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Abstract

Firms invest in scientific research to increase their chances of landing guaranteed public
demand. Using data on $5.9 trillion in U.S. government procurement contracts matched
to 4,520 publicly traded U.S. firms during 1980-2015, we estimate the effect of R&D
contracts on upstream and downstream corporate R&D (measured by scientific pub-
lications and patents, respectively). Identification is based on firm-specific exposure
to changes in (i) industry-level procurement funding, (ii) agency-level windfall funding
resulting from the congressional appropriations process, and (iii) federal procurement
priorities after the end of the Cold War. We document a positive effect of R&D con-
tracts on publications. Moreover, we show that the effect is stronger for larger firms,
and when private market incentives to perform risky research are weak. R&D contracts
encourage publications that (i) are not used in the firm’s internal inventions, (ii) spill
over to rivals’ inventions, and (iii) are not protected by patents. We also show that the
effect has weakened over time as the U.S. government has increasingly procured com-
mercially proven technologies. Decoupling R&D contracts from product procurement
may have had adverse implications for corporate incentives, potentially contributing to
the withdrawal of corporations from performing scientific research.

1 Introduction

Between 1980 and 2015, American businesses funded $1.7 trillion in basic and applied re-

search, which accounted for 45% of all scientific research performed in the United States.!
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By lowering the cost of research and increasing its private value, the U.S. government plays
an important role in encouraging corporations to participate in upstream R&D. The gov-
ernment affects cost directly, using subsidies and grants (Bloom, Griffith, & Van Reenen,
2002; Fleming, Greene, Li, Marx, & Yao, 2019; Wallsten, 2000), and indirectly, via spillovers
from government-funded research performed in federal laboratories and universities (Adams,
Chiang, & Jensen, 2003; Cohen, Nelson, & Walsh, 2002; Goolsbee, 1998; Jaffe & Lerner,
2001; National Academies of Sciences, Engineering, and Medicine, 2021). At the same time,
government procurement contracts can increase the private value of upstream R&D through
guaranteed public demand.? This channel is particularly effective at driving corporate re-
search when private market incentives are insufficient, as is the case when commercial ap-
plications lie in the future (Weiss, 2014), knowledge spills over to rivals (Arora, Belenzon,
& Sheer, 2021; Bloom, Schankerman, & Van Reenen, 2013), and incomplete contracts and
asymmetric information make markets for technology inefficient (Arora, Fosfuri, & Gam-
bardella, 2001; Arrow, 1962; Edler & Georghiou, 2007; Kremer, Levin, & Snyder, 2020). In
this paper, we document the government’s role in de-risking corporate research by guaran-
teeing public demand, and explore how this role has changed over time.

The development of lasers exemplifies how government procurement can drive corporate
research by filling voids in private demand. The Air Force Office of Scientific Research,
the Advanced Research Projects Agency, and the Army Signal Corps all funded compet-
ing research teams in the R&D race to build the first laser. Military contractor Hughes
Research Laboratories demonstrated the ruby laser on May 16, 1960. The demonstration
was duplicated at Technical Research Group Inc. and AT&T’s Bell Labs shortly thereafter.
Yet, it took many years for private laser markets to develop. Throughout the 1960s, govern-
ment agencies acted as buyers of first resort: procurement contracts for measurement and
optical communication lasers enabled corporate research laboratories to scale and improve
the technology. By 1969, the Department of Defense’s share of the laser market was 63.4%
(Bromberg, 1991). In the early 1970s, growth in military laser procurement slowed, univer-
sities curtailed their laser purchases, and companies redirected their R&D toward civilian
applications that held promise for short-term payoffs. Commercial applications in communi-
cations, measurement, cutting, and welding emerged. In the 1980s, lasers became prominent
in the consumer economy as supermarket scanners, printers, and optical discs (Hecht, 2010).
There is little doubt that the development of the commercial laser industry was enabled by

government demand during the technology’s early years.?

2The government also affects corporate R&D by designing patent policies, enforcing antitrust laws, and
setting regulations (e.g., Aschhoff & Sofka, 2009; Bloom, Van Reenen, & Williams, 2019; Cunningham,
Ederer, & Ma, 2021; Jaffe, Newell, & Stavins, 2003), mechanisms that are outside the scope of this paper.

3Mowery (1998) makes a similar case for commercial aerospace, semiconductors, computers, and software.



In fiscal year 2015, the U.S. government awarded businesses $440 billion in procure-
ment contracts, which included $39 billion for R&D services (USAspending.gov, 2021b). It
awarded just $4 billion in grants to businesses.* Despite their large size, we know relatively
little about the effect of procurement contracts on corporate R&D, or how the effect operates.
Most prior studies examine the public funding mechanism by focusing on (i) grants from the
Small Business Innovation Research program and the National Institutes of Health (e.g.,
Audretsch, Link, & Scott, 2002; Azoulay, Graff Zivin, Li, & Sampat, 2019; Howell, 2017;
Lerner, 1999; Wallsten, 2000) and (ii) spillovers from federal laboratories (e.g., Adams et al.,
2003; Jaffe & Lerner, 2001; Link & Scott, 2020; Link, Siegel, & Van Fleet, 2011; Mowery
& Ziedonis, 2001) or universities (e.g., Cohen et al., 2002; Tartari & Stern, 2021). Procure-
ment contracts are the focus of only a handful of studies (e.g., Barder, Kremer, & Levine,
2005; Howell, Rathje, Van Reenen, & Wong, 2021; Lichtenberg, 1988; Moretti, Steinwender,
& Van Reenen, 2021; Slavtchev & Wiederhold, 2016). However, none of these studies dis-
tinguish between upstream and downstream corporate R&D. This distinction is important
because weak private market incentives should be especially relevant for scientific research,
for two reasons. First, by its very nature, upstream R&D is further from the market. There-
fore, private demand may be missing, insufficient, or lie further into the future. Second,
private obsolescence and appropriability concerns are more severe for upstream R&D due to
knowledge spillovers and weak patent protection. Government procurement contracts can
mitigate these concerns by creating exclusive public markets through guaranteed demand.

An important contribution of this paper is distinguishing between scientific research (“R”)
and downstream development (“D”) in corporate R&D. Yet, a clear distinction is difficult to
draw, both conceptually and empirically. Science is a systematic enterprise directed toward
a better understanding of the universe, while technology is the application of knowledge
for practical purposes (Nelson, 1996). The main difference between scientific and techni-
cal knowledge is that the former is concerned with general laws, while the latter explains
how and why specific artifacts work. Because both scientific and technical knowledge ulti-
mately advance understanding, this distinction is a matter of degree, rather than a stark
dichotomy. Empirically, using publications to measure scientific research and patents to
measure technology development presents some challenges as well. Advances in technology

can find their way into publications, and scientific knowledge can sometimes be patented

4Tt is important to distinguish between R&D contracts and grants (David, Hall, & Toole, 2000). Under
a contract, the contractor provides services to the government for a fee. Under a grant—a form of financial
assistance—the government transfers something of value (either money or in kind) to the grantee so the
grantee can carry out activities to benefit the public (Datalab, 2018). The economic mechanisms behind
contracts and grants are also different. While grants are typically used to lower the cost of R&D, contracts
are used as a “ticket” to gain access to lucrative downstream product contracts (Lichtenberg, 1988). To
address these differences, we control for grants in our analyses of R&D contracts.



(Murray & Stern, 2007). Yet, our premise is that research output appears in the scientific
literature disproportionately more than technology development does.”

With these caveats in mind, we estimate the effect of government procurement contracts
on corporate R&D expenditures, publications, and patents. We enhance the panel of 4,520
firms and 60,885 firm-year observations from Arora et al. (2021) by adding data on $5.9
trillion in procurement contracts and $19.2 billion in grants awarded by dozens of federal
agencies. We measure firms’ contracting activities using the value of contracts awarded,
upstream R&D using publications authored by corporate scientists, and downstream R&D
using patents assigned to the firms. We focus on R&D contracts because they give winning
firms access to guaranteed public demand. In our sample, 78% of firms that win an R&D con-
tract subsequently receive at least one noncompetitive product contract. Among firms that
never win an R&D contract, only 32% receive at least one noncompetitive product contract.
We also explore temporal changes in the composition of government procurement. Sweeping
policies implemented in the 1980s and 1990s shifted the composition of contracts away from
mission-focused technologies that met unique government specifications (which accounted for
the majority of procurement dollars in the 1960s and 1970s) and toward commercial items
and dual-use technologies (Weiss, 2014).% Arguably, this reorientation toward commercially
proven technologies reduced the government’s ability to de-risk corporate scientific research.

We present two sets of findings. First, we document a positive effect of R&D contracts on
corporate publications, but not on corporate patents. Potential explanations for not finding
an effect on patents include: (i) guaranteed public demand may reduce the need to exclude
rivals through patenting; (ii) the government may restrict patenting due to disclosure con-
cerns; and (iii) private market incentives are likely to be stronger for technology development,
rendering guaranteed public demand less effective. We explore the mechanism behind the
effect of R&D contracts on publications. Guaranteed public demand should drive corporate
scientific research when capturing returns in private markets is difficult. Consistent with this
argument, we find a larger effect of R&D contracts on publications that are (i) not cited by
the firm’s own patents (missing downstream applications), (ii) cited by rival firms’ patents
(indicating a strong market-stealing effect due to spillovers to product-market competitors),
and (iii) not protected by the firm’s own patents. In addition, we find a stronger effect for
larger firms, which are less resource-constrained. This result is consistent with manufac-
turing capabilities and complementary assets being necessary to execute large-scale product

contracts.

5Arora et al. (2021) validate this premise using the Carnegie Mellon Survey of R&D-performing firms.
6Dual-use technologies can be used in both military and commercial applications (Code of Federal Reg-
ulations, 2000).



A major empirical challenge is how to deal with the endogeneity of contracts (David et
al., 2000). Common shocks can affect both corporate R&D and government procurement.”
We implement two strategies to mitigate this concern. First, we use variation in aggregate,
industry- and agency-level funding to predict firm-level contracts. Our identifying assump-
tions are that (i) aggregate changes in funding are unrelated to a firm’s idiosyncratic shock
in the innovation equations, and (ii) a firm’s exposure to these changes is predetermined.
Second, we exploit a quasi-natural experiment, the end of the Cold War, that triggered
substantial reallocation in government contracts due to changes in national priorities, rather
than technology or demand shocks. Our causal estimates point to a positive effect of R&D
contracts on publications, but not on patents. The causal estimates are larger than the OLS
estimates, suggesting that contracts target firms experiencing negative shocks. This finding is
consistent with government procurement aiming to maintain the existing military-industrial
base (Peters, 2021).

Second, we show that the effect on publications was stronger before the policy reforms of
the 1980s and 1990s changed the composition of government procurement. By dollar value,
the share of R&D contracts in all contracts fell from a high of 29% in 1994 to 10% in 2015
(see the solid line in Figure 1). Within-firm estimates suggest this drop was not driven by
decreases in R&D contracts awarded to traditional contractors, but rather by entry from
nontraditional contractors.® We interpret this to mean that winning R&D races became less
important for downstream procurement. At the same time, the share of commercial contract
dollars in all contracts increased from 0% in 1994 to 14% in 2015 (see the dashed line in
Figure 1).? These temporal changes occurred across a wide range of industries (see Appendix
Figure H3).

Winning large procurement contracts no longer requires scientific capabilities. Figure 2
shows that the average contract value per $1 million in firm sales has remained relatively
stable for firms that publish scientific publications (solid line), but has increased sharply for
firms that never publish scientific publications, from less than $2,000 in 1980 to $51,000 in
2015 (dashed line). Concurrently, the number of corporate publications per $1 million in
research contracts has declined from a high of 8 in 1983 to less than 2 in 2015 (shaded area).
Arora, Belenzon, and Patacconi (2018) document a decline in the stock market value and

the mergers and acquisitions (M&A) value of scientific capabilities. We show that corporate

"If contracts target firms that experience positive technology or demand shocks, then OLS estimates are
upward-biased. If they target firms that experience negative shocks, then OLS estimates are downward-
biased.

8 Attracting nontraditional contractors, such as firms operating in the large commercial IT markets, was
one of the government’s explicit policy goals.

9Commercial contracts are awarded using streamlined acquisition procedures that are designed to resemble
transactions in commercial markets.



Figure 1: SHARE OF R&D CONTRACTS IN ALL CONTRACTS OVER TIME
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Notes: This figure plots the share of R&D contract dollars in all contracts awarded by the federal government
to our sample of firms over time (solid line). The share of commercial contract dollars in all contracts is
presented from 1994 (the first year when the classification became available) through 2015 (dashed line).
Commercial contracts use special (usually simplified) requirements that are designed to resemble transactions
in commercial markets.

R&D contracts ————- Commercial contracts ‘

scientific capabilities have fallen out of favor with the U.S. government as well.

Our final examination focuses on temporal changes in the relationship between winning
R&D contracts and guaranteed public demand. The government has historically awarded
a majority of procurement contracts noncompetitively, providing guaranteed demand to
firms that demonstrated strong technical capabilities.!® Over time, pressures to reduce cost
and increase efficiency and transparency have led to legislative mandates to use competition
whenever practicable (Manuel, 2011). Figure 3 shows that the share of competitive contracts
in all contracts (by dollar value) has increased from 36% in 1980 to 68% in 2015. Competi-
tion has increased even more for service contracts (whether for R&D or other services). At
the same time, the share of noncompetitive product contracts (a proxy for guaranteed public
demand) has dropped from 78% in 1980 to 49% in 2015. The rise in competitive procurement
has limited the government’s ability to guarantee public demand. This should hamper cor-
porate research if firms perform upstream R&D as a pathway to subsequent noncompetitive
product contracts.

In summary, Figures 1-3 highlight three forces that shape how government contracts

10Tn noncompetitive procurement, the government either selects the company to buy from or restricts the
bidding process to certain suppliers.



Figure 2: AVERAGE CONTRACT VALUE OVER TIME
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Notes: This figure plots the average contract value awarded to producers and nonproducers of science over
time (left axis) and the number of corporate publications per $1 million in research contracts (right axis). We
classify a firm as a producer of science if its annual number of publications over annual sales is above industry
median value. Other firms are classified as nonproducers of science. Average contract value normalized by
sales is the ratio of total contract value and total sales. Number of publications per §1 million in research
contracts is the ratio of total number of publications to total value of research contracts. Dollar values are
adjusted using the GDP Implicit Price Deflator to reflect 2012 dollars (U.S. Bureau of Economic Analysis,
2021).

drive corporate R&D: (i) the rise in the prevalence of commercial contracts, which limits
the government’s ability to replace missing private demand, (ii) the larger allocation of con-
tracts to firms that do not participate in scientific research, and (iii) the diluted importance
of R&D races in securing public demand. These trends may have adverse implications for
corporate R&D. To the extent that guaranteed demand is an important reward mechanism,
encouraging downstream competition should lower the expected returns to R&D. In addition,
contractual problems may mean that downstream procurement is an important component
of the reward to upstream R&D investment. Decoupling R&D from production may lead to
inefficiencies in project implementation due to tacit knowledge and complementarity between
R&D and production, as well as contractual problems making it harder to implement decou-
pled projects (Che, lossa, & Rey, 2021). Yet, the increase in procurement from firms with
limited scientific capabilities suggests decoupling has become more prevalent, potentially
contributing to the withdrawal of corporations from performing scientific research.

The rest of the paper proceeds as follows: Section 2 positions our study in the literature.



Figure 3: SHARE OF COMPETITIVE CONTRACTS IN ALL CONTRACTS OVER TIME
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Notes: This figure presents the trend in the share of competitive contract dollars in all contracts of the same
type obligated by federal agencies to all recipients (not limited to our sample firms). Competitive contracts
are awarded using full and open competition.

Section 3 presents the data, Section 4 outlines the econometric specifications, and Section 5

presents the estimation results. Section 6 concludes and suggests directions for future work.

2 Related Literature

A voluminous literature examines the government’s effect on corporate R&D through subsi-
dies (e.g., Bloom et al., 2002), public funding (e.g., Azoulay et al., 2019; Howell, 2017; Howell
et al., 2021; Lerner, 1999; Packalen & Bhattacharya, 2020; Wallsten, 2000), and spillovers
from federal laboratories and universities (e.g., Adams et al., 2003; Cohen et al., 2002; Flem-
ing et al., 2019; Jaffe, Fogarty, & Banks, 1998; Jaffe & Lerner, 2001; Link & Scott, 2020; Link
et al., 2011; Mowery & Ziedonis, 2001). Government procurement has also been the subject
of studies looking at optimal contract design (e.g., Arve & Martimort, 2016; Bhattacharya,
2021; Che et al., 2021; Decarolis, 2014), competition in contracting (e.g., Kang & Miller,
2021) and waste/efficiency in contracting (e.g., Bandiera, Prat, & Valletti, 2009; Liebman &
Mahoney, 2017). Only a handful of studies empirically examine procurement contracts and,
to the best of our knowledge, none of them focus on corporate science or systematically test
the guaranteed demand mechanism.

Most existing studies focus on lowering the cost of R&D through subsidies and public



funding. For example, small-firm research shows that Small Business Innovation Research
(SBIR) grants crowd out firm-financed R&D expenditures (Wallsten, 2000). Yet, early stage
SBIR awards also increase forward citation-weighted patents, especially for financially con-
strained firms (Howell, 2017), and the likelihood of raising venture capital (Lerner, 1999). In
a recent paper, Howell et al. (2021) evaluate policy reforms aimed at changing how the U.S.
Air Force SBIR program procures innovative technologies from small businesses. They com-
pare the conventional approach to R&D contracting, where firms respond to solicitations
for specific research topics, with an open approach that allows firms to submit proposals
on any topic. Using data on 7,229 proposals submitted by 3,170 firms during 2017-2019
and a regression discontinuity design, they find that winning an open-topic R&D competi-
tion increases the likelihood of raising venture capital funding and improves the chances of
winning a subsequent non-SBIR contract from the Department of Defense (DoD). This find-
ing supports the premise that winning R&D races is a pathway to subsequent government
contracts.

Large-firm research shows that National Institutes of Health (NIH) grants have a posi-
tive effect on corporate R&D (Azoulay et al., 2019). An additional $10 million in NIH grant
funding for a research area generates 2.3 additional biopharmaceutical firm patents in that
area, or roughly one patent for every 2-3 NIH grants. This result underscores that patents
are an effective tool for appropriating returns from corporate R&D in the biopharmaceutical
industry. Yet, the NIH’s tendency to fund new ideas has declined over time (Packalen &
Bhattacharya, 2020). Between the 1990s and the 2000s, grant support shifted from “edge sci-
ence” toward more traditional science. This coincides with the shift in procurement contracts
from mission-focused technologies to commercial items. It suggests that the government’s
withdrawal from funding risky, explorative science that lays the foundation for subsequent
breakthroughs occurred not only in contracts, but also in grants.

Many studies focus on spillovers from government-funded research in federal laboratories
and universities to corporate R&D. For example, Mowery and Ziedonis (2001) document the
relatively limited role of spinoffs in commercializing laboratory-owned technologies. Jaffe and
Lerner (2001) show an increase in patenting of federally owned technologies after 1986, with
no overall decrease in citation intensity, which they attribute to laboratories reorienting their
research toward areas with greater commercial applicability. They also find that laboratories
performing a greater share of basic science have fewer patents and cooperative research and
development agreements (CRADAs). These patterns complement the trend in commercial
contracts from Figure 1. Adams et al. (2003) find that corporate laboratories that have
CRADASs patent more and invest more in R&D expenditures. They also document that

CRADASs dominate other channels of technology transfer from federal laboratories to firms.



These patterns point to the importance of formal agreements between firms and government
entities.

Only a couple of studies examine procurement contracts and are closely related to this
paper. Lichtenberg (1988) investigates the effect of DoD contracts on firm R&D expenditures
using a panel of 169 U.S. contractors during 1979-1984. He distinguishes between competi-
tive procurement (contracts awarded using full and open competition) and noncompetitive
procurement (contracts exempted from full and open competition; the list of exceptions is
included in Appendix C). He uses aggregate product-level contracts to instrument for the
contracts awarded to a focal firm. Lichtenberg estimates that a $1 increase in competitive
procurement (including both R&D and non-R&D contracts) increases firm R&D expendi-
tures by $0.54.!' He argues that competitive procurement spurs firm-financed R&D because
winning contractors are almost guaranteed to receive much larger follow-on noncompetitive
contracts. This is a key point that we underscore as well. Conversely, noncompetitive R&D
contracts reduce R&D expenditures for both winners (who let the government sponsor the
cost of R&D) and losers (who reduce expenditures because the follow-on contracts are no
longer at stake). These findings support the view that R&D contracts drive corporate science
because they represent a “ticket to play” in the lucrative downstream public market.

Recently, Moretti et al. (2021) study the effect of government-funded R&D on corporate
R&D investment and productivity growth using industry data from OECD countries and
firm data from France (i.e., 12,539 French firms between 1980 and 2015). They document
a “crowding in” effect, whereby increases in government-funded R&D for an industry or

12 In the firm-level analyses, they use

firm drive private R&D in that industry or firm.
industry-level defense R&D subsidies to instrument for the public R&D funding received by
a focal firm. At the mean values of public and private R&D in France, they estimate that
a €1 increase in government-funded R&D generates €0.85 of additional corporate R&D.
Moreover, they estimate that the induced increases in corporate R&D result in significant
labor productivity gains.

Our work diverges from previous studies in several important ways. First, we examine
the effect of procurement contracts separately on corporate research (“R”) and develop-
ment (“D”). This matters because the economic mechanism behind the effect—guaranteed
demand—should be more relevant for upstream vs. downstream R&D. Indeed, we find an
effect of contracts only on scientific research, especially when private market incentives are

insufficient. This sheds light on the returns to upstream corporate R&D in the context of

HSimilarly, we find that a $1 increase in R&D contracts increases R&D expenditures by $0.57, while a $1
increase in competitive procurement raises R&D expenditures by $0.64.

12The authors calculate corporate or privately funded R&D as the difference between the firm’s R&D
budget and total R&D subsidies, other national funds, and international funds.

10



public markets. Second, this paper makes progress on data and identification. We extend
the work of Lichtenberg (1988) by matching contracts from dozens of agencies to thousands
of firms and their subsidiaries over several decades. In terms of identification, both Licht-
enberg (1988) and Moretti et al. (2021) use aggregate contract values to predict contracts
awarded to a focal firm. We do the same with several instruments, but also present causal
evidence that exploits changes in procurement driven by geopolitical, rather than technolog-
ical, forces. Third, this paper is the first to analyze temporal changes in (i) the composition
of government procurement and (ii) the relationship of contracts with firm scientific capa-
bilities. These analyses are important for understanding the implications of procurement

policies implemented throughout the 1980s and 1990s.

3 Data

We combine data from three primary sources: (i) corporate R&D data, including matched
patents from PATSTAT and academic publications from Web of Science, obtained from
Arora et al. (2021); (ii) government procurement contracts data reported to the Federal Pro-
curement Data System (FPDS); and (iii) government grants data reported to the Treasury
DATA Act Broker. Our data construction work is detailed in Appendix B.

3.1 R&D Expenditures, Publications, and Patents

We extend the panel from Arora et al. (2021) by matching firms to federal procurement
contracts awarded during fiscal years 1980-2015 and grants awarded during fiscal years 2001-
2015.13 Because the firm panel from Arora et al. (2021) accounts for changes in company
names and ownership structures over time (e.g., due to mergers, acquisitions, or spinoffs),
our data allow us to construct accurate contract and grant flows in a long panel.

Our sample includes 4,520 publicly traded firms headquartered in the U.S. that had (i)
at least one year of R&D expenditure data during 1980-2015, (ii) at least one granted patent
during 1980-2015, and (iii) at least three years of consecutive records from the first patent.
We use data on firm accounting measures (e.g., sales and R&D expenditures sourced from
Standard & Poor’s Compustat North America), publications (sourced from Clarivate’s Web
of Science), and patents (sourced from the European Patent Office’s PATSTAT database).
Similar to Arora et al. (2018) and Arora et al. (2021), we measure firms’ upstream R&D using

publications authored by their corporate scientists, and downstream R&D using granted

13We focus on “prime” contracts and grants awarded to firms that work directly with the government. We
do not include subcontracts or sub-grants because they are not consistently available over our sample period.
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patents. In addition, we measure firms’ contracting by the annual value of procurement

contracts. Our variable construction work is detailed in Appendix C.

3.2 Government Contracts

We collect all procurement contracts and indefinite delivery vehicles (IDVs) awarded by
all federal agencies from two government websites, SAM.gov for 1980-2000 and USAspend-
ing.gov for 2001-2015.'* We match the names of contract recipients and their parent compa-
nies to the names of subsidiaries and their ultimate owners from our firm panel (see Appendix
B for details). We identify 2,590 firms that receive a total of $5.9 trillion in procurement
contracts from 76 federal agencies during the sample period.'> Contractors typically receive
multiple contracts per year.' We aggregate contracts at the firm-year level by summing up
all the contracts and modifications awarded to an ultimate owner and its subsidiaries each
fiscal year.

The distribution of contracts by awarding agency is highly skewed. The DoD accounts for
69% of all contract dollars awarded during 1980-2015, while the Department of Energy (DoE),
National Aeronautics and Space Administration (NASA), General Services Administration
(GSA), and Health and Human Services (HHS) account for another 16% (see Appendix
Table B1). Moreover, five agencies account for 99% of all R&D contract dollars awarded to
our sample firms: DoD (81%); NASA (15%); DoE (1%); HHS (1%); and the Department of
Transportation (1%).

Agencies use a four-digit Product or service code to describe the principal product or
service purchased in each contract.!” We use this classification system to separate contracts
into RED contracts and non-RéD contracts. We further divide non-R&D contracts into
non-RED service contracts and product contracts. In addition, we use crosswalks between
product and service codes, the North American Industry Classification System (NAICS),
and the Standard Industrial Classification (SIC) to identify the four-digit industry (SIC4)

14IDVs are agreements that allow agencies to place supply and service orders. Examples include blanket
purchase agreements, government-wide acquisition contracts, and indefinite delivery contracts. As of Novem-
ber 2, 2020, the Federal Procurement Data System recognizes 6,725 active contracting offices subordinated
to 99 first-level “departments.” For consistency with USAspending.gov, we use the term “agency” to mean
either a department or independent agency, commission, or other U.S. government entity.

15The government reports obligations for procurement contracts and IDVs, not actual outlays. An obliga-
tion is the government’s promise to spend funds (immediately or later) as a result of entering into a contract,
so long as the agreed-to actions take place. An outlay takes place when those funds are actually paid out to
the contractor (Datalab, 2018). The contracts we match to our panel represent 49% of the $12.5 trillion in
procurement contracts awarded by the federal government during 1980-2015.

16 Appendix A summarizes the typical government procurement process. We identify 8.6 million unique
contracts awarded to our sample firms.

17See Appendix Tables C4 and C5 for the 24 letter codes used to classify services and 78 two-digit numerical
codes used to classify products, respectively.
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for each procurement contract. This allows us to calculate the value of procurement contracts
for each industry-year, which is essential for constructing our instrumental variables.

The Federal Acquisition Streamlining Act of 1994 establishes a statutory preference for
procuring commercial items (Barry, 1995). As a result, agencies acquire products and ser-
vices as diverse as computers, transportation, and medicine using simplified requirements
and streamlined practices intended to resemble those used in commercial markets (e.g., ex-
empting contractors from the requirement to submit certified cost or pricing data). We
use the Commercial items acquisition procedures field to break down non-R&D contracts
into commercial contracts and noncommercial contracts.'® This allows us to test the theory
that government contracts affect corporate R&D through guaranteed public demand, espe-
cially when market incentives are insufficient (e.g., for technologies that do not have existing

commercial applications).

3.3 Government Grants

We collect all the financial assistance awards (including grants, cooperative agreements, and
direct payments, but not loans or insurance; henceforth “grants”) awarded by all federal
agencies during fiscal years 2001-2015 from USAspending.gov.! We match the names of
grantees to our firm panel. We identify 456 U.S.-headquartered firms that receive a total
of $19.2 billion in grants from 25 federal agencies during 2001-2015. Similar to contractors,
grant recipients typically receive multiple grants per year. We aggregate grants at the firm-
year level by summing up all the grants and modifications awarded to an ultimate owner
and its subsidiaries each fiscal year. This allows us to control for government funding when
we test the guaranteed demand mechanism.

Similar to contracts, the distribution of grants by awarding agency is highly skewed. The
DoE accounts for 40% of all grants awarded to sample firms during 2001-2015, followed by the
DoD (14%), Department of Agriculture (9%), HHS (9%), and State Department (8%). By
dollar value, 55% of awards are cooperative agreements, 33% are block, formula, or project

grants, and 12% are direct payments.

3.4 Descriptive Statistics

Table 1 presents descriptive statistics for the main variables used in the econometric analyses.

Approximately 70% of firms perform scientific research (i.e., have at least one publication).

18We do not break down R&D contracts into commercial and noncommercial because the former would
represent less than 1% of the total value of R&D contracts awarded to our sample firms.

19We do not include grants for fiscal years 1980-2000 because the data are only available for select agencies
(e.g., National Science Foundation and National Institutes of Health).
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These firms publish an average of 17 scholarly publications per year (and a median of 1). By
construction, all firms have at least one patent. Firms produce an average of 22 patents per
year (and a median of 1). Approximately 57% of firms receive at least one contract during
1980-2015 (we refer to these firms as “contractors”), 23% receive at least one R&D contract
during 1980-2015, and 10% receive at least one federal grant during 2001-2015.

Table 1: DESCRIPTIVE STATISTICS

(1) (2) (3) 4 06 (6

Distribution

Obs. Mean  Std. dev. 10th  50th  90th
R&D expenditures ($ mm) 54,238 111 557 1 10 147
Publications 46,701 17 96 0 1 20
Patents 60,885 22 132 0 1 32
All contracts ($ mm) 41,631 111 1,278 0 0 26
R&D contracts ($ mm) 41,631 18 275 0 0 1
Non-R&D contracts ($ mm) 41,631 93 1,038 0 0 24
Commercial contracts ($ mm) 27,197 13 107 0 0 4
Noncommercial contracts (§ mm) 27,197 93 1,157 0 0 11
All grants ($ mm) 5,495 2 21 0 0 3
Sales ($ mm) 60,557 2,603 12,749 3 146 4,332
R&D stock ($ mm) 60,885 428 2,496 1 26 483

Notes: This table displays descriptive statistics for the main variables used in the econometric analyses.
The unit of analysis is a firm-year. Publication and contract statistics are only provided for firms that
perform scientific research and contractors, respectively. Commercial and noncommercial contracts are only
summarized for fiscal years 1994-2015. Grant statistics are only provided for fiscal years 2001-2015 and firms
that receive at least one grant during this period.

In our sample, contractors receive an average of $111.5 million in procurement contracts
per year. Of those dollars, an average of $18.1 million are for R&D services, which is almost
an order of magnitude higher than the annual grants received by grant recipient firms. On
average, contractors receive contracts from 5 federal agencies (with a median of 2 agencies).
Consistent with the premise that R&D contracts are the “ticket to play” in the government
market, 78% of sample firms that win an R&D contract subsequently receive at least one
noncompetitive product contract. Among firms that never win an R&D contract, only 32%
receive at least one noncompetitive product contract.

There is substantial heterogeneity in contracts by awarding agency, as shown in Appendix
Table E7. For example, the average value of an R&D contract ranges from $8,362 for the
Federal Maritime Commission to $12,808,836 for the U.S. Agency for International Develop-
ment. The average R&D contract from DoD is $4.9 million, while the average R&D contract
from NASA is $7.3 million. Typically, product contracts awarded noncompetitively by the
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DoD, NASA, DoE, and Department of Homeland Security (DHS) are larger than all product
contracts. This suggests that firms may have strong incentives to win R&D contracts from
these agencies as pathways to the larger noncompetitive product contracts.?’

There is some heterogeneity in the characteristics of R&D contractors working for differ-
ent agencies, as shown in Appendix Table E8. For example, firms that win R&D contracts
from the Department of Commerce (DoC) tend to publish more than other R&D contractors.
Firms that win large R&D contracts from one agency tend to also win large R&D contracts
from other agencies, as shown in Appendix Tables H21 and H22. Regardless of contract size,
defense R&D contractors tend to also work for NASA, as shown in Appendix Table H23. In
general, if a firm is an R&D contractor for an agency, it is also a defense R&D contractor.?!
This suggests that firms may be able to leverage their competitive advantages across R&D
competitions from different agencies.

Our sample is drawn from a wide distribution of industries, as indicated in Appendix
Table H25. We classify those industries into several main groups, as shown in Appendix Table
H24. The largest average annual R&D contracts are in the Others group ($45 million), while
the smallest are in Chemicals ($1 million), as can be seen in Appendix Table F9. Among
contractors, the number of publications per $1 million in contracts ranges from a low of
0.05 in the Others group to a high of 4.14 in Chemicals. Industry groups with the lowest
and highest numbers of patents per $1 million in contracts are Instruments and Chemicals,
respectively. Among R&D contractors, the average number of publications per $1 million in
R&D contracts ranges from a low of 0.29 in the Others group to a high of 63.07 in Drugs.
Meanwhile, the average number of patents per $1 million in R&D contracts ranges from a
low of 0.51 in Instruments to a high of 37.38 in Chemicals. The composition of government
contracts varies by main industry and over time, as shown in Appendix Figure H3.

Table 2 presents mean comparison tests between 1,019 R&D contractors and the other
3,501 firms in our sample. On average, R&D contractors are much larger ($6 billion vs.
less than $1 billion in annual sales). They invest more in R&D ($264 million vs. $34
million per year), but they have lower R&D intensity ($1.4 million vs. $5.9 million in
R&D expenditures per $1 million in sales). In addition, R&D contractors perform more
scientific research (0.4 vs. 0.3 annual publications per $1 million in R&D expenditures), and

about half as much downstream development (0.6 vs. 1.2 patents per $1 million in R&D

20 Agencies use full and open competition to award R&D contracts more often that they do to award
product contracts. Of the $908 billion in R&D contracts awarded to sample firms during 1980-2015 by all
federal agencies, 56% were awarded competitively. Conversely, of the $3.4 trillion in product contracts, only
36% were awarded competitively.

2L At the high end, 93% of DoC R&D contractors are defense R&D contractors as well. At the low end,
53%s of HHS R&D contractors are defense R&D contractors.
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expenditures). R&D contractors receive more grant funding ($0.9 million vs. $0.1 million per
year). These differences persist when comparing R&D contractors with other firms within

the same industry, as shown in Appendix Table H26.

Table 2: R&D CONTRACTORS VS. OTHER FIRMS

(1) (2) (3) (4) () (6)

Difference in means R&D contractors Other firms
R&D contractors -

Other firms t Mean Std. dev. Mean Std. dev.
Sales ($ mm) 4,987.23 45.75 5,983.2  21,058.2  996.0 4,585.8
R&D expenditures ($ mm) 230.53 46.30 2644 929.5 33.9 128.2
R&D intensity -4.49 -3.42 1.4 29.4 5.9 174.6
Publications per $1 mm in R&D exp. 0.17 4.02 0.4 5.4 0.3 4.2
Patents per $1 mm in R&D exp. -0.66 -1.64 0.6 3.5 1.2 53.6
All grants ($ mm) 0.76 6.38 0.9 10.7 0.1 8.7

Notes: This table displays mean comparison tests between R&D contractors and other firms. R&D intensity
is calculated as R&D expenditures divided by sales. All grants are only summarized for fiscal years 2001-2015.
The two-sample t-tests use unequal variances.

4 Econometric Specifications

Our econometric analysis proceeds in three steps. First, we estimate the relationship of R&D
contracts with R&D expenditures, publications, and patents. We focus on R&D contracts be-
cause winning a competitive R&D contract is typically how firms access guaranteed demand
(i.e., noncompetitive product contracts) for technology-intensive products.?> Moreover, the
size of the R&D contract proxies for the size of the subsequent public demand.

Second, we explore the potential mechanism behind the effect. We examine the relation-
ship between R&D contracts and future downstream contracts to test to what extent the
prospect of winning noncompetitive product contracts incentivizes firms to invest in scien-
tific research. We also examine whether the effect of R&D contracts is stronger for larger
firms. We expect a stronger effect for larger firms because they have the significant manu-
facturing capabilities and complementary assets required to perform on downstream product
contracts. We also examine whether R&D contracts play the same role as grants. We expect

contracts to have an effect beyond simply providing financial resources that lower the cost of

22The Joint Light Tactical Vehicle competition illustrates the relationship between R&D contracts and
subsequent product contracts. AM General, Lockheed Martin, and Oshkosh each won R&D contracts in
2012 for the engineering and manufacturing development phase, totaling approximately $185 million. This
positioned Oshkosh to win a $6.7 billion contract in 2015 for low-rate initial production of 16,901 vehicles.
Full-rate production for an additional 54,600 vehicles will continue through 2042 (Congressional Research
Service, 2020).
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performing R&D. Then, we examine how the effect of R&D contracts on publications varies
with private market incentives to invest in science. We expect guaranteed demand to drive
upstream R&D when private market incentives to conduct risky research are weak. We test
three such conditions, when the research is (i) not used in the internal inventions of the firm,
(ii) used by close product-market competitors, and (iii) not protected by patents.

Third, we explore temporal changes in the composition of procurement contracts (to
support Figure 1) and in the relationship between procurement contracts and firm scientific

capabilities (to support Figure 2).

4.1 R&D, Publication, and Patent Equations

We estimate the following specification for the relationship between procurement contracts

and corporate R&D expenditures, publications, and patents (denoted by y;):
In(yis) = o + ar In(R&D contracts;;—s) + Z;, sw +n; + Ty + €5 (1)

R&D contracts; ;3 are R&D contracts awarded to focal firm ¢ in year ¢ — 3.2 The vector
Z includes time-varying controls, such as the natural logarithms of sales, R&D stock, and
government grants. The vectors n and 7 are firm and year fixed effects, respectively, and e
is an iid error term. All dollar values are adjusted using the GDP Implicit Price Deflator to
reflect constant 2012 dollars (U.S. Bureau of Economic Analysis, 2021). When calculating
natural logarithms, we add $1 to contract, grant, and instrumental variables, and one unit
to publication and patent variables. Standard errors are clustered at the firm level.

Corporate R&D activities can be "company-funded” (using the firm’s own funds) or
“customer-funded” (under contractual arrangements with federal agencies and other cus-
tomers). We leverage the fact that company-funded R&D costs are included in RED expen-
ditures, while customer-funded R&D costs are expensed under Cost of sales as incurred.?*
Therefore, if a; > 0 in the R&D expenditures equation, then government R&D contracts
“crowd in” company-funded R&D.

We expect a; > 0 in the publication equation. Public demand can mitigate such private
market inefficiencies as missing demand for upstream R&D or appropriability concerns due
to incomplete exclusivity from weak patent rights (especially for scientific knowledge outside

life sciences and chemicals). Guaranteed public demand is a substitute for a less efficient

23In Appendix G we show that our results are not sensitive to specific lag structures.

24Independent R&D costs can be recovered as general and administrative overhead costs (i.e., indirect
costs) on federal procurement contracts, as long as they are allowable, allocable, and reasonable, in accordance
with Federal Acquisition Regulation Part 31. However, the firm still bears the risk of performing the R&D
in hopes of recovering it from future sales.
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patent mechanism for securing private returns to risky upstream R&D.

Conversely, there are several reasons why we expect no or little effect of procurement
contracts on patents. First, guaranteed demand may reduce the need to exclude rivals via
costly patenting. Second, some government contracts may prohibit patenting altogether
(e.g., those for sensitive defense technologies), though other research suggests that this is
not a significant concern for most contractors (Howell et al., 2021). Third, private mar-
ket incentives may already be stronger for downstream R&D, rendering guaranteed public

demand less effective in driving corporate technology development.

4.2 Identification Strategy

A major econometric challenge is how to deal with the endogeneity of contracts. Common
shocks can affect both corporate R&D activity and contract funding. If the government
targets firms that experience positive technological or demand shocks, a; are upward-biased.
However, if contracts target firms that experience negative shocks, a; are downward-biased.

We implement two strategies to mitigate this concern. First, we construct several in-
strumental variables that exploit variation in industry- and agency-level funding to predict
firm-level R&D contracts. Our first instrument uses industry-level R&D contracts to pre-
dict firm-level R&D contracts, building on Moretti et al. (2021). This instrument allows
us to predict R&D contracts for sample firms over time and to estimate the effect of R&D
contracts controlling for time-invariant firm heterogeneity.

Changes in industry-level R&D contracts may be related to unobserved or mismeasured
technology or demand shocks that directly affect firm-level R&D decisions. To address this
possibility, our second instrument exploits variation in the difference between the estimated
budget authority proposed by the Executive Branch and the actual budget authority ap-
propriated by Congress for each federal agency, building on Dugoua, Gerarden, Myers, and
Pless (2022).% Demand for funding is a function of the common technological shock that
can affect both public procurement and corporate R&D activity. However, the actual budget
appropriated by Congress includes a component that is independent of this shock (Dugoua
et al., 2022). We use the agency-level windfalls that result from the political negotiation
between the Executive Branch and Congress to predict firm-level R&D contracts.

The proposed budget may take into account the bargaining power affecting the appropri-
ated budget. To address this possibility, our third instrument exploits variation in Depart-
ment of Defense windfall funding. Due to its strong bargaining position, DoD’s proposed

budget is more likely to be appropriated by Congress (e.g., in times of national defense

25We use information on each of 12 main federal agencies (plus an “Other” category for smaller agencies).
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emergencies) and thus affect the appropriations of other agencies. We use the DoD budget
windfall as a source of exogenous variation in other agencies’ budget windfalls. Then, we
use the DoD-predicted agency-level windfalls to predict firm-level R&D contracts.

Second, we exploit a quasi-natural experiment around the collapse of the former Soviet
Union. The end of the Cold War triggered a massive reallocation of government procure-
ment contracts. Changes in funding were driven by geopolitical forces arguably unrelated to
technological shocks.?® Our fourth instrument exploits changes between the pre- and post-
Soviet collapse periods in industry-level contracts to predict firm-level R&D contracts. Be-
cause this instrument does not vary within firms (i.e., there is only one change per firm),
we cannot use the traditional firm fixed-effects methodology. Instead, we follow Blundell,
Griffith, and Van Reenen (1999) and include the pre-sample mean of the dependent variable
as a separate control for time-invariant firm heterogeneity.

The aforementioned industry- and agency-level shocks, as well as the Cold War shock,
could have affected public demand and private demand in similar ways. To address this
possibility, we also exploit the end of the Cold War in a panel event study. We focus on
industries that benefited from the redeployment of federal funding during 1990-1994, but
were otherwise not affected by the end of the Cold War.

We describe the two identification strategies in detail below.

4.2.1 Aggregate Funding as Instruments for Firm R&D Contracts

One identification strategy might be to instrument for a focal firm’s R&D contracts using
R&D contracts awarded by all federal agencies to its four-digit industry (SIC4). However,
this instrument may still be endogenous (e.g., when a firm dominates its SIC4 industry,
it is possible that industry R&D contracts and firm R&D activity respond to the same
technological shocks). Hence, we take advantage of changes in R&D funding at a higher
level of aggregation, the three-digit industry (SIC3). We “distribute” these changes across
SIC4 industries according to time-invariant industry shares. Doing so lowers the power of
our instrument in the first stage, but increases its validity.

We follow Moretti et al. (2021) and build our first instrument as Industry R&D
funding;; = (Industry R&D contractssicsy — Firm R&D contracts; ) X Industry

26The end of the Cold War may have been precipitated by strategic DoD investments (e.g., the Strategic
Defense Initiative, or “Star Wars program,” introduced by President Reagan in 1983 to neutralize the Soviet
nuclear arsenal). To test for this possibility, we exclude DoD contracts and examine the effect of R&D
contracts from civilian federal agencies, whose procurement funding should not have accelerated the collapse
of the Soviet Union. We also test the effect of R&D contracts on publications using two alternative shocks.
The Global War on Terrorism and the Financial Crisis both triggered massive redeployment of federal
procurement funds. Yet, these shocks are unlikely to suffer from the same endogeneity problem as the Cold
War shock.
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sharesrcasics.  Industry R&D contractsgics, is the total value of all R&D contracts
awarded by federal agencies to the focal firm’s SIC3 industry in year t. Firm R&D contracts;,
is the value R&D contracts awarded to the focal firm in year t. Industry sharesica sics is
calculated by dividing the total value of R&D contracts awarded to the focal firm’s SIC4
industry during 1980-2015 by the total value of R&D contracts awarded to the focal firm’s
higher-level SIC3 industry during 1980-2015.2" Additional details on this instrument and an
example are included in Appendix D.

We build our Agency windfall funding;, instrument by replacing Industry R&D
contractsgrcs, in the first instrument with gencies Windfall fundingagency,: X Agency
sharesrcs.t, Agency- Here, Windfall fundingagency: is the value of windfall budget authority
appropriated to the focal agency in year t.2® Agency sharesrcst, agency is calculated by
dividing the total value of R&D contracts awarded by the focal agency to the focal firm’s
SIC3 industry in year ¢t by the total value of R&D contracts awarded by the focal agency in
year t.

We build our DoD-predicted windfall funding;, instrument by replacing Windfall
funding agency+ in the second instrument with DoD-predicted windfall fundingageney:- Here,
DoD-predicted windfall fundingagency,: is the predicted value of the focal agency’s windfall
budget authority in year ¢, obtained after regressing the focal agency’s windfall budget
authority on the DoD windfall budget authority.?

4.2.2 Quasi-Natural Experiment: The End of the Cold War

During the Cold War (1948-1989), government procurement focused on achieving and sus-
taining technological superiority for the purpose of national security (Weiss, 2014). The
large scale and long duration of Cold War threats led to procurement budgets that were
dominated by the Department of Defense and exceeded previous peacetime expenditures
(Mowery, 2012). The end of the Cold War removed the perception of an existential threat
to the United States and drove a significant reallocation of procurement priorities. Between
1988 and 1992, DoD procurement obligations dropped 38%, while HHS obligations almost

tripled (from a much smaller baseline).?

2TTotal values include all R&D contracts awarded by all federal agencies to all recipients, not just those
contracts matched to sample firms.

28Each annual Budget of the U.S. Government gives us two pieces of information on federal agency funding:
the estimated amount requested by the agency and the actual amount appropriated by Congress. The
difference between actual and estimated amounts represents the windfall budget authority.

29We run separate OLS regressions for each agency, and include (i) a control for the DoD requested budget
authority and (ii) an indicator variable identifying years when the budget authority by agency table in the
Budget of the U.S. Government includes only discretionary funding.

30DoD awarded $225.9 billion in contracts in 1988 and $140.1 billion in 1992 (using constant 2012 dollars).
HHS awarded $830 million in 1988 and $2.3 billion in 1992.
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Overall, government demand declined between 1988 and 1992.3! On average, industries
experienced a $84 million reduction in federal procurement contracts. Yet, not all industries
were equally affected, as can be seen in Figure 4 and Appendix Table H27. Among the
“winners” receiving increased procurement funding after the end of the Cold War were IT
industries (e.g., computer systems design) and health industries (e.g., medicinal chemicals
and botanical products). Among the “losers” were the national security industries (e.g.,
guided missiles and space vehicles). Because the reallocation between industries was caused
by geopolitical circumstances unrelated to technological shocks, we exploit the end of the

Cold War as a quasi-natural experiment.

Figure 4: PROCUREMENT DURING AND AFTER THE COLD WAR
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— — — Business services (SIC 7389)

Notes: This figure plots the aggregate value of procurement contracts awarded by federal agencies to various
industries. Dollar values are adjusted using the GDP Implicit Price Deflator to reflect constant 2012 dollars
(U.S. Bureau of Economic Analysis, 2021).

Appendix Figure D1 shows the timeline used to calculate our fourth instrumental variable.
Specifically, we take advantage of variation in the value of all contracts awarded to various in-
dustries to instrument for R&D contracts awarded to firms during 1995-2015.32 Many of our
sample firms operate in multiple business segments, so they were affected by changes in pro-

curement contracts across multiple industries. To estimate the “average” shock experienced

31Federal agencies collectively awarded $299 billion in procurement contracts in 1988 and $234 billion in
1992 (using constant 2012 dollars).

32We begin the analysis period in 1995 to account for the three-year lag between the R&D contract award
and publishing or patenting the resulting findings.
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by each firm, we use the shares of firm sales in each industry as weights. We calculate this
second instrumental variable as Cold War shock; = 3 ; AContracts; x Share of sales, ;.
Here, Cold War shock; is the instrument for firm ¢, and it does not vary over time. The
subscript j indexes SIC4 industries. We calculate AContracts; as the difference between the
average contracts awarded to industry j in the pre- (1986-1988) and post- (1990-1992) peri-
ods. Share of sales; ; is the share of firm 7’s sales during 1982-1985 in industry j, calculated
using the Compustat Segments dataset (Standard & Poor’s, 2018).33 We use a multi-year
lag in calculating the share of sales to alleviate concerns that firms might have anticipated
the end of the Cold War. Under that scenario, firms might have entered industries where
they anticipated growing procurement funding and exited industries where they anticipated
shrinking procurement funding.

In our panel event study, we examine firms in SIC2 industries that experienced a positive
procurement shock (i.e., a large increase in all contracts) in the years immediately following
the end of the Cold War.* A “large” increase represents a year-over-year change in pro-
curement contracts awarded to the industry that is in the top quintile of the distribution of
changes between 1989 and 1994. Moreover, we require that the positive procurement shock
not be accompanied by a total demand shock (i.e., the year-over-year change in sales to the
industry was in the bottom four quintiles of the distribution of changes in sales between 1989
and 1994).% Doing so allows us to isolate the effect of increasing public demand when there
was no corresponding increase in total demand.

With this event, we estimate the following specification:

5 5
In(Y), = Z v; (Lead 7),, + Z or (Lag k), + Z w +mi + T + €y (2)

j=2 k=0

Yy is RED expenditures, Private demand (calculated as sales net of procurement contracts),

Publications, and Patents, respectively, for firm 7 in year . Leads and lags are indicator vari-

33For example, Komatsu Ltd. operated only in industry 3531 Construction Machinery and Equipment
during 1982-1985, generating 100% of its sales in that industry. As a result, its Cold War shock came
entirely from reallocations in contracts awarded to industry 3531. Caterpillar Inc. generated 76% of its
sales during 1982-1985 in industry 3531 Construction Machinery and Equipment, and 24% in industry 3519
Internal Combustion Engines, Not Elsewhere Classified. As a result, 76% of this firm’s Cold War shock
came from reallocations in contracts awarded to industry 3531, and 24% from reallocations to industry 2519.

34Using high-level, 2-digit definitions of industries allows us to reduce industry-level concentration; 95%
of sample firms had sales during 1985-2015 that represented less than 5.2% of total SIC2 industry sales.

35The median year-over-year change in procurement contracts awarded to a SIC2 industry during 1989-
1994 was a 10% decrease. Top quintile industries had an increase greater than 38.2%. Over the same period,
the median year-over-year change in sales to a SIC2 industry was a 3.4% increase. Top quintile industries
had an increase greater than 14.6%. We used these thresholds (> 38.2% increase in procurement, < 14.6%
increase in sales) to identify SIC2 industries for the event study.
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ables defined as: (Lead j); = 1|t = Eventgshoer — j] and (Lag k); = 1t = Eventgpoer, + k).
Eventgpocr € {1990, ..., 1994} is the year of the shock. The vector Z includes such controls
for the natural logarithm of private demand and the percentage change in private demand.
The vectors 7 and 7 are firm and year fixed effects, respectively, and € is an id error term.

The sample for the event study includes 1,904 firms in 21 industries. Treatment is the
positive procurement shock, and it is staggered (i.e., different SIC2 industries are shocked
at different times in the 1989-1994 time frame). The 340 firms (spanning 18 industries)
that received procurement contracts during 1980-1984 represent the treated group, while the
remaining 1,564 firms (spanning 21 industries) represent the control group. Treated firms

remain treated for the complete duration of the sample. We assume there is no anticipation.®¢

4.3 Trends in the Composition of Contracts

We estimate the following specification for trends in the value and composition of government

procurement contracts:
In(Contracts; ;) = Bo + p1Time trend, + Z], jw + n; + €4 (3)

We report specifications where we use the different types of procurement contracts described
in Section 3, including R&D contracts and commercial contracts, as the dependent variable.
We also report results where the dependent variable is the share of R&D or commercial con-
tracts in all contracts. The indices ¢ and ¢ denote firms and years, respectively. Time trend;
is the focal year ¢t minus 1980, presented in decennial units. The other elements of the
specification are the same as described in Section 4.1.

We are interested in the estimate of 5;. Consistent with the trends in Figure 1, we expect
31 < 0 for the share of R&D contracts regression and Bl > 0 for the share of commercial

contracts regression.®’

36 As reported in Section 5.4, treated and control firms follow parallel trends prior to the shock.

37The Federal Acquisition Streamlining Act of 1994 aimed to attract nontraditional suppliers to the gov-
ernment market. Therefore, it is possible that entry from firms with limited R&D capabilities changed the
composition of the pool of federal contractors over time.
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4.4 Trends in the Relationship Between Contracts and Firm Scien-
tific Capabilities

We estimate the following specification for changes in the relationship between contract value

and firm scientific capabilities over time:

In(Contracts;;) = o + 11Time trend, + 72 In(Publications stock; ;1) n

+sTime trend x In(Publications stock;,_1) + Z;, jw + n; + €4

Contracts;, is the flow of procurement contracts awarded to firm ¢ in year t. Ttme trend; is
the focal year ¢ minus 1980, presented in decennial units. Publications stock;;_ is calculated
using a perpetual inventory method with a 15% depreciation rate (similar to Hall, Jaffe, &
Trajtenberg, 2005). The other elements of the specification are described in Section 4.1.
We are interested in the estimate of 73 and expect 73 < 0. This prediction is consistent
with the view that the importance of scientific capabilities for getting government contracts
has decreased over time (as contracts have increasingly been awarded for commercial items

and dual-use technologies).

5 Estimation Results

5.1 R&D Expenditures Equation

Table 3 presents the within-firm estimation results for the R&D equation. Column 1 presents
OLS results. R€D expenditures have a positive relationship with R€D contracts (p-value <
0.001).%® Our coefficient estimate is smaller than the 0.047 estimate obtained by Lichtenberg
(1988) when using only defense R&D and defense contractors, but larger than the 0.006
estimate obtained by Moretti et al. (2021) when using only defense R&D and French firms.?

Columns 2-5 present causal estimates using two-stage least squares (2SLS). In the first
stage for Column 2, we predict RED contracts awarded to a focal firm using the Industry
RED funding instrument (see Column 1 in Appendix Table D6). The first stage results
confirm that firm-level R&D contracts are a function of industry-level R&D funding. In the

second stage, we estimate R&D expenditures as a function of the predicted R&D contracts

38Results are not sensitive to how we control for firm size. In unreported specifications, we obtain coefficient
estimates on R&D contracts of 0.007 when we use Sales as a size control and 0.011 when we drop the size
control altogether.

39Tn an unreported specification, we eliminate the control for R&D stock, reduce the lag to one year, and
cluster standard errors at the SIC3 level to more closely match the specification used in Table 4, Column 1
of Moretti et al. (2021). We obtain a coefficient estimate of 0.012, compared to their coefficient estimate of
0.011.
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Table 3: ESTIMATION RESULTS FOR THE R&D EXPENDITURES EQUATION

(1) (2) (3) (4) (5)
In(R&D expenditures)
IV: IV: IV: 1V:
OLS: Industry Agency DoD-predicted  (Cold
Within R&D  windfall windfall War
firms funding  funding funding shock
In(R&D contracts);_3 0.008 0.070 0.080 0.079 0.139
(0.002)  (0.026)  (0.028) (0.028) (0.059)
In(R&D stock),_3 0.346 0.327 0.330 0.328 1.150
(0.017)  (0.018)  (0.018) (0.018) (0.018)
Pre-sample mean R&D expenditures -0.268
(0.038)
Sample years 1980-2015 1980-2015 1980-2015  1980-2015  1995-2015
Firm fixed effects Yes Yes Yes Yes No
Year fixed effects Yes Yes Yes Yes Yes
Weak identif. (Kleibergen-Paap) 96.02 95.56 94.43 14.84
Firms 3,465 3,414 3,386 3,391
Observations 39,841 37,052 35,855 35,991 4,965
Adjusted R-squared 0.914 0.048 0.039 0.039 0.813

Notes: This table presents the estimation results for the relationship between R&D contracts and R&D ex-
penditures. In Columns 2-5, R&D contracts are instrumented using Industry RE&D funding, Agency windfall
funding, DoD-predicted windfall funding, and the Cold War shock, respectively. In Column 5, the pre-sample
mean of R&D expenditures uses data from 1980-1988. One is added to logged variables. Standard errors (in
parentheses) are clustered at the firm level in Columns 1-4, and are heteroskedasticity-robust in Column 5.

(see Column 2 in Table 3). As expected, a7 > 0. The 2SLS estimate is statistically significant
(p-value < 0.01) and larger than OLS, suggesting that contracts might target fields affected
by negative technological or demand shocks. Evaluated at the sample means, the estimate
indicates that a $1 million increase in R&D contracts leads to a $0.57 million increase in
R&D expenditures.?’ In Appendix Table G11, we exclude contracts from the seven largest
agencies one by one and find that our results are not driven by any single awarding agency.

In Columns 3 and 4, we instrument RéD contracts using Agency windfall funding and
DoD-predicted windfall funding, respectively. The coefficient estimates are significant (p-
value < 0.01) and sightly larger in magnitude, suggesting that windfall funding resulting
from the political negotiation process in Congressional appropriations further resolves the

downward bias observed in OLS.

40 Average values for R&D expenditures and R&D contracts are $107.4 million and $13.2 million, respec-
tively. The marginal effect of an additional $1 million in R&D contracts is 0.070(107.4)/(13.2 + 0.000001) =
0.57 million in R&D expenditures.
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In Column 5, we exploit the Cold War shock as a quasi-natural experiment for exogenous
changes in government funding across industries. In the first stage, we predict RéD contracts
awarded to a focal firm using our instrument (see Column 2 in Appendix Table D6) and find
that firm-level R&D contracts are a function of changes in industry funding triggered by the
end of the Cold War. In the second stage, we estimate RéD expenditures as a function of
the predicted R&D contracts (see Column 5 in Table 3). Because the instrument does not
vary over time, we report pooled estimates and rely on pre-sample information regarding
R&D expenditures to replace the unobservable firm fixed effect (similar to Blundell et al.,
1999). The coefficient estimate indicates a positive causal effect of R&D contracts on R&D
expenditures (p-value < 0.05).

In summary, the causal estimates suggest that R&D contracts “crowd in” corporate R&D

investments, which is consistent with the prior literature (e.g., Moretti et al., 2021).

5.2 Publication Equation

Table 4 presents the estimation results for publications, our measure of upstream corporate
R&D. In Column 1, Publications are positively related to R&D contracts (p-value < 0.001)."!

Columns 2-4 show results from the second stage of 2SLS regressions using Industry RéD
funding, Agency windfall funding, and DoD-predicted windfall funding as the instrumental
variable, respectively. Evaluated at the sample means, the coefficient estimate in Column 3
suggests that $14.7 million in additional R&D contracts leads to one additional publication.*?
The 2SLS estimates are larger than the OLS estimate, suggesting that government contracts
target firms where corporations face negative technology or demand shocks.

Column 5 presents the estimation results using the Cold War shock. Evaluated at the
sample means, the estimate indicates that to obtain one additional publication, R&D con-
tracts need to increase by just $0.112 million.** This estimate is substantially larger than
the estimates from Columns 2-4, for three potential reasons. The set of firms differs across

approaches.** Our first three instruments may not fully resolve the downward bias in OLS

41Tn unreported specifications, we obtain similar coefficient estimates on R&D contracts when we replace
RE&D stock with Sales or drop the size control altogether. When we split R&D contracts into “R” vs. “D”
contracts, we find coefficient estimates that are positive, statistically different from zero, and similar in mag-
nitude. This suggests that publications have similar relationships with research contracts and development
contracts, respectively.

42 Average values for publications and R&D contracts are 13 and $9 million, respectively. The marginal
effect of an additional $1 million in R&D contracts is 0.044(13 + 1)/(9 + 0.000001) = 0.068 publications.

43 Average values for publications and R&D contracts are 36 and $1.4 million, respectively. The marginal
effect of an additional $1 million in R&D contracts is 0.336(36 + 1)/(1.4 + 0.000001) = 8.9.

44The analysis sample in Column 5 is restricted to firms for which we can calculate pre-sample mean
publications during any portion of 1980-1988 and exposure to sales in various industries during any portion
of 1982-1985. The actual regressions use data for 1995-2015. The range in coefficient estimates likely reflects
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Table 4: ESTIMATION RESULTS FOR THE PUBLICATION EQUATION

n ® ® @ ) B
In(Citation-weighted

In(Publications) publications)
1V: 1V: IV: 1V: IV:
OLS: Industry Agency DoD-predicted (Cold Agency
Within R&D windfall windfall War windfall
firms funding funding funding shock funding
In(R&D contracts);_3 0.011 0.034 0.044 0.034 0.336 0.049
(0.002)  (0.018)  (0.019) (0.019) (0.095) (0.022)
In(R&D stock),_3 0.131 0.114 0.115 0.116 0.119 0.106
(0.011)  (0.010)  (0.011) (0.011) (0.017) (0.011)
Pre-sample mean publications 0.448
(0.088)
Sample years 1980-2015 1980-2015 1980-2015  1980-2015  1995-2015 1980-2015
Firm fixed effects Yes Yes Yes Yes No Yes
Year fixed effects Yes Yes Yes Yes Yes Yes
Weak identif. (Kleibergen-Paap) 99.94 101.29 08.34 15.68 101.29
Firms 3,632 3,580 3,558 3,561 3,558
Observations 43,914 41,047 39,767 39,913 5,861 39,767
Adjusted R-squared 0.873 0.016 0.007 0.016 -0.044 -0.003

Notes: This table presents the estimation results for the relationship between R&D contracts and publi-
cations. In Columns 2-6, R&D contracts are instrumented using Industry RED funding, Agency windfall
funding, DoD-predicted windfall funding, Cold War shock, and Agency windfall funding, respectively. In
Column 5, the pre-sample mean of publications uses data from 1980-1988. In Column 6, the publication
flow is weighted by citations received from other publications, normalized by journal-year. One is added to
logged variables. Standard errors (in parentheses) are clustered at the firm level in Columns 1-4 and 6, and
are heteroskedasticity-robust in Column 5.

because they rely on time-invariant exposure shares that could still be correlated with firm-
specific, time-invariant heterogeneity. And, the Cold War instrument may not fully remove
time-invariant firm heterogeneity using the pre-sample mean, making it even more sensitive
to the temporal reallocation of contracts away from innovating firms (as shown in Figure 2
and Section 5.6).

Our analysis thus far has focused on the number of corporate publications, rather than
on their quality. In Column 6, we control for quality using citations. Specifically, we weigh
each publication by the number of citations received from other publications.*> This gives
us a quality-adjusted measure of corporate upstream R&D. The coefficient estimate suggests

that firms are not simply increasing the number of publications while lowering their quality

the changing composition of our sample over a very long panel, with Cold War-era firms being more likely
than newer firms to rely on (or respond to) public demand. Section 5.6 examines how the effect of contracts
on publications has changed over time.

45We use normalized citations, calculated as (Forward citations received from other publications up to the
year 2016) / (Average forward citations received by all publications published in the same journal and year).
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in response to winning R&D contracts (p-value < 0.05).

In summary, we find evidence supporting the view that public demand drives upstream
R&D, as measured by corporate publications. Appendix Sections F and G suggest that
the effect of R&D contracts on publications is present across all industries, and is robust to
excluding contracts from each of the main agencies or using other funding shocks, alternative
specifications, different time lags, and firm subsamples. Moreover, we find no evidence to

suggest that R&D contracts crowd out unrelated research areas.

5.3 Patent Equation

Table 5 presents the within-firm estimation results for patents, our measure of downstream
corporate R&D. In Column 1, Patents have a positive relationship with RéD contracts
(p-value < 0.001).%6

Estimation results using Industry R&€D funding, Agency windfall funding, DoD-predicted
windfall funding, and the Cold War shock as instrumental variables are included in Columns
2-5, respectively. The coefficient estimates on R&D contracts are no longer statistically
different from zero. Interpreted together, these results cast doubt on the existence of a causal
relationship between R&D contracts and patents. There are two potential explanations for
this result. First, guaranteed public demand may reduce the need to exclude rivals through
patenting. Second, market incentives are likely to be stronger for downstream development,
rendering guaranteed public markets less important.

In Column 6, we use a quality-adjusted measure of downstream R&D. Specifically, we
weigh the flow of corporate patents by the number of citations received by each focal patent
from other patents.?” The coefficient estimate suggests that firms are not simply becoming
more selective in their patent applications in response to winning R&D contracts.

In summary, we do not find evidence that public demand drives firms to invest in down-
stream R&D, as measured by patents. Given our publication equation results, this highlights
the importance of distinguishing between scientific research (“R”) and downstream develop-
ment (“D”) in corporate R&D.

46In unreported specifications, we obtain similar coefficient estimates on R&D contracts when we replace
RED stock with Sales or drop the size control altogether.

4TWe use normalized citations, calculated as (Forward citations it received from other patents up to the
year 2016) / (Average forward citations received by all granted patents in the same 4-digit International
Patent Classification (IPC) and year).
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Table 5: ESTIMATION RESULTS FOR THE PATENT EQUATION

(1) (2) 3) (4) (5) (6)

In(Citation-weighted

In(Patents) Patents)
Iv: Iv: Iv: 1V: Iv:
Industry Agency DoD-predicted  (Cold Agency
OLS: R&D windfall windfall War windfall
Within  funding funding funding shock funding
In(R&D contracts);_3 0.010 -0.040 -0.030 -0.042 0.059 -0.044
(0.002)  (0.023)  (0.025) (0.025) (0.050) (0.027)
In(R&D stock),_3 0.252 0.241 0.242 0.243 0.358 0.224
(0.015)  (0.015)  (0.015) (0.015) (0.014) (0.015)
Pre-sample mean patents 0.416
(0.046)
negative,windfallag3 0.000
()
Sample years 1980-2015 1980-2015 1980-2015  1980-2015  1995-2015 1980-2015
Firm fixed effects Yes Yes Yes Yes No Yes
Year fixed effects Yes Yes Yes Yes Yes Yes
Weak identif. (Kleibergen-Paap) 99.94 101.29 98.34 24.44 101.29
Firms 3,632 3,580 3,558 3,561 3,558
Observations 43,914 41,047 39,767 39,913 5,861 39,767
Adjusted R-squared 0.847 0.045 0.056 0.046 0.631 0.025

Notes: This table presents the estimation results for the relationship between R&D contracts and patents.
In Columns 2-6, R&D contracts are instrumented using Industry R&D funding, Agency windfall funding,
DoD-predicted windfall funding, Cold War shock, and Agency windfall funding, respectively. In Column 5,
the pre-sample mean of patents uses data from 1980-1988. In Column 6, the patent flow is weighted by
citations received from other patents, normalized by International Patent Classification (IPC) class-year.
One is added to logged variables. Standard errors (in parentheses) are clustered at the firm level in Columns
1-4 and 6, and are heteroskedasticity-robust in Column 5.

5.4 Event Study Analysis: The End of the Cold War

Figure 5 presents results from the Cold War event study. The point estimates capture the
difference between treated and control groups compared to the prevailing difference in the
omitted base period (i.e., year -1, indicated with a vertical line). Each vertical bar shows a
95% confidence interval. The coefficient estimates on pre-treatment years (i.e., years -5, -4,
-3, -2, and -1) indicate that we have parallel pre-trends in all specifications. This suggests
that firms don’t anticipate the procurement shocks. All models use firm fixed effects to
absorb firm-specific, time-invariant heterogeneity, as well as year fixed effects to absorb time
trends in our staggered treatment design. Estimations use firms that have data for the entire
11-year period to control for changes in the composition of industries over time.

Panel A suggests that treated firms don’t change their R&D expenditures after the pro-
curement shock, which is different from our regression results in Table 3. Panel B shows
that private demand does not increase for treated firms relative to control firms after the

procurement shock, confirming that we have successfully controlled for changes in private
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demand in constructing our event study sample. Panel C indicates that treated firms in-
crease their publishing after the procurement shock, consistent with the estimation results
in Table 4. Meanwhile, Panel D shows no statistically significant decrease in patenting after
the procurement shock, consistent with the results in Table 5.

In summary, the event study confirms the regression results regarding the average effect

of procurement contracts on corporate publications and patents.

Figure 5: EVENT STUDY AROUND THE END OF THE COLD WAR

A. R&D expenditures B. Private demand
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Notes: This figure presents an event study around the end of the Cold War. The point estimates capture the
difference between treated and control firms compared to the prevailing difference in the omitted base period
(i.e., year -1, indicated with a vertical line). The specifications in Panels A, C, and D use controls for the
level and percentage change in private demand (i.e., sales net of procurement contracts). All specifications
use firm fixed effects and year fixed effects, and are estimated using firms that have data for the entire 11-year
period. One is added to logged variables. Standard errors are clustered at the firm level.
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5.5 R&D Contracts as a “Ticket” to Downstream Contracts

We explore whether the prospect of winning large downstream product contracts incen-
tivizes firm investments in research.*® In Table 6, we estimate the relationship between
winning R&D contracts and future downstream contracts. Consistent with the premise that
R&D contracts are the “ticket to play” in the government market, the coefficient estimates
in Column 3 show that winning R&D contracts is positively associated with the value of
future procurement contracts (p-value < 0.001), while winning grants is not. Columns 4
and 5 indicate that our results are robust to using different measures of future downstream

procurement contracts.

Table 6: THE RELATIONSHIP BETWEEN R&D CONTRACTS AND DOWNSTREAM CON-
TRACTS

(1) (2) (3) (4) (5)

In(Noncompetitive Share noncompetitive,/

In(All contracts) contracts) non-R&D contracts
Contract  Grant Contract and Contract and Contract and
indicator indicator grant indicators grant indicators grant indicators
[Has R&D contracts = 1],-;  2.667 2.664 0.956 0.307
(0.154) (0.154) (0.145) (0.085)
[Has grants = 1];,_4 0.266 0.159 -0.335 -0.169
(0.165) (0.149) (0.206) (0.185)
In(R&D stock);—1 0.414 0.443 0.414 0.373 0.026
(0.057)  (0.060) (0.057) (0.095) (0.102)
Sample years 1980-2015 1980-2015  1980-2015 1980-2015 1980-2015
Firm fixed effects Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes
Observations 52,793 52,793 52,793 22,908 21,620
Adjusted R-squared 0.750 0.744 0.750 0.585 -0.027

Notes: This table presents OLS estimation results for the relationship of RéD contracts with the value of
future downstream procurement contracts. One is added to logged variables. Standard errors (in parentheses)
are clustered at the firm level.

5.5.1 Firm Size

Large firms do not need the government to fund their R&D activities, as they can use

internal resources or access capital markets.?® What large firms need is a market to sell the

48For example, Mowery (2012) notes that the contract to supply semiconductor components for strategic
missile guidance systems was the “prize” that motivated Texas Instruments to develop the integrated circuit.

490n average, the contractors in our sample receive $18 million in R&D contracts per year, an order of
magnitude less than the $232 million they report in cash on hand. Outside our sample, companies in the
S&P 500 held a combined $2.77 trillion in cash as of November 2021. Therefore, liquidity problems do not
seem to impede R&D investments for large firms.
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products resulting from their R&D, so they can generate returns on investment. Guaranteed
public demand should drive upstream R&D in large firms because they are well-positioned
to capitalize on the large public market. Table 7 presents the second stage of 2SLS using
Industry R€D funding to instrument for RED contracts. Column 2 shows that the effect of
R&D contracts on publications is strong for firms with above-median sales (p-value < 0.05),
underscoring the importance of complementary assets and scale for meeting the complex

requirements of downstream procurement.”

Table 7: VARIATION BY FIRM SIZE

1) 2) 3) (4)

In(Publications) In(Patents)
Small Large Small Large
firms firms firms firms
In(R&D contracts);_3 0.004 0.054 -0.053 -0.007
(0.024) (0.024) (0.032) (0.028)
In(R&D stock);_3 0.017 0.187 0.078 0.384
(0.008) (0.019) (0.011) (0.028)
Sample years 1980-2015 1980-2015 1980-2015 1980-2015
Firm fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Weak identif. (Kleibergen-Paap) 47.35 63.59 47.35 63.59
Observations 19,603 21,020 19,603 21,020
Adjusted R-squared -0.001 0.017 -0.019 0.127

Notes: This table presents results from estimating how the effect of R&D contracts on publications and
patents varies by firm size. The Small firms sample includes firm-years with below-median sales. The Large
firms sample includes firm-years with above-median sales. Columns 1-4 present the second stage of 2SLS,
where RED contracts are instrumented using Industry R€D funding. One is added to logged variables.
Standard errors (in parentheses) are clustered at the firm level.

5.5.2 Controlling for Grants

The guaranteed demand mechanism should be distinct from the financing mechanism. Con-
trolling for grants allows us to show that R&D contracts are not just financial resources that
lower the cost of performing R&D. Table 8 confirms that our results are not sensitive to con-
trolling for grants obligated to panel firms by all U.S. federal agencies. R&D contracts still

have a positive effect on R&D expenditures (p-value < 0.01 in Column 2) and publications

50In unreported specifications, we obtain similar results when we instrument RE&D contracts using Agency
windfall funding, DoD-predicted windfall funding, and Cold War shock, respectively.
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(p-value < 0.1 in Column 4), but not on patents.®® The coefficient estimates are close in size
to those reported in Tables 3 and 4, suggesting that contracts and grants capture different
mechanisms by which the government influences corporate R&D (guaranteeing demand and
lowering cost, respectively).

Our key finding—that R&D contracts drive publications—is consistent with firms in-
vesting in scientific research to increase their chances of winning R&D races as a pathway
to guaranteed public demand. If contracts drove corporate R&D simply by lowering costs
(i.e., the public funding mechanism), we would expect to find an effect on patents as well.
Conversely, the effect of guaranteed demand should be stronger when market incentives are
weak, which is more likely to occur in the case of upstream R&D than downstream R&D

(due to fewer immediate market applications, higher spillovers to rivals, and weaker patent

protection).
Table 8: CONTROLLING FOR GRANTS
1) 2) @ @ 6
In(R&D expenditures)  In(Publications) In(Patents)
1V: IV: 1V:
OLS: Industry OLS: Industry  QLS: Industry
Within R&D Within R&D Within R&D
firms funding firms funding firms funding
In(R&D contracts);_s 0.008 0.069 0.011 0.033 0.010 -0.043
(0.002) (0.026) (0.002)  (0.018)  (0.002)  (0.023)
In(All grants);—_s 0.009 0.006 0.006 0.004 0.009 0.012
(0.003) (0.003) (0.003)  (0.004)  (0.003)  (0.004)
In(R&D stock);—3 0.347 0.328 0.131 0.114 0.252 0.241
(0.017) (0.018) (0.011)  (0.010)  (0.015)  (0.015)
Sample years 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015
Firm fixed effects Yes Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes Yes
Weak identif. (Kleibergen-Paap) 93.18 97.22 97.22
Firms 3,465 3,414 3,632 3,580 3,632 3,580
Observations 39,841 37,052 43914 41,047 43914 41,047
Adjusted R-squared 0.914 0.050 0.873 0.017 0.847 0.043

Notes: This table presents the estimation results for the relationship of R&D contracts with R&D expen-
ditures, publications, and patents, after controlling for federal grants. One is added to logged variables.
Standard errors (in parentheses) are clustered at the firm level.

5'In unreported specifications, we get even stronger results in the R&D expenditures and publication
equations when using the Cold War shock as an instrument for RE&D contracts.
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5.5.3 Insufficient Market Incentives

We examine the conditions under which public demand drives firms to invest in upstream
R&D, as measured by corporate publications. We provide empirical support for public
demand (i.e., procurement contracts) driving corporate scientific research when market in-
centives are weak by exploiting several sources of variation in our data. We expect R&D
contracts to have a larger effect on publications that are (i) not cited by the firm’s own
patents (missing downstream applications), (ii) cited by rival firms’ patents (the science
spills over to product-market competitors), and (iii) not protected by the firm’s own patents
(hence, the science is harder to appropriate).5?

Table 9 presents the within-firm estimation results from the second stage of 2SLS regres-
sions using Industry RE&D funding as an instrument for R&D contracts.® Columns 1 and
2 compare the effect on publications with and without downstream applications inside the
inventing firm. Consistent with our prediction, the coefficient estimate is positive and sta-
tistically significant when the science does not have internal use (p-value < 0.05 in Column
2). Evaluated at the sample means, $24 million in additional R&D contracts leads to one
additional publication not cited by the firm’s own patents.’*

Columns 3 and 4 compare the effect of R&D contracts on publications when the science
has low vs. high spillover to product-market rivals. Consistent with our prediction, the
coefficient estimates indicate that the effect is strong when rival patents cite the firm’s
publications (p-value < 0.01 in Column 4).5

The last two columns compare the effect on publications with low vs. high protection
from the firm’s own patents. In line with our expectations, the coefficient estimates indicate
that the effect is strong when publications are unlikely to be protected by a patent (p-value
= 0.06 in Column 6).°

In summary, the effect of R&D contracts on corporate science appears to be larger when

firms have lower ability to appropriate returns from participating in upstream R&D.

52Private market incentives to invest in science depend on the firm’s anticipated return on investment in
science. Because we do not observe ex-ante measures of private market incentives at the firm-year level, we
rely instead on ex-post measures that should be positively correlated with the unobserved ex-ante measures.

53The construction of the own use, spillovers, and scope of patent protection measures is detailed in
Appendix C.

54 Average values for publications not used internally and R&D contracts are 13 and $12 million, respec-
tively.

55The samples for Columns 3 and 4 include only firm-years with one or more publications cited by corporate
patents.

56In unreported specifications, we obtain broadly similar results to Columns 1-6 when R&D contracts are
instrumented using Agency windfall funding and DoD-predicted windfall funding, respectively.

34



Table 9: VARIATION BY PRIVATE MARKET INCENTIVES TO INVEST IN SCIENCE

(1) (2) (3) (4) (5) (6)
In(Publications)
Internal No internal . Low ‘High High LOW,
use use rival use rival use protection protection
In(R&D contracts);_3 0.001 0.035 0.028 0.058 -0.001 0.034
(0.008) (0.018) (0.020) (0.022) (0.007) (0.018)
In(R&D stock);—3 0.002 0.117 0.056 0.044 0.015 0.114
(0.004) (0.011) (0.013) (0.015) (0.004) (0.010)
In(Internal use publications) 0.499 0.355
(0.036) (0.049)
Sample years 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015
Firm fixed effects Yes Yes Yes Yes Yes Yes
Year fixed effects Yes Yes No No Yes Yes
Weak identif. (Kleibergen-Paap) — 99.94 99.94 28.70 28.70 99.94 99.94
Firms 3,580 3,580 638 638 3,580 3,580
Observations 41,047 41,047 4,333 4,333 41,047 41,047
Adjusted R-squared -0.001 0.016 0.208 0.051 0.001 0.016

Notes: This table presents second stage results from estimating how the effect of R&D contracts on publica-
tions varies by private market incentives to invest in science. In Columns 1-6, Industry RE&D funding is used
as an instrument for R&D contracts. One is added to logged variables. Standard errors (in parentheses) are
clustered at the firm level.

5.6 Changes Over Time

We have shown that public markets—through the guaranteed demand mechanism—can drive
upstream corporate R&D when private markets provide insufficient incentives to invest in
risky scientific research. To the extent that public markets may have become more similar
to private markets (e.g., by rewarding technologies that already have commercial success,
or by weakening the relationship between R&D races and downstream product contracts),
their ability to substitute for private market incentives would have been reduced over time.

To help us understand the implications of procurement policy changes implemented
throughout the 1980s and 1990s (as summarized in Appendix A.2), Table 10 presents changes
in the composition of procurement contracts, and in the relationship of contracts with firm
scientific capabilities over time. Column 1 shows that total contract size increased by 20%
per decade (p-value < 0.05), or 82% over the entire sample period.5”

Columns 2 and 3 show that the increase in procurement value was driven by non-R&D

contracts and the rise in commercial contracts (i.e., contracts designed to more closely re-

5"When dropping the controls for R&D stock, the coefficient estimate on Time trend increases to 0.734,
indicating that a substantial part of the increase in contract value is explained by sample firms getting bigger
over time.
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semble the commercial markets, as detailed in Appendix B). The estimates imply that the
annual value of R&D contracts decreased by 18% per decade (p-value < 0.05), while the
annual value of commercial contracts more than doubled per decade (p-value < 0.001).%®

In Column 4, the within-firm coefficient estimate shows that the share of R&D contracts
in all contracts has remained unchanged. This suggests that the drop in the overall share of
R&D contracts in all contracts documented in Figure 1 was driven by entry from nontradi-
tional contractors that perform less corporate R&D. Meanwhile, Column 5 shows that the
share of commercial contracts in all contracts increased by 22% per decade between 1995
and 2015 (p-value < 0.001).

Lichtenberg (1984) notes that “federal contracts do not descend upon firms like manna
from heaven” (p. 74), but rather respond to firms’ own investments in R&D. Column 6
shows that firm scientific capabilities—as measured by the stock of corporate publications—
have a positive relationship with total procurement contracts (p-value < 0.01). Yet, this
relationship has been weakening over time, as shown in the negative and significant (p-value
< 0.001) interaction coefficient. This result complements Arora et al. (2018), who document
a decline in the stock market value and the M&A value of scientific capabilities.

In summary, the evidence presented in this table is consistent with the patterns in Fig-
ures 1 and 2. Over time, the composition of government contracts has shifted toward buying
products and services with proven commercial markets. Moreover, the importance of sci-
entific capabilities for contract value appears to have fallen.’® As government procurement
emphasized technologies with existing commercial applications, the ability of public demand

to substitute for private markets in incentivizing upstream corporate R&D eroded.

6 Discussion and Conclusion

Corporate participation in scientific research can help firms gain access to guaranteed public
demand. We provide systematic evidence in support of the government’s role in de-risking
upstream R&D through guaranteed demand, whereby firms invest in scientific research to
increase their chances of winning R&D races as a pathway to downstream product procure-
ment. We present two sets of results. First, we document a positive effect of government
contracts on publications (“R”) and show that the effect is stronger for larger firms and when

private market incentives are relatively weak. Second, we show that the effect was stronger

58The specifications in Columns 3 and 5 use data from fiscal years 1994-2015 because the data element that
allows us to identify commercial contracts was only introduced following the Federal Acquisition Streamlining
Act of 1994.

%9 As Appendix Tables G18 and G19 show, these changes are present across all industries and are robust
to considering different firm subsamples and nonlinear time effects.
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Table 10: CONTRACTS AND SCIENTIFIC CAPABILITIES OVER TIME

(1) (2) 3) (4) () (6) (7)

Contract value Contract composition  Scientific capabilities

In(Alll' In(R&D In(Comm. Share R&D/ Share comm./ In(All In(All

contracts) contracts) contracts) All contracts All contracts contracts) contracts)

Time trend 0.335 -0.123 2.631 -0.002 0.235 0.480 0.552

(0.092)  (0.066)  (0.103) (0.018) (0.023) (0.111)  (0.133)

In(Publications stock);—1 0.542 0.352

(0.118)  (0.142)

Time trend x In(Publications stock);_1 -0.113 -0.083

(0.034)  (0.050)

In(Patents stock)¢—1 0.448

(0.143)

Time trend x In(Patents stock);— -0.063

(0.052)

In(R&D stock);—1 0.438 0.147 0.302 0.001 -0.030 0.337 0.231

(0.058)  (0.037)  (0.060) (0.007) (0.018) (0.061)  (0.066)

Sample years 1980-2015 1980-2015 1995-2015 1980-2015 1995-2015  1980-2015 1980-2015

Firm fixed effects Yes Yes Yes Yes Yes Yes Yes
Year fixed effects No No No No No No No

Firms 4,367 4,370 3,727 2,129 1,748 4,367 4,367

Observations 52,793 52,866 38,443 22,528 15,960 52,793 52,793

Adjusted R-squared 0.738 0.657 0.672 0.007 0.003 0.739 0.739

Notes: This table presents OLS estimates for changes in procurement contract value, procurement contract
composition, and the relationship between total contracts and firm scientific capabilities over time. Time
trend is divided by 10. One is added to logged variables. Standard errors (in parentheses) are clustered at
the firm level.

before the mid-1990s, when policy reforms such as the Federal Acquisition Streamlining Act
of 1994 changed the composition of procurement contracts. The government’s new emphasis
on reducing cost and increasing efficiency and transparency in procurement is evidenced by
the rising shares of commercial and competitive contracts.

With the above findings, we make two main contributions. First, we help explain why
corporations are withdrawing from scientific research (e.g., Arora et al., 2018, 2021; Mowery,
1998, 2009a). Our results show that firms invest in scientific research to win contracts, yet
publications have become less important for public demand, probably due to the govern-
ment’s increased focus on procuring technologies that are proven in commercial markets.
Recent studies show that the composition of corporate R&D has shifted away from research
and toward development. Specifically, the share of research in business R&D has dropped
from a high of 31% in 1986 to just 20% in 2015.9° Moreover, the annual number of corporate
publications has steadily declined since the mid-1990s (Arora et al., 2021). In addition, the

69Data are from Tables 2, 3, and 4 of the National Patterns of R&D Resources series (National Center for
Science and Engineering Statistics, 2019).
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market value attributed to firm scientific capabilities (i.e., the “shadow price” of scientific
publications) has also fallen over time (Arora et al., 2018). This means that investors value
corporate research less today than in the past. The same pattern holds for managers, who
are willing to pay less today for the scientific capabilities of their acquisition targets than
in years prior. This paper reinforces these trends by showing that scientific research has
fallen out of favor with the U.S. government as well. Once the government began competing
with commercial markets, corporations had fewer incentives to perform risky upstream sci-
entific research and more incentives to invest in downstream development of commercially
viable products and services. By decoupling R&D contracts from product procurement, the
government has potentially amplified the corporate withdrawal from science.

Second, we add to the literature on the effect of government policy on innovation (e.g.,
Bloom et al., 2019; Edler & Georghiou, 2007; Mowery, 2010; Mowery, Nelson, & Martin,
2010; Rogerson, 1989; Slavtchev & Wiederhold, 2016). Our results show that procurement
policy—an area that has not received as much scholarly attention as public funding and tax
policies—should also be considered a national innovation policy. Legislative and executive
actions, such as the Buy American Act of 1933, have long used procurement contracts to
boost domestic economic activity and support targeted geographies or industries. Presi-
dent Biden’s Executive Order on Ensuring the Future Is Made in All of America by All
of America’s Workers, signed January 25, 2021, is just a recent example. Yet, to the best
of our knowledge, this paper is the first to estimate the effect of procurement contracts on
scientific research and downstream development separately, and the first to investigate the
guaranteed demand mechanism. By providing evidence that R&D contracts have a positive
effect on corporate scientific research, we advance the understanding of how, and under what
conditions, government contracts affect the U.S. innovation ecosystem.

While we document that, on average, publicly traded firms perform more scientific re-
search when they receive procurement contracts, this effect may mask substantial heterogene-
ity. The R&D race leading up to the production of stealth aircraft exemplifies it (Westwick,
2019). In the 1970s, Northrop Corporation and Lockheed Corporation competed to design
and build the first operational stealth aircraft. The main technical challenge was to minimize
the diffraction of radar waves after they hit the aircraft’s surface. Northrop CEO Tom Jones
once remarked “we knew that it was the laws of physics that caused radar to be invented in
the first place” (Grant, 2013, p. 5). Understanding those laws eventually led to defeating
radar tracking.

In the late 1950s, Soviet physicist Pyotr Ufimtsev had worked on the problem of diffrac-
tion, how water, sound, or light waves interact with the edges of an object. Ufimtsev dis-

covered “fringe currents,” nonuniform components that helped account for how diffraction
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happens around corners. This discovery became the basis for stealth aircraft development,
but not in the Soviet Union. While the Soviet Defense Ministry showed no interest in Ufimt-
sev’s findings, the U.S. Department of Defense did. During the Cold War, the agency funded
the translation of Russian scientific journals to see what they could glean and apply to mil-
itary programs. Ufimtsev’s 1962 book, Method of FEdge Waves in the Physical Theory of
Diffraction, was published in English in 1971.

Both Northrop and Lockheed understood the basic science of radar waves, but not fringe
currents. Once they were able to access Ufimtsev’s findings, and the mathematical the-
ory and equations that anchored them, firms could begin to design aircraft with minimal
radar footprints. Northrop invested heavily in the science behind the Physical Theory of
Diffraction, while Lockheed relied on numerical simulations. Northrop radar expert John
Cashen remarked “I could see the waves [...| We didn’t need a computer program to tell
us what the [radar cross section| could be. That was the difference between Northrop and
Lockheed” (Grant, 2013, p. 8). Interestingly, Lockheed won the first contract to produce
the F-117 stealth fighter, but Northrop won the bigger contract to produce the B-2 stealth
bomber because they were able to build planes with curvatures or “big bellies.” Northrop
was able to predict how waves would behave when they hit curved surfaces due to their deep
understanding of diffraction around corners.

To what extent this example is representative of firms’ strategic choices in response to
R&D races, and the implications of different R&D choices for winning a single or subsequent
innovation contest, remain empirical questions and potentially fruitful avenues for future
research.

Other promising directions of future research include (i) why corporations decide to work
with the government and (ii) the government’s strategies to attract the most innovative
firms into the public market. The Federal Acquisition Streamlining Act of 1994 aimed to
attract nontraditional contractors (e.g., from the growing commercial IT sector) by lower-
ing procurement barriers. Yet, some of the most innovative firms are still not engaged in
federal procurement for emerging technologies.®! As the number of corporations that per-
form scientific research in-house has been shrinking for decades, the government’s access to
cutting-edge technologies arguably depends on its ability to attract the remaining performers
of science to the procurement market.

Another promising direction for future research would examine the effect of government

61For example, in 2017, Google agreed to develop artificial intelligence (AI) for DoD’s Project Maven.
Amid employee uproar, the company withdrew from the project a year later, vowing not to develop AI for
weapons. Microsoft faced employee pushback in 2019 for letting the DoD test its HoloLens augmented-reality
headset. Unlike Google, in 2021, Microsoft signed a contract worth up to $21.9 billion to supply the HoloLens
to the Army.
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procurement on small firms. This effect should operate through two main channels. The
first is direct, in the form of procurement policies that target small firms.%?> The second is
indirect, in the form of investments by large firms that wish to use startup technology to
land lucrative procurement contracts.®® Studying the implications of procurement on small
firms would deepen substantially our understanding of the effect of public demand on the

American innovation ecosystem as a whole.

62Federal Acquisition Regulation specifies that the government-wide target for small businesses is at least
23% of the total value of all prime contracts awarded each year. Future research could study the vertical
coordination between “prime” contractors and subcontractors in the federal supply chain.

63For example, in 2011, Lockheed Martin signed a multi-year contract with Canadian startup D-Wave
Systems to access the company’s quantum annealing technology.
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FOR ONLINE PUBLICATION

Appendix A Federal Procurement Background

Procuring products and services for the U.S. government through an advertised, competitive
process goes back as far as the Revolutionary War (Wittie, 2003).° In modern times, the
Armed Services Procurement Act of 1947 and the Federal Property and Administrative
Services Act of 1949 provided comprehensive legislative frameworks for defense and civilian
procurement, respectively. Also noteworthy was the Competition in Contracting Act of
1984 that established “full and open competition” as the standard for federal procurement
contracts.

A.1 Procurement Process

The U.S. government is composed of three distinct branches—Ilegislative, executive, and
judicial—whose powers and duties are executed through 15 cabinet-level executive depart-
ments (Agriculture, Commerce, Defense, Education, Energy, Health and Human Services,
Homeland Security, Housing and Urban Development, Interior, Justice, Labor, State, Trans-
portation, Treasury, and Veterans Affairs) and hundreds of independent agencies, government
corporations, commissions, and committees. For simplicity, we refer to all these organizations
as federal agencies.

The U.S. government’s procurement process typically begins with acquisition profession-
als determining a federal agency’s requirements for goods and services and the most ap-
propriate method for purchasing them (Congressional Research Service, 2021). In general,
solicitations for contracts above $25,000 are posted on the System for Award Management
website, SAM.gov.% In response, interested firms prepare and submit offers.®® Agency per-
sonnel then evaluate the offers using the source selection method and criteria described in
the solicitation, in accordance with Federal Acquisition Regulation.®” The agency awards a
contract to a firm only after determining that the company is responsible, meaning it has
adequate resources to perform the contract (financial, organizational, technical skill, produc-
tion facilities, etc.) as well as a satisfactory record of performance, integrity, and business
ethics. The next steps include contract performance and administration (e.g., invoice pro-
cessing and payments, performance monitoring, and contract modifications), followed by
contract closeout.

64For example, the Continental Congress passed a resolution on November 20, 1775 to appoint a committee
responsible for advertising, receiving proposals, and contracting rations for two new military battalions.

65Other procurement methods include using a government purchase card (i.e., a credit card), placing a task
or delivery order against an existing contract, or ordering from a General Services Administration schedule.
For R&D contracting, firms can also submit unsolicited proposals or compete in government-sponsored
challenges and prize competitions.

66Firms can also participate in government procurement by serving as subcontractors to “prime” govern-
ment contractors.

67The two primary methods of source selection are sealed bidding and negotiated contracting. The latter
is typically used for R&D contracts.

46



A.2 Policy Changes

During the Cold War (1948-1989), government procurement focused on achieving and sus-
taining technological superiority for the purpose of national defense (Weiss, 2014). Federal
agencies acquired products and services that met government requirements and specifica-
tions and were often unproven in commercial markets (Howell et al., 2021). In the case of
defense R&D, which represented the majority of R&D contracts, the DoD was often the
sole customer (Mowery, 2012). The government’s acquisition procedures could be very com-
plex. R&D races were often used to develop new products at the technological leading-edge.
Winners were rewarded with noncompetitive product contracts. This incentivized firms to
perform upstream science and enabled contractors to mitigate the market risk of performing
scientific research that didn’t yet have commercial applications.

The composition of procurement contracts began shifting toward dual-use technologies
and commercial items in the 1980s and accelerated in the 1990s. Numerous policy changes
were made in response to the end of the Cold War, increased global trade, constrained defense
budgets, and the need to attract nontraditional, innovative suppliers from the much larger
commercial markets, especially those in the growing IT sector (Mowery, 1998; Weiss, 2014).
Specifically, the U.S. government implemented sweeping patent and intellectual property re-
forms, acquisition reforms, and organizational reforms. For example, the Bayh-Dole Act of
1980 and its extensions allowed contractors to retain ownership of inventions made with fed-
eral funding. The Stevenson-Wydler Technology Innovation Act of 1980 and its extensions
gave businesses access to technologies developed in federal laboratories. The Competition
in Contracting Act of 1984 mandated that all procurement contracts be awarded based on
full and open competition unless regulatory or statutory exclusions applied. The Goldwater-
Nichols Department of Defense Reorganization Act of 1986 reworked the military command
structure and implemented shared procurement across the military branches. The Defense
Acquisition Workforce Improvement Act of 1990 established education and training stan-
dards for government acquisition professionals. The organizational reforms included the
creation of new “hybrid” forms of public-private partnering (Weiss, 2014). One example is
the SEMATECH industrial consortium, which was formed in 1987 with funding from the
Defense Advanced Research Projects Agency and the involvement of 14 American semicon-
ductor manufacturers.

These policy changes culminated in the Federal Acquisition Streamlining Act of 1994,
which enabled simplified acquisition procedures and established a statutory preference for
government procurement of commercial items (Barry, 1995). Procurement dollars were re-
allocated away from mission-focused technologies that met government specifications and
toward dual-use technologies that had both government and commercial potential. Driven
by pressures to reduce cost and increase efficiency and transparency, the government began
competing with the commercial markets for technologies that already had low(er) commer-
cial risk. As a result, corporations had fewer incentives to perform upstream research and
more incentives to invest in downstream development of commercially viable products and
services.
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Appendix B Data Construction

B.1 Collecting Contracts

The U.S. General Services Administration manages the Federal Procurement Data Sys-
tem (FPDS), the central repository of information on U.S. government procurement con-
tracts. The FPDS contains detailed information on all contract transactions above the
micro-purchase threshold, which generally ranges from $2,000 to $25,000, depending on the
fiscal year, type of award recipient, and place of performance.®® FPDS also maintains the
list of valid contracting offices, including their corresponding agencies and departments.

The Federal Funding Accountability and Transparency Act of 2006 (FFATA) required
that federal contract, grant, loan, and other financial assistance awards of more than $25,000
be displayed on a publicly accessible website.®” In response, the U.S. Department of the Trea-
sury developed USAspending.gov as the official public source of federal government contract
data (pulled from FPDS) and grant, loan, and other financial assistance data (reported to
the Data Act Broker managed by the U.S. Department of the Treasury). The “Custom
Award Data” section of the USAspending.gov website allows the public to view and down-
load award transactions for fiscal years starting in 2001.° We used it to download .csv files
containing transactions for all prime procurement contracts, awarded by all federal agencies,
for all locations, during fiscal years 2001-2020.™

We supplemented these data with historical contract transactions from beta.SAM.gov, a
website managed by the General Services Administration. The website allows the public to
download FPDS award transactions after creating user accounts. We used it to download .csv
files containing prime award transactions for procurement contracts awarded by all federal
agencies for all locations during fiscal years 1980-2000.

To identify the government entity that awarded each procurement contract, acquisition
professionals use a four-digit Awarding Agency ID.” The FPDS provides a list of 6,725
contracting offices that were active and valid as of November 2, 2020 (Federal Procurement
Data System, 2021). These offices are grouped into 227 agencies that are subordinated to
99 first-level “departments.” We link each Awarding Agency ID to the corresponding first-
level department. Our resulting dataset contains 81.9 million transactions for procurement

680ther exceptions to the reporting rule include classified contracts, as well as contracts that contain
sensitive information about recipients, locations, and operations. For obvious reasons, we cannot estimate
the precise value of these unreported contracts.

69FFATA was amended by the Government Funding Transparency Act of 2008, which required prime con-
tractors to report details on their first-tier subcontractors and expanded with the Digital Accountability and
Transparency Act of 2014, which established government-wide financial data standards (USAspending.gov,
2021a).

"0An award usually is made up of a series of transactions, which include the initial award and any sub-
sequent modifications, such as additions or continuations of funding and changes to the scope of work
(USAspending.gov, 2020).

" Award types include prime awards for contracts, contract indefinite delivery vehicles (IDV), grants, direct
payments, loans, insurance, and other financial assistance (USAspending.gov, 2021c).

™The data also include information about the awarding department/office and funding depart-
ment/agency/office. However, the procurement contracts are uniquely identified—using the Procurement
Instrument Identifier or PITD—at the awarding agency level. Therefore, we use the awarding agency as the
primary data element for classifying contracts by source.
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contracts awarded during fiscal years 1980-2015 by 72 different federal agencies.”™ As can be
seen in Table B1, 12% of the $12.5 trillion in procurement contracts were for R&D services.

The federal government reports obligations for procurement contracts, not actual outlays.
An obligation is the government’s promise to spend funds (immediately or later) as a result
of entering into a contract, so long as the agreed-to actions take place. An outlay takes
place when those funds are actually paid out to the contractor (Datalab, 2018). If the entire
amount initially obligated is not used, the last modification will display a negative dollar
amount. For example, if an initial contract award was for $100,000 and an agency only
used $90,000 of that initial obligation, the last transaction associated with the award would
display an amount of -$10,000 (Datalab, 2018).

B.2 Matching Contracts to Firms

We merged the contract data with the panel of U.S.-headquartered publicly traded firms from
Arora et al. (2021). We string-matched more than 1.7 million contractor names (including
recipients and their parent companies) against almost 60,000 firm names (including ultimate
owners and their subsidiaries).”™ Specifically, we used matchit, a Stata tool that can join
observations from two datasets based on string variables that are not exactly the same (Raffo,
2020), to perform vectoral decomposition of firm names using five-character grams. Then, we
applied Jaccard similarity scoring. For each contractor, we retained the five best potential
matches (in decreasing order of similarity score, as long as the score was above 0.5) and
completed a four-step process to clean them.

Step 1. We removed unicode and special characters, as well as legal suffixes (e.g.,
inc, corp, ltd) and conjunctions (e.g., and, on, at) from names, generating “core” versions
of contractor and firm names. We reapplied the matchit tool to evaluate the quality of the
match between these “core” names. This time, we used bigrams in the vectoral decomposition
and dropped potential “core” matches that had a Jaccard similarity score below 0.65.

Step 2. We removed generic words from firm names (e.g., terms describing an industry
or activity), generating “nongeneric” versions of contractor and firm names. We reapplied
the matchit tool to evaluate the quality of the match between these “nongeneric” names.
We used bigrams in the vectoral decomposition and dropped potential “nongeneric” matches
that had a Jaccard similarity score below 0.65.

Step 3. We calculated the Levenshtein distance between “nongeneric” names, and
dropped potential matches with an edit distance greater than 15. For each contractor,
we retained only the best potential match (in decreasing order of “core” and “nongeneric”
similarity scores).

Step 4. We manually cleaned potential matches that had similarity scores below 0.9,
discarding any obvious mismatches.

We obtained a dataset of 37,506 contractors matched to 12,510 ultimate owner and

"Transactions where the Awarding Agency ID (i) was missing or (ii) did not match any of the active
agencies were grouped under the “Other” category. For example, the Tennessee Valley Authority is a wholly
owned government corporation; while it awarded procurement contracts during 1980-2015, it isn’t included
in the November 2, 2020, list of active agencies.

"We standardized recipient names using the same code used by Arora et al. (2021) to identify the best
possible matches to the panel of firms.
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Table B1: AGENCIES THAT AWARDED CONTRACTS DURING 1980-2015

Federal All contracts Share R&D / Share matched
agency ($ mm) All contracts to firm panel
Defense, Department of 8,621,394 13% 56%

Air Force 2,108,521 21% 70%

Navy 2,578,467 14% 70%

Army 2,527,795 10% 42%

Missile Defense Agency (MDA) 83,913 45% 97%

Defense Threat Reduction Agency (DTRA) 23,791 57% 46%

Defense Adv. Res. Proj. Agency (DARPA) 13,895 91% 59%

Other DoD 1,285,012 1% 27%
Energy, Department of 933,972 ™% 34%
National Aeronautics and Space Admin. 489,721 41% 67%
General Services Administration 296,698 <1% 24%
Health and Human Services, Department of 271,837 19% 32%
Veterans Affairs, Department of 267,241 <1% 33%
Homeland Security, Department of 170,631 5% 31%
Transportation, Department of 130,353 13% 32%
Treasury, Department of the 128,966 1% 17%
Justice, Department of 128,115 2% 21%
State, Department of 112,745 1% 25%
Interior, Department of the 100,230 5% 14%
Agriculture, Department of 86,328 1% 21%
Agency for International Development 61,025 7% 14%
Commerce, Department of 55,155 5% 30%
Labor, Department of 49,668 1% 10%
Environmental Protection Agency 40,987 6% 15%
Education, Department of 36,075 % 24%
Office of Personnel Management 26,331 <1% 9%
Housing and Urban Development, Dept. of 24,869 4% 22%
Social Security Administration 20,111 <1% 44%
National Science Foundation 10,105 28% 30%
Smithsonian Institution 5,308 2% 5%
Nuclear Regulatory Commission 4,300 10% 26%
Securities and Exchange Commission 3,286 1% 28%
Pension Benefit Guaranty Corporation 3,177 <1% 16%
National Archives and Records Admin. 2,955 <1% 27%
Small Business Administration 2,075 1% 22%
Peace Corps 1,893 14% 12%
United States Agency for Global Media, BBG 1,764 <1% 18%
Equal Employment Opportunity Commission 1,676 <1% 7%
Federal Communications Commission 1,258 1% 11%
Executive Office of the President 1,175 1% 36%
Federal Trade Commission 822 1% 34%
Corp. for National and Community Service 788 3% 8%
Millennium Challenge Corporation 773 14% 7%
National Labor Relations Board 748 <1% 73%
Intl. Boundary and Water Commission:

U.S.-Mexico 609 11% 4%
Commodity Futures Trading Commission 516 <1% 47%
Railroad Retirement Board 452 <1% 22%
National Gallery of Art 394 38% 2%
Government Accountability Office 382 10% 8%

Notes: This table displays federal agencies that awarded procurement contracts during fiscal years 1980-2015.
Contracts are deflated using the GDP Implicit Price Deflator to reflect constant 2012 dollars (in millions)
(U.S. Bureau of Economic Analysis, 2021).
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Table B1: AGENCIES THAT AWARDED CONTRACTS DURING 1980-2015 (CONTINUED)

Federal All contracts Share R&D / Share matched
agency (3 mm) All contracts to firm panel
Consumer Product Safety Commission 365 2% 12%
Court Services and Offender Supervision Agency 346 8% %
J. F. Kennedy Center for the Performing Arts 248 <1% 3%
Consumer Financial Protection Bureau 214 0% 7%
National Transportation Safety Board 128 1% 30%
United States Trade and Development Agency 125 54% 4%
Federal Election Commission 119 1% 11%
Export-Import Bank of the U.S. 109 2% 6%
International Trade Commission 108 <1% 12%
Overseas Private Investment Corporation 90 1% 6%
National Mediation Board 71 0% 5%
National Endowment for the Humanities 66 <1% 12%
Merit Systems Protection Board 45 8% 12%
Defense Nuclear Facilities Safety Board 44 10% 3%
Federal Housing Finance Agency 29 <1% 4%
National Endowment for the Arts 27 2% 7%
Selective Service System 25 0% 11%
The Institute of Museum and Library Services 17 <1% 7%
Federal Maritime Commission 15 <1% 34%
Federal Mediation and Conciliation Service 15 5% 9%
Armed Forces Retirement Home 14 0% 0%

1% 17%
2% 3%
0% 8%
16% 17%

Federal Labor Relations Authority 9

National Capital Planning Commission 8

Chemical Safety and Hazard Investigation Board 7

Occupational Safety and Health Review Commission 5

Committee for Purchase From People Who

Are Blind or Severely Disabled 4 0% 9%

Election Assistance Commission 2 24% 16%
Office of Special Counsel 2 27% 42%
Library of Congress 2 0% 28%
American Battle Monuments Commission 0 0% 50%
Other 357,695 4% 22%

Total 12,456,862 12% 49%

Notes: This table displays federal agencies that awarded procurement contracts during fiscal years 1980-
2015. The “Other” category identifies contracts where the awarding federal agency is (i) not identified in
the FPDS data or (ii) no longer active as of December 2020. Contracts are deflated using the GDP Implicit
Price Deflator to reflect constant 2012 dollars (in millions) (U.S. Bureau of Economic Analysis, 2021).

subsidiary names. Overall, we matched 49% of all procurement contracts awarded during
1980-2015 to our sample of publicly traded, R&D performing, U.S.-headquartered firms. We
aggregated contracts by firm-year, then allocated contracts matched to subsidiaries to the
appropriate ultimate owners using the dynamic match produced by Arora et al. (2021). In
summary, we identified 2,568 firms (i.e., ultimate owners) that received a total of $5.9 trillion
in procurement contract obligations during 1980-2015. Table H25 presents the distribution
by two-digit SIC code, while Table H20 displays the largest contractors (by total value of
contracts won) in each decade covered by our sample.
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Appendix C Variable Construction

Table C3 includes definitions and sources for all the variables used in our econometric anal-
yses. The steps used to split procurement contracts into various types (e.g., R&D vs. non-
R&D), assign contracts to industries, and create variables for several characteristics of science
are detailed below.

C.1 Contract Variables

The types and names of data fields collected in the Federal Procurement Data System
(FPDS) have changed over our sample period. For example, prime award data include
169 variables for fiscal years 1980-2000 and 282 variables for fiscal years 2001-2020. To en-
sure comparability of our analyses over time, we manually mapped the variables obtained
from beta.SAM.gov against the corresponding variables obtained from USAspending.gov. To
do so, we used the Data Dictionary Crosswalk available from USAspending.gov, as well as
the FPDS-NG User’s Manual (version 1.5, issued in October 2020) and the FPDS-NG Data
Element Dictionary (version 1.5, issued in August 2020) available from FPDS.gov. Table C2
displays the resulting crosswalk between variables.

To describe the products and services acquired in each procurement award, agencies use
four-digit Product and Service Codes (PSC) that mirror the Federal Supply Classification
(FSC) codes.”™ Currently, the PSC/FSC classification consists of 24 service categories (see
Table C4) and 78 product groups (see Table C5). The product groups are further subdivided
into 645 classes, as defined in the FPDS Product and Service Codes Manual (U.S. General
Services Administration, 2021).

We link the PSC/FSC classification to NAICS industries using the crosswalk from the
U.S. Defense Logistics Agency (2020), and then link NAICS industries to SIC industries
using the concordances available from the U.S. Census Bureau (2019). This allows us to
identify the SIC4 industry for 68% of procurement contract dollars awarded between 1980
and 2015.

We use the Product or service code field to split all contracts into R&D contracts (service
codes starting with the letter A) vs. non-R&D contracts (service codes starting with letters
B through Z and product codes starting with any number).” In the procurement contract
data, codes for R&D services are composed of two alphabetic and two numeric digits:

o 1st digit: always the letter A to identify R&D services,

e 2nd digit: alphabetic A to Z to identify the major category,

e 3rd digit: numeric 1 to 9 to identify a subdivision of the major category, and
e 4th digit: numeric 1 to 7 to identify the appropriate stage of R&D:

1. Basic research,

"5The FSC is a government-wide commodity classification system designed for grouping, classifying, and
naming all personal property items (U.S. Defense Logistics Agency, 2003).

"®When a contract action includes more than a single product or service, the awarding agency uses the
code corresponding to the predominant product or service.
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Table C2: VARIABLE CROSSWALK

beta.SAM.gov variable

USAspending.gov variable

Description

contractingagencyid
contractingagencyname
contractingofficeid
contractingofficename
fundingdepartmentid
fundingdepartmentname
fundingagencyid
fundingofficeid

piid

transactionnumber
modificationnumber
reasonformodification
referencedidvpiid

datesigned

actionobligation
baseandalloptionsvaluetotal contr
baseandexercisedoptionsvalue
vendorname

dunsnumber
globalvendorname
globaldunsnumber

naicscode

naicsdescription
periodofperformancestartdate
estultimatecompletiondate
lastdatetoorder
completiondate
productorservicecode
descriptionofrequirement

awardtype

typeofcontract
commercialitemacquisition procedu
extentcompeted
otherthanfullandopen competition
domesticorforeignentity
evaluatedpreference
fairopportunitylimitedsources
foreignfunding
inherentlygovernmentalfunction
isperformancebasedserviceacquisi
localareasetaside

numberofactions
samexceptiontype
solicitationprocedures
typeofsetaside
typeofsetasidesource

awarding_sub_agency code
awarding” sub_agency name
awarding _ office _code

awarding_ office” name

funding agency code
funding_agency name
funding_sub_agency code
funding  office code —

award 1d piid

transaction number

modification number

action type code

parent_award id piid

action _date

federal action obligation

base and all options value
base _and_exercised options value
re01plent7name

recipient _duns

recipient parent name

re01plent parent_duns

naics_code

naics__description

period of performance start date
period _of performance _potential
ordering period end date

period of performance current _en
product or_service code

award _description

award type code

type of contract pricing code
commercial _item ~acquisition_proc
extent competed  code

other than full and open competi
domestic_or foreign “entity code
evaluated preference code

fair opportunity limited sources
foreign funding — N
inherently governmental function
performance based service acquis
local area_set aside code
number of actions
sam__exception

solicitation procedures code

type of set aside

type _of set aside code

Awarding Agency ID

Awarding Agency Name

Awarding Office ID

Awarding Office Name

Funding Department 1D

Funding Department Name
Funding Agency 1D

Funding Office ID

PIID

Transaction Number

Modification Number

Reason for Modification

Parent Award ID

Date Signed/Action Date

Action Obligation

Base and All Options Value

Base and Exercised Options Value
Recipient Name

Recipient DUNS

Recipient Parent Name

Recipient Parent DUNS

NAICS Code

NAICS Description

Period of Performance Start Date
Est. Ultimate Completion Date
Last Date to Order

Completion Date

Product or Service Code
Description of Requirement/Award Descrip-
tion

Award Type

Type of Contract

Commercial Item Acquisition Procedures
Extent Competed

Other Than Full and Open Competition
Domestic or Foreign Entity
Evaluated Preference

Fair Opportunity/Limited Sources
Foreign Funding

Inherently Governmental Function
Is Performance Based Service Acquisition
Local Area Set Aside

Number of Actions

SAM Exception Type

Solicitation Procedures

Type of Set Aside

Type of Set Aside Source

Notes: This table displays a crosswalk between contract variables available for 1980-2000 from beta.SAM.gov
and variables available for 2001-2020 from USAspending.gov.

Applied research and exploratory development,
Advanced development,

Engineering development,

Operational systems development,

Management and support, and

N e o e W

Commercialization (U.S. General Services Administration, 2021).

We use these patterns to split R&D contracts into research contracts vs. development
contracts. Specifically, we code the first two stages of R&D (i.e., Basic research and Applied
research and exploratory development) as R contracts, and the other five stages as D con-
tracts. We further divide non-R&D contracts into non-R&D service contracts vs. product
contracts.
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Table C3: VARIABLE DEFINITIONS

Variable

Definition

Source

Publications

Publications stock

Patents

All contracts

R&D contracts
Non-R&D contracts
R contracts

D contracts
Commercial contracts
Noncommercial con-
tracts

All grants

Time trend
Sales

R&D expenditures

R&D stock

Industry R&D funding

Cold War shock

Global War on Ter-
rorism shock

Financial Crisis

shock

Sum of scholarly, peer-reviewed publications that have at least one author af-
filiated with the focal firm and were published in the focal year. Appendix C
details how we split the publication flow into Internal use vs. No internal use
(to capture the focal firm’s own use of science), Low rival use vs. High rival
use (to capture product-market rivals’ use of science), and High protection pub-
lications vs. Low protection publications (to capture the scope of protection
offered by the focal firm’s own patents).

Calculated using a perpetual inventory method with a 15% depreciation rate
(Hall et al., 2005), such that the stock in year t is Publications stock; =
Publications; + (1 — §) Publications stocki—1, where § = 0.15.

Sum of patents granted by the U.S. Patent and Trademark Office to the focal
firm in the focal year.

Sum of all contract awards associated with a firm-year ($ mm).

Sum of R&D contract awards associated with a firm-year ($ mm).

Sum of non-R&D contract awards associated with a firm-year ($ mm).
Sum of research contract awards associated with a firm-year ($ mm).

Sum of development contract awards associated with a firm-year ($ mm).
Sum of commercial contract awards associated with a firm-year ($ mm).
Sum of noncommercial contract awards associated with a firm-year ($ mm).

Sum of all project grants and cooperative agreements associated with a firm-
year ($ mm)

Focal year minus 1980 (in decennial units).

Sales for the focal firm-year ($ mm).

R&D expenditures for the focal firm-year ($ mm).

Calculated using a perpetual inventory method with a 15% depreciation rate,
such that the stock in year ¢ is R&D stock; = R&D expendituresy + (1 —
0)R& D stockt_1, where the focal firm’s R& D expenditures in year t are based
on Compustat data and § = 0.15. Expressed in $ mm.

Calculated by multiplying the level of R&D contracts obligated to the focal
firm’s SIC3 industry (not including the contracts obligated to the focal firm
that year) times the share of R&D contracts obligated to the focal firm’s SIC4
industry (averaged over the sample period of 1980-2015). Expressed in $ mm.
Calculated using the difference in average contract values between pre (1986-
1988) and post (1990-1992) periods for each SIC4 industry, weighted by the
focal firm’s sales exposure to different SIC4 industries. Expressed in $ mm.
The sales exposure is calculated as the share of the focal firm’s sales during
1982-1985 that came from each SIC4 industry.

Calculated using the difference in contract values between pre (2000) and post
(2004) periods for each SIC4 industry, weighted by the focal firm’s sales ex-
posure to different SIC4 industries. Expressed in $ mm. The sales exposure
is calculated as the share of the focal firm’s sales during 1994-1997 that came
from each SIC4 industry.

Calculated using the difference in contract values between pre (2007) and post
(2008) periods for each SIC4 industry, weighted by the focal firm’s sales ex-
posure to different SIC4 industries. Expressed in $ mm. The sales exposure
is calculated as the share of the focal firm’s sales during 2000-2003 that came
from each SIC4 industry.

Clarivate Analytics’ Web of
Science (Arora et al., 2021)

European Patent Office’s
PATSTAT database (Arora
et al., 2021)
USAspending.gov,
beta.SAM.gov

USAspending.gov

Standard & Poor’s Compu-
stat North America (Arora
et al., 2021)
Standard & Poor’s Compu-
stat North America (Arora
et al., 2021)
Standard & Poor’s Compu-
stat North America (Arora
et al., 2021)

USAspending.gov,
beta.SAM.gov

USAspending.gov,
beta.SAM.gov, Standard &
Poor’s Compustat North
America
USAspending.gov,
beta.SAM.gov, Standard &
Poor’s Compustat North
America
USAspending.gov,
beta.SAM.gov, Standard &
Poor’s Compustat North
America

Notes: This table displays definitions and sources for the variables used in our econometric analyses. Dollar
values are deflated using the GDP Implicit Price Deflator to reflect constant 2012 dollars (U.S. Bureau of
Economic Analysis, 2021).

We use the Commercial items acquisition procedures field to split non-R&D contracts into
commercial contracts vs. noncommercial contracts.”” Contracts were awarded using com-

"TThis field indicates whether the solicitation used the special requirements for the acquisition of commer-
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Table C3: VARIABLE DEFINITIONS (CONTINUED)

Variable

Definition

Source

Cold War shock

Global War on Ter-
rorism shock

Financial Crisis

shock

Calculated using the difference in average contract values between pre (1986-
1988) and post (1990-1992) periods for each SIC4 industry, weighted by the
focal firm’s sales exposure to different SIC4 industries. Expressed in $ mm.
The sales exposure is calculated as the share of the focal firm’s sales during
1982-1985 that came from each SIC4 industry.

Calculated using the difference in contract values between pre (2000) and post
(2004) periods for each SIC4 industry, weighted by the focal firm’s sales ex-
posure to different SIC4 industries. Expressed in $ mm. The sales exposure
is calculated as the share of the focal firm’s sales during 1994-1997 that came
from each SIC4 industry.

Calculated using the difference in contract values between pre (2007) and post
(2008) periods for each SIC4 industry, weighted by the focal firm’s sales ex-
posure to different SIC4 industries. Expressed in § mm. The sales exposure
is calculated as the share of the focal firm’s sales during 2000-2003 that came

USAspending.gov,
beta.SAM.gov, Standard &
Poor’s Compustat North
America

USAspending.gov,
beta.SAM.gov, Standard &
Poor’s Compustat North
America

USAspending.gov,
beta.SAM.gov, Standard &
Poor’s Compustat North
America

from each SIC4 industry.

Notes: This table displays definitions and sources for the variables used in our econometric analyses. Dollar
values are deflated using the GDP Implicit Price Deflator to reflect constant 2012 dollars (U.S. Bureau of
Economic Analysis, 2021).

mercial item procedures only after the passage of the Federal Acquisition Streamlining Act
of 1994. Therefore, our data separating commercial vs. noncommercial contracts only span
fiscal years 1994-2015. While some R&D service contracts were awarded using streamlined
commercial item procedures, they represent less than 1% of the value of all R&D contracts
awarded to sample firms. Therefore, we do not break down R&D contracts into commercial
vs. noncommercial contracts.

We use the FExtent competed field to distinguish contracts that were awarded competi-
tively from those awarded noncompetitively. In general, federal agencies are required to use
full and open competition when awarding procurement contracts (U.S. Government Account-
ability Office, 2014). Competitive procedures include sealed bids, competitive proposals, or
a combination of competitive procedures. However, the Competition in Contracting Act of
1984 authorized noncompetitive contracting under certain conditions.”® We aggregate com-
peted and total contracts by year and contract type to produce the trend lines in Figure
3.

cial items, supplies, or services. Those requirements are intended to more closely resemble the commercial
markets as defined by Federal Acquisition Regulation Part 12 (Federal Procurement Data System, 2020).

"Federal Acquisition Regulation currently identifies seven exceptions to full and open competition: (i)
only one responsible source and no other supplies or services will satisfy agency requirements; (ii) unusual
and compelling urgency; (iii) industrial mobilization; engineering, developmental, or research capability; or
expert services; (iv) international agreement; (v) authorized or required by statute; (vi) national security;
and (vii) public interest (Federal Acquisition Regulation, 2019).
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Table C4: CLASSIFICATION CODES FOR SERVICES

Code Service category Code Service category

A Research and development N Installation of equipment

B Special studies and analyses — not R&D P Salvage services

C Architect and engineering services — construction Q Medical services

D Automatic data processing and telecommunication services R Professional, administrative and management support ser-
vices

Utilities and housekeeping services

Photographic, mapping, printing, and publications services
Education and training services

Transportation, travel and relocation services

Lease or rental of equipment

Lease or rental of facilities

Construction of structures and facilities

Maintenance, repair or alteration of real property

Purchase of structures and facilities

Natural resources and conservation services
Social services

Quality control, testing, and inspection services
Maintenance, repair and rebuilding of equipment
Modification of equipment

Technical representative services

Operation of government owned facility

ZexR-zZao=mE
N <o

Notes: This table displays the 24 high-level categories used to classify the services purchased by the federal
government.
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Table C5: CLASSIFICATION CODES FOR PRODUCTS

Code Product group Code Product group
10 Weapons 53 Hardware and Abrasives
11 Nuclear Ordinance 54 Prefabricated Structures and Scaffolding
12 Fire Control Equipment 55 Lumber, Millwork, Plywood, and Veneer
13 Ammunition and Explosives 56 Construction and Building Materials
14 Guided Missiles 58 Communications, Detection and Coherent Radiation
Equipment
15 Aircraft and Airframe Structural Components 59 Electrical and Electronic Equipment Components
16 Aerospace Craft Components and Accessories 60 Fiber Optics Materials and Components, Assemblies and
Accessories
17 Aerospace Craft Launching, Landing, and Ground Han- 61 Electric Wire, and Power and Distribution Equipment
dling Equipment
18 Space Vehicles 62 Lighting Fixtures and Lamps
19 Ships, Small Craft, Pontoons, and Floating Docks 63 Alarm, Signal and Security Detection Systems
20 Ship and Marine Equipment 65 Medical, Dental, and Veterinary Equipment and Supplies
22 Railway Equipment 66 Instruments and Laboratory Equipment
23 Ground Effect Vehicles, Motor Vehicles, Trailers, and Cy- 67 Photographic Equipment
cles
24 Tractors 68 Chemicals and Chemical Products
25 Vehicular Equipment Components 69 Training Aids and Devices
26 Tires and Tubes 70 ADP Equipment Software, Supplies and Support Equip-
ment
28 Engines, Turbines, and Components 71 Furniture
29 Engine Accessories 72 Household and Commercial Furnishings and Appliances
30 Mechanical Power Transmission Equipment 73 Food Preparation and Serving Equipment
31 Bearings 74 Office Machines
32 Woodworking Machinery and Equipment 75 Office Supplies and Devices
34 Metalworking Machinery 76 Books, Maps, and Other Publications
35 Service and Trade Equipment 7 Musical Instruments, Phonographs, and Home Radios
36 Special Industry Machinery 78 Recreational and Athletic Equipment
37 Agricultural Machinery and Equipment 79 Cleaning Equipment and Supplies
38 Construction, Mining, Excavating, and Highway Mainte- 80 Brushes, Paints, Sealers, and Adhesives
nance Equipment
39 Materials Handling Equipment 81 Containers, Packaging, and Packing Supplies
40 Rope, Cable, Chain, and Fittings 83 Textiles, Leather, Furs, Apparel and Shoes, Tents, Flags
41 Refrigeration, Air Conditioning and Air Circulating 84 Clothing, Individual Equipment, and Insignia
Equipment
42 Fire Fighting, Rescue, and Safety Equipment 85 Toiletries
43 Pumps and Compressors 87 Agricultural Supplies
44 Furnace, Steam Plant, and Drying Equip, Nuclear Reac- 88 Live Animals
tors
45 Plumbing, Heating and Sanitation Equipment 89 Subsistence (Food)
46 Water Purification and Sewage Treatment Equipment 91 Fuels, Lubricants, Oils, and Waxes
47 Pipe, Tubing, Hose, and Fittings 93 Nonmetallic Fabricated Materials
48 Valves 94 Nonmetallic Crude Materials
49 Maintenance and Repair Shop Equipment 95 Metal Bars, Sheets, and Shapes
51 Hand Tools 96 Ores, Minerals, and Their Primary Products
52 Measuring Tools 99 Miscellaneous

Notes: This table displays the 78 high-level groups used to classify the products purchased by the federal
government. Groups 21, 27, 33, 50, 57, 64, 82, 86, 90, 92, 97, and 98 are currently unassigned.

57



C.2 Private Market Incentives Variables

We measure several characteristics of corporate science that allow us to estimate the effect
of procurement contracts on corporate R&D under different private market conditions.

First, we split the annual publication flow into (i) publications cited by the firm’s own
patents and (ii) publications not cited by the firm’s own patents. We use the non-patent
literature citations file from Arora et al. (2021) to do so. The number of unique publications
that receive one or more citations from the firm’s own patents is aggregated at the firm-year
level into the variable Internal use publications. The remaining annual publication flow is
captured in the variable No internal use publications.

Second, we identify publications that are cited by one or more patents assigned to other
panel firms. We split this annual publication flow into (i) publications with low rival use
and (ii) publications with high rival use. To do so, we use a measure of the product-market
rivalry between the publishing firm and the patenting firms (up to three corporate assignees
per patent) sourced from Arora et al. (2021). Product-market rivalry is calculated as the
Mahalanobis similarity of vectors representing the shares of industry segment sales for each
pair of firms. A publication has high rival use if its highest similarity score is in the top
quartile of the distribution of similarity scores. The number of unique publications that have
high rival use is aggregated at the firm-year level into the variable High rival use publications.
The remaining annual publication flow is captured in the variable Low rival use publications.

Third, we split the annual publication flow into (i) publications that have low patent
protection and (ii) publications that have high patent protection. We measure the textual
proximity of publications (abstract and title) to patents (claims) for all Web of Science
publications and USPTO patents for our sample period using a three-step procedure.

Step 1: Bag of words. We extract all words from the claims text of patents, as well
as the titles and abstracts of publications. For each document (patent or publication), we
create a vector of all word stems. Each word stem is weighted by the inverse of its frequency
in the complete patent corpus. For each word in a patent, we create an inverse frequency
index as:

Di
x(1-5)

where N; is the number of times the ith word stem appears throughout the claims section
of patents, p; is the number of patent documents that contain the ith word stem, and P is
the number of patents issued by the USPTO. Each item in the index represents the weight
assigned to extracted word stems according to their specificity across all USPTO patent
documents. We follow the same procedure for the title and abstract of publications (we
treat a publication record as a patent document).

An important part of the word stemming process is mapping acronyms and technical
concepts. For example, the acronym RAM refers to random access memory. Thus, in our
textual comparison algorithm, when the sequence of words “random access memory” appears,
we collapse it into RAM. Acronyms appear in capital letters on patent documents. We retain
all words with at least two capital letters and manually search for their meaning. To mitigate
cases where an acronym has multiple meanings, we perform the acronym-meaning match at
the four-digit IPC level. (Chemical compounds also appear in capital letters, but we leave
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them unchanged.)

Step 2: Distance between words. Similar ideas might be described using different
text. Thus, a major challenge is how to compute the “technical distance” between two words.
To address it, we develop a dictionary that aims to measure the probability that two distinct
words refer to the same technical concept. We identify words used in patent documents
deemed to be technically similar by patent examiners.

Specifically, we extract a random sample of about 150,000 non-final rejection letters from
the USPTO’s Public PAIR (Patent Application Information Retrieval) system. We include
only rejections pertaining to novelty or non-obviousness, as outlined in 35 U.S.C. 102 and 35
U.S.C. 103 of the USPTO Manual of Patent Examining Procedure. We extract the text of
the original patent application associated with a rejection, as well as the text of the prior-art
patents cited as the reason for the rejection. When multiple rejections are associated with
the same application, we extract the relevant (modified) application claims for each rejection.

Next, we extract all relevant word stems from the claims section of the focal patent
application and corresponding prior-art patents.” Then, we calculate the proximity between
each pair of word stems based on their co-occurrence. To account for the baseline tendency of
two word stems to co-occur across two documents, for each rejected application and rejection
prior-art patent pair, we construct a control pair by linking the rejected application with
a control patent that was not cited as a reason for the rejection but is in the same 4-digit
IPC and has the same application year as the rejection prior-art patent. Proximity between
word stems is calculated as the ratio of the number of times the pair appears in the rejected
application and rejection prior-art patent to the number of times it appears in the rejected
application and the control prior-art patent:

(AU R)wi w2
(A U C)wl,wQ

(AU R)wiw2 is the number of times the words wl and w2 co-occur within the focal
application A and rejection prior-art patent R. (A(JC)yp1w2 is the number of times the
words w1 and w2 co-occur in the focal application A and control patent C. Because the same
word stem pair, wl and w2, can co-occur in more than one application and rejection prior-art
patent pair, we average the proximity scores between wl and w2 across all application and
rejection prior-art patent pairs, denoted by P,1, wo,-

Step 3: Textual overlap between documents. We construct a similarity score
between a pair of documents (i.e., a publication and a patent) based on the “technical
distance” between their words. We create a vector of words for each document with their
corresponding weights (i.e., inverse frequency) as described in step 1. Then, we calculate the
cosine proximity score between the two word vectors W1 and W2, each vector consisting of
n elements, while taking into account the average word pair proximity Pwli,wgi calculated in
step 2:

Proximity, w2 =

ZZ? W1 X W2; X Py, we,
VI W W

"We use original applications rather than final patent documents because claims can change during the
patent examination process.

PSwiwa =
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We normalize the proximity score PSyq w2 to be between 0 and 1 by dividing it by
max(PSw1, we,). As a result, 1 indicates the highest possible similarity and 0 indicates the
lowest possible similarity between two documents.

For each publication between 1980 and 2015, we retain up to five of the highest proximity
scores with granted patents. We identify which of those patents are owned by the publishing
firm and retain the top matching publication-patent pair. Publications with proximity scores
above the median (relative to the publication year) are coded as “protected” by a patent,
while those with scores below the median and those unmatched to firm patents are coded
as “unprotected” by a patent.®” The number of unique publications that are “protected” by
the firm’s patents is aggregated at the firm-year level into the variable High protection pub-
lications. The remaining annual publication flow is captured in the variable Low protection
publications.

890ur choice of cutoff—the median publication-patent proximity score for all the publications published
by sample firms in a given year—allows us to take into consideration how the proximity between publications
and patents changes over time.
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Appendix D Instrumental Variable Estimation

D.1 Industry R&D Funding

Our first instrument exploits variation in aggregate industry R&D contracts to predict R&D
contracts awarded to a focal firm. It is important to recognize that R&D contracts awarded to
a firm’s SIC4 industry may still be endogenous. To mitigate this concern, we take advantage
of changes in R&D funding at a higher level of aggregation, the firm’s SIC3 industry. We
“distribute” these changes across SIC4 industries according to time-invariant industry shares,
closely following Moretti et al. (2021).

We construct our instrumental variable (IV) in three stages. First, we identify the SIC4
industry for each procurement contract awarded during 1980-2015 (not just those matched
to sample firms). For transactions that do not list the recipient firm’s NAICS code, we use
the Product or service code (PSC) field and the PSC-to-NAICS crosswalk from U.S. Defense
Logistics Agency (2020) to identify the NAICS code. Then, we use the NAICS-to-SIC
concordances available from the U.S. Census Bureau (2019) to identify the SIC4 code. We
aggregate all R&D contracts awarded to all firms (not just our panel firms) at the SIC4-year
and SIC3-year levels, respectively.

Second, we calculate the share of R&D contracts awarded to the SIC4 industry relative
to the R&D contracts awarded to the SIC3 industry that contains it. Specifically, we divide
the total value of R&D contracts awarded to the SIC4 industry during 1980-2015 by the
total value of R&D contracts awarded to the higher-level SIC3 industry during 1980-2015.

Third, we calculate the instrument as Industry R&D funding;; = (Industry R&D
contractssicss — Firm R&D contracts; ;) x Industry sharesicasics. Industry R&D
contractsgics, is the total value of all R&D contracts awarded by federal agencies to the
focal firm’s SIC3 industry in year t. Firm R&D contracts;; is the value R&D contracts
awarded to the focal firm in year t. The reason for excluding firm R&D contracts from the
construction of the IV is to avoid a mechanical correlation between the endogenous variable
we want to instrument and the instrument itself. Industry sharesica sics is calculated by
dividing the total value of R&D contracts awarded to the focal firm’s SIC4 industry during
1980-2015 by the total value of R&D contracts awarded to the focal firm’s higher-level SIC3
industry during 1980-2015. We use a time-invariant share because it allows us to smooth
out year-to-year variation in the R&D contracts awarded to the SIC4 industry.

Take Boeing as an example. In 2012, Boeing’s SIC3 industry (“372 Aircraft and parts”)
received $13.7 billion in R&D contracts, including almost $3.6 billion for Boeing. Over the
sample period of 1980-2015, Boeing’s SIC4 industry (“3721 Aircraft”) received 99% of the
R&D contracts awarded to its SIC3 industry (“372 Aircraft and parts”). The instrument for
Boeing in 2012 was calculated as (13.7 — 3.6) x .99 = 10 (in $ billions).

Using this industry R&D funding measure (rather than the total value of R&D contracts
awarded to the firm’s SIC4 industry in year t) strengthens the validity of our instrument
because it makes it less likely to be related to the focal firm’s idiosyncratic technical oppor-
tunities.
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D.2 Cold War Shock

Figure D1 presents the timeline used for estimating the C'old War shock instrumental vari-
able.

Figure D1: THE CoLD WAR IDENTIFICATION STRATEGY TIMELINE

Calculate pre-period Calculate post-period Analysis
average funding average funding period

1980 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
\ Y J Y J
Calculate firm sales exposure Calculate funding shocks
to SIC4 industries to SIC4 industries

Notes:  This figure presents the timeline used for estimating the second instrumental variable,
Cold War shock.

D.3 First Stage Results

Table D6 shows the first stage results of the two-stage least squares (2SLS) instrumental
variable estimations used in this paper.

62



Table D6: INSTRUMENTAL VARIABLE ESTIMATION (FIRST STAGE)

) @) 3) @)
In(R&D contracts);_3
1st stage IV, 1st stage IV, 1st stage IV,
Lst stage IV, Cold War shock ~ Cold War shock ~ Cold War shock
Ind. R&D funding for R&D for pubs for pats
In(Industry R&D funding), 3 0.072
(0.007)
In(Cold War shock) 0.033 0.029 0.037
(0.008) (0.007) (0.008)
Pre-sample mean R&D expenditures 0.472
(0.058)
Pre-sample mean publications 0.914
(0.072)
Pre-sample mean patents 0.813
(0.081)
In(R&D stock);—3 0.040 0.111 0.125 0.195
(0.030) (0.042) (0.027) (0.029)
Sample years 1980-2015 1995-2015 1995-2015 1995-2015
Firm fixed effects Yes No No No
Year fixed effects Yes Yes Yes Yes
Observations 41,047 5,014 5,861 5,861
F statistic 50 103 119 113
Adjusted R-squared 0.704 0.089 0.117 0.102

Notes: This table displays first stage OLS regression results. Industry R&D funding is calculated by multiplying the level of
R&D contracts obligated to the focal firm’s SIC3 industry (not including the contracts obligated to the focal firm that year)
times the share of R&D contracts obligated to the focal firm’s SIC4 industry (averaged over the sample period of 1980-2015).
The Cold War shock is calculated using the difference in average contract values between pre- (1986-1988) and post- (1990-1992)
periods for each SIC4 industry, weighted by the focal firm’s sales exposure to different SIC4 industries during 1982-1985. The
pre-sample means are calculated using data from 1980-1988. One is added to logged variables. Standard errors (in parentheses)
are clustered at the firm level in Column 1, and are robust to arbitrary heteroskedasticity in Columns 2-4.
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Appendix E Agency Variation

Federal agencies are heterogeneous in their mission orientation.®! We classify four agencies
as mission-driven, including DoD, NASA, HHS, and DoT. As shown in Appendix Table B1,
these agencies are in the top 10 by total procurement value during 1980-2015, and they
award an above-average share of dollars for R&D services.

Federal agencies are also heterogeneous in the size and composition of their procurement
contracts, as can be seen in Appendix Table E7, as well as the characteristics of their
contractors, as can be seen in Appending Table ES.

81For example, DoD is focused on its mission “to provide the military forces needed to deter war and
ensure our nation’s security.” Conversely, GSA “deliver(s) value and savings in real estate, acquisition,
technology, and other mission-support services across government.” Mowery (2009b) categorizes federal
R&D investments in defense, space exploration, energy, agriculture, industrial technology development, and
health as mission-driven. Similarly, Goldfarb (2008) categorizes DoD, NASA, HHS, DoC, DoE, and USDA
as mission agencies.
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Table E7: CONTRACT DESCRIPTIVE STATISTICS BY AWARDING AGENCY

(1) (2) ) (4) (5) (6)

Distribution

No. of contracts Mean Std. dev. 10th 50th 90th

DoD
All contracts (3 mm) 4,407,829 1.1 56.2 0.0 0.0 0.5
R&D contracts ($ mm) 153,965 4.9 134.9 0.1 0.3 4.2
Product contracts ($ mm) 3,512,285 0.9 53.8 0.0 0.0 0.3
Noncompetitive product contracts ($ mm) 1,068,261 2.0 84.1 0.0 0.1 0.7
NASA
All contracts ($ mm) 75,925 4.3 206.5 0.0 0.1 1.2
R&D contracts ($ mm) 19,394 7.3 191.7 0.0 0.3 4.0
Product contracts ($ mm) 31,940 2.1 83.1 0.0 0.1 0.4
Noncompetitive product contracts ($ mm) 8,158 4.8 128.8 0.0 0.0 0.4
DoT
All contracts ($ mm) 24,904 1.7 26.9 0.0 0.1 1.2
R&D contracts ($ mm) 2,034 3.8 61.9 0.0 0.2 1.6
Product contracts ($ mm) 10,450 1.2 26.9 0.0 0.1 0.7
Noncompetitive product contracts ($ mm) 3,360 0.7 6.5 0.0 0.1 0.5
HHS
All contracts ($ mm) 111,320 0.8 22.1 0.0 0.0 0.2
R&D contracts ($ mm) 2,990 2.3 12.6 0.0 0.1 2.7
Product contracts ($ mm) 69,498 0.7 23.2 0.0 0.0 0.1
Noncompetitive product contracts ($ mm) 19,779 0.3 10.2 0.0 0.0 0.1
DoE
All contracts ($ mm) 16,984 18.8 882.2 0.0 0.0 1.3
R&D contracts ($ mm) 1,928 3.0 15.5 0.0 0.4 4.0
Product contracts ($ mm) 8,016 2.9 52.4 0.0 0.0 0.3
Noncompetitive product contracts ($ mm) 1,720 12.0 111.6 0.0 0.0 0.4
DHS
All contracts ($ mm) 55,254 1.0 22.7 0.0 0.0 0.5
R&D contracts ($ mm) 828 3.2 30.4 0.0 0.1 3.0
Product contracts ($ mm) 32,389 0.5 25.5 0.0 0.0 0.3
Noncompetitive product contracts ($ mm) 10,696 0.8 35.9 0.0 0.0 0.3
DoC
All contracts ($ mm) 39,830 0.4 9.3 0.0 0.0 0.3
R&D contracts ($ mm) 375 3.5 50.4 0.0 0.1 1.4
Product contracts ($ mm) 24,413 0.2 3.3 0.0 0.0 0.3
Noncompetitive product contracts ($ mm) 5,408 0.1 0.8 0.0 0.0 0.2
Other
All contracts ($ mm) 4,200,193 0.3 62.9 0.0 0.0 0.1
R&D contracts ($ mm) 35,043 4.9 143.7 0.0 0.2 2.9
Product contracts ($ mm) 3,497,760 0.1 9.9 0.0 0.0 0.1
Noncompetitive product contracts ($ mm) 746,420 0.1 16.2 0.0 0.0 0.0

Notes: This table displays contract-level descriptive statistics over the sample period of 1980-2015 by award-
ing agency. The unit of analysis is a contract. The 4-digit Product or service code (PSC) associated with each
contract was used to identify different types of contracts. R€D contracts have PSC codes that start with the
letter “A.” Product contracts have PSC codes that start with digits “1” through “9.” Noncompetitive product
contracts are exempted from full and open competition (e.g., due to a unique engineering, developmental,
or research capability; due to national interest; as required by statute, etc.).
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Appendix F Industry Variation

Table F9 presents descriptive statistics by main industry, while Figure H3 shows changes in
the share of all contracts (by value) awarded for R&D contracts and commercial contracts,
respectively, by main industry.

Table F9: DESCRIPTIVE STATISTICS BY MAIN INDUSTRY

M 2) ®) (4) () (6) (7) ®) 9) (10)

Chemicals Electronics Instruments Business services Others

Mean  Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

R&D expenditures ($ mm) 269 912 120 496 47 140 203 899 167 57
Publications 55 172 9 44 7 26 22 169 15 85
Patents 31 84 35 148 13 47 43 344 30 116
All contracts ($ mm) 14 111 22 202 126 1,135 31 209 273 2,205
R&D contracts ($ mm) 1 7 4 72 22 239 3 25 45 473
Non-R&D contracts ($ mm) 13 109 19 154 104 917 28 190 228 1,792
Commercial contracts ($ mm) 9 96 5 59 11 81 7 49 26 164
Noncommercial contracts ($ mm) 5 47 12 118 115 1,013 20 145 247 2,046
All grants ($ mm) 1 16 0 4 0 2 0 1 1 18
Sales ($ mm) 3,313 8,829 1,805 7,066 813 2,747 1,966 9,862 8,044 25,606
R&D stock ($ mm) 1,110 4,122 497 2,194 191 550 753 3,878 626 3,467

Notes: This table displays descriptive statistics over the sample period of 1980-2015 by main industry. The
unit of analysis is a firm-year. Statistics are only provided for contractors. Grants and commercial contracts
are only summarized for years 2001-2015 and 1994-2015, respectively.

Table F10 breaks the main results by industry. Column 1 presents OLS results for
Publications. The relationship of R&D contracts with publications is positive across all
industries. Column 2 presents estimates from the second stage of 2SLS regressions using
Industry RED funding and its interactions with industry indicator variables as instrumental
variables. The estimates suggest that the causal effect of R€/D contracts on publications is
present across all industries (p-value = 0.061).

Column 3 presents OLS results using Patents as the dependent variable. The coefficient
estimates show that the correlation between R&D contracts and patents is positive for all
industries. However, we do not find evidence in Column 4 that RéD contracts drive patents
across a variety of industries.
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Figure F2:
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Notes: This figure presents the trend in the share of R&D contracts in all the contracts obligated by federal
agencies to sample firms by main industry (solid lines). It also presents the trend in the share of commercial
contracts in all contracts (dashed lines). The vertical lines mark the passage of the Federal Acquisition
Streamlining Act of 1994.
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Table F10: VARIATION BY MAIN INDUSTRY

ORE ) @)
In(Publications) In(Patents)
2nd stage IV, 2nd stage IV,
OLS Ind. R&D funding OLS  Ind. R&D funding
In(R&D contracts);_3 0.014 0.041 0.011 -0.006
(0.003) (0.025) (0.004) (0.042)
In(R&D contracts);_3x [Chemicals = 1] -0.008 0.053 -0.010 -0.080
(0.005) (0.045) (0.005) (0.056)
In(R&D contracts);_3x [Instruments = 1] -0.001 -0.036 -0.001 -0.001
(0.005) (0.042) (0.006) (0.052)
In(R&D contracts);_3x [Business services = 1| -0.004 -0.030 0.010 -0.091
(0.008) (0.040) (0.012) (0.073)
In(R&D contracts);_gx [Others = 1] -0.006 0.104 -0.001 -0.042
(0.005) (0.057) (0.006) (0.080)
In(R&D stock);_3 0.131 0.112 0.252 0.242
(0.011) (0.011) (0.015) (0.015)
Sample years 1980-2015 1980-2015 1980-2015 1980-2015
Firm fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes
Weak identif. (Kleibergen-Paap) 3.29 3.29
Firms 3,632 3,580 3,632 3,580
Observations 43,914 41,047 43,914 41,047
Adjusted R-squared 0.873 -0.111 0.847 0.027

Notes: This table presents the estimation results for the relationship of R&D contracts with publications
and patents by main industry. The excluded industry indicator variable is FElectronics. One is added to
logged variables. Standard errors (in parentheses) are clustered at the firm level.
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Appendix G Robustness Checks and Alternative Expla-
nations

G.1 Excluding Agencies

One concern may be that our results could be driven by a single agency. For example, the
Department of Defense—which awards more procurement contracts than all other agencies
combined—may have specific secrecy requirements that could affect patenting behavior, as
well as undermine our identification strategy that treats the end of the Cold War as an
exogenous shock to our sample firms. As shown in Tables G11, G12, and G13, our results
are not driven solely by DoD R&D contracts. The coefficient estimates on Non-DoD R&D
contracts are significantly larger in both the R&D expenditures equation and the publication
equation.®® Our results are also robust to excluding each of the other main agencies.

Table G11: R&D EXPENDITURES EQUATION EXCLUDING AGENCIES

(1) (2) 3) 4) G) (6 (7) (®) 9)
In(R&D expenditures)

Top 7 Other Excluding Excluding Excluding Excluding Excluding Excluding Excluding

Agencies Agencies DoD NASA DoT HHS DoE DHS DoC
In(Top 7 R&D contracts);_3 0.073
(0.027)
In(Other R&D contracts)—3 0.491
(0.203)
In(Non-DoD R&D contracts),—3 0.211
(0.086)
In(Non-NASA R&D contracts):—3 0.070
(0.026)
In(Non-DoT R&D contracts);—s 0.070
(0.026)
In(Non-HHS R&D contracts);—3 0.075
(0.027)
In(Non-DoE R&D contracts);_3 0.072
(0.026)
In(Non-DHS R&D contracts);—3 0.070
(0.026)
In(Non-DoC R&D contracts);—3 0.070
(0.026)
In(R&D stock);—3 0.327 0.352 0.333 0.327 0.327 0.328 0.328 0.327 0.327
(0.017)  (0.023)  (0.019)  (0.018)  (0.018)  (0.018)  (0.018)  (0.018)  (0.018)
Sample years 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015
Firm fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes
Weak identif. (Kleibergen-Paap) 90.86 26.60 34.96 97.38 96.88 88.68 94.70 94.89 95.82
Firms 3414 3417 3416 3414 3414 3414 3414 3414 3414
Observations 37,056 37,221 37,113 37,080 37,052 37,065 37,066 37,054 37,052
Adjusted R-squared 0.046 -0.586 -0.167 0.049 0.048 0.045 0.046 0.048 0.048

Notes: This table presents the robustness of estimation results for the effect of R&D contracts on R&D
expenditures to excluding contracts from certain agencies. Columns 1-9 present the second stage of 2SLS,
where R&D contracts are instrumented using Industry RE&D funding. One is added to logged variables.
Standard errors (in parentheses) are clustered at the firm level.

82Fvaluated at the sample means, the coefficient estimate in Column 3 of Table G12 indicates that a $1.2
million increase in Non-DoD R&D contracts leads to one additional publication.
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Table G12: PUBLICATION EQUATION EXCLUDING AGENCIES

(1) (2) ®3) 4) (5) (6) (7) (®) 9)

In(Publications)

Top 7 Other Excluding Excluding Excluding Excluding Excluding Excluding Excluding
Agencies Agencies DoD NASA DoT HHS DoE DHS DoC

In(Top 7 R&D contracts);_s 0.036

(0.019)
In(Other R&D contracts);—3 0.283

(0.137)
In(Non-DoD R&D contracts);_3 0.118
(0.059)
In(Non-NASA R&D contracts);_3 0.035
(0.018)
In(Non-DoT R&D contracts);_s 0.035
(0.018)
In(Non-HHS R&D contracts);_3 0.038
(0.019)
In(Non-DoE R&D contracts);—3 0.035
(0.018)
In(Non-DHS R&D contracts);—s 0.034
(0.018)
In(Non-DoC R&D contracts);—3 0.034
(0.018)

In(R&D stock)¢—s 0.114 0.126 0.119 0.114 0.114 0.114 0.114 0.114 0.114

(0.010)  (0.013)  (0.011)  (0.010)  (0.010)  (0.011)  (0.010)  (0.010)  (0.010)
Sample years 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015
Firm fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes
Weak identif. (Kleibergen-Paap) 92.48 29.84 39.01 102.11 100.62 92.33 98.71 98.79 99.76
Firms 3,580 3,584 3,584 3,580 3,580 3,580 3,580 3,580 3,580
Observations 41,053 41,221 41,110 41,076 41,046 41,061 41,060 41,049 41,047
Adjusted R-squared 0.016 -0.382 -0.101 0.015 0.015 0.013 0.016 0.016 0.016

Notes: This table presents the robustness of estimation results for the effect of R&D contracts on publications
to excluding contracts from certain agencies. Columns 1-9 present the second stage of 2SLS, where R&D
contracts are instrumented using Industry RéD funding. One is added to logged variables. Standard errors
(in parentheses) are clustered at the firm level.

G.2 Other Funding Shocks

Another way we mitigate the concern that the Cold War shock could suffer from endogeneity—
if strategic defense investments such as the Star Wars program led to the collapse of the Soviet
Union—is by examining two alternative shocks. First, we use changes in procurement that
were triggered by the terrorist attacks on September 11, 2001. Government procurement
contracts were reallocated to support Operation Iraqi Freedom, Operation Enduring Free-
dom, and other military campaigns that were part of the new Global War on Terrorism,
as shown in Table H28. Second, we use changes in procurement that resulted from federal
efforts to manage the financial crisis during the Great Recession of 2007-2008. Government
procurement contracts were reallocated to support the hard-hit auto and aircraft industries,
as shown in Table H29. Table G14 shows that the effect of R€/D contracts on publications
is robust to instrumenting for the endogenous R&D contracts using either the Global War
on Terrorism shock or the Financial Crisis shock.®®

83Table G114 uses the pre-sample mean publications calculated for the original Cold War shock (i.e., during
1980-1988), but our results hold for alternative pre-sample periods, such as 1980-1990 or 1980-1995.
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Table G13: PATENT EQUATION EXCLUDING AGENCIES

(1) (2) ®3) 4) (5) (6) (7) (®) 9)

In(Patents)

Top 7 Other Excluding Excluding Excluding Excluding Excluding Excluding Excluding
Agencies Agencies DoD NASA DoT HHS DoE DHS DoC

In(Top 7 R&D contracts);_s -0.043

(0.025)
In(Other R&D contracts);—3 -0.289

(0.175)
In(Non-DoD R&D contracts);_3 -0.126
(0.078)
In(Non-NASA R&D contracts);_3 -0.043
(0.024)
In(Non-DoT R&D contracts);—s -0.040
(0.023)
In(Non-HHS R&D contracts);_3 -0.043
(0.024)
In(Non-DoE R&D contracts);—3 -0.041
(0.024)
In(Non-DHS R&D contracts);—s -0.041
(0.023)
In(Non-DoC R&D contracts);—3 -0.040
(0.023)

In(R&D stock)¢—s 0.242 0.230 0.237 0.241 0.241 0.241 0.241 0.241 0.241

(0.015) (0.017) (0.016) (0.015) (0.015) (0.015) (0.015) (0.015) (0.015)
Sample years 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015
Firm fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes
Weak identif. (Kleibergen-Paap) 92.48 29.84 39.01 102.11 100.62 92.33 98.71 98.79 99.76
Firms 3,580 3,584 3,584 3,580 3,580 3,580 3,580 3,580 3,580
Observations 41,053 41,221 41,110 41,076 41,046 41,061 41,060 41,049 41,047
Adjusted R-squared 0.045 -0.232 -0.050 0.042 0.045 0.043 0.044 0.045 0.045

Notes: This table presents the robustness of estimation results for the effect of R&D contracts on patents
to excluding contracts from certain agencies. Columns 1-9 present the second stage of 2SLS, where R&D
contracts are instrumented using Industry RéD funding. One is added to logged variables. Standard errors
(in parentheses) are clustered at the firm level.

G.3 Alternative Specifications

One concern may be that our choice of regression model (OLS) and data transformation
(taking the natural logarithm of publications or patents plus one) could be inappropriate,
given that Publications and Patents are over-dispersed count variables. Columns 1 and
4 in Table G15 present estimations using Poisson pseudo-maximum likelihood regressions.
Consistent with our OLS results, we find that R&D contracts have positive relationships
with publications and patents (p-value < 0.01 and p-value < 0.001, respectively). We also
present OLS and 2SLS estimations where we use an inverse hyperbolic sine transformation.5*
Consistent with previous results, Columns 3 and 6 in Table G15 show that R&D contracts
have a positive effect on publications (p-value < 0.05) , but not on patents. Moreover, the
coefficient estimate on R&D contracts for the publication equation is close in size to our
main specification in Table 4.

84The inverse hyperbolic sine is calculated as asinh(z) = In(z + v22 + 1).
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Table G14: ALTERNATIVE PROCUREMENT SHOCKS

1 (2) 3 (4)
In(R&D expenditures) In(Publications) In(R&D expenditures) In(Publications)

1st stage IV, 2nd stage IV, 1st stage IV, 2nd stage 1V,
Global War on Global War on Financial Crisis Financial Crisis
Terrorism shock Terrorism shock shock shock
In(R&D contracts);_3 0.372 0.077
(0.092) (0.037)
In(Global War on Terrorism shock) 0.051
(0.012)
In(Financial Crisis shock) 0.091
(0.016)
Pre-sample mean publications 2.022 0.188 2.039 0.735
(0.096) (0.188) (0.124) (0.081)
Sample years 2007-2015 2007-2015 2011-2015 2011-2015
Firm fixed effects No No No No
Year fixed effects Yes Yes Yes Yes
Weak identif. (Kleibergen-Paap) 17.18 34.20
Observations 2,746 2,746 1,427 1,427
Adjusted R-squared 0.244 -0.445 0.257 0.576

Notes: This table presents the robustness of estimation results for the effect of R&D contracts on publi-
cations to using alternative procurement shocks. The Global War on Terrorism shock is calculated using
the difference in total contract values between pre- (2000) and post- (2004) periods for each SIC4 industry,
weighted by the focal firm’s sales exposure to different SIC4 industries during 1994-1997. The Financial
Crisis shock is calculated using the difference in total contract values between pre- (2007) and post- (2008)
periods for each SIC4 industry, weighted by the focal firm’s sales exposure to different SIC4 industries during
2000-2003. The pre-sample mean publications are calculated using data from 1980-1988. One is added to
logged variables. Standard errors (in parentheses) are robust to arbitrary heteroskedasticity.

Table G15: ALTERNATIVE SPECIFICATIONS

1 2) G (4) (5) . (©)
Publications Inv. hyperbolic sine(Publications) Patents Inv. hyperbolic sine(Patents)

2nd stage IV, 2nd stage IV,

Poisson OLS Ind. R&D funding Poisson OLS Ind. R&D funding
In(R&D contracts):—3 0.008 0.014 0.043 0.014 0.013 -0.036

(0.003) (0.002) (0.021) (0.004) (0.002) (0.027)
In(R&D stock);—3 0.464 0.175 0.151 0.395 0.323 0.306

(0.052) (0.016) (0.015) (0.061) (0.020) (0.021)
Sample years 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015
Firm fixed effects Yes Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes Yes
Weak identif. (Kleibergen-Paap) 103.68 103.68
Firms 2,462 3,784 3,731 3,282 3,784 3,731
Observations 34,636 46,788 43,913 43,122 46,788 43,913
Adjusted R-squared 0.859 0.015 0.835 0.050

Notes: This table presents the robustness of estimation results for the relationship between R&D contracts
and publications and patents to using Poisson pseudo-maximum likelihood regression (Columns 1 and 4) or
transforming publications and patents using an inverse hyperbolic sine (Columns 2-3 and 5-6). One is added
to logged variables. Standard errors (in parentheses) are clustered at the firm level.
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G.4 Time Lags

Our results are not sensitive to the specific lag structure assumed in our main specifications.
Checking the sensitivity of our of results to lag structure is important because we do not
observe the actual annual spending associated with contract awards. To construct our panel,
we aggregate contract obligations, not actual outlays, at the firm-year level. Since multi-year
contracts are common, the outlays may occur one, two, or more years after the original
obligation date. Moreover, there is typically a lag between the year when the R&D activity
is conducted and the year when the paper is published or the patent is granted. Therefore,
the specific lag structure between receiving an award and publishing a scholarly paper or
receiving a patent grant is unclear. However, our results are robust to alternative time lags.
Table G16 indicates that R&D contracts have a positive effect on publications when using
four- or five-year lags (p-value < 0.05). The coefficient estimates increase slightly compared
to our main specification in Table 4. In unreported specifications, we find no effect of R&D
contracts on patents when using four- or five-year lags.

Table G16: PUBLICATION EQUATION USING ALTERNATIVE TIME LAGS

(1) 2) (3) (4) (5)

In(Publications)
Finite One-year lags Two-year lags Four-year lags Five-year lags
distributed  2nd stage IV, 2nd stage 1V, 2nd stage 1V, 2nd stage IV,
lags Ind. R&D funding Ind. R&D funding Ind. R&D funding Ind. R&D funding
In(R&D contracts)s—1 0.005 0.006
(0.002) (0.016)
In(R&D contracts)s—o 0.003 0.021
(0.001) (0.017)
In(R&D contracts);—3 0.004
(0.001)
In(R&D contracts)s—4 0.004 0.039
(0.001) (0.018)
In(R&D contracts):—_s 0.004 0.043
(0.001) (0.018)
In(R&D stock);—1 0.188 0.150
(0.015) (0.010)
In(R&D stock);—o 0.135
(0.010)
In(R&D stock);—_4 0.102
(0.011)
In(R&D stock);—5 0.087
(0.011)
Sample years 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015
Firm fixed effects Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes
Weak identif. (Kleibergen-Paap) 110.83 106.94 94.78 90.42
Firms 3,096 4,315 3,918 3,279 3,000
Observations 36,506 49,639 45,118 37,345 33,961
Adjusted R-squared 0.884 0.048 0.036 0.007 -0.003

Notes: This table presents the robustness of estimation results for the relationship between R&D contracts
and publications to using alternative time lags. One is added to logged variables. Standard errors (in
parentheses) are clustered at the firm level.
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G.5 Firm Subsamples

A concern is that our results could be driven by outliers. In unreported specifications, we
find that our results in Tables 3, 4, and 5 are robust to using different firm subsamples.
When we winsorize the 99th percentile of annual R&D contracts, we obtain almost identical
2SLS coefficient estimates on RéD contracts in the R&D expenditures, publication, and
patent equations. When we use only publishing firms, the 2SLS coefficient estimate on Ré/D
contracts in the publication equation is 0.041 (using the Industry RE&D funding instrument)
and 0.362 (using the Cold War shock instrument), respectively. When we use only contrac-
tor firms, the 2SLS coefficient estimate on R&D contracts is 0.031 and 0.596, respectively.
These results indicate that the effect of R&D contracts on upstream corporate R&D can be
generalized to our complete sample.

G.6 Related and Unrelated Publications

A concern may be that R&D contracts could crowd out unrelated research areas. For exam-
ple, firms may respond to government R&D competitions by reducing their R&D activities
in research areas that do not benefit directly from government spending. To test this pos-
sibility, we split the flow of corporate publications into related publications (i.e., those that
acknowledge external support) and unrelated publications (i.e., those that do not). Similarly,
we split the flow of corporate patents into those that self-cite at least one of the focal firms’
related publications, and those that do not. As shown in Table G17, we do not find evidence
to suggest that R&D contracts crowd out unrelated research areas (although we cannot rule
it out due to imprecise estimation results).

Table G17: UNRELATED RESEARCH AREAS

(1) (2) (3) (4) (5) (6) (M (8)
In(Related publications) In(Unrelated publications) In(Related patents) In(Unrelated patents)
2nd stage 1V, 2nd stage 1V, 2nd stage 1V, 2nd stage IV,
OLS Ind. R&D funding  OLS  Ind. R&D funding OLS  Ind. R&D funding OLS  Ind. R&D funding
In(R&D contracts);—3 0.008 0.029 0.010 0.025 -0.000 0.002 0.011 -0.049
(0.003) (0.015) (0.002) (0.019) (0.001) (0.003) (0.002) (0.024)
In(R&D stock);—3 0.062 0.051 0.155 0.138 0.007 0.005 0.291 0.281
(0.012) (0.011) (0.014) (0.013) (0.006) (0.005) (0.019) (0.019)
Sample years 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015 1980-2015
Firm fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Weak identif. (Kleibergen-Paap) 89.09 89.09 89.09 89.10
Firms 2,688 2,642 2,688 2,642 2,688 2,642 2,688 2,642
Observations 35,056 32,295 35,056 32,295 35,056 32,295 35,042 32,281
Adjusted R-squared 0.603 -0.015 0.854 0.026 0.316 -0.002 0.845 0.045

Notes: This table presents the robustness of estimation results for the relationship of R&D contracts with
publications and patents to considering related and unrelated research areas. Related publications acknowl-
edge external support, while Unrelated publications do not. Related patents self-cite at least one of the focal
firm’s Related publications, while Unrelated patents do not. One is added to logged variables. Standard
errors (in parentheses) are clustered at the firm level.

G.7 Trends by Industry and Firm Subsamples

Table G18 presents changes in the composition of government contracts by industry, and
in the relationship between total contracts and firm scientific capabilities for different firm
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subsamples.

Table G18: CHANGES OVER TIME

(1) (2) (3) (4)

Contract composition Scientific capabilities

Share R&D/ Share comm./ Publishing Contractor

All contracts All contracts firms firms
Time trend -0.015 0.227 0.447 0.507
(0.009) (0.021) (0.142)  (0.154)
Time trend x [Chemicals = 1| 0.116 -0.017
(0.111) (0.123)
Time trend x [Instruments = 1] 0.009 0.065
(0.032) (0.028)
Time trend x [Business services = 1| -0.024 0.003
(0.019) (0.080)
Time trend x [Others = 1| 0.009 -0.019
(0.008) (0.038)
In(Publications stock):—1 0.589 0.718
(0.124)  (0.143)
Time trend x In(Publications stock);_1 -0.135 -0.163
(0.037)  (0.038)
In(R&D stock);—1 -0.004 -0.029 0.376 0.459
(0.006) (0.015) (0.084) (0.095)
Sample years 1980-2015 1995-2015  1980-2015 1980-2015
Firm fixed effects Yes Yes Yes Yes
Firms 2,191 1,755 3,164 2,589
Observations 23,641 15,927 43,158 38,632
Adjusted R-squared 0.011 0.003 0.730 0.629

Notes: This table presents OLS estimates for trends in procurement contract composition by industry, and
the relationship between total contracts and firm scientific capabilities for different firm subsamples. Time
trend is divided by 10. The excluded industry indicator variable is Flectronics. One is added to logged
variables. Standard errors (in parentheses) are clustered at the firm level.

G.8 Trends by Decade

Table G19 presents the changing composition of government contracts allowing for nonlinear
time effects.
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Table G19: NONLINEAR TIME EFFECTS

(1) (2) (3) (4) (5)

Contract value Contract composition

In(All  In(R&D In(Comm. Share R&D/ Share comm./
contracts) contracts) contracts) All contracts All contracts

Indicator for Decade = 1990s -0.164 -0.207 0.029
(0.128) (0.086) (0.018)
Indicator for Decade = 2000s  0.252 -0.191 2.266 0.008 0.204
(0.178) (0.127) (0.103) (0.021) (0.021)
Indicator for Decade = 2010s  0.159 -0.523 2.927 0.013 0.435
(0.216) (0.148) (0.143) (0.049) (0.037)
In(R&D stock);—1 0.534 0.176 0.612 -0.003 -0.030
(0.060) (0.040) (0.059) (0.004) (0.015)
Sample years 1980-2015 1980-2015 1995-2015 1980-2015 1995-2015
Firm fixed effects Yes Yes Yes Yes Yes
Firms 4,516 4,519 3,782 2,191 1,755
Observations 55,941 56,030 38,692 23,641 15,927
Adjusted R-squared 0.735 0.651 0.684 0.010 0.006

Notes: This table presents OLS estimates for changes in procurement contract value and composition over
time, accounting for nonlinear time effects. One is added to logged variables. Standard errors (in parentheses)
are clustered at the firm level.
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Appendix H Additional Figures and Tables

Figure H3: R&D CONTRACTS VS. R&D PERFORMED BY THE FEDERAL SECTOR

60,000
50,000

40,000+

Constant 2012 $ mm

T T T T T T T T
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Year

R&D procurement contracts
————— R&D performed by the federal sector

Notes: This figure presents a comparison between R&D procurement contracts from all agencies (solid line)
and R&D performed by the federal sector (dashed line) over time. Federal sector data are from Table 2 of
the National Patterns of R&D Resources: 2017-2018 series published by the National Science Foundation at
https://ncses.nsf.gov/pubs/nsf20307.
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Table H20: LARGEST CONTRACTORS OVER TIME

All contracts R&D contracts Sales R&D expenditures Publications Patents

Decade Company ($ mm) ($ mm) ($ mm) ($ mm) (count) (count)
1980 Boeing 136,636 23,874 246,245 12,898 909 1,427
1980 General Dynamics 74,944 6,606 143,363 4,496 340 377
1980 United Technologies 70,000 6,123 294,253 16,555 1,240 2,604
1980 General Electric 67,366 10,760 633,418 19,427 6,020 9,114
1980 Raytheon 47,307 5,223 124,707 4,302 514 631
1980 Rockwell Automation 40,600 19,058 184,839 5,600 2,794 1,804
1980 McDonnell Douglas 37,152 5,452 197,205 7,601 1,062 306
1980 CBS 30,347 4,012 198,005 4,299 3,246 4,072
1980 Martin Marietta 28,137 10,868 80,362 2,441 738 131
1980 Litton Industries 22,085 1,495 89,381 1,931 863 511
1990 Lockheed Martin 148,397 35,029 271,608 10,494 3,984 1,416
1990 Boeing 122,863 40,361 470,980 21,286 1,851 1,776
1990 General Dynamics 82,426 14,550 76,350 1,466 219 237
1990 Northrop Grumman 62,877 11,240 98,814 2,298 750 882
1990 McDonnell Douglas 59,174 13,849 157,802 4,248 803 274
1990 Raytheon 52,289 12,067 173,796 4,939 1,247 1,127
1990 General Electric 40,907 9,360 1,036,285 19,978 4,440 8,910
1990 United Technologies 34,219 5,661 321,761 16,093 1,091 3,449
1990 CBS 32,396 3,121 125,330 1,484 1,078 2,316
1990 Rockwell Automation 26,292 9,228 146,157 7,983 1,876 1,710
2000 Lockheed Martin 355,328 92,584 400,471 11,186 2,871 3,012
2000 Boeing 305,601 54,682 667,733 32,370 2,387 3,838
2000 Northrop Grumman 177,992 39,014 289,648 5,413 1,373 2,287
2000 General Dynamics 167,739 25,413 233,535 3,807 567 322
2000 Raytheon 112,685 23,952 230,652 5,769 1,986 1,827
2000 United Technologies 89,146 15,767 463,339 16,029 1,033 3,276
2000 L3 Technologies 68,371 4,800 96,598 2,784 115 327
2000 General Electric 32,025 3,399 1,711,577 29,423 6,321 12,789
2000 McKesson 28,533 2 907,573 2,694 89 34
2000 Honeywell International 27,429 1,588 322,527 12,423 1,685 6,259
2010 Lockheed Martin 256,796 49,306 274,906 4,088 1,241 2,352
2010 Boeing 150,210 21,034 483,246 20,721 1,167 5,007
2010 General Dynamics 131,424 5,181 189,298 2,656 274 174
2010 Raytheon 84,775 13,891 143,825 3,606 1,084 2,205
2010 United Technologies 71,509 10,921 351,065 13,492 889 4,836
2010 Northrop Grumman 66,857 19,990 158,092 3,429 824 480
2010 L3 Technologies 52,272 3,075 79,029 1,834 93 282
2010 McKesson 32,877 1 854,633 2,553 812 153
2010 Huntington Ingalls Industries 25,543 345 33,5647 103 7 4
2010 Honeywell International 18,659 452 223,770 10,579 872 6,607

Notes: This table displays the 10 largest contractors (by total value of contracts won) in each decade.
Contracts, sales, R&D expenditures, publications, and patents are aggregated at the firm-decade level. The
2010s present aggregate data for just six years (2010-2015).
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Table H21: CORRELATIONS

o @ 6 @ 6 (© @O @
(1) DoD R&D contracts — 1.00
(2) NASA R&D contracts 0.27***  1.00
(3) DoT R&D contracts  0.53*** 0.20***  1.00
(4) HHS R&D contracts  0.07*** 0.01** 0.02*** 1.00
(5) DoE R&D contracts  0.30*** 0.12*** 0.13*** 0.01** 1.00
(6) DHS R&D contracts  0.15*** 0.05*** 0.02*** 0.00 0.01 1.00
(7) DoC R&D contracts  0.29*** 0.12*** 0.49*** 0.01 0.11*** 0.01* 1.00
(8) Other R&D contracts 0.15*** 0.11*** 0.07*** 0.02*** 0.08*** 0.01** 0.01*** 1.00

Notes: This table displays pairwise Pearson correlations for R&D contracts received from various agencies.
*p < 0.05 ¥ p < 0.01 *** p < 0.001

Table H22: CORRELATIONS USING NORMALIZED R&D CONTRACTS

n @ G @ 6) (6 (7) (8
(1) DoD R&D contracts ~ 1.00
(2) NASA R&D contracts 0.08***  1.00
(3) DoT R&D contracts — 0.03*** 0.05***  1.00
(4) HHS R&D contracts ~ 0.00  -0.00 -0.00 1.00
(5) DoE R&D contracts 0.00 0.03*** 0.00 -0.00 1.00
(6) DHS R&D contracts  0.02*** -0.01  0.00 0.11*** -0.00 1.00
(7) DoC R&D contracts ~ 0.01* 0.19*** 0.00 -0.00 0.00 -0.00 1.00

(8) Other R&D contracts 0.05***

0.07*** 0.04***

0.00 0.00 0.13*** 0.01 1.00

Notes: This table displays pairwise correlations for R&D contracts received from various agencies. To avoid

spurious correlations due to firm size, R&D contract values have been normalized by sales.

<

0.01 *** p < 0.001

*p < 0.05*p

Table H23: R&D CONTRACTORS BY AWARDING AGENCY

Awarding

R&D

agency contractors (1) (2) (3) (4) (6) (7) (8)

(1) DoD 778 778 (100%) 217 (28%) 92 (12%) 108 (14%) 80 (10%) 79 (10%) 65 (8%) 247 (32%)
(2) NASA 249 217 (87%) 249 (100%) 64 (26%) 54 (22%) 59 (24%) 51 (20%) 44 (18%) 118 (47%)
(3) DoT 100 92 (92%) 64 (64%) 100 (100%) 35 (35%) 38 (38%) 38 (38%) 30 (30%) 67 (67%)
(4) HHS 204 108 (53%) 54 (26%) 35 (17%) 204 (100%) 1(16%) 46 (23%) 33 (16%) 112 (55%)
(5) DoE 95 80 (84%) 59 (62%) 38 (40%) 31 (33%) 95 (100%) 25 (26%) 25 (26%) 67 (71%)
(6) DHS 91 79 (87%) 51 (56%) 38 (42%) 46 (51%) 25 (27%) 91 (100%) 5 (27%) 66 (73%)
(7) DoC 70 65 (93%) 44 (63%) 30 (43%) 33 (47%) 25 (36%) 25 (36%) 70 (100%) 54 (77%)
(8) Other 367 247 (67%) 118 (32%) 67 (18%) 112 (31%) 67 (18%) 66 (18%) 54 (15%) 367 (100%)

Notes: This table displays frequency counts and percentages of R&D contractors by awarding agency.
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Table H24: CLASSIFICATION INTO MAIN INDUSTRIES

Main industry ~ SIC2 Description
code

Chemicals 28 Firms producing basic chemicals (including acids, alkalies, salts, and or-
ganic chemicals), chemical products used in manufacturing (including syn-
thetic fibers, plastics materials, dry colors, and pigments), or finished
chemical products used for ultimate consumption (including drugs, cos-
metics, and soaps) or as supplies in other industries (including paints,
fertilizers, and explosives).

Electronics 35,36  Firms manufacturing industrial and commercial machinery, equipment,
and computers (including engines and turbines; farm and garden machin-
ery; construction, mining, and oil field machinery; elevators and convey-
ing equipment; hoists, cranes, monorails, and industrial trucks and trac-
tors; metalworking machinery; special industry machinery; general indus-
trial machinery; computer and peripheral equipment and office machinery;
and refrigeration and service industry machinery), or machinery, appara-
tus, and supplies for the generation, storage, transmission, transforma-
tion, and utilization of electrical energy (including electricity distribution
equipment; electrical industrial apparatus; household appliances; electrical
lighting and wiring equipment; radio and television receiving equipment;
communications equipment; electronic components and accessories; and
other electrical equipment and supplies).

Instruments 38 Firms manufacturing instruments (including professional and scientific)
for measuring, testing, analyzing, and controlling, and their associated
sensors and accessories; optical instruments and lenses; surveying and
drafting instruments; hydrological, hydrographic, meteorological, and geo-
physical equipment; search, detection, navigation, and guidance systems
and equipment; surgical, medical, and dental instruments, equipment,
and supplies; ophthalmic goods; photographic equipment and supplies;
or watches and clocks.

Business services 73, 87 Firms providing business services (including advertising, credit reporting,
collection of claims, mailing, reproduction, stenographic, news syndicates,
computer programming, photocopying, duplicating, data processing, ser-
vices to buildings, and help supply services), or engineering, accounting,
research, management, and related services (including engineering, archi-
tectural, and surveying services; accounting, auditing, and bookkeeping
services; research, development, and testing services; and management
and public relations services).

Notes: This table displays the classification scheme used to group sample firms into several main industries.
Industries not specifically listed were classified as “Others.”
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Table H25: DISTRIBUTION OF FIRMS BY SIC2 INDUSTRY

SIC2 code Number of firms SIC2 code Number of firms SIC2 code Number of firms

28 796 32 29 14 5
36 680 49 27 21 5
38 672 22 26 60 4
73 567 27 23 63 4
35 540 ol 21 10 3
37 145 29 21 75 3
34 101 99 15 12 3
30 79 01 14 76 3
87 70 65 13 61 3
48 67 79 13 42 2
20 64 23 10 45 2
39 60 24 9 o4 2
99 59 17 8 72 2
33 58 16 8 47 2
26 50 78 8 07 2
67 46 31 7 64 2
13 46 62 6 44 1
50 34 82 6 02 1
25 31 15 6 70 1
80 30 58 5

Notes: This table displays the distribution of sample firms by two-digit SIC code.

Table H26: R&D CONTRACTORS VS. OTHER FIRMS BY MAIN INDUSTRY

n @ B @ 6 © O (8) (9)  (10)

Chemicals  Electronics Instruments Business services  Others

Diff. t Diff. t Diff. ¢ Diff. t Diff. ¢
R&D expenditures ($ mm) 351.352 24.35 173.635 24.6 71.108 26.3 323.901 15.7 302.210 26.4
R&D intensity (in $ mm) -20.850 -2.82 -0.358 -1.9 -0.012 -0.0 -3.063 -14 -0.452 -2.0
Publications per $1 mm in R&D exp. 0.189 1.69 0.348 5.1 -0.012 -0.1 0.091 0.4 0.112 2.6
Patents per $1 mm in R&D exp. -0.079 -0.43 -1.088 -0.8 -0.489 -3.3 0.014 0.2 -1.008 -4.1
All grants ($ mm) 1.019 3.13 0.568 6.3 0432 7.8 0.192 5.3 1.408 3.7

Notes: This table displays mean comparison tests between R&D contractors and other firms within the
same main industry. Ré&D intensity is calculated as R&D expenditures divided by sales. Grants are only
summarized for years 2001-2015. The two-sample t-tests use unequal variances.
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Table H27: PROCUREMENT CONTRACTS BY SIC4 INDUSTRY AROUND THE END OF THE

CoLp WAR
Rank SIC4 1988 Contracts 1992 Contracts Industry description
($ mm) ($ mm)

1 7389 2,881 4,799 Business Services, Not Elsewhere Classified

2 7373 2,836 4,608 Computer Integrated Systems Design

3 9661 233 1,731 Space Research and Technology

4 2111 191 1,436 Cigarettes

5 4813 402 1,381 Telephone Communications, Except Radiotelephone

6 3523 1,157 2,100 Farm Machinery and Equipment

7 4812 2,055 2,985 Radiotelephone Communications

8 2833 1,096 1,774 Medicinal Chemicals and Botanical Products

9 0131 2 560 Cotton

10 5047 218 754 Medical, Dental, and Hospital Equipment and Supplies

765 3711 3,446 2,195 Motor Vehicles and Passenger Car Bodies

766 3669 5,079 3,668 Communications Equipment, Not Elsewhere Classified

767 3731 1,960 516 Ship Building and Repairing

768 1311 6,044 4,177 Crude Petroleum and Natural Gas

769 6794 2,063 185 Patent Owners and Lessors

770 3841 3,086 1,055 Surgical and Medical Instruments and Apparatus

771 3769 5,324 2,020 Guided Missile Space Vehicle Parts and Auxiliary Equipment, Not
Elsewhere Classified

772 3442 5,028 1,671 Metal Doors, Sash, Frames, Molding, and Trim Manufacturing

773 3812 7,986 3,326 Search, Detection, Navigation, Guidance, Aeronautical, and Nau-
tical Systems and Instruments

774 3721 65,698 39,074 Aircraft

Notes: This table displays the total procurement contracts (in constant 2012 dollars) awarded by all federal
agencies in 1988 and 1992 to each SIC4 industry. The observations are sorted in descending order of the
difference between 1992 and 1988.
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Table H28: PROCUREMENT CONTRACTS BY SIC4 INDUSTRY AROUND THE BEGINNING

OF THE GLOBAL WAR ON TERRORISM

Rank SIC4 2001 Contracts 2004 Contracts Industry description
($ mm) ($ mm)
1 3721 43,620 58,724 Aircraft
2 4812 878 14,068 Radiotelephone Communications
3 7819 877 12,059 Services Allied to Motion Picture Production
4 7373 6,544 15,541 Computer Integrated Systems Design
5 1311 270 6,623 Crude Petroleum and Natural Gas
6 2833 144 6,177 Medicinal Chemicals and Botanical Products
7 3537 679 6,005 Industrial Trucks, Tractors, Trailers, and Stackers
8 2111 1,124 6,278 Cigarettes
9 4731 248 5,242 Arrangement of Transportation of Freight and Cargo
10 7389 7,494 11,771 Business Services, Not Elsewhere Classified
765 7371 4,554 1,001 Computer Programming Services
766 8221 3,808 0 Colleges, Universities, and Professional Schools
767 7379 6,091 722 Computer Related Services, Not Elsewhere Classified
768 3724 5,893 0 Aircraft Engines and Engine Parts
769 8741 6,756 0 Management Services
770 3728 9,663 0 Aircraft Parts and Auxiliary Equipment, Not Elsewhere Classified
771 3731 10,625 759 Ship Building and Repairing
772 1531 10,858 0 Operative Builders
773 8744 15,934 0 Facilities Support Management Services
774 8711 17,139 521 Engineering Services

Notes: This table displays the total procurement contracts (in constant 2012 dollars) awarded by all federal
agencies in 2001 and 2004 to each SIC4 industry. The observations are sorted in descending order of the
difference between 2004 and 2001.
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Table H29: PROCUREMENT CONTRACTS BY SIC4 INDUSTRY AROUND THE FINANCIAL

CRISIS
Rank SIC4 2007 Contracts 2008 Contracts Industry description
($ mm) ($ mm)

1 3711 11,611 18,356 Motor Vehicles and Passenger Car Bodies

2 3721 68,801 74,202 Aircraft

3 3537 10,880 14,925 Industrial Trucks, Tractors, Trailers, and Stackers

4 2111 9,644 11,892 Cigarettes

5 1311 12,008 14,200 Crude Petroleum and Natural Gas

6 2013 256 2,389 Sausages and Other Prepared Meats Products

7 7819 11,936 14,041 Services Allied to Motion Picture Production

8 3442 7,792 9,627 Metal Doors, Sash, Frames, Molding, and Trim Manufacturing

9 2052 376 2,194 Cookies and Crackers

10 3829 75 1,528 Measuring and Controlling Devices, Not Elsewhere Classified

765 3561 962 604 Pumps and Pumping Equipment

766 4959 616 245 Sanitary Services, Not Elsewhere Classified

767 6099 4,143 3,742 Functions Related to Depository Banking, Not Elsewhere Classi-
fied

768 3341 748 296 Secondary Smelting and Refining of Nonferrous Metals

769 2812 1,913 1,368 Alkalies and Chlorine

770 2015 3,826 3,223 Poultry Slaughtering and Processing

771 6798 750 103 Real Estate Investment Trusts

772 3663 5,468 4,814 Radio and Television Broadcasting and Communications Equip-
ment

773 9222 1,317 268 Legal Counsel and Prosecution

774 2833 9,732 8,317 Medicinal Chemicals and Botanical Products

Notes: This table displays the total procurement contracts (in constant 2012 dollars) awarded by all federal
agencies in 2007 and 2008 to each SIC4 industry. The observations are sorted in descending order of the
difference between 2008 and 2007.
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