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ABSTRACT 

 
This study examines the effects of federal research and development (R&D) funding on 

private R&D spending. The dependent variable is a subset of private spending that excludes 

federal funds, and was selected to show whether federal funding encourages or crowds out 

additional private R&D spending from non-governmental sources. Increases in private R&D 

spending, driven by IT and pharmaceutical growth between 1987 and 2000, occurred without 

corresponding increases in federal funding, which suggests that the complementary relationship 

between public and private R&D spending discovered in the 1980s may no longer hold. 

However, ordinary least squares (OLS) analyses using data from the National Science 

Foundation (NSF) for the United States from 1957-2007 show that federal R&D funding for 

industry is associated with an increase in private R&D spending. The stimulatory effect increases 

when examining federal funding for basic research performed by industry from 1957-2005. In 

contrast, federal R&D funding for non-industrial performers is associated with a reduction in 

private R&D spending. The study concludes by recommending an integrated approach to 

innovation and economic growth that includes direct R&D funding for industry, R&D tax 

incentives, and a national focus on life-long learning.  
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INTRODUCTION 
 

 This study examines the effects of federal research and development (R&D) funding on 

private R&D spending. The dependent variable is a subset of private spending that excludes 

federal funds, and was selected to show whether federal funding encourages or crowds out 

additional private R&D spending from non-governmental sources. Since results will vary based 

on both the recipients of federal R&D funds and on the type of R&D performed, various 

specifications include both industry and non-industrial R&D performers and examine the effects 

of basic research, applied research, and development funding.  

Trends in United States (U.S.) R&D funding have changed substantially over the past 

three decades. Increases in private R&D spending driven by IT and pharmaceutical growth 

between 1987 and 2000 occurred without corresponding increases in federal funding. This trend 

suggests that the complementary relationship between public and private R&D spending 

discovered in the 1980s may no longer hold. Therefore, to capture the effects of these new 

trends, the study examines models in two time periods:  first, from 1957-1981 to re-estimate the 

most robust U.S.-centered study (Levy and Terleckyj, 1983), and second, from 1957-2007 to see 

how incorporating new spending trends changes the relationship. 

Although the relationship between public and private R&D spending can also be 

analyzed at the firm and industry levels, this study approaches the question at the 

macroeconomic level.   Using aggregate, national numbers ensures that the overall effect of 

public funding is captured, rather than its individual effects on firms or industries that regularly 

receive funding. In an effort to capture the effect of new R&D spending and funding trends in the 

U.S., the study has a U.S. focus instead of a cross-country approach. However, methods 

described below could also be used to examine similar relationships in other countries.  
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Policy Context 

 In the 2011 State of the Union address, President Obama outlined a strategy to maintain 

the U.S.’s international competitiveness and increase employment. One of the three paths he 

identified for the country was investing in American innovation, in part by funding R&D 

initiatives. In an effort to “rebuild our economy and win the future by out-innovating, out-

educating, and out-building our global competitors and creating the jobs and industries of 

tomorrow” (OSTP, p. 1-2), the President’s 2012 budget proposal allocates $148 billion to overall 

R&D funding. 

 President Obama’s strategy is based on an understanding that innovation is an important 

driver of medium- and long-term economic growth. Recession conditions are perpetuated by 

private firms’ continued unwillingness to spend in the face of political uncertainty and low 

consumer demand. According to the Heritage Foundation:  

Annual private fixed investment has fallen by 13 percent since the recession began. As 

long as business investment remains low and entrepreneurs hold back from starting new 

enterprises or expanding into new operations, job creation will remain low, and 

unemployment will stay high. (Sherk, 2010, p. 3) 

Since R&D projects have a long time horizon and are investments in future productivity, 

spending on R&D increases employment and corresponding investments in human capital and 

research facilities.  

In a similar vein, R&D also provides a sustainable path toward economic growth because 

it focuses on increasing U.S. competitiveness. In a global economy, firms in high-wage countries 

can only remain competitive by embracing innovation:  both in products and in processes. In 

addition to competing with firms in low-wage countries, the U.S. also competes with other high-
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wage innovators. The European Union (EU) has a stated goal of increasing R&D expenditures to 

three percent of the total EU gross domestic product (GDP) by 2020 (European Commission), 

and China has focused heavily on appropriating and developing technologies by hosting foreign 

direct investment (Brahmbhatt, 2010). Both the EU and China also emphasize and fund higher 

education to ensure that they can rely on innovation as a long-term economic resource.  

As the U.S. develops a path out of recession, it must consider the global economic 

context and invest in those areas that will stimulate future growth and prosperity. A recent 

Council on Foreign Relations Working Paper examining U.S. employment trends over the last 

three decades concluded with the recommendation that any long-term growth plans must include 

investments in people and innovation:  

To create jobs, contain inequality, and reduce the U.S. current-account deficit, the scope 

of the export sector will need to expand. That will mean restoring and creating U.S. 

competitiveness in an expanded set of activities via heightened investment in human 

capital, technology, and hard and soft infrastructure. The challenge is how to do it most 

effectively. (Spence & Hlatshwayo, 2011, p. 5) 

If federal R&D funding stimulates additional private spending, it would be one of the few 

effective federal policies left that can encourage sustainable economic growth.  

As policymakers sort through complex and difficult budgetary decisions, quantifying the 

relationship between public and private R&D spending will add significantly to the debate on 

how to spur economic growth while still reining in spending. While the Obama administration 

has advocated for R&D funding to invest in future competitiveness, fiscal conservatives have 

prioritized deficit reduction through spending cuts. This school of economic thought argues that 

free market conditions, along with preferential tax treatment, will provide the conditions 
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necessary for economic growth. In fact, tax incentives for industrial R&D also encourage 

additional private spending. However, because the government will continue to fund R&D, for 

the sake of contracting and for ensuring that socially-beneficially R&D is pursued, this study 

seeks to understand the economic effects of funding, rather than the effects of tax breaks. In all 

likelihood, tax breaks and public funding are mutually enforcing policy instruments. This 

relationship is discussed further in the Concluding Remarks section. 

Understanding the effects of public funding is equally important when discussing budget 

cuts. Table 1 shows the proposed reductions in the House Appropriations Committee’s 

Continuing Resolution to fund the remainder of the current fiscal year (FY11), as compared to 

President Obama’s requested FY11 budget. If federal R&D funding stimulates additional private 

spending, then these proposed cuts would have a larger effect than the dollar amounts imply. 

Rather than simply reducing the deficit, cuts that affect funding for industry would contribute to 

further economic stagnation by removing an important engine of medium to long-term growth. 

Although the table below does not specify the amount of funding that would go to private R&D 

performers, each of the listed organizations provides grants or contracts to private firms, or 

influences these funding decisions.  
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Table 1 

Proposed Funding Reductions in the House Appropriations Committee’s Continuing Resolution 

to Fund FY11, as compared to President Obama’s FY11 Budget Request 

Recipient Reduction 

Office of Science and Technology Policy (OSTP) $1.1 billion 

National Institutes of Health (NIH) $1 billion 

National Aeronautics and Space Administration (NASA) $379 million 

National Institutes of Standards and Technology (NIST) $246 million 

Agriculture Research $186 million 

National Science Foundation (NSF) $139 million 

 
Source: The U.S. House of Representatives Committee on Appropriations. (2011). 

 

To explore how federal R&D funding effects private spending, there are a number of 

critical variables to consider. First, federal R&D recipients are not homogeneous. The National 

Science Foundation (NSF) classifies R&D performers into the following nine categories: 

industry, intramural government, universities and colleges, other nonprofits, state and local 

governments, foreign entities, and Federally Financed Research and Development Centers 

(FFRDCs) administered by industry, universities, and other nonprofits. Although a large amount 

of funding goes to intramural performers, including the National Institutes of Health (NIH) and 

the National Science Foundation (NSF), the majority of federally funded R&D is conducted by 

industry, as shown in Figure 1 below. Whereas funding going directly to private companies may 

encourage additional private spending, funding for intramural or university performers may 

crowd-out or replace private R&D.  
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Figure 1. Federal R&D funding by performer, 1957-2009. In millions of 2005 U.S. dollars. 

(Source: National Science Foundation). 

 

 Second, an important determinant of how federal funding affects private R&D spending 

is the type of research performed. The NSF defines three types of R&D: basic research, applied 

research, and development. Basic research refers to study and discovery for the sake of gaining 

new knowledge, without a specific application or end product in mind. Applied research focuses 

on finding a solution for an identified need, and development refers to the design and production 

of an identified solution. Each type of research must be examined separately, as each serves a 

distinct purpose and has different levels of associated commercial risk.   
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Basic research is an expensive and highly risky endeavor. Private firms cannot be certain 

that their investments will produce returns in the form of a profitable product. In addition, as 

soon as basic research does become commercially viable, other firms can quickly appropriate 

and profit from the new knowledge generated, which further reduces the investing firms’ internal 

rate of return. Federal funding, by providing an economic incentive for firms to engage in basic 

research and generate new knowledge, plays a crucial role in this initial stage of the R&D 

process. It is therefore expected that federal funding for basic research would stimulate 

additional private spending. On the other end of the spectrum, private firms engage in 

development activities when they have already identified a commercially viable product or 

process. If the federal government funds development activities to acquire or procure a product, 

public funds may crowd out private spending when the firm would have invested in development 

in the absence of government demand.  

Finally, it is important to note that, without examining numbers, the effects of 

government funding on private R&D expenditures remain ambiguous. Although government 

spending meant to subsidize economically unattractive research should never crowd out private 

investment, the use of contracting could displace private R&D spending. Without quantitative 

analysis, the magnitudes of these effects are unknown. 

LITERATURE REVIEW 

Many studies have examined the effects of public R&D funding on private spending; 

however, the trends in U.S. R&D spending have changed considerably since the last U.S.-

centered studies were completed. This section will review the development of statistical models 

over the last several decades, and show how current U.S. data reflect new public and private 

R&D trends. 
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Previous Studies 

Previous studies examining the relationship between public and private R&D spending 

can be classified into firm-level (Link, 1982; Mansfield & Switzer, 1982; Scott, 1981), industry-

level (Goldberg 1979; Levin & Reiss, 1981), and macro-level analyses. The current study takes a 

macro approach, meaning that it will look at aggregated national-level data, and will therefore 

focus on reviewing previous macro-level work.  

One of the first studies examining this question in United States was completed in 1983 

by Levy and Terleckyj. The authors argued that previous firm- and industry-level studies had not 

yet captured the overall effect of federal R&D funding on the U.S. economy. Analyzing firms or 

industries that received federal funding would overestimate effects, because firms and industries 

are not selected to receive funding at random. Likewise, a firm that wins a government contract 

may also spend more of its own resources on R&D because it has a guaranteed customer, but a 

rival firm may spend less when it finds itself suddenly less competitive. Levy and Terleckyj 

found that each dollar of public R&D spending resulted in an additional $0.21 of private sector 

R&D spending. In addition to the overall estimation, the study showed that funding for private 

firms was the cause of this complementary relationship. A dollar of federal funding for private 

performers resulted in an additional $0.27 of private sector spending, while funding for 

universities or intramural efforts had a mildly negative, but statistically insignificant, effect on 

private spending.  

 Researchers in the following decades built upon on this initial aggregate model. In 1987, 

Lichtenberg showed that when controlling for R&D sales, the failure to distinguish between 

government and private sales would upwardly bias estimates. Re-estimating the equation using 

government and private demand as separate control variables rendered the model insignificant. 
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However, Lichtenberg did not include other controls used by Levy and Terleckyj, and also did 

not define public and private R&D expenditures as stock variables. Using flow, instead of stock, 

variables would have reduced the size of his estimated effect as compared to Levy and 

Terleckyj’s results (David, et. al., 2000). Studies that followed in the 1990s also examined the 

effects of public funding for basic research on private spending (Robson, 1993; Diamond, 1998) 

and found complementary relationships (David, et. al., 2000). 

 In 1990, Levy conducted the first cross-country study using Organisation for Economic 

Co-operation and Development (OECD) data for nine countries in three geographic regions. The 

cross-country model provided a solution to endogeneity arising in single-country time series 

studies. Variables such as business cycle shifts and federal fiscal policy affected both public and 

private investment decisions, and using a cross-country model removed the influence of 

domestic business cycles and fiscal policy shifts over time. After controlling for country-specific 

trends, Levy found complementary effects in five countries, substitution effects in two countries, 

and insignificance in the remaining two countries, with effects ranging from an additional $0.41 

of private R&D spending to a reduction of $0.73.  

Subsequent studies continued using the cross-country approach. In 2000, Guellec and van 

Pottelsberghe developed a first-difference auto-regressive model using OECD data for 17 

countries that included a lagged dependent variable to account for the effects of past private 

spending on current decision-making. Controls included gross domestic product (GDP) growth 

to account for business cycle effects, business sector value added, fiscal generosity for R&D, 

federal funding for intramural R&D, and federal funding for university R&D. The authors found 

that an additional dollar of government funding increased private R&D spending by $0.70.  
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Results from previous studies are summarized in Table 2. Although the magnitude of 

results vary slightly, most analyses show a complementary relationship between public R&D 

funding for industry and additional private R&D spending. However, despite the developments 

in cross-country model specifications, no recent studies have returned to examine the U.S alone, 

accounting for its particular circumstances and relevant variables.  

 

Table 2 

Studies Estimating the Marginal Impact of Publicly Financed R&D on Private R&D 
 
Author(s) Study Notes Effect 
Country-Level Model   
Levy and Terleckyj (1983) 
USA: 1949-81, time series 

Includes output, corporate 
taxes, unemployment, and age 
of R&D stock  

.21* 

.27* (federal funding for 
industry R&D) 
-.018* (federal funding for 
non-industry R&D) 

Lichtenberg (1987) 
USA: 1956-83, time series 

When output is separated into 
government sales and other 
sales, the effect becomes 
smaller and insignificant 

.33* (with total R&D sales) 

.109 (with government v. 
other R&D sales) 

Cross-Country Model   
Levy (1990) 
9 countries: 1963-84, panel 
data 

Includes output and country 
dummies. Effects are positive 
for four countries, negative for 
two, and insignificant for two. 

-.73* to .41* 

Guellec and van 
Pottelsberghe (2000) 
17 countries: 1983-96, panel 
data 

Includes output, time 
dummies, country-specific 
fixed effects, and a lagged 
dependent variable  

.70* (federal funding for 
industry R&D) 
-.44* (federal funding for 
intramural R&D) 
-.18* (federal funding for 
university R&D) 

Note: Adapted and modified from Guellec and van Pottelsberghe (2000). *Signifies statistical 
significance at the 10% level. 
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Changing Trends in R&D Funding 

Since Levy and Terleckyj's 1983 study, trends in R&D funding have shifted dramatically. 

Figure 2 displays federal and industry R&D expenditures from 1957-2007. Data show that 

between 1987 and 2000, federal R&D spending declined by almost four percent in inflation-

adjusted dollars, while private R&D spending increased by 37 percent over the same time period.  

 

 
 
Figure 2. U.S. spending on research and development by funding source, 1957-2007. In millions 

of 2005 U.S. dollars. (Source: National Science Foundation). 

 

The decline in federal funding can be explained in part by the changing international 

context. At the end of the Cold War (1991), there was no longer a tangible reason to compete and 

develop technologies, and the U.S. slowly reduced funding (Cohen and Noll, 2001). 
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Additionally, the 1980s brought increased emphasis on tax reductions, deregulation, and 

privatization. These policies reduced the need for direct government involvement and funding, 

and this overall government shrinkage provides an additional explanation for reduced federal 

spending.   

However, the decrease in federal funding was reversed in 2001, and in more recent years 

R&D funding has been identified as a way to stimulate the economy and increase jobs. In the 

2009 American Recovery and Reinvestment Act (ARRA) the Obama administration 

appropriated $21.5 billion for R&D activities, in addition to the $151.1 billion included in the 

FY09 budget. That year, President Obama also announced the goal of increasing R&D spending 

to three percent of Gross National Product (GNP), the highest percentage of R&D spending since 

President Kennedy funded NASA to develop the technology needed to go to the moon. 

From 1987-2000, private R&D spending increased by 37 percent. The increase was 

roughly correlated with the development of the U.S. information technology and pharmaceutical 

sectors. Between 1990 and 2000, R&D spending in the service-sector grew more rapidly than in 

manufacturing, an anomaly driven in large part by growth in computer software firms. A similar 

surge occurred between 1987 and 1991 (NSF, 2004, para. 5). Additionally, industry R&D 

spending peaked with the dot-com bubble that, according to DeLong (2006) occurred roughly 

from the late 1990s through 2000. Figure 3, below, shows private R&D spending by industry. 

Although the Information/electronics industry accounts for almost half of the spending from 

1984-1995, the Drugs/Medicines industry saw significant growth from the 1980s through 1995 

as well (Mitchell, 1997). 
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Figure 3. Selected Industries’ Share of Total Industry R&D Expenditures, 1981-1995 (Mitchell, 

1997). 1995 values are estimated.  

 

Increases in private R&D spending driven by IT and pharmaceutical growth between 

1987-2001 occurred without corresponding increases in federal funding. This suggests that the 

complementary relationship between public and private R&D spending may no longer hold. If 

private spending increased independently from federal support, then other factors may now be 

more influential in private spending decisions than public funding. The Obama administration’s 

decision to increase federal R&D funding is based in part on the assumption that public spending 

will stimulate additional private spending, thereby increasing innovation and productivity, 

creating new jobs, and bolstering international competitiveness. The current study examined the 

ramifications of these new trends in greater depth, to see if the complementary relationship 

between public R&D funding and private R&D spending that was discovered in the late 1980s 

still holds when examining today’s spending trends.  
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CONCEPTUAL MODEL 
 
From 1990 onward, most studies examining the effects of public R&D funding used a 

cross-country approach; a U.S.-focused study has not been completed since trends in public and 

private R&D funding changed. As discussed above, from 1987 to 2000, federal R&D funding 

decreased while private sector spending increased steadily. This study examines whether the 

complementary relationship between public and private R&D spending discovered in the 1980s 

still holds. The current study advanced work done by Levy and Terleckyj in 1983 by adding over 

20 years of additional data and exploring these new trends with slightly different statistical 

techniques. The conceptual model is:  

Private R&D Spending, company and other fundst = ƒ(Federal R&D Funding for 

Industryt, Federal R&D Funding for Other Performerst, GDPt-1, Corporate Taxt-1, 

Unemploymentt, Private R&D Spending, company and other fundst-1, residual errort).  

 

The model examined two different time periods: first from 1957-1981 to re-estimate 

Levy and Terleckyj’s (1983) initial findings, and also from 1957-2007 to examine how more 

recent R&D spending decisions alter the previously estimated effects. The dependent variable in 

this study is private firms’ R&D expenditures funded by company and other non-federal sources. 

It is important to note that the dependent variable is a subset of total private R&D spending, and 

does not include federal funds. Using this variable isolates the effects of federal funding on 

firms’ decisions about additional spending, and shows whether federal funds encourage spending 

from other sources, or crowd out this type of spending. To emphasize the importance of the 

chosen dependent variable, an additional model examines private R&D spending from all 

funding sources as a comparison.  
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A major distinction from Levy and Terleckyj’s (1983) model is the use of flow variables 

rather than stock variables. Using flow variables isolated the effects of current spending within a 

given year, instead of the accumulated ability to spend on R&D, but decreased the estimated 

effect in comparison with Levy and Terleckyj’s results. As David, et. al. (2000) note, using stock 

variables may be a more accurate measure of R&D funding behavior, but can also result in 

strong serial correlation between the dependent and independent variables that flow models 

avoid. 

The conceptual model for this study also includes control variables based on previous 

studies: GDP, corporate tax rate, and unemployment. Whereas Levy and Terleckyj (1983) 

included the value of private sector output lagged one year, the current study replaces this 

variable with GDP. GDP represents overall market trends that would influence both federal and 

private spending on R&D. When GDP is larger, private companies are more likely to invest in 

long-term research projects. Likewise, the federal government may have more flexibility in 

spending with a larger GDP. However, governments may also increase R&D funding in periods 

with lower GDPs to stimulate additional growth and employment.  

Corporate tax rates also influence both the government and industry’s ability to spend. 

Higher tax rates increase government revenue, and therefore increase available R&D funds. On 

the other hand, the same higher tax rate would decrease the amount of money available for 

private R&D investment. The model includes tax rates from the previous year because taxes in 

the current year are filed using the previous year’s rate.  

The current year’s unemployment rate serves as a final control variable. As discussed 

above, the government may invest additional funds in R&D to increase job creation. However, 

there may be an opposite effect if federal funding is reallocated away from R&D and toward 
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social programs such as extended unemployment benefits. Unemployment also influences 

private spending decisions. During times of recession and higher unemployment, private firms 

would be more hesitant to engage in high-risk and longer term R&D.  

Finally, the model uses a lagged dependent variable based on work completed by Guellec 

and van Pottelsberghe in 2000. Because of the long-term time horizon for R&D planning, past 

R&D expenditures likely will influence current spending decisions. Firms that increase R&D 

spending by hiring staff or building infrastructure should continue investing in the project in 

subsequent years. Therefore, the previous year’s spending should correlate with current 

spending.  

RESEARCH DESIGN: DATA AND METHODS 
 

Data 

The study uses data compiled by the National Science Foundation’s (NSF) Industrial 

Research & Development Information System (IRIS) and Science and Engineering Statistics 

(SRS) to test the model described above. The IRIS database contains historical data from the 

NSF’s annual Survey of Industrial Research and Development from 1953 through 2007. The 

Bureau of Labor Statistics (BLS) collected the data from 1953-1956 using different methods of 

collection than those implemented post-1957. Data from those years are therefore not directly 

comparable to future years, so the following analysis uses data from 1957 onward. Data collected 

after 1998 also use a revised coding scheme and are captured in the SRS series. The revised 

coding primarily affects the way university spending and sectors within industry are defined, and 

therefore do not interfere with the validity of this study.  

The IRIS measures federal funding as government obligations, which includes, “orders 

placed, contracts awarded, services received… during a given period, regardless of when the 
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funds were appropriated and when future payment… is required” (NSF, 2008, p. 331). The 

funding variables are organized by category of R&D performer and are measured in millions of 

2005 U.S. dollars using deflators reported in the FY11 budget’s historical tables. Variables of 

interest include federal R&D funding for industry, which is also separated into funding for basic 

research, applied research, and development; federal R&D funding for industry-run FFRDCs, 

where FFRDCs are defined as “R&D-performing organizations administered… on a nonprofit 

basis and exclusively or substantially financed by the federal government” (NSF, 2008, p. 337); 

and federal funding for all other R&D performers.  

Non-industrial R&D performers include: intramural, university, other nonprofits, state 

and local governments, and foreign performers. Intramural funding measures R&D funding for 

federal agencies when “the work of these agencies is carried out directly by agency personnel” 

(NSF, 2008, p. 336). Universities and colleges are those organizations that “offer at least one 

year of college-level study leading toward a degree” (NSF, 2008, p. 337). Other nonprofits are 

“private organizations other than educational institutions whose net earnings in no part inure to 

the benefit of a private stockholder or individual and other private organizations organized for 

the exclusive purpose of turning over their entire net earnings to such nonprofit organizations” 

(NSF, 2008, p. 337). State and local governments are “agencies, excluding state or local 

universities and colleges, agricultural experiment stations, medical schools, and affiliated 

hospitals” (NSF, 2008, p. 337-338). The survey includes R&D conducted by state and local 

employees or “by other organizations under grants or contracts from such agencies” (NSF, 2008, 

p. 338).  Finally, foreign performers are “foreign citizens, foreign organizations, or foreign 

governments, as well as international organizations… performing R&D work abroad financed by 

the federal government” (NSF, 2008, p. 338).  This definition excludes “U.S. agencies, 



 

18 
 

organizations, or citizens performing R&D abroad for the federal government” (NSF, 2008, p. 

338). 

The Business Research and Development Innovation Survey (BRDIS), which surveys a 

representative sample of 40,000 R&D-performing companies, provides R&D statistics on 

industry spending. Under U.S. law, companies must respond to the survey questions. However, 

due to the nature of company-reported data and variation between different firms’ accounting 

practices, the types and costs of activities included in R&D may vary by firm and industry. The 

NSF’s BRDIS database, measured in millions of 2005 U.S. dollars using deflators reported in the 

FY11 budget’s historical tables, provides data for the industry-performed R&D variables. 

The Bureau of Labor Statistics, the Bureau of Economic Analysis, and the Tax 

Foundation provide data for additional control variables. These include Gross Domestic Product 

(GDP) (measured in millions of 2005 U.S. dollars), corporate tax rate (measured as the highest 

possible tax rate for the given year), and unemployment rate (defined as the share of the total 

labor force that is unemployed, where “persons are classified as unemployed if they do not have 

a job, have actively looked for work in the prior 4 weeks, and are currently available for work” 

or “were not working and were waiting to be recalled to a job from which they had been 

temporarily laid off” [BLS, para. 24]).  

Methods 
 

An examination of the conceptual model described above uses ordinary least squares 

(OLS) estimates with robust standard errors to account for heteroskedasticity in variances. 

Because an inherent difficulty with time series data is the prevalence of serial correlation 

between the error term and the variables, Engle’s Lagrange multiplier tests for the presence of 

autoregressive conditional heteroskedasticity (ARCH) were run. These test results (reported in 
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Appendix 2) reveal that ARCH was present in some, but not all, of the OLS estimations. The 

Findings section below presents an examination of the models with both OLS and ARCH 

estimators. Although ARCH estimates were not needed in all specifications, their inclusion 

provides an additional robustness test. While the ARCH estimates permit greater variation than 

do OLS estimates, ARCH results are less precise.  

The first set of estimations presents the effects of federal R&D funding for industrial 

performers on industry R&D spending from company and other funding sources, controlling for 

GDP and corporate tax rate (both lagged one year), unemployment rate, and a lagged dependent 

variable. This specification includes separate variables for each R&D performer. The second set 

of estimations combines all non-industry R&D performers into one variable. Federal R&D 

funding for industry-run FFRDCs remains a separate variable in this specification because it is 

neither funding for a non-industrial performer, but neither is it R&D work conducted for private 

profit.  

The third set of estimations presents the effects of federal funding for industrial 

performers on industry R&D spending from all funding sources. This estimation shows how 

previous studies that used all private R&D spending as a dependent variable may be biased, 

because the federal funding would be double counted:  first in the federal funding variable, and 

again in the industry spending variable. Including this model highlights the importance of 

isolating additional private spending explained by federal R&D funding for industry. The final 

set of estimations returns to the initial dependent variable and separated federal funding for 

industry-performed R&D into three sub-categories:  basic research, applied research, and 

development funding. Table 3 presents these four specifications. 
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Table 3 

Model Specifications 

 Industry R&D 
Spending, company 
and other sources 

Industry R&D 
Spending, all sources 

 (1) (2) (4) (3) 
Federal R&D Funding for Industry x x  x 
   Basic Research   x  
   Applied Research   x  
   Development   x  
Federal R&D Funding for Industry-Run FFRDCs x x  x 
Federal R&D Funding for Other Performers  x x x 
   Intramural x    
   Universities x    
   University-Run FFRDCs x    
   Nonprofits x    
   Nonprofit-Run FFRDCs x    
   State & Local Governments x    
   Foreign Recipients x    
GDP (t-1) x x x x 
Corporate Tax Rate (t-1) x x x x 
Unemployment Rate x x x x 
Industry R&D Spending, company and other 
sources (t-1) x x x x 

Year x x x x 
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FINDINGS 

 The first specification estimates the effects of federal funding on additional private R&D 

spending, and separates R&D performers into separate variables. Performers include industry, 

industry-run FFRDCs, intramural, universities, university-run FFRDCs, nonprofits, nonprofit-run 

FFRDCs, state and local governments, and foreign recipients. Columns 1.1-1.3a of Table 4, 

below, present the results using OLS estimates for 1957-1981 and OLS and ARCH estimates for 

1957-2007.   

In this specification, federal R&D funding for industry is not significant in either time 

period. However, several of the coefficients on funding for non-industry R&D performers are 

significant during the 1981-2007 time period. Using OLS estimators, a dollar of federal funding 

for intramural and for university R&D reduces private spending by $1.05 and $2.47, 

respectively. The ARCH estimators are slightly different in magnitude:  the reductions for 

intramural and university R&D funding are $0.78 and $2.99, respectively. This means that 

federal funding for intramural government performers and for universities and colleges 

conducting R&D crowds out or replaces additional private spending on R&D.  

In contrast, a dollar of federal funding for nonprofit-run FFRDCs during the 1957-2007 

time period increases private R&D spending by $8.28 in the OLS estimate and by $5.39 in the 

ARCH estimate, meaning that funding for nonprofit-run FFRDCs greatly stimulates additional 

private spending. This could be explained by complementary types of R&D completed in the 

nonprofit FFRDC versus industrial settings, or by nonprofit-run FFRDCs contracting out to 

private companies. However, this relationship merits further investigation.  

The second specification collapses all non-industrial R&D performers into a single 

variable, and re-estimates the same model. Performers in this version include industry, industry-
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run FFRDCs, and all other R&D performers. Columns 2.1-2.3a of Table 4, below, present the 

results using OLS estimates for 1957-1981 and OLS and ARCH estimates for 1957-2007.  

Federal funding for industry R&D and for other R&D performers are both significant in 

this estimation, and the magnitude of the effects increases from 1981 to 2009. In the 1957-1981 

time period, a dollar of federal funding for industry increases private R&D spending by $0.15. 

This effect increases to $0.31 in the 1957-2007 time period, and to $0.47 in the 1957-2009 

ARCH estimation. On the other hand, funding for non-industrial R&D performers decreases 

private spending:  an effect that also increases over time periods. A dollar of federal funding for 

other performers, which includes intramural and universities, reduces private R&D spending by 

$0.35 between 1957 and 1981, by $1.02 between 1957 and 2007, and by $1.33 in the 1957-2007 

ARCH estimate.  

 The results above vary slightly from those reported by Levy and Terleckyj in 1983. The 

authors found that a dollar of federal funding for industry increased private spending by an 

additional $0.27, compared to the $0.15 reported above. Because the current study uses flow, 

instead of stock, variables, the smaller magnitude is expected. However, when extending the 

time period to 1957-2007 to include new trends, the effect increases to $0.31. 

 The increase in magnitudes between time periods is unexpected. Recent R&D spending 

trends show that federal funding decreased from 1987-2000, while private spending increased by 

37 percent during the same time period. These numbers alone imply that federal funding may 

have little influence over private spending decisions. However, by controlling for other economic 

effects, this model shows that the complementary effect between public and private R&D 

spending remains, and even increases over time. Meanwhile, federal funding for other R&D 

performers continues to crowd out private spending, an effect that increases with time as well.  
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 The model above may also capture other indirect factors that influence both federal and 

private spending decisions. For example, tax incentives and deregulation may contribute to 

increases in both public and private R&D spending. If this is the case, the model above cannot be 

interpreted as having a causal relationship, and further analysis should include these and similar 

additional economic variables.  

 

  



 

 
 

Table 4 
 
OLS and ARCH Estimates of Federal Funding for Industry on Private R&D Spending, company and other sources, 1957-1981 

and 1957-2007 

 (1.1) (1.2) (1.3) (1.3a) (2.1) (2.2) (2.3) (2.3a) 
VARIABLES OLS OLS ARCH ARCH OLS OLS ARCH ARCH 
 1957-1981 1957-2007 1957-2007  1957-1981 1957-2007 1957-2007  
         
Federal R&D funding for  -0.0505 0.0700 0.114  0.149** 0.309*** 0.469***  
industry (0.128) (0.163) (0.0748)  (0.0693) (0.0977) (0.0337)  

Federal R&D funding for  -1.654 -0.653 -0.683  1.405 0.218 0.220  
industry-run FFRDCs (1.497) (1.046) (0.692)  (0.966) (0.971) (0.478)  

Federal R&D funding for 
non-  

    -0.352* -1.018*** -1.328***  

industry performers     (0.173) (0.216) (0.0692)  

• Federal R&D 
funding  

-0.276 -1.047* -0.781***      

for intramural (0.481) (0.534) (0.221)      

• Federal R&D 
funding 

-1.748 -2.465* -2.990***      

for university (1.416) (1.222) (0.511)      

• Federal R&D 
funding 

1.267 1.328 0.518      

for university-run 
FFRDCs 

(1.956) (1.633) (0.804)      

• Federal R&D 
funding 

-2.407 -1.106 1.608      

for nonprofit (2.924) (3.758) (1.276)      
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• Federal R&D 
funding  

7.873* 8.282* 5.390***      

for nonprofit-run 
FFRDCs 

(3.964) (4.121) (1.717)      

• Federal R&D 
funding  

2.576 -3.462 2.419      

for state & local (3.288) (4.590) (1.685)      

• Federal R&D 
funding 

17.41*** -1.094 0.256      

for foreign (4.887) (2.520) (2.121)      

GDP (t-1) 0.0176** 0.0110*** 0.00542***  0.00403 0.00935*** 0.0109***  
 (0.00666) (0.00232) (0.00132)  (0.00250) (0.00221) (0.000671)  

Corporate tax rate (t-1) -250.2 -179.1 -359.8***  -314.2** -131.4 -384.7***  
 (175.6) (220.7) (109.2)  (108.7) (176.9) (148.0)  

Unemployment rate -627.1** -1,403** -800.2***  -691.4* -862.2 -538.9***  
 (277.0) (558.7) (163.2)  (359.6) (520.9) (115.3)  

Industry R&D spending,  -0.241 0.758*** 1.016***  0.841*** 0.760*** 0.722***  
company and other funding 
(t-1) 

(0.442) (0.114) (0.0606)  (0.155) (0.0821) (0.0211)  

L.arch    2.063**    2.430** 
    (0.959)    (1.000) 

Constant 1,983 6,044 20,320*** 235,335 12,422 1,137 9,229 30,809 
 (10,916) (13,796) (6,856) (967,301) (8,032) (12,140) (8,007) (607,070) 

Observations 25 51 51 51 25 51 51 51 
R-squared 0.998 0.998   0.995 0.997   

 
Notes:  Standard errors in parentheses, robust standard errors for OLS estimates. *** p<0.01, ** p<0.05, * p<0.1 
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After estimating the effects of federal funding on additional private spending, the third 

specification examines the effects of federal funding on all private R&D spending, which 

includes spending that was funded by the federal government. The results (see Table 5 below) 

show that using all private R&D spending as the dependent variable inflates the OLS estimates. 

Compared to the results shown in Table 4 above, this model overestimates the effect of federal 

funding for industry by $0.28 in the 1957-1981 time period and by $0.18 in the 1957-2007 time 

period. Because federal funding is measured in both the independent and dependent variables of 

interest, this funding is double counted. Previous studies that use all private R&D spending as 

the dependent variable are upwardly biased and do not capture the true stimulatory effect of 

federal funding.  

In contrast, the results using ARCH estimates with all private R&D spending as the 

dependent variable are slightly smaller than those results reported when additional private 

spending is the dependent variable. This pattern also holds for the effects of federal funding for 

non-industry R&D performers on private R&D spending. However, ARCH estimates are 

included in this estimation as a robustness test and, because they are not truly needed in this case, 

the results are less precise. When examining the standard errors, it is clear that the difference 

between the coefficients in the two ARCH specifications is not statistically significant.



 

 
 

Table 5 
 
OLS and ARCH Estimation of Federal Funding for Industry on Private R&D Spending, all sources, 1957-1981 and 1957-2007 

 (3.1) (3.2) (3.3) (3.4) 
VARIABLES OLS OLS ARCH ARCH 
 1957-1981 1957-2007 1957-2007  
     
Federal R&D funding for  0.425** 0.487*** 0.442***  
industry (0.156) (0.143) (0.0760)  

Federal R&D funding for  2.531 1.793 0.473  
industry-run FFRDCs (1.476) (1.175) (0.838)  

Federal R&D funding for non-  -0.865** -1.213*** -1.126***  
industry performers (0.326) (0.250) (0.127)  

GDP (t-1) 0.00657** 0.00900*** 0.00847***  
 (0.00280) (0.00219) (0.00107)  

Corporate tax rate (t-1) -774.6*** 139.9 -108.3  
 (251.8) (197.1) (118.7)  

Unemployment rate -902.6* -445.7 -1,367***  
 (437.2) (601.1) (333.2)  

Industry R&D spending,  0.718*** 0.820*** 0.807***  
company and other funding (t-1) (0.148) (0.0827) (0.0422)  

L.arch    1.656*** 
    (0.604) 
Constant 42,534*** -13,037 9,726 1.074e+06 
 (14,067) (11,676) (7,213) (1.183e+06) 
     
Observations 25 51 51 51 
R-squared 0.988 0.995   

 
Notes: Robust standard errors in parentheses, robust standard errors for OLS estimates. *** p<0.01, ** p<0.05, * p<0.1 
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The final specification returns to use additional private R&D spending as the dependent 

variable, but further examines the effects of federal R&D funding for industry. This variable is 

separated into funding for basic research, for applied research, and for development, all still 

conducted by industrial performers. Table 6 presents the results below, using both OLS and 

ARCH estimates for 1957-1981, 1957-2005, and also for 1981-2005.  

The effect of funding for basic research changes dramatically between time periods. 

From 1957-1981, a dollar of federal funding for industry-performed basic research decreases 

additional private R&D spending by $8.74; however, in the 1957-2005 time period, funding for 

basic research increases private spending by $4.05. The time period 1981-2005 is included as a 

robustness check; the effect is positive but not significant.  

 The change in the effect of basic research funding, from crowding out to stimulatory, is 

surprising. Theoretically, federal funding for basic research plays an important role in 

encouraging socially beneficial investments. Because private firms do not have proper incentives 

to engage in research with no clear commercial applications, federal funding subsidizes this type 

of activity. The initial encouragement should stimulate additional private funds to supplement 

the overall costs of long-term research projects. Although the opposite effect occurred from 

1957-1981, a stimulatory effect is found in the longer term. This could be attributed to the more 

recent growth in computer technologies and pharmaceuticals. These industries invest heavily in 

R&D, and may have found that pursuing additional basic research in technology and life 

sciences is a profitable venture. Further analysis that separates the effects of federal R&D 

funding by industry may shed more light on this nuance. 

 The effects of funding for applied research and for development is significant from 1957-

1981, but not significant during the 1957-2005 time period. From 1957-1981, a dollar of federal 
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funding for applied research increases additional private R&D spending by $3.51. Although this 

effect was not significant in the 1957-2005 time period, examining 1981-1957 produced a similar 

result:  a dollar of funding for applied research increases private spending by $2.30. The effect of 

federal funding for development is slightly smaller. From 1957-1981, a dollar of federal funding 

for development increases additional private spending by $0.29. The effect in other time periods 

is not significant.  

In contrast to specifications that treat R&D funding as a homogenous variable, findings 

from this specification, which separates federal funding for industry into basic research, applied 

research, and development, show that the stimulating effects of federal funding are complex and 

depend heavily on how R&D is defined, and most likely also on how different sectors and 

markets respond to R&D initiatives.  



 

 
 

Table 6 

OLS and ARCH Estimation of Federal Funding for Industry, by research type, on Private R&D Spending, company and other sources, 

1957-1981, 1957-2005, and 1981-2005 

VARIABLES 

(5.1) (5.2) (5.2a) (6.1) (6.2) (6.2a) (7.1) (7.2) (7.2a) 
OLS ARCH ARCH OLS ARCH ARCH OLS ARCH ARCH 

1957-1981 1957-1981  1957-2005 1957-2005  1981-2005 1981-2005  
          
Federal funding for 
basic  

-8.743* -9.257**  4.048* 5.570**  0.469 -0.278  

research (4.881) (4.418)  (2.150) (2.358)  (2.772) (4.672)  

Federal funding for  3.506** 3.641***  0.0469 -0.293  2.303* 2.292  
applied research (1.462) (1.273)  (0.689) (0.446)  (1.088) (1.395)  

Federal funding for  0.293* 0.295*  0.201 0.0973  -0.0799 -0.0469  
development (0.147) (0.159)  (0.174) (0.182)  (0.357) (0.712)  

Federal R&D funding  -0.170 -0.164  -0.774*** -0.718***  -2.060*** -2.050***  
for non- industry 
performers 

(0.124) (0.171)  (0.203) (0.166)  (0.550) (0.762)  

GDP (t-1) 0.0119*** 0.0121***  0.00863*** 0.00927***  0.0144*** 0.0144**  
 (0.00204) (0.00380)  (0.00243) (0.00126)  (0.00387) (0.00562)  
Corporate tax rate  
(t-1) 

-125.7 -129.1  123.7 68.33  287.1 139.3  

 (93.83) (266.7)  (340.3) (302.1)  (425.3) (722.0)  
Unemployment rate -514.9 -539.5***  -1,019* -1,475***  -1,327 -1,097  
 (305.8) (200.3)  (547.9) (425.2)  (1,487) (2,199)  

Industry R&D 
spending,  

0.264 0.250  0.768*** 0.697***  0.774*** 0.779***  

company and other 
funding (t-1) 

(0.158) (0.255)  (0.0899) (0.0412)  (0.116) (0.193)  
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L.arch   0.0660   0.966**   0.300 
   (0.612)   (0.479)   (0.720) 

Constant -23,080** -23,496 478,836 -12,826 -5,583 3.940e+06 -10,048 -6,789 1.018e+07 
 (8,361) (21,511) (407,664) (21,044) (15,439) (2.509e+06) (32,974) (33,485) (1.154e+07)

Observations 25 25 25 49 49 49 25 25 25 
R-squared 0.997   0.997   0.993   
 
Notes: Robust standard errors in parentheses, robust standard errors for OLS estimates. *** p<0.01, ** p<0.05, * p<0.1 
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CONCLUDING REMARKS 

The preceding analysis shows that, overall, federal R&D funding allocated to industry 

performers stimulates additional private spending, and that this effect increases when examining 

funding for basic research only. These relationships may play a central role in the U.S. economic 

recovery. If the federal government increases R&D funding for industry, private firms are likely 

to find increased incentives to build a foundation of innovation needed to increase international 

competitiveness. Implications are explored further in the Policy Recommendations section, 

below. 

The link between federal R&D funding and increased employment is promising but 

inconclusive based on the current study. Although increased private spending is isolated, the 

effects on employment are not. It can be assumed that a portion of that increased spending would 

be invested in people and new hires; however spending may also be allocated to higher wages for 

existing personnel. Goolsbee (1998) showed that increased federal R&D funding resulted in 

higher wages for scientists and engineers, rather than increased output. As economic trends 

change, further examination of this question is recommended.  

The current study is limited by both the data used and its scope. In the NSF database, 

federal funding is measured as obligations, rather than actual monetary transactions. The actual 

funding that R&D performers receive in a given year may not match the stated obligations. 

Likewise, data on private R&D spending is self-reported by firms. Definitions of what types of 

activities or expenses to include under R&D vary across firms and industries.  

The scope of the current study also is limited to a broad macroeconomic approach. There 

are many ways to categorize and examine the relationship between public and private R&D 

spending, and future research should isolate effects across different industries, sectors, or even 
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geographic regions of the country. Particularly because the information technology and 

pharmaceutical sectors experienced rapid growth in R&D spending since the 1980s, future 

studies should examine these sectors in more detail.  

Finally, there are several important factors that influence both public and private 

spending decisions that are not included in the current study. Future research and models should 

also control for tax policies and other forms of indirect R&D subsidization, for financial factors 

such as interest rates, stock market regulation, and access to capital, and finally for different 

economic policies over time such as deregulation and privatization. 

Policy Recommendations 

Despite the limitations of the current study, the findings above provide insight and 

guidance for policymakers. Although federal funding for industrial performers stimulates 

additional private spending, funding for all other R&D performers reduces private R&D 

spending. An interesting nuance is that this crowding out effect is larger than the stimulatory 

effect of funding for industry. Similarly, when federal R&D funding for industry is separated 

into type of research, the results are less robust and, from 1957-1981, funding for basic research 

even crowds out private spending. The complexities inherent in quantifying the relationship 

between public and private R&D spending show that policymakers must take a larger vision into 

consideration when crafting budgetary and economic strategies.  

Because economic stimulus is not the only, or even primary, reason for funding R&D, 

any plan to sustainably increase innovation and economic growth must take an integrated 

approach to ensure that these goals are met. Federal R&D funding alone is not sufficient, 

especially when funding for intramural or university performers crowds out private R&D 

spending. However, should federal R&D funding for industrial performers combine with a 
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nationwide dedication to both life-long learning and effective tax incentives, these factors can 

significantly boost U.S. competitiveness and growth. This integrated strategy is displayed in 

Figure 4, below.  

 

 

 

 

 

 

 

Figure 4. Integrated approach for sustainable innovation and growth. 
 

As shown by the current study, overall direct federal funding for industrial R&D 

stimulates additional private spending, and this effect is larger and still significant for basic 

research activities. Not only can federal funding encourage firms to engage in socially beneficial 

research when market incentives are lacking, this funding will also stimulate additional private 

spending and subsequent investments. The findings suggest that direct government funding to 

subsidize basic research (in fields like clean energy) increases social benefits (like energy 

security) and contributes to increased private sector growth.   

When additional private funds are available to invest in people, there must also be a 

supply of qualified researchers. The second pillar of the proposed innovation strategy is therefore 

a renewed national focus on life-long learning. The Obama administration has a goal of reaching 

the highest percentage of college graduates in the world by 2020; however, other than expanding 

financial aid programs, the strategy excludes focused policy directives and specific numerical 
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targets for measuring success. In contrast, the Europe 2020 approach to economic growth and 

innovation includes an EU-wide target of at least 40 percent of 30-34 year-olds completing 

higher education (European Commission). To compete with other international players, the U.S. 

should further emphasize life-long learning, both in universities and in the work place. 

According to the OECD, “This requires curricula and pedagogies that equip students with the 

capacity to learn and apply new skills throughout their lives. Emphasis needs to be placed on 

skills such as critical thinking, creativity, communication, user orientation and teamwork…” 

(OECD, 2010, p. 9). These skills should also be acknowledged and rewarded within the work 

force.  

The final necessary pillar in the proposed integrated approach is an effective system of 

R&D tax incentives. As shown above, the stimulatory effects of public R&D funding may be 

counteracted by funding for other performers; therefore, an additional mechanism is needed to 

ensure that crowding out effects do not inhibit productivity and growth. The existing R&D tax 

credit in the U.S. receives bipartisan support, and additional efforts are underway to simplify, 

expand, and make these credits permanent. The current credit has been extended 14 times since it 

came into effect in 1981 and is often extended retrospectively to cover lapses (Department of the 

Treasury, 2011, p. 1). Because R&D planning has a long-term time horizon, this uncertainty 

reduces the efficacy of incentives, regardless of the credit’s size. Any plan to increase innovation 

must make these types of incentives permanent. 

The broad macroeconomic approach taken by the current study is a useful starting point 

for examining innovation and technology policy. Findings show that, despite the basic 

stimulatory relationship, diverse factors influence the ways in which private firms respond to 

public funding. As policymakers propose specific budgetary plan in the coming months, numbers 
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should be re-estimated with tailored models to predict the effects on private economic activities 

that funding and other indirect incentives will have. However, regardless of future budget 

proposals and decisions, the current study shows a fundamental stimulatory relationship between 

public and private R&D spending.  
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APPENDIX 1: DESCRIPTIVE STATISTICS 

Descriptive statistics for variables of interest are displayed in Table A-1. The mean 

column shows that the amount of company-performed R&D surpasses the amount funded by the 

federal government, funding for state and local, and for foreign R&D is minimal, and the 

majority of federal funding is allocated for company performers. Descriptive statistics for control 

variables are included in Table A-2, below. 

 
Table A-1 
 
R&D Funding by Performer, 1957-2007, in millions of 2005 U.S. dollars 
 
 Mean Std. Deviation Minimum Maximum
Industry-performed 
R&D, all funding sources  124,741.50  60,277.55  43,926.14  252,999.20

Federal funding 31,498.39  7,226.90  17,732.73  47,412.89
Basic research* 960.80  512.28  232.95  2,287.85
Applied research* 4,913.43  1,461.64  2,651.10  8,811.37
Development* 25,920.39  6,340.01  12,644.57  39,087.27

Other funding 93,243.02  63,591.97  19,295.46  228,020.30
Total federal funding 
for R&D 73,180.16  18,866.13 22,340.91  109,223.50

Industry 33,957.91  7,804.51  10,441.56  47,059.43
FFRDC, industry 2,174.71  577.40  1,238.46  3,227.20
Intramural  17,826.08  4,349.64  6,934.30  24,717.85
University  11,012.91  6,493.73  1,270.70  24,958.38
FFRDC, university 3,727.14  1,140.77  954.53  5,686.10
Nonprofit  2,792.77  1,565.46  277.25  6,205.10
FFRDC, nonprofit 919.57  383.41  73.51  1,905.85
State and local 394.49  221.59  71.29  934.31
Foreign 374.58  204.45  0 1,322.09

 
Notes: *Data only available until 2005 
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Table A-2  

GDP, Federal Corporate Income Tax, and Unemployment, 1957-2009 
 
 Mean Std. Deviation Minimum Maximum

GDP (millions of 2005 
U.S. dollars) 6,969,669  3,213,115 2,576,944 13,200,000

Federal Corporate 
Income Tax (highest rate 
for given year, %) 

44.86  5.38  39.00 52.80

Unemployment rate (% 
of total labor force) 5.82  1.39  3.50  9.70
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APPENDIX 2: ENGLE’S LAGRANGE MULTIPLIER TESTS  

Table A-3 
 
Engle’s Lagrange Multiplier Tests for the Presence of Autoregressive Conditional 

Heteroskedasticity (ARCH) 

Independent Variables 

Industry R&D Spending, 
company and other 
sources 

Industry R&D 
Spending, all 
sources 

(1) (2) (4) (3) 
Federal R&D Funding for Industry x x  x 
   Basic Research   x  
   Applied Research   x  
   Development   x  
Federal R&D Funding for Industry-Run FFRDCs x x  x 
Federal R&D Funding for Other Performers  x x x 
   Intramural x    
   Universities x    
   University-Run FFRDCs x    
   Nonprofits x    
   Nonprofit-Run FFRDCs x    
   State & Local Governments x    
   Foreign Recipients x    
GDP (t-1) x x x x 
Corporate Tax Rate (t-1) x x x x 
Unemployment Rate x x x x 
Industry R&D Spending, company and other 
sources (t-1) x x x x 

Year x x x x 
     
P-values on Engle’s Lagrange multiplier tests, 
where the null hypothesis is “no ARCH”     

   1957-1981 0.83 0.75 0.55* 0.73 
   1981-2005   0.75*  
   1957-2005 or 20071 0.08** 0.15* 0.49* 0.00** 
 
Note: * signifies that ARCH estimates are reported; ** signifies that ARCH estimates are 
required. 1Specifications 1, 2, and 3 use data up to 2007; however data for basic research, applied 
research, and development are only available up to 2005.  
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