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1 Introduction

Economic growth is widely thought to be a function of accumulated scienti ¢ understanding and
the capacity to continue producing more of itjthe combination of which drives technological
advances that increase economic output (Romer 1990). Re ecting the modern importance of science,
national innovation systems are often anchored by universities which provide scienti ¢ training and
produce fundamental breakthroughs (Nelson 1993), contributing not only to productivity-enhancing

innovation but also improved health and national security (Bush 1945).

In the United States, most of this activity is publicly funded, re ecting well-known arguments that
science and scienti ¢ capacity are likely to be undersupplied by private actors (Bush 1945, Nelson
1959, Arrow 1962). For most of the postwar era, public funding for U.S. university research has
steadily grown, sometimes explosively, as for biomedical research in the late 1990s (Zerhouni 2006).
Sometimes, however, it has shrunk|and occasionally substantially. While a large literature studies
how expansions in public research funding have stimulated innovation, less attention has been paid
to the impacts of contractions, including the possibility that scienti ¢ capacity might be easier to
dismantle than build: declines in public investment may alter the size, composition, and impacts of
the scienti ¢ sector in ways that persist long after research policy stabilizes. Because science and
innovation are cumulative and path dependent (Scotchmer 1991), understanding the consequences
of large retrenchments may be important to understanding long-run shifts in national innovative

capacity and their implications for national economic performance.

In this paper, we study what is perhaps the largest contraction in science funding in U.S. history:
the Department of Defense's (DoD) retreat from science in the 1970s. For the rst 25 years after
World War 11, the U.S. military was the world's largest sponsor of university research in the physical
sciences and engineering, comparable to the National Institutes of Health's (NIH) scale in the life
sciences. The military at this time funded science on the belief that progress in science was essential
to maintaining military technological superiority|a view which emerged o the back of the World

War Il research e ort. In the early 1970s, however, the political consensus for military-funded
university research collapsed, amid the tensions raised by the Vietham War. Congress subsequently
put signi cant restrictions on what research the military could fund and reduced its budget. By the
mid-1970s, DoD's university research contracts had declined nearly 70% in real dollars from their
late 1960s peak, and since then have never fully recovered. Today, DoD is a less prominent patron

of U.S. university science than it was during the Cold War.

We probe the e ects of this withdrawal on U.S. science and technology using a broad range of data
sources, including on DoD research contracts; DoD-funded scientists; university research, scienti c



employment, and PhD production; individual scientists' employment histories, and measures of
national scienti ¢ output and technological innovation. Identifying universities, elds, and individuals
who were relatively more dependent on DoD research support in 1970, and therefore more exposed
to the post-1970 contraction in DoD research funding, we examine post-1970 trajectories in these
outcomes in relation to this exposure. Broadly, we nd that after 1970, science contracted signi cantly

in the universities and elds DoD was supporting: publications and PhD training declined, and
DoD-funded early career scientists became more likely to leave the academy. At the national
level, publication output in traditional DoD-supported elds declined relative to other countries,
compressing U.S. leadership in global science in these elds. Nationwide science-linked innovation in
technology areas most exposed to these cuts declined as well, indicating that the e ects of funding

cuts extended beyond universities and into downstream sectors.

Underlying this analysis is a new dataset we develop measuring the U.S. postwar university research
system, and the military's place in it. Roughly a dozen data sources contribute to our measurement,
which we focus around 1960 to 1990. These include contract- and grant-level data for DoD and the
National Science Foundation (NSF); university-level nancial data; individual-level data on scientists
and PhD graduates; and records of publications and patents. Crucially, information from one of these
historical datasets|the NSF's National Register of Scienti c and Technical Personnellallows us to
identify DoD-funded university scientists in 1970 (on the eve of the military's retreat from science),
which provides us a measure of exposure and we can use directly or aggregate. Linking these data
sources to common identi ers, we construct several analytical datasets, including university-year,
university- eld-year, individual-year, country- eld-year, and technology-year panels, where we can
measure changes in scienti ¢ research, technological innovation, and training over time|the three

core outputs of the modern research university.

Because military research contracts are issued at the university level (not university- eld or in-
vestigator level) and realized funding could be endogenous to research potential, we will not use
these measures directly. We instead compare universities, departments, individuals, and elds with
di erential reliance on DoD support prior to the 1970s withdrawal, measured by the DoD-supported
share of personnel in 1970|which we show is strongly predictive of universities' actual funding
declines. In e ect, we evaluate post-1970 changes in the trajectory of units with high versus low
pre-1970 military support (for some outcomes, any versus none).

We observe one consistent result across nearly all of our analyses: declining output in the units most
exposed to these research funding cuts which persist to at least the end of our sample (1990), and
presumably continued after the Cold War ended in 1991 and military research and procurement

budgets were reduced even further. Our rst set of analyses examines research universities, where



we show that university departments with DoD exposure experienced signi cant reductions in
headcount, research output, and PhD production post-1970 relative to unexposed departments at

other universities and other departments in the same university.

Our second set of analyses examines individuals. We nd that early career university researchers who
were DoD-supported in 1970 were more likely than peers to subsequently exit university employment,
entering industry at double the average rate. We nd attenuated e ects for AEC-supported
researchers and no such e ects for NIH or NSF, and placebo tests on DoD-supported early career
researchers a half-decade earlier show no comparable e ect|reinforcing that this pattern is likely
attributable to the 1970s defense research funding environment speci cally. Sectoral reallocation is
consistent with contemporary anecdotal accounts, and we speculate that this reallocation may have
temporarily augmented some industrial research and innovation outcomes, but at the expense of a

weakened scienti c base over the longer-term.

Our third set of analyses probes this latter possibility by evaluating national science and technology
outcomes. Speci cally, we compare the changes in national scienti ¢ output (publications) over time
across countries and in elds which were more versus less heavily DoD supported prior to 1970,
comparing U.S. science to the UK, Germany, and Japan. The evidence suggests foreign catchup after
1970, with no di erential pre-trends. When we measure patent classes' exposure to DoD funding
cuts based on the rate at which patents in those classes cite science of elds with di erential DoD
support, we nd that science-linked U.S. patenting (patents that cite science and have a U.S. rst
inventor) declined in more exposed technology areas, relative to others. Taken together, this evidence
suggests DoD's withdrawal from science may have materially a ected national competitiveness in
science and science-linked innovation.

Collectively, these results point to broad impacts of large funding cuts across the scienti ¢ enterprise,
which in an economic paradigm might be expected to create headwinds for economic progress and
growth. But what of their military impacts? In contrast to the traditional economic motivation

for innovation studies, the U.S. military's goal for R&D is enhancing military performance|and
although national security is one of the original rationales for U.S. science policy (Bush 1945), to our
knowledge there is little systematic evidence of how science relates to military outcomes. Though
such links are intrinsically di cult to make, due to the large distance between basic research and
military technology and strategy, we explore two intermediate links: the number of PhDs entering
the defense industrial base, and indicators of science-linked military innovation. We nd that the
1970s research funding cuts are associated with large declines in the long-run supply of scienti c
human capital for defense contractors, and that although science-citing defense sector patenting
initially increased in more exposed technology areas as scientists reallocated out of universities and



into government or industry, by the 1990s it was no longer keeping pace.

These ndings contribute most directly to a small but growing set of economic studies examining
the impacts of research funding cuts (e.g., Babina et al. 2023, Tham et al. 2024, Azoulay et al. 2025).
Most of this research has studied the e ects of localized and/or temporary research funding cuts
on investigator-level outcomes, often over short horizons. Less evidence is available on the e ects
of large, sustained declines in research support on long-term or systemic outcomes, for the simple
reason that sharp, distributed changes in the overall scale of science funding are rare, and when
they have occurred, have typically arisen from politically-driven structural realignments. Our goal

is to study one of the few such episodes since modern U.S. innovation policy emerged after World
War Il and assess its impact on the overall American techno-scienti ¢ enterprise. In this case, the

passage of time also enables us to evaluate long-run e ects.

This theme places our work naturally into the wider literature studying the e ects of innovation
policy, much of which emphasizes speci cally public investments in science. This literature often
relates variation in funding across time, space, or eld to outcomes, often using quasi-experimental
variation to identify causal e ects|such as by comparing just-funded to just-unfunded proposals
(e.g., Azoulay et al. 2019, Howell 2017) or exploiting instrumental changes in the scale of support in
di erent subjects (e.g., Myers 2020). As a result, available evidence speaks mainly to the e ects of
(more commonplace) marginal changes as opposed to (occasional) sweeping disruptions. Where the
latter has been studied, it is generally in technology rather than science, and for expansions rather
than contractions (Gross and Sampat 2023a, Kantor and Whalley 2025), whose e ects may not be
symmetric: research capacity may be slow to build, easy to destroy, and hard to recover (Azoulay
et al. 2010, Waldinger 2016, Baru aldi and Gaessler 2026).

Our research is both informed by, and adds to, historical scholarship on twentieth century changes
in U.S. R&D policy. Much of this work focuses on policy institutions (e.g., Kevles 1977, Kleinman
1995, Hart 1998) and government-university relations, including visa-vis the military (Geiger 1993,
Lowen 1997). Universities' place in the postwar military-industrial complex has been a subject of
research in science and technology studies (e.g., Leslie 1993), but the nexus of science and national
defense has received relatively little empirical attention. This observation in part motivates us to
study military research.! What the impacts of research on national security areland even before
that, what the relevant endpoints to study are, and how can they be measured|are enormous open
questions. Beyond encouraging more work on this problem, we suggest that one path forward in

In this spirit, the paper's focus on defense innovation economics connects it to a wider body of work on defense
economics, where scholars have also studied economic incentives in military procurement (Rogerson 1994), learning-
by-doing in weapons production (llzetzki 2024), and the spillovers of defense R&D (Draca 2013, Gross and Sampat
2023a, 2025b, Gross and Roche 2025, Moretti et al. 2025), among other themes.
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our context is to measure the scienti ¢ and technical workforce underpinning the defense industrial
base|similar to Nice (2025), who speci cally emphasizes foreign national STEM advanced degree

recipients as an important input to U.S. national security innovation.

Though the scale of the U.S. military's funding for university science in the 1960s was comparable to
NIH at the time, the latter is now many multiples of the former. Perhaps as a result, the life sciences
have grown far more quickly than the physical sciences and engineering since the 1960s, and are
arguably the area in which the U.S. has maintained its largest global edgé. A provocative|and to

our knowledge, untestable|question is how the trajectory of physical science and innovation might
have been di erent over the past 50 years had DoD stayed in the business of supporting research in
its priority elds at a comparable scale to the modern NIH. A second question is whether military
research could potentially have such impacts today, in a di erent (and more mature) scienti ¢ and

institutional environment. We leave these questions for future work.

We proceed as follows. Section 2 describes the ascendance of the U.S. military as a research funder
in and after World War I, its descent after 1970, and the politics of science in this era. Section

3 introduces the data sources we use to document these changes and study their e ects. Here we
also describe our empirical approach. Section 4 evaluates the e ects of the 1970s defense research
funding cuts on research universities, including faculty size, trainees, and research output (Section
4.1) and individual scientists' careers (Section 4.2). Section 5 explores the impacts of these cuts
on U.S. science and technology broadly. Section 6 discusses the relationship of science to national
security and the military returns to research, as well as the challenges of such evaluations. Section 7
concludes by o ering potential directions for future research.

2 Historical Background: Defense Research Funding and the U.S.
University Research System, 1945-1975

Federal research policy was an invention of the 20th century. Prior to 1940, the U.S. government
funded very little research outside of agriculture. World War Il, however, motivated a fundamental
change in the federal government's relationship to science, as the newly-created O ce of Scientic
Research and Development (OSRD) partnered with universities and rms in a national e ort to
develop new weapons, medicines, and other science and technology for war (e.g., Gross and Sampat

2023a,b, 2025b). As the war e ort progressed, a consensus emerged that the U.S. government should

2As one re ection of the growth of U.S. biomedicine, comparing the 1950-1969 to 2000-2019 periods, the share of
U.S. STEM PhD graduates with biological or biomedical science and engineering degrees grew from 26.3% to 33.3%,
whereas the share with physics degrees fell from 12.9% to 6.6%. If we include the health sciences in this tally, then
health, biological, and biomedical science and engineering have collectively increased from 28.7% to 41.6% of PhD
graduates. Calculations based on data from Shvadron et al. (2025a).



continue funding research at universities after it ended, with the view that a productive research
enterprise would advance national defense, health, and economic prosperity in peacetime. The
implementation of such a policy, however, would inevitably be di erent than during the war, and
the details were contested: whereas Vannevar Bush (architect of the wartime research e ort) argued
for a singular \National Research Foundation", run by scientists, that would fund undirected basic
research by the country's best scientists and best universities, Senator Harley Kilgore (D-WV), a
New Deal Democrat concerned about the concentration of power, proposed an agency which would
fund basic and applied research focused on problems of public interest, with a broad geographical
and institutional distribution of funding and political accountability.

While these alternatives were debated by Congress, OSRD's residual research contracts were
transferred to other agencies, setting the stage for a more fragmented institutional arrangement
than Bush or Kilgore had advocated. The O ce of Naval Research (ONR) took ownership of
military science and technology; the Atomic Energy Commission (AEC), nuclear research; and
the National Institutes of Health (NIH), biomedical research. Thereafter, these agencies' research
budgets began to grow. Congressional appropriations for military research accelerated in the early
1950s as the Cold War began to take root and especially in the late 1950s and early 1960s when the
Space Race began. By the mid 1960s, DoD was investing nearly (2025 USB§0 billion per year in
R&D, and the recently-created National Aeronautics and Space Administration (NASA) another
$50 billion|together over 4x the rest of the federal government combined.

Much of this funding was for technology development. But mission agencies were also signi cant
sponsors of university research, with DoD the country's largest source of research funding outside of
biomedicine. Contemporaries in the mid-1960s recognized that \Congress has been quite liberal in
permitting the mission-oriented agencies to support basic research,” arguing that the U.S. would
not have attained its \reputation for world leadership" in science and technology without it (Brooks
1965, p. 89). As Nelson and Wright (1992, p. 1951) similarly explain,

[T]he bulk of government support for university research came not from [NSF and
NIH] but from agencies pursuing particular missions and using university research as
an instrument in that endeavor... the Department of Defense and the Atomic Energy
Commission provided large scale research funding in elds of particular interest. And
the support was not just for basic research. These agencies funded research that involved
applied science and engineering departments in work at the forefront of technologies
in materials and electronics. By the middle 1950s the American research universities
clearly were ahead of those in the rest of the world in most elds.

Historians have documented the emergence over this period of the military industrial complex and
the Cold War research university (e.g., Geiger 1993, Lowen 1997). As we show later, this pattern

of DoD support is empirically visible in our data, especially in elds which were defense priorities,
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such as in physics, earth sciences, the emerging elds of computer science and materials science,
and engineering. The logic behind military investments in science was borne of World War I
and rested in the dual ideas that (i) military advantage required technological superiority and (ii)
military technology depended on advances in science, making the pace of science, and the workforce
producing it, key rate limiters for military performance. Some of this science was at the time too
speci ¢ or immature to receive support from other sources, but more generally both Congress and

the Defense Department appear to have interpreted this need broadly.

As a result, resources were distributed widely, and substantive progress in many of these elds could
be attributed to DoD support. Through its research funding o ces in service branches (Army,
Navy, and Air Force) and through the newly-created Advanced Research Projects Agency (ARPA,
established 1958), DoD was the leading patron in oceanography, seismology, atmospheric physics,
radio astronomy, solid-state physics, electronic engineering, information theory and computing,
applied mathematics, and operations research|in all cases due to their potential military relevance.
E orts to improve foreign nuclear test detection, ballistic missile defense, and the resilience of
communications networks were examples of research programs at ARPA in this time which had
signi cant scienti ¢ spillovers. Beyond the science, DoD was also a signi cant and stable source of
support for large-scale scienti ¢ infrastructure, from computing centers and shared instrumentation
facilities to observatories, eld stations, and sea-faring research vessels.

2.1 The politics of military science

The military-university research partnership was ultimately dependent on congressional approval.
Through the 1950s and early 1960s, bipartisan support for defense R&D was high, re ecting a shared
view in Congress that science was important to national security. In the late 1960s, however, the
political balance began to fracture. The Vietham War intensi ed scrutiny of defense spending and
prompted new demands for oversight and constraint (especially from Democrats), and universities
became prominent sites of antiwar protest, complicating the relationship between universities, the
military, and the military's Congressional supporters (especially Republicans). Both developments
weakened the broad political coalition behind expansive defense sponsorship of university research

during the early Cold War, putting this partnership under new strains.

This fracturing culminated in a fundamental change in how the Defense Department was authorized
to spend money on R&D: re ecting concerns that DoD had become a \backdoor National Science
Foundation" that was showering resources on university research without restraint, Congress added
a rider to the 1970 military budget authorization act which prohibited funds from being used for

research without \a direct and apparent relationship to a speci ¢ military function or operation”



(P.L. 91-121, x203). Known as the Mans eld Amendment (after its Congressional champion, Senate
Majority Leader Mike Mans eld (D-MT)), this rider formalized a more restrictive interpretation of
military relevance in university science and forced DoD to abandon its most permissive practices,
which previously held that all elds of science and technology held the potential for military
application and all research it funded was relevant to defense needs. As the House Armed Services
Committee explained in approving its version of the bill, the language \military function or operation”
was meant to be interpreted in its narrowest possible sense.

The Mans eld Amendment caused an immediate shift in the amount and types of science the
Defense Department was willing to fund. Practically, the language of the Mans eld Amendment also
created \a thicket of ambiguities” (Nichols 1971, p. 31) over how the relevance criterion should be
applied. Barber Associates (1975, p. VIII-21) explain in contemporary writing that its e ect was to
\make mission-oriented agency bureaucrats much more conservative in supporting basic and applied
research, biasing research support toward shorter-term e orts with obvious concrete applications and
away from longer-term, less-constrained and potentially more innovative undertakings.” Re ecting
these constraints, military research contracts began including formal DoD relevance statements in
1970 (see example in Appendix Figure A.2), and ARPA becam®ARPA in 1972, formally adding
\Defense" to its name.2 To researchers at the time, this marked the \end of Eden": the end of
a \trouble-free paradise for working, getting your ideas approved, getting funding for them" (Ed
Feigenbaum, interviewed in Aspray 1989). Though the language of the Amendment was softened in
1971 and removed in 1972, contemporaries explain that its impacts continued to reverberate in the
narrowing of what research DoD would fund.

Even then, the Mans eld Amendment was only one manifestation of the broader challenge that
military research faced in the 1970s. As Senator Mans eld explained to Secretary of Defense Melvin
Laird after its passage, his true intent was \to reduce [the] dependency by the scienti c community
on the Department of Defense" altogether and promote the responsibility of civilian agencies for
the country's long-term basic research. Thus, at the same time as these constraints were imposed,
Congress was also cutting DoD's R&D budget, with a particular target on university research.
The fallout was swift. By mid-1970 alone, a number of major DoD sponsored university research
programs had been downsized, shelved, spun out, or terminated altogether (Bo ey 1970), and many
more would follow over the next several years. Beyond the research itself, a corollary to these cuts

was the loss of \independent university scientists knowledgeable enough about defense technologies,

3The then-Director of ARPA (Ed Rechtin) described the competing pressures of the Mans eld era, where university
researchers \didn't dare stand up and say what they were working on was for purposes of defense" (due to student
and faculty opposition), but if they claimed their DoD-funded work did not have military application, then \Whish.
You get shot through the other temple [when] Congress says "What the hell is Defense putting that money up for?"
(Ed Rechtin, quoted in Barber Associates 1975, p. VIII-10).



and about the strategic issues involved, to seriously debate national security policy” (Nichols 1971,
p. 31), which had been abundant since the end of World War II.

The end result was that DoD investment in university research declined sharply over the rst half
of the 1970s, by our calculations falling 68% between 1969 and 1975 (based on military research
contracts to universities). This decline is visible from multiple sources, which we present in Figure 1.
Panel (A) shows total military research obligations at universities, by year, in 2025 USD. Panel
(B) illustrates the relative magnitude of this decline in the university research enterprise, showing
universities' average change in military research funding over time in proportion to total research
expenditures in 1969; the blue line shows the straight average, and the red line weights by pre-1970
institution size. Panel (C) shows the share of STEM PhDs from U.S. universities who acknowledged
DoD support in their dissertations falling by half over the next decade, and Panel (D) similarly
shows the share of research articles in prominent general-interest scienti ¢ journals (Science, Nature,
and PNAS) that acknowledge DoD support declining by over half?

[Figure 1 about here]

2.2 Reinforcing and countervailing changes at other federal funders

The decline in defense science funding could have potentially been o set by changes elsewhere
in the federal R&D portfolio. As Senator Thomas Mcintyre (D-NH) explained, the intention

of Mans eld and his supporters that the Amendment \would produce large scale reductions in
Department of Defense research programs [that] would be o set by corresponding increases" at
civilian agencies. However, outside of the transfer of a few institutional centers to NSF support (e.g.,
ARPA-funded materials science laboratories), this o set did not materialize. Obstacles included
a Congress reluctant to rapidly expand the NSF, di erences in NSF priorities and evaluation
mechanisms that led to di erent funding patterns, and earmarks in NSF appropriations that limited
how much its budget could be used to fund this work. The result, as Mcintyre put it, was that
\The academic community was saddled with most of the nal burden ... [and] many academic
investigators have found themselves cut o from the research support necessary" to continue their
work. Contemporaries similarly observed that \Few of the cut projects have been supported by
other agencies during this period of constrained federal R&D" (Nichols 1971, p. 30).

Beyond NSF, the broader funding environment was generally stagnant or contractionary. Though

in the late 1960s, AEC and NASA were also large research sponsors in some defense funded elds,

4Further analysis indicates that beyond this overall decline in funding, the composition changed, with large awards
giving way to smaller ones. Appendix Figure C.4 plots densities over the size distribution, which shifted substantially
down after 1970, with the largest change at the $500,000 to $5 million range|suggesting that higher-dollar research
infrastructure funding may have especially been a casualty of the Mans eld era.



both were linked to geopolitics and the national security state, and neither was expanded to o set
the decline in defense research support. If anything, the end of NASA's Apollo program in the early
1970s (following the successful moon landing in 1969) contributed to a wider decline in research
funding for would-be defense supported elds such as aerospace engineering, materials, electronics,
or atmospheric sciences)|reversing an intense but ultimately short-lived surge in resources that the
moonshot had created for university research in the late 19603.

By the 1980s, DoD was thus no longer the cornerstone of the university research system it once had
been, and most of the elds exposed to these changes had not found substitute patrons of the same
scale. Although the Reagan-era military buildup produced a modest recovery, the end of the Cold
War in the early 1990s brought to a close the postwar era of large, open-ended military investments

in science and research infrastructure, whose mission value eroded.

3 Data and Empirical Approach

3.1 Data on U.S. science and science funding

To evaluate the impacts of the U.S. military's retreat from science in the 1970s on the American
scienti ¢ enterprise, we combine data from a constellation of sources, providing information on: (i)
defense research funding, di erent universities' and elds' ex-ante exposure to funding cuts, and
potential NSF o sets, (ii) universities' employment of scientists, PhD production, and individual
scientists' careers, and (iii) university and nationwide scienti ¢ research (publications) and science-
based invention (patents). To connect these data together, we manually crosswalk universities in
each dataset to a common set of identi ers (IPEDS codes); we likewise crosswalk research subjects
and elds to a common set of major elds (historical SED major elds); and, where relevant, we
link individuals across datasets and over time® Here we summarize these data sources and how we

link them together. Further details are provided in Appendix B.

SWe discuss the concurrence of defense research funding cuts in the 1970s with the termination of the Apollo program,
and its implications for causal interpretations, in Section 3.3. Insofar as our goal is to evaluate the e ects of large
cuts to university research funding, coinciding declines in NASA support are more a matter of attribution than
identi cation. Even so, multiple pieces of evidence will suggest that the results of this paper are more likely to be
attributable to DoD than NASA, including their breadth, scale, timing.

5We use data from the U.S. Department of Education's Integrated Postsecondary Education Data System (IPEDS)
for 1980 through 2021 to establish a base sample of institutions and manually link universities in our data sources to
this set. Our analysis will ultimately restrict to research universities (Carnegie Classi cation R1/R2), as reported
by IPEDS. Table B.4 lists the universities in our nal sample. We use major elds reported in historical editions
of the NSF Survey of Earned Doctorates (SED, an annual census of new PhD graduates from U.S. institutions)
as a standardized measure of research space, restricting our focus to STEM elds (i.e., those in the life sciences,
physical sciences, mathematical and computer sciences, and engineering), and manually link individuals and scienti c
publications to these elds. A list of the included elds is shown in Appendix Table B.5. For much of our analysis,
we will combine engineering sciences into a single \Engineering" category.
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3.1.1 Scale of and exposure to DoD funding cuts

We begin by documenting the funding shock itself. We measure DoD support for university research
using administrative records of military research, development, test, and evaluation (RDT&E,
henceforth R&D) contracts from 1966 to 1990, focusing on basic and applied research contracts
(budget activity codes 6.1 and 6.2) made to universities. We identify university contractors through
organization type codes in these administrative records and manual evaluation of contractor names.
Contract values are converted to constant (2025) dollars. As shown in Figure 1(A), DoD university
research contracts declined sharply beginning in scal year 1970 and fell by roughly two-thirds in
real terms by the mid-1970s. These cuts were distributed relatively evenly across universities, in
proportion to existing levels of support: universities with the most pre-1970 funding saw the largest
declines (Appendix Figure C.1). Using data from the U.S. government's Higher Education General
Information Survey (HEGIS), which was administered to U.S. universities between 1969 to 1986, we
measure universities' total research expenditures in 1969 as a benchmark for these declines, which
on average amounted to roughly 10% of universities' overall pre-shock research budgets (Panel B).
Since the a ected elds comprised only a slice of university science, this gure implies a signi cantly
higher decline in the elds DoD would have typically supported. To corroborate this shift, we
collect data from other independent sources, including data on DoD-funded journal articles and
PhD dissertations. In e ect, we complement measures of the R&D input (spending) with measures
of outputs (new discoveries and trainees). Because systematic measures of journal articles' sources
of funding were not available for this period, we created them ourselves, extracting funder data from
all articles published in three major cross-disciplinary journals between 1960 and 1990: Science,
Nature, and the Proceedings of the National Academy of Sciences (PNAS). Similarly, since neither
the U.S. government nor any other source has maintained data on which PhD graduates it has
supported, we processed dissertations of STEM PhD graduates at U.S. universities between 1960
and 1990 (obtained from ProQuest) to extract funding sources (see Shvadron et al. 2025a). Both
sources corroborate the patterns in Figure 1(A), with the DoD-funded share of graduates and
articles declining by half to two-thirds during the 1970s (Panels C and D).

Exposure to the DoD funding cuts. The majority of our analysis will take place over university-
elds|e ectively, at the level of university departments. Because the R&D contract data do not

consistently indicate the type of science they supported, and because observed funding cuts are

’In contrast to civilian science funders like the NSF and NIH, which issue grants, contracts were the primary
mechanism through which DoD funded university science (and R&D more broadly) in the period we study. The
Defense Department's use of grants or cooperative agreements for university research began to grow after the Federal
Grant and Cooperative Agreement Act (P.L. 95-224) took e ect in 1978. Even then, grants remained less common
than contracts in defense research funding, for both operational and cultural reasons. To our knowledge there is no
public, consolidated data source for DoD research grants prior to the 2000s.
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potentially endogenous, our analysis will instead make use of information on pre-1970s DoD-funded
investigators, and the concentration of such investigators across universities and departments. To
do so, we turn to the National Register of Scienti c and Technical Personnel (NRSTP), a biennial,
NSF-administered survey of the country's scientists. The survey received high response rates
and included information on a wide range of respondent characteristics, including demographics,
education history, employer and area of specialization, and most importantly, whether their work
was supported by each of about a dozen federal agencies. We use data from the nal NRSTP survey
wave, which was administered at the beginning of 1970 (shortly after the Mans eld Amendment
was enacted, and before the austerity of the 1970s had taken e ecf.

The share of NRSTP scientists reporting DoD funding in 1970 in di erent universities and elds
serves as our principal measure of exposure to the 1970s funding cuts, capturing the intensity of a
university's or eld's dependence on defense support. Similar measures can be calculated for other
agencies. To illustrate the variation in our data, Table 1 lists three prominent universities|MIT,
Stanford, and Harvard|and the share of associated scientists in 1970 reporting (i) any federal
agency support and (ii) support from each of four mission research funding agencies (DoD, AEC,
NASA, and NIH). Though roughly 70% of scientists at each institution reported federal support,
the composition varied substantially: over 25% of MIT scientists had defense funding, and only
15% NIH funding, re ecting MIT's ties to the defense sector; conversely, under 10% of Harvard
scientists had DoD funding, and nearly 40% NIH funding, re ecting the size of the life sciences and
the medical school. Stanford, across all measures, is in between. Beyond prima facie validation of
the data (these patterns are consistent with our priors), Table 1 suggests meaningful variation in

institutional exposure to declines in defense-funded research.

[Table 1 about here]

As these examples suggest, exposure varies considerably across institutions and across elds within
institutions. Engineering, physics, computer science, and certain areas of mathematics had high
rates of DoD support, whereas DoD support of biomedical and agricultural research was minimal,
as these were the domain of other funders (the NIH and U.S. Department of Agriculture, or USDA).
Table 2 lists the top 15 most exposed university- elds by this measure, where 45% or more of
researchers were defense supported. As with Table 1, the contents of this list are consistent with our
understanding of the contemporary research landscape and these universities' relationships to the

8We supplement the 1970 NRSTP with analogous data from the 1969 National Engineers Register (NER), a nearly
identical NSF-run survey of engineers (including university engineering faculty), which had been included in early
editions of the NRSTP but were split out to their own survey in the late 1960s. Henceforth we will refer to the
NRSTP and NER samples and derived measures collectively as the NRSTP.
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Defense Department (e.g., via the Applied Physics Laboratory at Johns Hopkins, the University of
Dayton's links to the Air Force, the University of Utah's ARPA-funded computer science department,
or MIT's broad engagement with defense research).

[Table 2 about here]

Additional evidence indicates that our NRSTP-based exposure measures are meaningful predictors
of actual funding changes at the university level, where both can be measured. For each university,
we calculate the change in total DoD R&D contracts between 1967-69 and 1975-77 (grouping up
years to smooth annual uctuations), and in Figure 2 we relate this change to exposure. Panel (A)

shows that for the large majority of universities whose defense research funding declined, the scale
of exposure predicts the scale of that decline. Panel (B) shows that for all universities (including

the small number whose funding incidentally increased), our exposure measure predicts changes in

funding as a share of pre-Mans eld (1969) research expenditure.
[Figure 2 about here]

We supplement these data with information on historical NSF grants between 1965 and 1980, which
we use to evaluate whether defense research funding cuts may have been o set by countervailing
increases in NSF funding. We obtain historical grant data by digitizing NSF's annual \Grants and
Awards" publications listing grants made in the prior scal year, which were published from NSF's
founding through the early 1980s, with information on the principal investigator, institution, title,

value, and NSF division and program which issued the gran®
3.1.2 Measures of the scienti ¢ workforce

One subset of our analysis will evaluate university employment, PhD production, and the evolution

of scienti ¢ careers. To do so, we construct a panel of university-employed scientists from recent
(post-2005) editions of American Men and Women of Science (AMWS). AMWS provides biographical
pro les of active scientists, including complete education and employment histories, and covers a very

large number of American scientists across all sector From these records, we recover employment

®Though electronic records of NSF grants are available from NSF's website as early as the 1950s, prior to 1975 these
les are missing essential elds for our analysis (such as Pl or NSF program) and are missing grants that appear in
the print volumes. We therefore prioritize the print records for our analysis.
¥ These AMWS editions we provide pro les of roughly 250,000 American scientists|nearly 200,000 with a PhD|
including 70,000 who were granted their PhD before 1970. Though AMWS claims to sample prominent scientists,
its catchment is broad, and it is to our knowledge the most comprehensive available resource for tracking individual
scientists' careers over our study period. For the period we study (1960-1990), 2005+ is an opportune time to sample
from AMWS, as this is when many scientists of this era are likely to be added to the publication (in/after the prime
of their careers), at which point their full work history is then provided.

13



spells for scientists active during 1960-1990, classify employers into types (e.g., university, industry,
government, hospital, non-pro t, etc.), and link university employers to IPEDS. We additionally
assign individuals to elds based on their self-described areas of expertise, and aggregating across
individuals, we create a university- eld-year panel of scientist employment. Using the AMWS
employment histories, we also create an individual employment panel, where we observe career

transitions between employers and across sectors.

We additionally measure universities' PhD production, using NSF's Survey of Earned Doctorates
(SED), an annual census of PhD graduates from U.S. institutions which has been conducted since
1958 and which reports doctorates by university, eld, and year. We augment the SED counts
with similar measures constructed from ProQuest Dissertations and Theses Global (PQDT), an
individual-level dissertation database which approximates the universe of U.S. STEM PhD graduates
for the period we study and which has the added feature that it includes identifying information

that we can use to link graduates forward into their careers.

To evaluate implications of defense research funding cuts for the defense sector speci cally, we
also develop new measures of PhD graduates who participate in the defense industrial base (DIB),
operationalized as those who later publish research while employed at a DIB rm. To do so, we
use annual lists of DoD's top 100 contractors to identify DIB rms, and a linkage from PQDT
graduates to their future publications from Shvadron et al. (2025b)!! Because the boundaries of
the DIB are fuzzy, and top DoD contractors can range from traditional defense prime contractors
(e.g., Lockheed or Boeing) to large civilian rms with only incidental defense business (e.g., General
Motors), we develop two sets of rms which could plausibly be viewed as DIB: a more conservative
set consisting of rms with signi cant defense business, and an expanded set adding rms which
we view as borderline cases, in both cases dropping rms for which DoD was a relatively minor
customer. In total, roughly 5% of the graduates in our sample enter the DIB (by either de nition).
The largest employers of these graduates are Texas Instruments, Lockheed Martin, Boeing, the
Aerospace Corporation, SAIC, Hughes Aircraft, United Technologies, and Northrop Grumman|all

of which were indeed cornerstones of the DIB in this era.
3.1.3 Publications and patenting

We measure university research output using publication data from OpenAlex, which we aggregate to
the university- eld-year level using authors' institutional a liations and primary eld that OpenAlex
associates to each articlé? In addition to the university- eld panel, we also create a country x eld

"\We are grateful to Dror Shvadron for helping us match OpenAlex a liations to DoD contractors.

20penAlex classi es articles to a proprietary hierarchical partitioning of research space, which it creates by clustering
textually similar publications and labeling these clusters. Research elds in the OpenAlex classi cation system are
straightforward to map to the SED major elds which are the basis for our analysis.
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panel of national (U.S. and other country) scienti ¢ output, which supports an assessment of the
e ects of defense research funding cuts on national science, which we perform by comparing the

growth of U.S. science against Germany, Japan, and the UK.

We additionally measure patenting activity at the individual, university, and national level, using
information from multiple sources. The base layer consists of patent metadata from Google Patents,
including inventors, assignees, and CPC codes. Individual patenting is measured at the AMWS
scientist-year level, using the sample of linked patents described in Appendix B.4.3. Our measures of
university patenting focus on inventions produced at universities with government funding, and make
use of the Government Patent Register, an archival administrative (USPTO) record of government
interest patents which we have collected in prior work (Gross and Sampat 2025a). Although many
patents resulting from university research in the pre Bayh-Dole era were owned by the government
and would not be identi able as university-generated from the patent publication itself, these records
report the research organization as well as the federal agency which supported the underlying
research. Using this information, we create a university-year panel measuring patents produced
with support from DoD and other federal mission agencies.

Finally, we construct a panel of nationwide patenting by U.S. inventors at the 4-digit CPC level,
counting (i) total annual patents, (i) DoD-funded patents (using the Government Patent Register),
(iii) science-citing patents (measured as patents which reference scienti ¢ publications in their text;
see Marx and Fuegi 2020, 2022, Bryan et al. 2020), and (iv) science-citing DoD-funded patents. We
additionally measure CPC-level exposure to the 1970s funding cuts by (i) computing the share of
patent citations to science in a given CPC that are made to publications in each eld of science,
(i) computing the share of NRSTP scientists in each eld in 1970 with DoD support, (iii) crossing
them, and (iv) summing. The logic of this approach recognizes that di erent technologies are linked
to di erent elds of science, and di erent elds of science are more or less heavily defense supported.
The resulting measure is in e ect a weighted average which captures the degree to which specic
technological domains were downstream of DoD-supported science. Using this measure, we will

evaluate cross-technology di erences in patenting after 1970.
3.1.4 Linking these data sources together

Beyond data collection, additional infrastructure is needed to connect these datasets to each
other. We undertake three linking e orts. The rst is to connect universities across datasets
(speci cally, DoD contracts, HEGIS nancials, NRSTP scientists, AMWS scientists, SED graduates,
PQDT graduates, OpenAlex publications, NSF grants, and university patents) to a common set of
identi ers. For all datasets other than AMWS, we manually link every university string to IPEDS
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codes; approximately 25,000 institution strings are reviewed in this manner. For AMWS we take

a slightly di erent approach: given the roughly 185,000 unique employer strings in our AMWS
sample, we manually process employers in descending order of associated person-years until we have
processed 80% of all employment spells, manually linking those which we can to IPEDS codes. For
the remainder, we develop a procedure that uses an ensemble of frontier large language models
(LLMs) to link employer strings to IPEDS codes where possible, cross-validating links across models

and retaining only high-con dence results (see Appendix B.4.1 for discussion).

The second linking we undertake is to link subjects and elds across data sourcées. We crosswalk
subjects and elds in each of our data sources to the aforementioned SED major elds (see Appendix
Table B.5). As with universities, for all datasets other than AMWS we create comprehensive manual
crosswalks, reviewing all values in the input datasets. For the 80,000 subjects in the AMWS data,
we rst classify them to roughly 200 topics and subtopics using an AMWS-provided hierarchical

index and then manually crosswalk these topics to SED major elds.

The third linking exercise connects individual-level records across data sources. We begin with a
sample of PhD scientists observed in the 1970 NRSTP, for whom we observe funding sources. Using
information on their name and education history (e.g., PhD year, institution, and subject), we
connect them to AMWS in order to retrieve employment histories. With these employment histories

in hand, we then link scientists to NSF grants on name, employer, and year. We additionally
link individuals to patents on inventor name and employer, using an ensemble of LLMs to match
and cross-validate the scientist's employer in the patent ling year (from AMWS) to the patent
assignee. We augment this sample using the Government Patent Register, which identi es the
research organization even when the patent publication does not. In all cases, we drop candidate

links with unrelated employers/assignees or which we are unable to disambiguate.

The nal product of this data collection e ort is an array of panel datasets at the (i) university-year,

(i) university- eld-year, (iii) individual-year, (iv) eld-year, and (v) technology-year, with the
university panels restricted to R1 and R2 universities only. For each of these panels we measure
(a) actual declines in DoD research funding and/or (b) pre-1970 dependence on defense support
as an indicator of exposure to these declines, and (c) outcomes the military's retreat from science
may have a ected, including the scienti ¢ workforce, PhD production, career trajectories, and the

growth of science and science-linked technological innovation.

13For example, NRSTP reports scientists' degree elds and research specialties (with a shared encoding), AMWS
scientists have primary subjects, SED and PQDT report graduates' degree elds and subjects, OpenAlex publications
have associated primary elds, and NSF grants are made by subject-oriented divisions and programs. To use these
data together we seek to measure them in a common domain.
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3.2 Empirical approach

Our analysis is purposefully broad, spanning a wide range of features of the U.S. scienti ¢ enterprise.
Our empirical approach, however, will in each case exploit di erences in pre-1970 reliance on DoD

funding (across universities, elds, individuals, and technology areas).

The precise implementation varies somewhat for analysis at each of these levels. For example, for
our analysis at the university- eld level (approximating academic departments), though variation

in exposure is continuous, measurement error with small denominators can make it both noisy
and lumpy. To simplify measurement and interpretation, our primary speci cation will compare
units with at least one DoD-funded scientist in 1970 to those with none, treating these as DoD
departments; in robustness checks we separately estimate e ects for units with high DoD exposure
(based on the share of scientists in 1970 reporting DoD support).

Our workhorse regression for this rst part of the analysis is a two-way xed e ects estimation of
the following form, wherei, j, and t index universities, elds, and years, and the sample runs from
1965 to 1990, with standard errors clustered at the university level:

)@90
Yijt = t 1(Any DoD exposure)ij Y ear; + xijt + o5t it "ijt (1)

The unit is the university- eld, which we measure in a balanced panel. Because larger units may be
more likely to have at least one DoD-funded researcher, we control for di erential trends by unit size,
though doing so does not materially a ect the results* We will initially estimate speci cations with

di erent xed e ect (FE) assortments but will arrive at a preferred speci cation with university- eld

and university-year FEs, which will absorb permanent di erences across institutions and elds as
well as common time trends within institutions. The residual variation will e ectively describe

di erential changes over time across elds with di erential DoD exposure within the same institution.
We use this speci cation to evaluate the impacts of the 1970s funding cuts on scientist employment,
PhD production, and publication output in more heavily-exposed universities and elds. To simplify
visual interpretations, regression tables will generally compare post-1970 outcomes to a 1965-1970
reference period, whereas gures will present estimated di erences from 1960 onward, with 1969 as
the (omitted) reference year. For most outcomes, pre-trends are either minimal or in the opposite
direction of the e ects we nd|consistent with the historical context, as DoD-funded science was
growing in the 1960s.

At the individual level, we estimate an analogous speci cation for early-career scientists (de ned as

14\We measure university- eld size in 1970, based on the number of NRSTP respondents, and control for year-speci ¢
size gradients (i.e., we cross our continuous size measure with year xed e ects).
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those who received their PhD between 1965 and 1969), interacting individual exposure (measured
with an indicator for whether the scientist was DoD funded in 1970) with year dummies, conditional
on research subject by year xed e ects, as follows:

3090

Yist = ¢ 1(DoD-funded in 1970} Year + ¢ + " (2)
t=1966

wherei, s, and t index scientists, their primary subjects ( elds), and years. This speci cation will

be used to evaluate changes in scientists' employment sector over time; because our analysis will
condition on pre-period employment sector, we omit individual xed e ects, which would otherwise
be desirable for absorbing baseline di erences in each outcome.

Where we study cross-country trends in national scienti ¢ output (Section 5), we estimate a similar
speci cation to that in Equation (1), replacing the university index i with a country index c, and
comparing trajectories across elds of science where DoD had a larger versus smaller presence (e.g.,
physics versus biology). Where we study changes over time in technological innovation downstream
of science, we take a similar approach to that in Equation (2), whera indexes technology areas
(CPC codes), and DoD exposure is measured as described above.

3.3 Interpretation and attribution

Our primary focus throughout this paper is on defense research funding speci cally, and the
impacts of post-1970 changes in defense R&D. The Mans eld Amendment, however, also coincided
with the conclusion of NASA's Apollo program, after which NASA research investments dropped
precipitously|following an equally precipitous and short-lived ascent in the latter part of the 1960s.

The natural question these coinciding changes present is whether the e ects we attribute to declining
defense research funding may be partly driven by a shrinking post-Apollo NASA, particularly if they
supported the same subjects or people. As an empirical matter, we nd little correlation in DoD
and NASA support at the individual level: researchers were typically DoD-funded or NASA-funded,
but rarely both. At the university- eld level, however, we see substantially greater correlation: those
where a larger share of researchers were DoD-funded also had a larger share who were NASA-funded,

ostensibly due to overlapping research priorities.

Insofar as the goal of this paper is to evaluate the e ects of large research funding cuts, this is less a
problem for identi cation than it is for attribution: whether the ndings can be attributed to DoD
alone, or changes in government R&D more broadly, is secondary to our goal of evaluating the e ects
of systemic contractions in research support. Re ecting this, in Appendix C.6 we reproduce our
analysis with an alternative treatment measure calculated from the total set of NRSTP researchers
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in 1970 with (any of) DoD, AEC, or NASA support|e ectively replacing our DoD exposure metric
with a multi-agency exposure metricland obtain quantitatively and statistically very similar results.
This consistency may in part be because DoD was the largest of these agencies and accounts for the

mayjority of the variation in this composite exposure measure.

Other pieces of evidence reinforce a DoD-driven interpretation. For example, pre-1970 trends in
many of our outcomes mimic trends in DoD research funding more than NASA|with growth in the

early 1960s giving way to stability later in the decade, when DoD research funding began to stagnate
but NASA was explosively growing|suggesting a speci cally-attributable causal relationship. At

the university level, our DoD exposure measure predicts post-1970 military research funding
declines, whereas agency exposure measures do not, suggesting other agencies' funding patterns are
independent of realized DoD funding cuts (Appendix Table C.4). At the individual level, additional
analysis indicates that DoD support in 1970 strongly predicts career transitions over the next decade,

whereas other agency support only does weakly if at all.

Other potential confounds could include post-1970 changes in undergraduate enrollments, which
in uences faculty size and future PhD demand, or declining PhD enrollment due to the end of
Vietham War draft deferments for graduate students (Kantor et al. 2026), which began phasing
out in 1967. These trends are in our view unlikely to be problematic under our empirical design:
Equation (1) identi es o of cross-department di erences within universities over time, and draft
deferment policy would threaten identi cation only if its impacts likewise varied systematically
across departments within the same university and were correlated with pre-1970 DoD funding
exposure. Similarly, for our individual-level analysis in Equation (2), year xed e ects are likely
to account for these aggregate phenomena when comparing the post-1970 evolution of individual
scientists' postgraduate careers. Moreover, many of the outcomes our analysis will study (faculty
hiring, publications, post-PhD career transitions) are not implicated by deferment policy speci cally,

but they will nevertheless be shown to vary with DoD exposure.

4 Main Results

We organize our main analysis into three sets of results. Section 4.1 evaluates impacts on institutional
outcomes, namely scientist counts, new PhD graduates, and research output. Section 4.2 estimates
di erences in DoD-funded versus other academic scientists' post-1970 career trajectories, focusing
on early-career scientists. Section 5 backs out to the aggregate level, comparing di erential growth
of U.S. and foreign science in the most exposed elds, and di erential growth of U.S. technological

innovation across more vs. less exposed technology areas.
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4.1 Changes in the university research enterprise

We begin by examining the institutions at the center of the military-university research partnership:
research universities themselves. Research funding ostensibly can in uence most facets of university
research; in this case, we measure scientist employment, PhD production, and publication activity.
Following Equation (1), our analysis is conducted at the university- eld (i.e., academic department)
level, though results are similar for university-level analysis.

The core nding can be summarized as follows. After 1970, the universities and departments that
had been more dependent on defense support pre-1970 began a slow but ultimately large contraction
relative to their less-exposed counterparts|reducing researcher headcounts, training fewer PhDs,
and publishing less science. Though this contraction exhibits some heterogeneity across elds, it
was broad-based and persists to at least 1990|after which the more general post-Cold War decline
in military R&D (Figure A.5) likely only exacerbated these di erences.

4.1.1 University researchers and PhD trainees

Table 3 estimates variants of Equation (1) for department-level outcomes, evaluating changes in
their number of research professionals and number of PhD graduates. We rst evaluate headcounts
under di erent xed e ect (FE) assortments, to see how they compare, before settling into our
preferred speci cation with university-year FEs, which identi es di erential post-1970 changes
across elds with di erential defense exposurewithin the same university. This design holds xed
any university-wide factors that may have varied over time, such as universities' size or scal
condition; this choice is particularly useful because smaller universities tended to have lower DoD
engagement but also grew faster than larger universities over the period we study (o of a smaller
base). University-year FEs will account for these and other such factors.

[Table 3 about here]

Columns (1) to (3) report post-1970 changes in the (log) number of AMWS scientists, measured
from AMWS-reported employment spells. We limit measurement to post-PhD employment years to
ensure we do not con ate postgraduates with PhD students. In sequence, these columns include (1)
university- eld and year FEs, (2) university- eld and university-year FEs, and (3) university- eld

and eld-year FEs. All three columns show that departments with greater DoD exposure experienced
slower growth in faculty size after 1970, with a persistent 10% relative decline emerging by the
late 1970s, signi cant at the 1% level. These di erences are similar across FE variants through 1980,
though they diverge somewhat thereafter, when Columns (1) and (2) show a slightly intensifying
di erence and Column (3) a slightly attenuated di erence.
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In Columns (4) and (5) we estimate Equation (1) speci cally for early-career scientists ( 5 or 10
years post-PhD), which decline at higher rates (roughly 10% in the early 1970s, and 15-25% by the
1980s). The evidence is consistent with adjustments particularly taking place on the entry-level
margin and foreshadows a recurring pattern across this paper, suggesting the largest consequences

of large research funding declines fall on the pipeline of new scientists.

Columns (6) to (9) examine PhD production. Due to more frequent zeros in these outcomes, we
transition from ordinary least squares to Poisson pseudo-maximum likelihood estimation. Columns
(6) and (7) nd that exposed departments experienced large relative reductions in their production
of new PhD graduates (evaluating SED graduate counts and PQDT graduate counts, respectively),
with a 15-25% long-run decline setting in by the early 1980s° These reductions appear to apply to
graduates of all types, but in Columns (8) and (9) we nd that they are especially large for PhD
graduates who eventually work in the defense industrial base, with long-run declines on the order of
50%, and modestly larger e ects for our more conservative DIB de nition. That the decline in
PhD graduates (which becomes signi cant in the late 1970s) is slower to emerge than the decline
in scientists may be because changes in faculty hiring are visible quickly, whereas changes in PhD

enrollment become visible in graduations only after 4-5 years.
4.1.2 Research output

Figure 3 extends this evidence in a longer panel, showing annual di erences between DoD-funded
departments and others in their number of AMWS scientists (Panel A) and PQDT PhD graduates
(Panel B). All di erences are estimated relative to 1969 (the omitted category). In both charts, we
see di erential growth in the early 1960s (with point estimates rising), stability in the late 1960s
(point estimates around zero), and a sustained decline after 1970. These patterns broadly match
trends DoD research support over the same periods. As in Table 3, we also nd evidence that the

impacts on PhD production took roughly ve years to manifest.

Panel (C) of Figure 3 performs this analysis for a third outcome: research output. Using OpenAlex
publication data, which include author a liations and publication elds, we measure departments'
publication volume over time. Panel (C) nds a pattern similar to the other panels: defense-funded
departments on average grew more quickly than their counterparts in publication output in the
early 1960s, tracked in the late 1960s, and grew more slowly or contracted thereafter, with output

eventually falling around 20-25% relative to other departments.

[Figure 3 about here]

5 Marginal e ects from the PPML results are computed as 100 et 1.
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4.1.3 Additional evidence

In the appendix we present additional results. Appendix C.2 reproduces Figure 3 and Table 3 with
eld-year FEs in place of university-year FEs. Appendix C.3 reproduces these analyses measuring
exposure to DoD funding cuts from 1968 NRSTP responses (rather than 1970). We arrive at the
same results, suggesting that our ndings are not contingent on the precise measure of exposure
or set of individuals it is measured from: though NRSTP respondents and response rates varied
year-to-year, aggregations are more stable, and lead to the same ndings. In Appendix C.4 we
extend this analysis to separately estimate di erences across departments with no DoD-funded
researchers in 1970, at least one such researcher, and many such researchers (operationalized as
being in the top quintile of DoD support as a share of the 1970 NRSTP population, equivalent
to having > 10% of sta reporting DoD support). We nd evidence of a dose response: across all
outcomes, exposed departments contracted relative to unexposed departments, but more heavily
exposed departments contracted at least as much and in most cases measurably more.

4.2 Impacts on individual scientists

We next study the careers of researchers whose work was supported by the military. We do so using
our individual scientist panel, which is built up from employment spells in AMWS biographies. We
focus our analysis on university scientists who were at the start of their careers at the time DoD
began to withdraw from science, motivated by the intuition that young scholars may be relatively
more vulnerable in a contractionary funding environment. To do so, we sample scientists who earned
their PhDs between 1965 and 1969 and who (a) were employed continuously in the university sector
from their PhD year to 1970 (according to AMWS) and (b) report university employment in the
1970 NRSTP. We then ask how their careers evolved post-1970 as a function of whether they were
DoD-funded in 1970 (and thus exposed to post-1970 DoD funding cuts).

In Table 4 we evaluate individual scientists' employment sector over time (Equation 2). Because we
restrict the sample to pre-1970 university scientists, we omit individual FEs, as our sampling already
conditions out individual variation in the outcome in the base period; the post-1970 interactions
will capture subsequent sectoral transitions. All columns include eld-year FEs, such that we are
comparing the career trajectories of initially DoD-funded scientists to others of the same generation
(the 1965 to 1969 PhD cohort) and in the same discipline over time.

[Table 4 about here]

The patterns in Table 4 indicate that defense-funded early-career scientists were markedly more
likely than their peers to leave the academy after 1970, and particularly to enter industry. Column
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(1) shows defense-funded scientists left universities at roughly a 12 percentage point (p.p.) higher
rate than peers by the 1980s, nearly double the base rate of roughly 14 p.p. Around one-third to
one-half of those transitioners subsequently entered full-time industry employment (Column 2).
Of the remainder, most are observed with multiple appointments (Column 4), most often in the
university and industry sectors (Column 5), which includes consulting roles. We see little evidence

of systematic transitions to government employment (Columns 3/6).16

Though the evidence in Table 4 is suggestive of changes taking place speci cally in the wake of DoD
funding cuts, a remaining possibility is that these are typical mobility patterns for defense-funded
researchers for unobserved reasons. That the analysis conditions on research eld alleviates this
concern somewhat, as the result then cannot be attributed to DoD-funded scientists happening to
be in more industry-relevant elds. But the possibility that DoD researchers are selected on other

characteristics|including their speci ¢ research expertise|remains.

In Appendix C.5, we probe this possibility by studying di erent cohorts as comparative cases.
Our rst e ort produces an analogous test for earlier and later cohorts of DoD-funded scientists:
using our AMWS panel, we isolate the 1959-1963 PhD cohort, link it to the 1964 NRSTP, lter to
graduates who were employed at universities continuously through 1964, and estimate the di erential
propensity of scientists who reported DoD funding in 1964 to transition out of the university sector
and into other sectors by 1969 (up to the eve of DoD's withdrawal from research funding, to avoid
contamination). For an apples-to-apples comparison, we perform the same analysis, using the same
regressions, on our 1965-1969 PhD cohort linked to the 1970 NRSTP and Itered on the same
conditions, estimating the di erential propensity of scientists who reported DoD funding in 1970
to transition out of the university sector and into other sectors by 197517 The two samples are
designed for exact symmetry in the width of the PhD cohort, its timing relative to its observation

in NRSTP, and the length of the subsequent observation window.

Appendix Table C.8 presents these di erence-in-di erence results, rst for the 1959-1963 cohort
(Panel A), then for the 1965-1969 cohort (Panel B). Whereas the earlier cohort shows no systematic
di erences in mobility for DoD-funded scientists and others, we con rm that DoD-funded scientists
from the 1965-1969 cohort were substantially more likely than same- eld peers to move to industrial
employers. The results thus suggest against the possibility that our main result re ected general

early-career industrial mobility patterns of DoD-funded scientists.

In Appendix Table C.9, we reproduce Table 4 for the next oldest cohort (PhD graduates from

The evidence is broadly consistent with the ndings of Babina et al. (2023), who show that university scientists
whose elds face abrupt contractions in federal research support often pivot to private research funding. Because
their study is based on university data, it is not as well suited to documenting scientist mobility out of the U.S.
university sector in a changing funding environment, which is our focus here.

" This analysis should approximately reproduce the 1971-1975 parameters of Table 4).
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1960-1964) to see if early-career scientists in 1970 were particularly adversely a ected or if older
scientists were similarly a ected. As with the 1965-1969 PhD cohort, we condition to scientists who
worked in the university sector continuously from the year of their PhD graduation to 1970. In
contrast to our ndings for the early-career cohort, we nd few systematic post-1970 di erences
between DoD-funded scientists and other scientists from this older generation. These results point
to an interpretation of early career scientistsjwho lack both an established track record and

tenure|being particularly vulnerable to contractions in research support.

Changing research orientation Insofar as funding for basic research at universities declined
and many scientists pivoted to industry employment or funding, one corollary may be a shift to more
applied research. Babina et al. (2023), for example, show that academic researchers whose federal
funding declines compensate by raising private funding, and their R&D output pivots somewhat
away from (open) science towards (patented, appropriable) technology. This tendency is likely even
larger among scientists who leave universities for the private sector: in our AMWS sample, industry
scientists are 10 times more likely to patent in any given year than other scientists, and on average
le roughly 4 to 5 times as many patents over their observable careers.

In Column (7) we examine the propensity for the early career university scientists in our sample to
patent, estimating di erences over time in the likelihood of ling at least one patent any given year.
Though patenting is a rare event for nearly all scientists in our datalof scientists in our complete
AMWS panel, 85% have no patents through 1990; of those in our estimation sample (i.e., scientists
from the 1965-1969 PhD cohort working at universities in 1970), 95% never patent, and all but one
have zero pre-1970 patents|the results suggest that defense-funded scientists became meaningfully
more likely to produce patented inventions after 1970, with annual patenting propensity tripling o

of the mean rate (up 1 p.p. on a base of 0.5 p.p., signi cant at the 5% or 10% level, depending on
the year) by the late 1970s and throughout the 1980s.

5 Repercussions for Science and Technology

How did the decline in university science a ect scienti ¢ progress or downstream technology
development? We take on this question next, asking whether the e ects we found in earlier sections
add up to a long-run impact on science and technology at the national level. The level of DoD's
pre-1970 research funding in target elds, and scale of its post-1970 cuts, together raise the possibility
of signi cant aggregate impacts in a ected research areas|both in scienti ¢ research, and in the
development of new technology that draws on that science.
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5.1 National research output

To assess national science, we compare the growth of U.S. publication output over time against
that of the United Kingdom, Germany, and Japan, in elds which were more versus less heavily

defense-supported before 1970. This triple-di erence design (di erencing across countries, elds, and
time) will thus identify the post-1970 di erential growth or decline of research output in (would-be)

defense-supported subjects in the U.S. relative to other countries.

We implement this test by comparing national publication output in the eight major elds which
we measure consistently across the essential data sources (namely, NRSTP scientists and Open-Alex
publications): agricultural sciences, biological/biomedical sciences, chemistry, earth sciences, physics
and astronomy, mathematics, computer science, and engineering. In light of historical context and
the frequency of DoD support in the 1970 NSRTP, we group physics as its own treatment class
(based on its historical relationship to the military) and mathematics, computer science, earth
sciences, and engineering as a second treatment class (based on their also having substantial DoD
support). We then estimate the following speci cation, comparing the trajectory of U.S. and foreign
publication activity in these treatment classes from 1960 to 2000:

3000

Ln (P ublications)jt = [ 1t (Country i =US) (Field j 2 class 1)
t=1961

+ ot (Country i =US) (Field j 2 class 2)]+ jj + ¢+ "jt (3)

wherei, j, and t index countries (grouped up to U.S. vs. foreign), elds (grouped up to treatment
classes), and years. To reduce visual congestion we plot results with parameters in ve year intervals,

with robust standard errors (as sample size precludes clustering).

Figure 4 presents the results. From 1960 to the early 1970s, U.S. and foreign output in the a ected
elds|physics and the other defense-supported sciences|evolved in parallel with others, without
any di erential pre-trends. From the late 1970s onward, however, U.S. research output declined
in these elds relative to foreign counterparts, with the gap largest in physics & 30% relative to
counterparts for most of the post-period), still large and statistically signi cant in other DoD elds
(# 10%), and in both cases widening through the end of the century.

[Figure 4 about here]

Science was growing over this period in all countries and elds, such that the results should be
read as evidence of post-1970 foreign catch-up in previously DoD-supported elds, more so than
contractions in U.S. research output in the absolute. We caution against attributing the entirety
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of this convergence to the defense drawdown, as the postwar decades saw a broad rebuilding of
European and Japanese science|though the absence of pre-trends, and the di erentially slow
post-1970 growth of American science in the elds the U.S. military once funded, is consistent
with a causal interpretation. The results should nevertheless be read cautiously for a di erent
reason: the focus on a small humber of advanced economies with research-intensive innovation
sectors and the high level of aggregation at which we measure research subjects results in a sample
of only 32 country- elds (4 countries x 8 elds) observed over 41 years (1960-2000). The size of this
sample arguably limits the degree to which broad inferences should be drawn, even as the results
are suggestive of aggregate e ects of DoD's withdrawal from science.

5.2 Technological innovation

The second question is whether the DoD-driven contraction in science propagated into technology.
To evaluate this question, we study changes in U.S. patenting across technology areas (4-digit CPC
codes) with di erential exposure to post-1970 declines in DoD-funded science, measured as weighted
average DoD intensity of the elds of science each CPC draws on, weighted by the CPC's relation
to each eld.’® We then divide the sample into above- and below-median exposure CPCs, and
separately into terciles of exposure, and we estimate di erential changes in patenting over time
across these exposure quantileg using the following speci cation:

X 3000

Ln (Patents);; = gt 1(CPCj 2 quantile gq)+ j+ ¢+ "jt 4)
q t=1961

wherej andt index CPCs and years, and standard errors are clustered by CPC. In order to evaluate
impacts on U.S. technology speci cally, we restrict our measurement to patents with U.S.-based
rst inventors, which indicates domestically-developed innovation.

Results are presented in Table 5, where we evaluate post-1970 changes in total patents (Column 1),
DoD-funded patents (Column 2), science-citing patents (Column 3), and DoD-funded, science-citing
patents (Column 5) in CPCs with above versus below median DoD exposuré? Column (4) evaluates

di erential changes in the breadth of cited science, measured as the number of unique publications
cited by patents in a given CPC. As in previous tables, we collapse the speci cation to ve-year
block parameters for more parsimonious presentation.

18 Concretely, we construct exposure by crossing (i) the share of patent citations made by patents in a given CPC to
di erent elds of science by (ii) the share of scientists in each eld with DoD support in 1970, and (iii) summing to
the CPC level. The result is a weighted average exposure metric.

1%\We measure DoD-funded patents using the Government Patent Register (Gross and Sampat 2025a), and science-citing
patents using the Reliance on Science dataset (Marx and Fuegi 2020, 2022, counting only in-text citations to science
that are measured with high con dence; see Appendix B.3 for further discussion).
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[Table 5 about here]

The results draw a clear line between general patenting and science-linked patenting. Total patenting
and defense patenting in more exposed CPCs show no evidence of di erential post-1970 changes
(Columns 1 and 2). Science-citing patents, however, experienced substantially slower growth (relative
decline) in more exposed CPCs, lagging less-exposed CPCs by roughly 50% by the late 1980s and
70% by the late 1990s (Column 3). The range of science cited by these patents accordingly declined
substantially, and at an even faster rate, indicating a consolidation of science-linked technology
around an increasingly narrow research base (Column 4).

Figure 5 presents the annual variant of Equation (4), estimated over 1960 to 2000, where we can
evaluate the dynamics of these changes. Panel (A) presents estimates for science-citing patents
(corresponding to Column 3) and Panel (B) for the breadth of science cited. Both began a sustained,
gradual, long-term decline in more exposed CPCs after 1970, with at pre-trends in the decade
prior to the initiation of the 1970s defense research funding cuts|suggesting that science-linked
invention in these technology areas kept pace with other elds until 1970, after which a slowdown in
related science may have potentially sti ed continued progress. When estimated across terciles of
DoD exposure (rather than an above/below median cut), we additionally nd evidence of a dose
response, consistent with patterns in prior sections (e.g., Figure 4).

[Figure 5 about here]

These systemic e ects present a contrast to the individual-level evidence in Table 4, which found
that previously DoD-funded early career scientists individually grew more likely to patent|o ering

a reminder that the aggregate e ects of declining public investment in science can potentially be
substantially di erent than the localized (individual) e ects.

6 Assessing mission impacts of military R&D

Our analysis thus far has mainly focused on evaluating the impacts of the 1970s funding cuts on
science and technology broadly, in keeping with the economic tradition that motivates public R&D
on the basis of broad economic returns to innovation (e.g., Solow 1956, Griliches 1979) and market
failures in private R&D investment (visa-vis private markets' tendency to underinvest in R&D at
collectively desirable levels, following Nelson 1959, Arrow 1962).

Although these are widely-accepted arguments for public R&D, the military is guided by a specic
and di erent set of goals which are at most only loosely related to economic performance (Mowery
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2009): its R&D investment is instead motivated by the value of frontier science and technology
to national defense?® Whereas there are established approaches|and a substantial body of
evidence|relating public R&D to economic outcomes, there is by comparison far less evidence of
how public R&D a ects military performance or other national security outcomes, nor a consensus
on how to go about generating it. The challenges are several, including ambiguity over what are
appropriate endpoints for assessing military performance, and how they can be systematically
measured (modern militaries are large, complex organizations with multiple goals, active con icts
are rare, and deterrence is a valuable but empirically invisible result), and di culties linking speci c
scienti ¢ discoveries to those outcomes. Despite these challenges, one can imagine a variety of
surrogate endpoints, such as scienti ¢ knowledge incorporated in military systems, or science-linked
technologies that transition into acquisition programs of record.

We focus on two metrics. The rst is human capital: as Nice (2025) explains, the national security
innovation base is heavily reliant on high-skill human capital. The importance of a high-quality
technical workforce to defense innovation is in part what motivated our analysis of PhD graduates
entering the defense industrial base in Section 4.1. Consistent with this intuition, although a 1960s
DoD study of military weapons systems (Project HINDSIGHT) found it di cult to identify speci c
impacts of basic research on these systems, it concluded that \The greater payo of undirected
basic research in science identi ed in HINDSIGHT studies has been observed in [other] forms ... In
terms of numbers, the gain has been in the training of scientists and engineers who performed the
directed research in basic science or in technology that led to the new weapon systems" (Project
Hindsight nal report; Isenson 1969, pp. 96-97). HINDSIGHT further emphasized \how valuable
university-trained scientists have been to the Department of Defense, [especially] those trained in

universities that had defense-oriented research programs"” (ibid., p. 97).

Taken at face value, this argument suggests that human capital may be among the most important
channels through which public investments in science a ect military capabilities. If so, one of the
most consequential legacies of DoD's withdrawal from science may have been a depleted stock
of future scientists available to advance defense science and technology (Table 3). Even then,
our analysis remains incomplete: our measurement is limited to PhD graduates, but insofar as
reductions in defense research support also reduced training opportunities for master's students and
other technical workers|who comprise the majority of the military-industrial complex's technical
workforce|the consequences might have been even more substantial.

2 pespite the dominance of the market failure rationale for public R&D in economic studies, this is not the motivation
for the majority of government R&D in the United States, most of which is funded by mission agencies with speci c
and typically non-economic goals (Mowery 2009). In a mission context, economic impacts of public R&D are often
only an incidental byproduct of innovation policies that exist for other reasons.
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The second metric we examine is science-linked defense innovation. Table 5, Column (5) estimates
di erential changes in this type of patenting over time in technology areas most exposed to defense
research funding cuts. Here we nd that science-citing defense patents initially rose in the more
exposed technology areas after 1970, before fading to a statistical equivalence by the 1980s and
falling below the reference group trend in the 1990s. This non-monotonic trajectory is consistent
with a short-term lift to defense patenting, as scienti c labor reallocated to industry (Section 4.2),
and a long-term decline, as the supply of new science and new scientists thinned over the following
decades, leaving the defense sector with less new knowledge and a smaller pool of high-skill workers
to generate science-based defense technologies around and with.

7 Concluding Remarks

In this paper, we study the impacts of the largest systemic contraction in science funding in U.S.
history: the U.S. military's retreat from university research in the 1970s. For the rst 25 years after
World War Il, the Department of Defense was the country's leading patron of the physical sciences
and engineering, comparable in scale to NIH's position in the life sciences. In the early 1970s,
however, amid the political turbulence of the Vietham era, Congress reduced this support in both
scale and scope, and DoD's university research funding fell by roughly two-thirds and never recovered.
Comparing universities, departments, and individual scientists with pre-1970 defense support against
others, we trace the long-run imprint of this withdrawal across the American research system.
The evidence suggests that in exposed universities and elds, the scienti ¢ workforce thinned,
PhD production fell, and publishing declined. Early career scientists reliant on defense support
disproportionately left the academy for industry, where some became more likely to patent, but
these gains did not o set the broader retrenchment: nationally, U.S. leadership in global science
compressed in the elds DoD had traditionally funded, and science-linked innovation slowed in

technology areas most exposed to these (formerly) DoD-driven elds.

At the time of writing, U.S. university research is once again confronting large cuts in public funding.
Whether these changes will have similar e ects to those 50 years ago is an open question, and one
we anticipate more evidence will become available on in the coming years. At its essence, the core
pattern which presents itself throughout this paper is that when research funding declines, the
scienti ¢ enterprise is likely to contract along with it, as might some science-linked technological
innovation. Declining research capacity may be di cult to recover quickly, in part because key assets
like scienti c human capital and infrastructure take substantial time and investment to rebuild. It

is also important to emphasize that our shock was speci cally to university research funding, and

our results primarily re ect a contraction of university (not industrial) science, though the impacts

29



on patenting we nd are economy-wide, and other research has shown that industrial science was
also declining over the period we study (Arora et al. 2018).

Alongside these results, we also nd evidence of scienti ¢ talent reallocating to the private sector,
and indications of an increased propensity to produce patented inventions. This evidence raises a
question of whether university research funding steers R&D workers into science and away from
industrial R&D. Though distortionary, traditional economic arguments suggest that such a policy-
induced reallocation would be market-correcting (Nelson 1959). But one can also imagine what
university scientists might do in the private sector, and vivid examples are available from the
1970s era, such as advances in user computing at Xerox PARC, which employed several formerly
military-funded computer science faculty and students (see, e.g., Kay 2006, Spicer 2008). However,
we also note that although reductions in university research funding may have drawn one generation
of scientists out of the university and into industry, boosting some innovation in the short-run,
they also reduced the production of new science and scientists, at the risk of choking o future

science-based innovation|evidence of which is also visible in this paper.

Beyond these particular themes, this paper also explores the national security rationale for innovation
policy. Though U.S. research policy is grounded in the belief that science can deliver bene ts for
national defense, health, and economic prosperity (Bush 1945), empirical studies of innovation policy
have almost exclusively studied health and economic outcomes. What the impacts of research on
national security areland even before that, what the relevant endpoints are, and how can they be
measured|are major questions which have proved vexing to scholars and military planners alike.
Though we engage with two approaches|measuring the defense industrial workforce and defense
patenting|these are at most intermediate links, and further research on national security impacts

is needed to fully understand the public returns to science.
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Figure 1. Sharp drop in DoD funding for scienti ¢ research broadly visible in the data

Panel (A): DoD R1/R2 university research Panel (B): Average funding declines as
contracts, 1966-1990 (2025, MMs) share of 1969 research expenditures

Panel (C): Share of STEM PhDs acknowledging Panel (D): Share of papers in Sci/Nat/PNAS
DoD funding in dissertation, 1960-1990 (IPW) with DoD author or funding, 1960-1990

Notes: Figure provides four di erent views of the 1970s defense research funding cuts. Panel (A) shows total
annual military funding for university basic or applied research (budget categories 6.1-6.2) from 1966 to 1990,
computed from military prime contract les (available 1966+), in ation adjusted to 2025 USD. Panel (B)
shows the average percent decline in universities' DoD research funding relative to their 1969 research spending
(as reported in HEGIS). The blue line shows the unweighted average, and the red line weights by institution
size. Panel (C) shows the share of US STEM PhDs between 1960 and 1990 who acknowledge DoD support
in their thesis, using inverse propensity weights to adjust for graduates' underreporting (data from Shvadron

et al. 2025a; patterns are directionally similar in the unweighted raw data but shifted downward). Panel (D)
shows the share of articles published in Science, Nature, and PNAS between 1960 and 1990 which either have a
DoD-a liated author or acknowledge DoD funding (we bin the data into two-year intervals to smooth noise).
The red vertical line in all gures marks 1970.
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Figure 2: Universities' funding changes correlate with share of 1970 scientists with DoD support

Panel (A): Ln(Decline in funding) vs. Panel (B): Change as a share of 1969 research
NRSTP DoD share (university level) expenditure vs. NRSTP DoD share

Notes: Figure provides binned scatterplots correlating measures of universities' observed funding
changes in the 1970s with the share of 1970 NRSTP respondents with DoD support. Panel (A)
relates log declines in funding between 1967-1969 and 1975-1977 to this exposure measure (restricting
to universities with funding declines, with larger values indicating larger declines). Panel (B) relates
the change in funding from 1967-1969 to 1975-77 as a share of 1969 research expenditure to this
exposure measure. The evidence indicates that universities where a larger share of researchers were
DoD supported experienced larger declines in research funding.

Figure 3: Scientists, PhD grads, and pubs at more vs. less exposed university elds, 1960-1990

Panel (A): AMWS scientists Panel (B): PQDT graduates Panel (C): Journal publications

Notes: Figure shows estimated di erences over time in AMWS scientists, PQDT PhD graduates, and journal
articles at/from university- elds with versus without exposure to DoD funding cuts (Panels A to C, respectively).
Underlying regression estimates di erences in log scientists by OLS and PhD graduates and publication counts
by Poisson pseudo-maximum likelihood (PPML). All regressions control for university- eld and university-year
xed e ects. Journal articles are fractionally associated to each listed author and their a liated institution. All
estimates are relative to 1969 (the omitted category). Error bars represent 95% con dence intervals, computed
from standard errors clustered at the university level.
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Figure 4: Di erences in total US vs. foreign publications in a ected elds, 1960-2000

Notes: Figure shows estimated di erences over time in log journal articles published by US vs. British,
German, and Japanese authors in more vs. less heavily DoD-supported elds. Underlying regression is
estimated o a country- eld-year sample, with 5-year averages shown to smooth annual uctuations. We
separately estimate di erences in the growth of national science for physics (the most DoD-intensive eld;
shown in blue) and for geosciences, mathematics, computer science, and engineering (other DoD-intensive
elds; shown in red). Journal articles are fractionally associated to each listed author and their a liation
country. All estimates are relative to the 1965-1970 period (the omitted category). Error bars represent
95% con dence intervals, computed from robust standard errors.

Figure 5: Patenting in technology areas with di erential exposure to DoD-funded science

Panel (A): Science-citing patents Panel (B): Breadth of science cited

Notes: Figure shows estimated di erences over time in US patenting in technology areas (CPC subclasses,
henceforth CPC) with higher (vs. lower) exposure to DoD funding cuts. CPC-level exposure is calculated
by (i) beginning with a dataset of patents led by US inventors and merging in their in-text citations

to scienti ¢ publications, (ii) calculating the distribution of scienti ¢ elds of these cited publications,

(iii) calculating the share of researchers in each of these elds that was DoD-supported in 1970, and (iv)
crossing the two to get a weighted average exposure measure. Subclasses where most scienti ¢ citations
are to papers in subjects with heavy DoD support will thus be measured as more exposed. We restrict
the sample to patents led by US inventors and associate patents to their primary inventive CPC. We
then divide CPCs into terciles of exposure and measure assorted outcomes at the CPC x year level. Panel
(A) shows estimated di erences in more vs. less exposed CPCs' number of science-citing patents, and
Panel (B) shows di erences in the breadth of science they cite (number of unique papers cited each year).
Underlying regression estimated by Poisson pseudo-maximum likelihood (PPML) and controls for CPC
and year xed e ects. All estimates are relative to 1969 (the omitted category). Error bars represent 95%
con dence intervals, computed from standard errors clustered at the CPC level.
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Table 1: Share of NRSTP scientists at MIT, Stanford, and Harvard in 1970 with federal funding

NRSTP  Any govt. Funding agency
University scientists funding? DOD AEC NASA NIH
Massachusetts Institute of Technology 1045 70% 27% 12% 12% 15%
Stanford University 878 70% 17% 11% 9% 27%
Harvard University 1137 65% 7% 4% 5% 38%

Notes: Table illustrates variation in the sample among even the most elite US research universities
in their exposure to DoD research funding cuts. Although 65-70% of NRSTP scientists at each of
Harvard, MIT, and Stanford reported government support in 1970, MIT was signi cantly engaged

in DoD-funded research (27%), Harvard disengaged (7%), and Stanford in between (17%). These
patterns are similar with respect to other research sponsors close to the defense mission (AEC, NASA)
and inverted for biomedical research funding (NIH).

Table 2: Top 15 university- elds by share of scientists in 1970 with DoD support

NRSTP personnel  Pct. of NRSTP

University Department in 1970 survey with DoD support
Johns Hopkins University Engineering 18 83.3%
University of Dayton Chemistry 20 65.0%
University of Dayton Engineering 16 56.3%
Brown University Engineering 11 54.5%
University of Dayton Physics and astronomy 22 54.5%
University of Utah Computer sciences 11 54.5%
University of Utah Engineering 11 54.5%
University of New Mexico-Main Campus Engineering 15 53.3%
lllinois Institute of Technology Engineering 17 52.9%
Massachusetts Institute of Technology Engineering 101 52.5%
Massachusetts Institute of Technology Computer sciences 100 51.0%
Stevens Institute of Technology Engineering 10 50.0%
Carnegie Mellon University Computer sciences 27 48.1%
Georgetown University Physics and astronomy 17 47.1%
University of Rochester Mathematics and statistics 71 46.5%

Notes: Table lists the top 15 university- elds (in essence, departments) by their share of NRSTP scientists with
DoD support in 1970, restricting to departments with at least 10 reporting NRSTP scientists (to reduce noise).
The list is consistent with contextual understanding of the research landscape at the time (e.g., Johns Hopkins'
Applied Physics Laboratory, Carnegie Mellon's and University of Utah's heavily ARPA-funded computer science
departments, University of Dayton and New Mexico's relationships to national security installations like Wright
Field or Los Alamos, or MIT's many defense research labs).
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Table 4: Early career researchers (PhD in 1965-1969): Employment sector over time

1) @) ©) (4) () (6) (@)

University Industry Government Multiple Univ-Ind Univ-Gov Any Pats.

DoD-funded in 1970 * 1(1971-1975) -0.068** 0.035**  0.015* 0.011  0.005  0.007 0.003
(0.020) (0.013)  (0.009)  (0.013) (0.007) (0.009)  (0.003)
DoD-funded in 1970 * 1(1976-1980) -0.118** 0.030* 0.011  0.062** 0.042%* -0.001  0.010*
(0.029) (0.016)  (0.012)  (0.020) (0.014) (0.011)  (0.005)
DoD-funded in 1970 * 1(1981-1985) -0.115%* 0.038*  -0.001  0.070** 0.036**  0.006  0.011*
(0.031) (0.018)  (0.011)  (0.024) (0.015) (0.013)  (0.005)
DoD-funded in 1970 * 1(1986-1990) -0.115%* 0.049**  -0.002  0.064* 0.033*  0.007  0.012*
(0.032) (0.020)  (0.011)  (0.025) (0.016) (0.014)  (0.007)

N 105371 105371 105371 105371 105371 105371 105502
R?2 0.08 0.02 0.01 0.04 0.01 0.02 0.01

Y mean 0.856 0.028 0.018 0.077 0.018 0.030 0.005
Field-Year FEs Y Y Y Y Y Y Y

Notes: Table estimates propensity for AMWS-listed, early career university scientists to work in assorted sectors
over time, as a function of whether they had DoD support in 1970. Sample restricted to scientists who received
their PhD in 1965-1969 and worked at universities until at least 1970. Outcomes indicate employment in the
university, industry, or government sectors (Columns 1 to 3) or a mixture of sectors (i.e., individuals with either
multiple a liations in a given year or who are transitioning between sectors, Columns 4 to 6). The nal outcome
(Column 7) measures patenting, as an indicator for whether the given scientists led one or more patents in
a given year. All columns control for eld-year xed e ects and present estimates relative to 1965-1970 (the
omitted category); because the sample is conditioned to pre-1970 university scientists, all post-1970 outcomes
should be interpreted as a transition away from university employment (and similarly for patenting, of which
there was almost none in this population prior to 1970). *, **, *** represent signi cance at the 0.1, 0.05, and
0.01 levels, respectively. Standard errors clustered by individual in parentheses.
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Table 5: US patenting in technology areas with di erential exposure, 1965-2000

@ 2 3 4 5)
Patents DoD pats. PCS pats. Uniq. cites DoD-PCS pats.
Above-median exposure * 1(1971-1975) -0.011 0.040  -0.234*** -0.466*** 0.371*
(0.030) (0.066) (0.087) (0.080) (0.204)
Above-median exposure * 1(1976-1980) -0.019 0.041 -0.444x** .0, 757*** 0.534**
(0.048) (0.105) (0.131) (0.112) (0.214)
Above-median exposure * 1(1981-1985) -0.008 0.130  -0.658*** -1.212*** -0.095
(0.064) (0.104) (0.178) (0.230) (0.228)
Above-median exposure * 1(1986-1990) -0.039 -0.099  -0.765*** -1.464*** -0.340
(0.084) (0.144) (0.213) (0.290) (0.226)
Above-median exposure * 1(1991-1995) -0.049 -0.062  -1.147%* -2.049%** -0.443
(0.133) (0.157) (0.299) (0.371) (0.328)
Above-median exposure * 1(1996-2000) 0.140 -0.111  -1.192%** -1 972%* -0.853***
(0.184) (0.194) (0.296) (0.352) (0.281)
N 22968 18036 21096 21312 10548
Y mean 81.893 2.487 10.560 79.589 0.766
Method PPML PPML PPML PPML PPML
CPC FEs Y Y Y Y Y
Year FEs Y Y Y Y Y

Notes: Table shows estimated di erences over time in US patenting in technology areas (CPC subclasses,
henceforth CPC) with higher (vs. lower) exposure to DoD funding cuts. CPC-level exposure is calculated
by (i) beginning with a dataset of patents led by US inventors and merging in their in-text citations

to scienti ¢ publications, (ii) calculating the distribution of scienti ¢ elds of these cited publications,

(iii) calculating the share of researchers in each of these elds that was DoD-supported in 1970, and (iv)
crossing the two to get a weighted average exposure measure. Subclasses where most scienti ¢ citations
are to papers in subjects with heavy DoD support will thus be measured as more exposed. We restrict the
sample to patents led by US inventors and associate patents to their primary inventive CPC. We then
divide CPCs into above and below median exposure and measure assorted outcomes at the CPC x year
level. Column (1) evaluates total patents; Column (2), defense patents (measured as DoD-funded patents;
Gross and Sampat 2025a); Column (3), science-citing patents; Column (4), the breadth of science cited
(number of unique papers cited each year); and Column (5), science-citing defense patents. All columns
control for CPC and year xed e ects. *, **, *** represent signi cance at the 0.1, 0.05, and 0.01 levels,
respectively. Standard errors clustered by CPC in parentheses.
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A Historical Appendix

A.1 Mans eld Amendment: Policy background

On July 3rd, 1969, Senate Majority Leader Mike Mans eld (D-MT) proposed an amendment to
the FY 1970 Military Authorization bill disallowing Department of Defense funding of research
that lacked \a direct and apparent relationship to a speci ¢ military function or operation.” The

bill passed the Senate on September 18th and was agreed to in the House on October 3rd. It was
eventually enshrined in Public Law No. 91-121 on November 19th, 1969.

In this appendix we provide a more extended account of the Mans eld Amendment, including its
legislative history, contemporary reactions, and questions of impacts.

A.1.1 Contextual factors: War and public distrust of government

The Mans eld Amendment came into being during the Vietham War|arguably the most unpopular
war in American history. Due to advances in photography and television, the sights and sounds of
the war were brought into American living rooms for the rst time, putting service member and
civilian casualties under direct public scrutiny. Public opinion turned on the conict as a result.
In 1964, two-thirds of Americans said they paid \little or no attention to developments in South
Vietnam," but by 1969, more than 80% of Americans thought U.S. involvement in Vietham was a
\mistake" (Lunch and Sperlich 1979). Protests became common across the country, but anti-war
activism manifested itself particularly strongly on university campuses.

Universities saw opposition to the Vietham war by their student bodies from the beginning of the
conict. Protests at colleges increased in frequency and scale throughout the 1960s as students
objected not only to what they considered to be an immoral war but also the presence of the
military on their campus. Many demanded the elimination of the Reserve O cers Training Corps

at their school, saying the program's continuation represented an institutional endorsement of U.S.
participation in the Vietnam War. Others protested on-campus research funded by and performed
for the military. At the University of Michigan, for example, protesters condemned the university's
connection to Willow Run, an Army research lab, and the> $66 million in military contracts awarded

to the university in relation to it. With the election of President Richard Nixon in 1968, end of draft
deferment in 1969, and assassination of student protesters at Kent State University in 1970, the
protest movement reached a fever pitch|leading to demonstrations by \over four million students at
nearly 1,350 campuses" and \nine hundred colleges [being] shut down on account of student strikes;
169 bombs exploded on campuses, and 35,000 National Guardsmen called up to end on-campus
riots" (The Akron Beacon Journal 1970, pp. 19-23).

Beyond the Vietnam War, the 1960s produced a signi cant decline in public con dence in the U.S.
government as a steward of the American public and the American taxpayer. In 1964, according

Lportions of this section are adapted from a policy memo written for us by Mark McDonough.



to a survey from the Pew Research Center, 77% of Americans believed that they could trust the
government \always" or \most of the time"; by 1970, the share with this view had fallen to just
above 50% (Pew Research Center 2015). Some of the declining con dence could likely be attributed
to the progression of the Vietham War, but some also re ected growing perceptions of extravagance
and waste: in the same survey, 46% of respondents in 1964 agreed that the government \wasted
money a lot", and 57% and 68% agreed in 1968 and 1970 (Miller 1974).

A.1.2 Proposition and debate around Mans eld Amendment

At the dawn of the 1970s, defense-funded university science thus found itself squeezed between
the one half of Congress which was skeptical of the military, the other half which was put o by
student protest movement, and increasing pressures of austerity on both sides. It is in this context
that Mans eld's restrictions on military research funding were proposed. Senator Mans eld was a
prominent anti-war Congressman who advocated for withdrawal from Vietnam. Military research
was only one domain where the senator sought to rein in the Department of Defense: for example,
just one day before the Mans eld Amendment was formally proposed (July 3, 1969), the Senate
discussed DoD missile programs, after Mans eld was quoted by the New York Times claiming that
America had \wasted $23 billion in the past decade" on missile projects (Finney 1969)|an estimate
which others in the Senate argued was for many reasons an exaggeration, as it included successful
projects and did not take seriously the ex-ante uncertainty of R&D.

A few days after the 1970 military authorization bill was presented to the Senate with the Mans eld
Amendment in it, Mans eld expressed his reasoning in a dialogue about anti-ballistic missile (ABM)
systems. He initially targeted the Hudson Institute, a research center that worked closely with the
U.S. government, saying \I am wondering how much the Hudson Institute has received over the
past decade or more, and | wonder how much it has produced in return." Mans eld then expanded
his scope to colleges, universities, and other research groups, questioning how much of DORB%
billion dollar research budget \was siphoned o " to these institutions and what the money tangibly
produced. Senator Ted Kennedy (D-MA) echoed Mans eld's argument.

Amid this falling out, other Senators came to the defense of research institutions. Senator Barry
Goldwater (R-AZ) responded to Mans eld's remarks, saying he would feel \remiss" if he were to
let the record imply that there was some sort of wrongdoing on behalf of the Hudson Institute|a
point to which Mans eld agreed. Goldwater then followed up by asserting that the future of the
military would continue to rely heavily on the academic sector and, rather than cut out all funding,
Congress has the prerogative to help set guidelines to structure their involvement. Senator Peter
Dominick (R-CO) took a harder stance, warning about the danger of letting anti-war sentiments
de ne policy that could leave the country unprepared for future con ict.

With regards to university research speci cally, Mans eld harbored a rm belief that basic research
should be supported by civilian agencies like the NSF, rather than the Pentagon. The Mans eld
Amendment was in e ect an e ort \to reduce the research community's dependence on the De-



partment of Defense" (Nature Washington Correspondent 1970, p. 1291). As Charles Ferris, a
Mans eld advisor, explained, DoD's in uence on science had grown excessive: \We felt the scienti c
community had exposed itself to charges that it had prostituted itself by taking DOD money while
simultaneously claiming that none of the research had any relation to the Defense Department and
that the Congress had exposed itself to charges that it was not su ciently mature, because it failed
to recognize that basic research should be supported for its own sake, not just when it was being
requested under a veil of national security" (Ferris, as quoted in Lubkin 1971, p. 61). Mans eld
noted in congressional remarks that in his view, \DoD funding of academic research [should be] no
more than 25 percent of that funded by the National Science Foundation” by the end of 1971, and
if the Nixon administration were to reduce the overall level of science funding in its next budget
request, \that would not be a national calamity."

The Mans eld Amendment was merely one (signi cant) manifestation of this broader battle. Once
introduced, Senate discussion of the Mans eld Amendment and wasteful military spending continued
throughout the summer of 1969 until the military authorization bill passed on September 18, with
the amendment in it. The House of Representatives then passed its own version of the military
authorization bill on October 3. Though these bills had yet to be reconciled and no section yet
directly mirrored Mans eld's amendment to the Senate bill, several provisions of the House bill
limited research|particularly at universities|which led to heated debate on the House oor.
Representative Donald Fraser (D-MN) called into question a section that required universities to
provide \a statement summarizing the record of the school, college, or university with regard to
cooperation on military matters" before DoD would write a research contract, attracting rebuke
from Representative Lucius Rivers (D-SC), who defended the measure and said the U.S. government
should not \reward a college [that was not] supporting our military."

Away from Capitol Hill, the Mans eld Amendment generated regular discussion in the news and
editorial sections of scienti ¢ journals, which updated readers on this policy change. Some observers
in the general media also took notice of the Mans eld Amendment, including some syndicated,
widely-circulated reporting on Mans eld's attempts to \clamp down on Pentagon research," which
included a quote from Mans eld that \The days of just asking and receiving are in the past" (Mears
1969). More often, however, general media merely reported on Mans eld's broader battle against
the Defense Department, of which the amendment was just one front.

The Mans eld Amendment was formally written into law as Section 203 of Public Law 91-121 on
November 19th, when the military authorization for scal year 1970 was enacted. Figure A.1 shows
the text of the one-sentence amendment in its nal form.

A.1.3 Enactment, enforcement, and adaptation

The Mans eld Amendment triggered immediate changes in contracting practices at DoD, where
new contracts, and existing contract renewals, began to received greater scrutiny with regards to
their mission relevance and began to incorporate relevance statements. We have found evidence of
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