also employed by U.S. industry at higher rates than domestic
PhDs. Without visa holders, U.S. production of engineering PhDs would be surpassed by
India and computer science PhD production would be surpassed by the UK and Germany.

Natural Sciences & Engineering Doctorates Awarded
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Highly cited scientific publications: Scientific publications indicate which countries are
investing in and publishing work in different fields of S&E. Reviewing the countries of
origin of the most highly cited papers (a measure of “best” papers or those that have
significantly influenced subsequent work) shows how the impact of a country’s research
is changing. The U.S. has long had the highest percentage of its published papers ranked
among these important papers (citations fall within the top 1% of all papers published in
a field). The citation rate for papers with Chinese authors is well below that for U.S.
authors but has been increasing steadily for nearly 20 years, while the rate for U.S. papers
has been dropping for almost 10 years, most noticeably since 2019. Citation rates for
Chinese authored papers in chemistry and engineering actually exceeded those for U.S.
authored papers in those fields in 2022.

Highly Cited Patents (HCP): Looking at the evolution of highly cited patents by country
is a way of judging the future success of different countries in translating their R&D into
economic impact. These are the top 1% of all patents cited in subsequent patents in a
specific category and year. A higher the share of HCP from a country indicates greater
impact of the patents. If we focus on five administration-identified critical and emerging
technologies, we see:
= The HCP share for semiconductor patents for inventors from the EU and South
Korea was higher in 2021 than in 2010. Conversely, shares for the U.S., China,
and Japan were lower in 2021 compared to 2010, although U.S. inventors
retained the highest HCP share globally.
= While shares of AI HCP decreased over time for U.S. inventors, they continued
to have outsized impact. Impacts in Al for inventors from China changed very
little between 2010 and 2021. Impacts increased over time for inventors from the
EU and Japan, with Japan emerging just ahead of China to become the 2nd most
impactful country in Al innovation.
* In nuclear energy, the U.S. retains a substantial lead in share of HCP, followed
by the EU and Japan. China is behind these three nations.
= Biotech is an area of R&D concentration in the U.S., with about 17% of private
sector research investments directed in this area. HCP shares for biotech
inventors from the U.S., China, the EU, and Japan all increased between 2010
and 2021, with Japan accelerating into 2nd place. However, U.S. inventors had
the most impact at both points in time.
* Quantum information science and technology forms the basis for potentially
revolutionary advances in computation, communication, and sensing bringing
huge economic and national security implications. In both 2010 and 2021,
inventors from the U.S. produced a disproportional share of HCP in quantum.
However, that advantage was much smaller in 2021 as shares from inventors
from the EU, Japan, and South Korea increased.

The trends in HCP do not necessarily mean that the lead in technology and its
economic impact has changed hands, but it may indicate the success of a country in
translating S&E discoveries into products, which is where societal benefit arises.

o Benefits of Global R&D Ieadership: There are perks that go with being #1 in R&D. Particularly

important among them is the implicit ability to have an outsized influence on the culture in which
science and engineering are done and in setting standards for new technologies. We are already
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seeing erosion in both of those areas and need to reflect on what impact that may have on the
lives of our citizens, not to mention the future of our country. China does not play by our rules
and threatens to dominate important aspects beyond science output and impact such as standards,
establishment of intellectual property, open communication of scientific discovery,
commercialization, etc. in ways that would be antithetical to the standards that have propagated
through much of the world during the period of U.S. leadership.

Responding to the Challenge of a Peer Competitor

All parts of the S&E ecosystem must respond to the challenge of a determined peer competitor that is
committed to dominance. I confine my remarks to the critical roles that basic research and the associated
responsibility for STEM (science, technology, engineering, and mathematics) have played in our success
over the last 80+ years, what it must contribute to the current challenges we face, and the conditions that
must exist for it to succeed. While some of the components of these roles are found across the federal
government and elsewhere in the S&E ecosystem, the only organization that has specific responsibility
for fulfilling them today is the National Science Foundation (NSF).

The role of the federal government in the science and engineering (S&E) enterprise is key to the
American success story, but the government is far from the largest funder of R&D. The private sector
accounted for over 75% of R&D investments in 2023 ($709B out of $939B), while the federal
government accounted for about 18% ($173B). S&E R&D is funded by over 20 agencies in the federal
government. Six of them (HHS, DOE, NSF, NASA, DOW, USDA) account for 97% of federal support
for basic R&D. NSF differs from the others in that the rest perform research in support of the mission of
the larger agency, whereas the mission of NSF is research and education in all non-medical fields. In
short, S&E research and education across the breadth of disciplines IS the NSF mission.

The Critical Roles of the National Science Foundation in Responding to Peer Competition

The mission of NSF is “to promote the progress of science, advance national health, prosperity, and
welfare, and secure the national defense through funding research and education in all non-medical fields
of science and engineering.” Put another way, NSF exists so that our country avoids scientific
surprise. If something vital for the future is discovered, we know about it. As I have spoken about
Indicators over the years, | have referred to basic research and the training of next generation STEM
talent as our nation’s “seed corn” — the investment that has more than repaid the initial investments and
played an outsized role in the success and impact of our S&E enterprise. This is a unique feature of
American S&E — no other nation comes close to matching our level of investment in basic research — and
it has played an outsized role in the discoveries that have enable countless transformative technologies,
including foundational work leading to Al and Quantum Computing
(https://www.nsf.gov/nsb/publications/2025/NSFAIQ.pdf). This basic research has led to innovation
driving the U.S. economy and helping to secure the national defense.

Basic Research: Basic research focuses on advancing fundamental knowledge about natural or social
phenomena. It is primarily driven by curiosity and the desire to understand how things work, frequently
with an eye for general areas of technological or societal impact. But the portfolio of federal R&D
investments is very different from those of the private sector. The government invests a much higher
percentage — about 25% — of its total R&D investment in basic research, whereas the business investment
in basic R&D is less than 6% of its R&D investment pool.
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The type of basic research funded by each sector also differs substantially. The federal government
invests in basic research across the full spectrum of science and engineering. Private sector entities focus
on those areas that they judge are most likely to provide breakthroughs that will give them a competitive
advantage, leaving broad swaths of S&E uncovered by business R&D. During my time on the National
Science Board, we heard numerous stories from leaders in major companies noting that, while they
depend on internally funded basic and applied R&D for their competitive edge, that work builds on
previous investments in basic science funded by the federal government.

It is important to note that a basic research agency like NSF has significant differences in scope and time
horizons from private business and mission agencies. While the investments are relatively small
compared with other federal agencies or the private sector, they cover all areas of non-medical science
and engineering and are made for the long term — giving researchers the time and opportunity to pursue
knowledge, explore the promise of their ideas, and train future researchers. This is fertile ground for
scientific surprise — those discoveries and insights that are unexpected and open the door to unimagined
possibilities. Patient investment is critical for many breakthroughs as well as building and maintaining
the capability (both physical infrastructures and educated talent) needed to achieve them. Funding for this
type of research simply cannot be turned on and off because of changing political winds.

STEM Education and Training: Another significant difference between NSF and other funding entities,
either the private sector or other federal funding agencies, is its emphasis on education and training. NSF
is by far the dominant U.S. player in this critical effort. Current events and demographics raise alarm
bells about a continuing supply of sufficient STEM talent in the U.S. While we have benefited
enormously from foreign S&E talent, the future holds no guarantees. Further, the data show that STEM-
oriented jobs have been growing faster than those that do not require these skills — and they pay better.
The U.S. needs to double down on preparing the future workforce for STEM careers at all levels — from
the skilled technical workforce (those needing relatively short training and licensing beyond high school)
to tomorrow’s most creative scientists, engineers, and entrepreneurs who may require a decade or more of
post-high school education and training.

But students in K-12 are severely underperforming in the basic skills required for any STEM job at any
level. Test scores had been stagnating before the pandemic, and recovery since then has not brought
performance back even to the mediocre level that was seen in 2019. Student performance in skills and
knowledge that are prerequisites to STEM training is also, at best, middling compared with students in
other developed countries. To make matters worse, the number of students in K-12 is declining, raising
even greater concerns about future STEM talent. Colleges and universities are finding that a very high
percentage of entering students are not qualified to take the introductory courses required for many
science and engineering degrees, making it impossible for them to complete their education on the usual
schedule unless they change their major to a non-STEM subject.

At post-baccalaureate levels of education — the levels acquired by most of the individuals who will go on
make the seminal discoveries of the future and/or start companies that are central to the making NEXT
critical and emerging technologies real — an extremely high percentage of enrolled students and graduates
are not U.S. persons.

The number of international students is starting to slow for a variety of reasons. Proposed ideas include
the increased competition for the best students from other countries seeking to emulate U.S. success in
S&E and uncertainty about U.S. visa and immigration policies. At the same time, U.S. enrollments are
also declining. Part of the challenge is undoubtedly the opportunity cost of pursuing graduate education.
These highly qualified students often look at the meager financial support they receive while a graduate
student and decide to pursue a career path that offers more immediate financial benefit. Major American

7



FINAL

universities are admitting 15% fewer Ph.D students the last couple of years due to the caution exercised
by university departments in the face of extreme uncertainty about the stability of research funding in the
wake of widespread challenges to funding for ongoing projects (https:/www.aau.edu/newsroom/leading-
research-universities-report/new-phd-admissions-data-show-threat-us-stem-workforce 7/7/26). It is too
early to know whether this is a trend or an anomaly, but it does point out the fragility of the ecosystem.

Requirements for a Productive Research Ecosystem

Open Communication and Collaboration: Threats to open communication of science results with peers
and other interested parties, and venues for the intense dialogue and debate about research ideas and
results threaten to stifle scientific progress and pose the risk of narrowing the richness of scientific
thought and activity. To remain at the forefront of advances in science and engineering, it is essential that
top researchers have reliable access to stable sources of research funding to pursue their research, engage
with their peers worldwide, both in person and via publication of their peer-reviewed results. It is only
through dialogue among experts that ideas can be tested and validated, refined, or refuted, and serve as
stepping stones for future advances. Lack of knowledge about other work and collaboration with
colleagues globally also increases the risk of scientific and technological surprise — a discovery or
development that occurs elsewhere of which we are unaware. Such a surprise can completely upend our
ability to compete in the global marketplace or pose a grave threat to our national security. We cannot be
vigilant if we do not know what is going on elsewhere and if the best technical minds we have to offer are
not allowed access to sufficient information to evaluate what others are doing or thinking about.

The Importance of Curiosity: There must be a place for curiosity in the conduct of research. While
problem-driven investigations are critically important and may constitute the majority of many research
portfolios, most truly transformative discoveries are made when a researcher has the freedom to pursue
the answer to a question that begins, “I wonder what happens when...?”

Expert Peer Review Is Essential for Good Funding Decisions: Simply put, we cannot afford to waste
money on bad science. Rigorous peer review must be the basis for all decisions about what science is
done in a particular area. It is natural for national circumstances and policy to affect the relative
distribution of support for different fields of endeavor, but once those decisions are made, decisions about
which efforts are to be funded should be made by experts in the field who cover a range of well-informed
approaches to the topic. Once funding decisions are made, they must be honored, barring inappropriate
behavior on the part of the researcher. The livelihoods of promising young STEM talent depend on
having such commitments honored.

Patient Investment in the Best People and Ideas. Since World War II, advancements in science and
technology have driven much of our economic growth, underpinned our national security, and
transformed nearly every aspect of Americans’ daily lives. New technologies built on federally funded
discovery research have led to new businesses, revolutionized health care, and created the mobile, digital
world. We must remember that this is a long game. Right now we are competing with China on Al. In 20
years ... what is next?
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Conclusion

The first quarter of the 21% Century has seen a seismic shift in the global S&E landscape. Whereas the
global S&E ecosystem was unquestionably dominated by the U.S. for over 80 years, making untold
contributions to American prosperity and security, the world now looks very different. The biggest
change is the rise of China, enabled by that country’s determination to invest year-over-year to level the
playing field and, potentially in the not-too-distant future, to surpass U.S. achievements in important
ways. The U.S. appears complacent and has not responded robustly, a dangerous posture in the face of a
determined competitor. The U.S. must renew its investment in and commitment to its strengths: the
openness of its S&E culture; an R&D system where the best ideas can compete for attention and
resources; the world’s best S&E capabilities that nurture U.S. talent and attract the best and brightest from
around the world to contribute to the nation’s success; and long-term investments in understanding the
world and creating the future. It is urgent that the those very attributes that made our S&E ecosystem
envy of the world be strengthened and harnessed to create a future that is worthy of our past.



