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ABSTRACT 

This thesis explores the relationship between defense research & development 

(R&D) budget and R&D productivity, as measured by the number of patent applications.  

Statistical analysis tests whether defense R&D budget inhibits or augments R&D 

productivity.  Specifically, a series of four two-way fixed-effects models estimate 

patenting as a function of industry-financed R&D and government-financed R&D.  

Defense R&D budget is introduced and its impact analyzed using interaction terms and 

omitted variable bias analyses.  Data for this analysis come from 25 developed countries 

in the period 1985–2005.  Regression models reveal that defense R&D budget reduces 

the productivity of industry-financed R&D at a statistically significant level.  These 

models also facilitate two secondary conclusions:  government-financed R&D crowds-

out the productivity of industry-financed R&D to a very small degree at a statistically 

significant level, and defense R&D reduces a nation’s capacity to effectively use 

international technology transfer. 
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INTRODUCTION 

The next presidential administration will face a crisis of re-defining the United 

States (U.S.) as an innovation powerhouse in a globalized, knowledge-based economy.  

Recently, the U.S. National Academy of Science (NAS) declared the need to bolster U.S. 

science and technology (S&T) competitiveness and pre-eminence (Augustine, 2007).  

The NAS emphasized the need to maintain America’s S&T capacity and recommended 

increased dedication to long-term research and development (R&D) and a positive 

atmosphere for innovation at the federal government level.  Despite these 

recommendations, the most support for R&D in recent years came not from the federal 

government, but from industry.  As Figure 1 depicts, federal funding for research and 

development (R&D) has increased overall, but has fallen as a percentage of total funding 

over the past five decades. 

Figure 1: Trends in U.S. R&D by Funding Source 

 
Source: National Science Board, 2008, p. 4-9. 
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Competing federal priorities are one potential explanation for the decrease in the 

percentage of government-financed R&D.  National defense, a responsibility of the 

federal government, is one priority that is closely intertwined with R&D, as Figure 2 

shows.  Defense R&D funding has consistently been higher than non-defense R&D, and 

periods of relatively high levels of defense R&D correspond to lower levels of non-

defense R&D, as exemplified by the periods 1982–1991 and 2001–present.  This 

relationship suggests that the overall research agenda is highly dependent on defense 

R&D. 

Figure 2: Trends in U.S. Federal Government R&D, with Defense Breakdown 

 
Source: Intersociety Working Group, American Association for the 

Advancement of Science, 2007. 

International data confirm that R&D is related to defense activities.  In many 

developed countries, gross expenditure on R&D (GERD) and the number of active armed 

forces personnel is negatively correlated.  This relationship is shown in Table 1, in which 
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13 of 19 countries for which data are available exhibit the negative correlation.  The 

negative correlation suggests that gross expenditure on R&D generally decreases during 

times of armed conflict. 

Table 1: Correlation between GERD and Armed Forces Personnel 

Country Correlation 

Austria 0.086

Canada -0.929

Denmark -0.693

Finland -0.227

France -0.846

Germany -0.338

Ireland 0.728

Italy 0.805

Japan 0.202

Mexico -0.550

Netherlands -0.877

New Zealand -0.896

Norway -0.630

Portugal -0.669

Spain -0.877

Sweden -0.672

Switzerland 0.310

UK 0.684

US -0.867

Source: Self-generated using data from OECD, 2007. 

 

 

Another look at defense R&D reveals its positive relationship with economic 

growth.  Figure 3 shows a positive relationship between real growth in Gross National 

Product (GNP) and defense R&D.  The correlation between the two is in excess of 0.6 

(Peled, 2001).  Both the plot and the positive correlation indicate that defense R&D is 
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associated with higher productivity in the short-run, as demonstrated by higher economic 

growth. 

Figure 3: Defense R&D and Economic Growth 

 
Source: Peled, 2001. 

The preceding relationships imply that defense R&D is an important 

consideration for a nation’s overall R&D and economic well-being.  However, these 

relationships still obscure the mechanisms by which defense R&D budget affects R&D 

productivity.  It is not clear how an increase in defense R&D budget increases economic 

growth while reducing non-defense R&D budget.  In addition, it is uncertain how defense 

R&D budget responds to demands on national security.  For these concerns, a model 

facilitating a more direct relationship between defense R&D budget and R&D 

productivity is necessary.   

This thesis models defense R&D budget and overall R&D productivity, as 

measured by the number of patent applications.  Theory suggests that one of two 
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relationships will emerge:  federal expenditure augments the effectiveness of R&D in the 

private sector through positive spillover effects or decreases overall productivity by 

redirecting priority research away from industry initiatives.  This paper conjectures that 

defense R&D adversely affects R&D productivity.  A series of four two-way fixed-

effects multiple regression analyses test this hypothesis.  These models estimate patenting 

behavior as a function of R&D financing and defense R&D budget.  Statistical testing on 

these interactions reveals to what extent defense R&D budget detracts from overall R&D 

productivity. 

 

POLICY RELEVANCE 

Administrative initiatives, reports from civil society, and legislative actions have 

reflected agreement on the importance of increasing the budget for S&T, but 

disagreement on the best method for doing so.  The Bush Administration proposed the 

American Competitiveness Initiative (ACI) in February, 2006, which proposed a 

restructuring of the federal R&D budget to increase innovation in the U.S. (Domestic 

Policy Council [DPC] and Office of Science and Technology Policy [OSTP], 2006).  The 

following year, NAS issued an independent report calling on U.S. policymakers to fund 

improvements in the national scientific infrastructure (Augustine, 2007).  Congress 

responded with the passage of the America COMPETES (Creating Opportunities to 

Meaningfully Promote Excellence in Technology, Education, and Science) Act (2007) in 
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the summer of 2007.  The Act, when later funded by the Omnibus Appropriations Act, 

responded to the ACI by redirecting federal R&D expenditure to programs that Congress 

perceived could increase innovation.  However, the Act allotted a different R&D budget 

than the ACI requested (Omnibus Appropriations Act, 2007).  Clearly, while Congress 

and the Administration agreed on the need to increase R&D, they disagreed on the 

mechanism. 

Despite ambivalent research priorities, recent U.S. policy demonstrates that the 

federal budget can be an effective means for boosting national innovation.  As Figure 4 

shows, Congress doubled the budget for the National Institute of Health (NIH) from 

fiscal year 1998–2003.   

Figure 4: Trends in U.S. Federal Government R&D, by Agency 

 
Source: Intersociety Working Group, American Association for the 

Advancement of Science, 2007. 
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The increase funded the establishment of new R&D facilities and empowered the 

agency to set nation-wide goals for biomedical research (Brainard, 2004).  Analogous 

budget increases for other federal agencies that perform R&D, such as the Department of 

Commerce, Department of Defense, Department of Energy, and the National Science 

Foundation, could increase innovation in each of their areas of expertise. 

Achieving a better understanding of the relationship between R&D expenditure 

and productivity enables federal policymakers to better predict the influence of R&D 

budgets on future discovery.  One means for improving this understanding is to clarify 

the interactions between R&D and other government priorities.  For example, the inverse 

relationship between R&D and number of armed forces personnel shown in Table 1 

suggests a tradeoff between R&D and defense.  Once cognizant of tradeoffs like this, 

policymakers can tailor the budget to desired outcomes appropriately.  As such, an 

empirical model relating defense R&D budget and R&D productivity provides 

policymakers a framework on which to balance the nation’s defense and non-defense 

priorities. 

 

LITERATURE REVIEW 

A stark division within relevant literature reflects two different perceived 

relationships between defense spending and innovation.  One position portrays defense 

R&D as augmenting non-defense innovation; the other portrays defense R&D as rivaling 
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non-defense innovation.  Proponents of both positions use similar approaches to model 

the relationship between defense and non-defense research.  It is worth noting that these 

models differ slightly by the specific variables used to capture these relationships.  Some 

models measure productivity using GDP growth; others use patenting.  Similarly, some 

models use defense R&D budget where others use overall defense expenditure.  The 

terminology used in this section reflects these differences appropriately.  In general, all fit 

the general model in which innovation productivity is explained by some measure of 

defense spending.  This conceptual model provides the framework on which this paper is 

built.   

 

DEFENSE BOOSTS INNOVATION 

Examples throughout history and around the globe suggest that defense R&D 

supports non-defense innovation.  Defense R&D aided non-defense innovation as early as 

the 17th century, when the English navy’s invention of the chronometer facilitated 

England’s commercial domination of the seas (Gamota, 1985, p. 248).  Centuries later, 

U.S. President Thomas Jefferson charged two Army captains, Lewis and Clark, to 

discover the Northwest Passage; their discovery triggered numerous non-defense benefits 

(Gamota, 1985, p. 248).  Similar examples of non-defense advances in the period 1960–

1985 revealed a robust relationship:  new non-defense technologies were correlated with 

defense funding.  This relationship showed that defense innovations played a critical role 
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in other U.S. technical advances throughout the period.  Peled (2001) made similar 

observations using data from Israel.  He used anecdotal evidence to demonstrate that 

defense and military developments played an important role in the early development of 

Israel’s high-technology capabilities and economic achievements.   

Other studies confirm that defense R&D boosts non-defense innovation, but 

suggest that it affects industrial sectors—such as aerospace, pharmaceuticals, and 

computers—differently.  NAS conjectured that defense R&D had particularly strong 

impacts in the aerospace and computer sectors (Gamota, 1985).  Adams and Chiang 

(2003) examined a very specific industrial sector—aerospace—in their study of NASA 

laboratories.  They concluded that federally funded R&D has a statistically significant 

positive effect on industrial patenting, meaning that more federal funding provided to 

NASA laboratories corresponds to a greater the number of industrial patents generated.  

They found the inverse relationship for federal energy and defense laboratories:  the more 

funding the federal government provided, the fewer the number of patents.  Saal (2001) 

used models exploiting defense procurement policies to demonstrate a significant positive 

effect on patenting productivity in manufacturing industries.  Peled’s anecdotal analyses 

(2001) incorporated workforce composition (an indirect measure of focus by industrial 

sector), which had a significant relationship with defense R&D.  Gordon, Kim, and 

McKeown (2007) fine-tuned the relationship between defense R&D and industrial sector 

using U.S. data since the Vietnam War.  They found a mechanism to explain the 
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differences by sector:  government R&D had stronger effects in sectors dependent on 

military sales.   

 

DEFENSE BUSTS INNOVATION 

Contrary to the preceding conclusions, other studies have shown that defense 

R&D decreases non-defense innovation by crowding-out private investment in R&D 

(crowding out, in this case, refers to a phenomenon in which defense dollars adequately 

fill the demand for research, thereby discouraging companies from investing their own 

funds).  The OECD concluded that defense R&D performed in public labs and 

universities crowds-out private R&D (Guellec & Van Pottelsberghe, 2000, p. 6).  They 

surmised that defense R&D increased government outlays, which boosted the demand, 

and the price, for researchers.  Private companies, unwilling to bear the increased cost, 

closed their laboratories. 

Research using other sources of data supports OECD’s empirical finding.  

Wallsten (2000) used a multi-equation regression model using data of U.S. firms to 

demonstrate that federal grants directly crowd out private R&D spending dollar for 

dollar.  His conclusion implies that federal outlays for defense R&D would crowd out 

private spending for other priorities.  Morales-Ramos (2002) reached a similar result 

using data from the United Kingdom, France, Germany, Japan, and the United States in a 

series of pooled- and fixed-effects regression models.  He used the neo-classical 
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macroeconomic model to investigate the relationship between defense R&D and overall 

investment.  His models confirmed that defense R&D is inversely related to non-defense 

R&D via overall private-sector investment (Morales-Ramos, 2002, p. 381). 

Macnair, Murdoch, Pi and Sandler (1995) performed analyses of defense R&D in 

NATO countries and discovered two relationships of interest.  First, although defense 

R&D was associated with economic growth, more growth resulted from spending the 

resources for non-defense purposes.  Their conclusion indicates that defense R&D is less 

productive, in terms of economic growth, than non-defense goals.  Second, defense R&D 

exerts a small, but statistically significant, negative impact on technology transfer among 

allies.  This conclusion suggests that international defense R&D abroad, when coupled 

with adequate technology transfer programs among allies, is a substitute for domestic 

defense R&D efforts. 

 

MODELING INNOVATION 

The preceding works used the same general model:  productivity (patenting or 

economic growth) was explained by a measure of defense spending (defense R&D 

budget or overall defense spending).  Properly specifying this model was demonstrated 

by David, Hill, and Toole (2000).   Due to the lack of a discernable pattern in their 

ethnographic analysis, they observed no certain relationship between defense R&D 

spending and non-defense innovation.  An improper specification muddled a robust 
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conclusion.  Models that have produced statistically significant results fit into one of 

three general categories:  the Benoit model, the Ram-Feder model, or the more complex 

Macnair, Murdoch, Pi, and Sandler model. 

Benoit (1973) wrote the seminal work relating defense expenditure and 

productivity.  She used correlations to distill a net positive association between defense 

spending and economic growth for 44 less-developed countries over the period 1950-65.   

Her conclusion related overall defense expenditures and productivity; thus, her calculated 

effect was not specific to defense R&D.  Her work was important for encouraging other 

authors to devise new means for modeling defense expenditures and productivity to 

challenge her findings. 

The first widely accepted alternative model to that proposed by Benoit was 

developed by Feder (1983) and Ram (1986), working independently.  It consisted of an 

aggregate production function that incorporated technological change as an explanatory 

driver of growth.  Ram and other authors employed this model using a single equation 

regression in which the growth rate was regressed against the ratio of defense outlays to 

Gross Domestic Product (GDP) and control variables (Ram, 1995).  Peled (2001, p. 9) 

criticized this approach for problems with collinearity—GDP is highly correlated with all 

spending, including defense R&D—and the possibility of reverse causality—high growth 

could cause more defense R&D spending or vice versa.  Morales-Ramos’ conclusions 

were afflicted by such a complication.  He believed that collinearity reduced the 
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explanatory power of defense R&D to an insignificant level (Morales-Ramos, 2002, p. 

381). 

Macnair, Murdoch, Pi, & Sandler (1995) created a more complex mixed time-

series cross-section model.  These authors analyzed several approaches to modeling 

NATO countries from 1951–1988 and concluded that a two-way fixed-effects model 

yielded the most appropriate estimates.  The authors took special care to explain that the 

statistical consequences of inconsistency (making direct comparisons across countries, as 

in a pooled-effects model) outweigh the consequences of inefficiency (using control 

variables for differences across countries, as in a fixed-effects model).  Both Peled (2001, 

p. 9) and Morales-Ramos (2002, p. 377) supported the two-way fixed effects as 

appropriate and robust. 

Lastly, evidence in the literature recommends against using a lagged model.  The 

OECD suggested that knowledge spillovers from university research takes too long a lag 

to be seen in the data (Guellec & Van Pottelsberghe, 2000, p. 6).  This conclusion was 

supported econometrically by earlier work, in which the most significant lag on the 

interaction between government and industry R&D expenditure was calculated to happen 

within 1 year; longer effects were insignificant (Levy and Terleckyj, 1983, p. 560). 
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CONCEPTUAL MODEL  

The preceding review revealed opposing conclusions about the relationship 

between defense R&D and non-defense innovation, despite having used similar models.  

Authors have attributed inconsistencies to collinearity and reverse causality (Peled, 2001; 

Morales-Ramos, 2002).  To avoid the possibility of reverse causality, this paper uses 

patents instead of economic growth to measure innovation productivity.  Business 

journals have recognized patents as an effective measure of research productivity for 

nearly two decades (Patel & Pavitt, 1991; Hagedoorn & Schakenraad, 1994).  In addition, 

the U.S. National Science Board formally recognizes patents as a means for measuring 

economically valuable invention in its annual report (National Science Board, 2008, p. 

14).  Thus, this analysis tests the plausibility of a patent-based model for describing the 

innovation infrastructure. 

At its most basic level, this paper models innovation productivity, measured by 

number of patent applications, as a function of R&D funding.  Conceptually, this model 

appears as follows: 

patents = f(R&D expenditure, defense R&D budget, control variables, residual error) 

The primary independent variable of interest, R&D expenditure, consists of an industry-

financed and a government-financed portion.  Defense R&D budget and its interactions 

facilitate the observation of defense R&D on other portions of the innovation 

infrastructure.  Control variables constrain the independent variables of interest.   
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The above model employs two-way fixed-effects multiple regression models 

without lagged effects, the optimum approach according to previous literature (Morales-

Ramos, 2002; Peled, 2001; Guellec & Van Pottelsberghe, 2000; Macnair, Murdoch, Pi, & 

Sandler, 1995; and Levy and Terleckyj, 1983).  The fixed-effects structure controls for 

extraneous heterogeneities in the data using controls for differences across countries and 

differences over time.  In practice, a country is only statistically compared with another 

country after extraneous differences have been controlled; similarly, the cohort in one 

year is only statistically compared with the cohort in another after the irrelevant 

differences have been controlled.     

Control variables fine-tune the fixed-effects framework, so industry- and 

government-financed R&D expenditures are the primary drivers of national innovation 

across time.  Appropriate controls capture macroeconomic background effects that affect 

the variables of interest.  In these models, GDP controls background effects for industry-

financed R&D, final government consumption expenditure for government-financed 

R&D, total military expenditure for defense R&D budget, and the number of research 

personnel for overall trends in research. 

The scope of this paper is limited to the interaction between defense and non-

defense R&D.  This simple model avoids complexities that caused ambiguities in 

previous models and instead elucidates the movements of one particular gear in the 

research machine.  Where other studies have aimed to comprehend the entire national 
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research apparatus, this work strives to closely examine a single cog—the impact of 

defense R&D budget on national innovation infrastructure. 

 

RESEARCH DESIGN: DATA AND METHODS  

DATASETS 

Four data sets, aggregated by country and year, provide the basis for this analysis.  

These datasets are the Main Science and Technology Indicators (Organization for 

Economic Cooperation and Development, 2007), World Military Expenditures and Arms 

Transfers (U.S. Department of State, 2005), World Military Expenditure (Stockholm 

International Peace Research Institute [SIPRI], 2007), and Government consumption 

expenditure (United Nations, 2007).  Together, these data facilitate an analysis of 25 

countries (listed in Appendix A) over 20 years (1985–2005).  The authority, 

methodology, and relevance to the research question of interest of these datasets are 

discussed in the following sections.  Descriptive statistics for each dataset are included in 

Appendix A. 

Data for expenditure and budget variables were adjusted to ensure 

commensurability in the final aggregated dataset, in which all monetary data are 

denominated in U.S. dollars, inflation-adjusted to year 2000 levels.  Data from the 

OECD, United Nations, and SIPRI were converted as follows:  OECD data, originally 

measured in current-year U.S. dollars, were adjusted using OECD price deflators; United 
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Nations data, originally measured in current year national currency, were adjusted using 

United Nations average annual foreign exchange rates and implicit GDP price deflators; 

and SIPRI data were converted from 2005 constant prices to 2000 using the OECD U.S. 

dollar price deflator. 

 

MAIN SCIENCE AND TECHNOLOGY INDICATORS (MSTI) 

The MSTI dataset provides information on the number of patent applications; 

industry-financed R&D expenditure; government-financed R&D expenditure; percentage 

of government R&D budgeted to defense; GDP growth; industry sector classification; 

and number of research personnel (Organization for Economic Co-operation and 

Development [OECD], 2007).  Data are measured by country on an annual basis.  The 

Economics Analysis and Statistics Division of the Organization for Economic Co-

operation and Development (OECD) Secretariat, in collaboration with the Working Party 

of National Experts on Science and Technology Indicators (NESTI), was responsible for 

MSTI data collection.  These indicators were based on member countries’ reports of their 

R&D domestic expenditure and personnel.  R&D expenditure variables include expenses 

in natural sciences (including agricultural and medicinal sciences), engineering, social 

sciences, and the humanities.  MSTI features a unique indicator for number of patents 

that enables international comparison:  the triadic patent family.  The triadic patent family 

is defined as a set of patents taken at the European Patent Office (EPO), the Japanese 
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Patent Office (JPO), and the U.S. Patent & Trademark Office (USPTO) that tie back to 

one or more original base patents in the country of origin. 

 

WORLD MILITARY EXPENDITURES AND ARMS TRANSFERS (WMEAT) 

The WMEAT dataset, published by the U.S. Department of State, provides 

information on the number of active-duty military personnel (United States Department 

of State, 2003).  These data include active-duty military personnel, including paramilitary 

if those forces resemble regular units in their organization, equipment, training, or 

mission; reserve forces are not included.  In this analysis, active-duty military personnel 

is assumed to correspond closely to a nation’s immediate commitment to armed conflict, 

which could play a statistically significant role in defense R&D budget.  As such, the 

number of active-duty military personnel serves as a proxy measure for a nation’s 

immediate commitment to armed conflict, thereby controlling for periods in which 

defense spending is likely dedicated directly to the conflict (versus preparatory measures, 

like R&D).  Figures for the U.S. and all other North Atlantic Treaty Organization 

(NATO) countries are as reported by NATO.  Estimates of the number of armed forces 

personnel for other countries are estimated from U.S. Government data and other sources, 

including Jane's World Armies and the International Institute for Strategic Studies’ 

Military Balance.   
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WORLD MILITARY SPENDING 

Data for military spending are taken from the Stockholm International Peace 

Research Institute’s Yearbook (SIPRI, 2007), which contains aggregate military 

expenditures by country for the years of interest in the present study.  Military 

expenditure data were estimated from official data provided by national governments, 

international statistics, and specialized journals and newspapers.  SIPRI assumed the 

national data to be accurate unless there was convincing information to the contrary, at 

which time the secondary sources are used for expenditure estimation.   

 

GOVERNMENT CONSUMPTION EXPENDITURE 

This dataset, published by the United Nations, contains a series of data on 

government final consumption expenditure, which consists of total government 

consumption of final goods and services (compensation of employees, the use of goods 

and services, consumption of fixed capital, minus the sales of goods and services, and 

purchases for direct transfer to households) (United Nations, 2007).  Such a measure 

serves as a useful indicator of periods of high government spending overall, which can 

control for overall government spending to allow other variables of interest to capture 

R&D expenditure specifically.  The International Monetary Fund's International 

Financial Statistics group was responsible for data collection.  The group aggregated 

these data from government financial statistics in member countries.  
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LIMITATIONS 

Four characteristics of the data could pose problems to this analysis:  geographic 

and temporal coverage, validity of international comparison, multicollinearity, and ability 

to disaggregate.  First, geographic coverage—coverage across nations in the dataset—is 

problematic for some indicators in the MSTI data because some countries did not submit 

enough information for a longitudinal analysis across the entire period of interest (1985–

2005).  In these cases, the country with insufficient data is excluded from the 

specifications for which inadequate data are available.  Greece, Korea, Luxembourg, 

Slovak Republic, and Turkey are excluded from all analyses due to such missing data.  

Similarly, the WMEAT, which spans only a portion of the period included in the MSTI 

indicators (1985–1999), presents a temporal coverage problem.  Specifications involving 

these data are restricted to the years for which WMEAT data are available. 

Second, international comparison can be limited by a lack of standardized 

reporting procedures or fluctuating units of measurement across countries across time.  

The MSTI dataset, for example, brings together data from a host of nations, across which 

reporting procedures were not standardized.  Differences in reporting are presumably 

random and, therefore, non-systemically tied to error.  While this limitation might 

attenuate regression estimates, it should not severely bias the conclusions of this analysis.   
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Third, strong correlations among variables of interest are problematic for 

regression modeling, since multicollinearity reduces the explanatory value of individual 

variables of interest.  A correlation chart for the variables in this analysis (included in 

Appendix B) demonstrates that strong correlation is present among several variables of 

interest (number of patents, industry- and government-financed R&D, number of 

researchers, GDP, total government spending, and total military spending).  These 

correlations make intuitive sense, since each of these variables is a macroeconomic 

indicator, all of which grow together across time.  While the regression model tries to 

correct for these correlations by using controls for time, multicollinearity could attenuate 

coefficients and inflate standard errors.   

Lastly, this analysis is restricted by the data that inform it.  Limitations in the 

disaggregation of R&D data beget parallel limitations in conclusions.  Thus, this analysis 

cannot make specific diagnoses about the components of research, nor the interplay 

among different types of research, beyond the scope of the data at hand.  This limitation 

does not inhibit the primary purpose of this analysis, which intentionally focuses on 

aggregated national R&D expenditure.   

 

PLAN OF ANALYSIS 

The final dataset—the result of the aggregation of the four datasets described 

above—serves as the foundation for a series of four families of related ordinary-least-
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squares (OLS) regressions.  These OLS regressions estimate patenting as a function of 

independent variables and their interactions.  Each family consists of a set of related 

models that facilitate a comparative analysis. 

A four-model approach is preferable to a single comprehensive model in this 

analysis due to the limitations caused by missing data.  The interference of missing data 

is minimized by grouping countries into sample sets in which all countries have sufficient 

data for the control variables of interest.  For example, data are available for the number 

of armed forces personnel in New Zealand, but not for industry R&D expenditure by 

sector.  Conversely, Australia has data by sector, but not on armed forces.  Thus, New 

Zealand and Australia are used in different regression families.  The four-model approach 

allows each of four different categories of controls—defense, armed conflict, industrial 

sector, and international technology transfer—to be used with the maximum number of 

countries as possible. 

The first family aims to replicate the most basic relationship between the 

patenting behavior (patents) and R&D expenditure (indRD and govRD).  A matrix of 

control factors (BX)—which consists of number of researchers, GDP, total government 

spending, and total military spending—and indicator variables for country and year 

control for extraneous effects.  Mathematically, this model appears as follows: 

patentsit = β0 + β1indRDit + β2govRDit + BXit + γcountryi + γyeari + uit (1) 
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To account for the possibility of interplay between industry and government R&D 

expenditure, an interaction term is added: 

patentsit = β0 + β1indRDit + β2govRDit + β3indRD*govRDit + BXit + γcountryi 

 + γyeari + uit (1.1) 
 

The model is refined through the addition of a control for defense R&D budget 

(defRDbudget) and a three defense interaction terms, one each for industry, government, 

and mixed R&D expenditure.  The defense R&D budget variable appears is added alone 

in Specification 1.2 and with its interaction terms in Specification 1.3.   

patentsit = β0 + β1indRDit + β2govRDit + β3indRD*govRDit + β4defRDbudgit + 

 BXit + γcountryi + γyeari + uit (1.2) 
 

patentsit = β0 + β1indRDit + β2govRDit + β3indRD*govRDit + β4defRDbudgit + 

 β5indRD*defRDbudgit + β6govRD*defRDbudg it + 

 β7indRD*govRD*defRDbudg it + BXit + γcountryi + γyeari + uit (1.3) 
 
The second family of regressions uses variables to account for a nation’s 

immediate commitment to defense, measured by proxy using the number of armed forces 

personnel (numSoldiers).  These variables appear in Specification 2.1.  An additional 

interaction, between numSoldiers and defense R&D budget, appears in Specification 2.2.  

These appear as follows: 

patentsit = β0 + β1indRDit + β2govRDit + β3indRD*govRDit + β4defRDbudgit + 

 β5indRD*defRDbudgit + β6govRD*defRDbudgit + 

 β7indRD*govRD*defRDbudgit + β8numSoldiersit + 

 β9indRD*numSoldiersit + β10govRD*numSoldiersit + BXit + 

γcountryi + γyeari + uit (2.1) 
 

patentsit = β0 + β1indRDit + β2govRDit + β3indRD*govRDit + β4defRDbudgit + 
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 β5indRD*defRDbudgit + β6govRD*defRDbudgit + 

 β7indRD*govRD*defRDbudgit + β8numSoldiersit + 

 β9indRD*numSoldiersit + β10govRD*numSoldiersit + 

β11defRDbudg*numSoldiersit + BXit + γcountryi + γyeari + uit (2.2) 
 

 
A third family of regressions uses controls for industrial sectors (aerospace, 

electronics, office supplies, pharmaceuticals, instruments, and services).  While these 

variables serve as controls to account for variation by industrial sector, they also serve as 

variables of interest in and of themselves.  They provide insight into to what extent 

defense R&D budget relates to patenting by industry sector.  These sector-based controls 

are added in three steps.  First, in Specification 3.1, an array (SECTOR) representing the 

amount of industry R&D performed in each of the aforementioned sectors is added to 

capture the inherent patenting capacity of each sector.  Specification 3.2 adds defense 

interaction terms, by sector. Specification 3.3 adds two additional types of interaction 

terms, by sector:  government-financed R&D and its interaction with defense R&D 

budget.  

patentsit = β0 + β1indRDit + β2govRDit + β3indRD*govRDit + β4defRDbudgit + 

 β5SECTORit + BXit + γcountryi + γyeari + uit (3.1) 
 

patentsit = β0 + β1indRDit + β2govRDit + β3indRD*govRDit + β4defRDbudgit + 

 β5SECTORit + β6SECTOR*defRDbudgit + BXit + γcountryi + γyeari 
 + uit (3.2) 
 

patentsit = β0 + β1indRDit + β2govRDit + β3indRD*govRDit + β4defRDbudgit + 

 β5SECTORit + β6SECTOR*govRDit + 

 β6SECTOR*govRD*defRDbudgit + BXit + γcountryi + γyeari + uit (3.3) 
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The final family of regressions incorporates international technology transfer 

using technology balance of payments (TBOP), which is the aggregate dollar value of all 

technologies purchased and sold.  In the model, TBOP is an array consisting of three 

components:  value of technologies received, value of technologies sent, and value of 

technologies sent as a portion of total technology exchange.  The array is added alone in 

Specification 4.1 and is interacted with defense R&D budget in Specification 4.2. 

patentsit = β0 + β1indRDit + β2govRDit + β3indRD*govRDit + β4defRDbudgit + 

 β5TBOPit + BXit + γcountryi + γyeari + uit (4.1) 
 

patentsit = β0 + β1indRDit + β2govRDit + β3indRD*govRDit + β4defRDbudgit + 

 β5TBOPit + β6TBOP*defRDbudgit + BXit + γcountryi + γyeari + uit (4.2) 
 

 

RESULTS  

Results were generated using a series of four families of control variables.  The 

results for each family are discussed in the following sequence:  defense, armed conflict, 

industrial sector, and international technology transfer. 

 

REGRESSION RESULTS: DEFENSE CONTROLS 

The first family of regressions, displayed in Table 2, focuses on the basic 

relationship between defense R&D budget and the productivity of industry-financed 

R&D and government-financed R&D.  Specification 1.0, the most basic model, describes 

the number of patents as a function of financing source—either government or industry.   



  

 

26 

Table 2: Patents on Expenditure Type with Defense-Budget Interactions 

 Specification: (1.0) (1.1) (1.2) (1.3) 

Industry-financed R&D (bil US$) 117.219 *** 140.151*** 128.026*** 169.828*** 

Government-financed R&D (bil US$) 97.664 *** 84.369*** 69.314*** -17.027  

Industry X govt --  -0.802*** -0.545*** -0.892  

Number of researchers -0.015 *** -0.008*** -0.010*** -0.006** 

GDP (bil US$) 0.282  0.321* 0.488** 0.401* 

Total government spending (bil US$) 3.258 *** 2.825*** 2.317*** 1.695** 

Total military spending (bil US$) 3.460  6.434*** 6.463*** 3.406  

Defense R&D budget --  -- 0.417 20.014** 

Defense budget X industry --  -- -- -2.732*** 

Defense budget X govt --  -- -- -0.439  

Defense budget X industry X govt --   --  --  0.026** 

Notes: *** p<0.01, ** p<0.05, * p<0.10.  Dependent variable is number of triadic patent 

families.  Sample includes 25 countries over 21 years (1985–2005); countries excluded due to 

insufficient basic data are Greece, Korea, Luxembourg, Slovak Republic, and Turkey.  

Estimates for time-series and cross-section controls are omitted. 

While both sources have a positive and statistically significant effect on number of 

patents, the magnitude of the coefficients suggests that industry-financed R&D produces 

more patents.  A basic calculation allows for an interpretation in more easily 

comprehensible units:  since 117.2 triadic patent families are generated per billion dollars 

of industry-financed R&D, each additional triadic patent family (patent henceforth) can 

be said to be generated by each additional $8.5 million of industry R&D expenditure, 

holding all other variables constant.  An analogous calculation reveals that an additional 

patent costs $10.3 million of government-financed R&D. 

Specification 1.1 adds an interaction term between government and industry 

financing; it is negative and statistically significant.  Although the interaction coefficient 

itself is small compared to the coefficients for industry-financed R&D and government-

financed R&D, the introduction of this interaction coefficient has a significant practical 
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effect on those two preceding coefficients.  The industry-financed R&D coefficient 

increases by approximately 20% (from 117.2 to 140.2 patents per billion US$), while the 

government-financed R&D coefficient decreases by approximately 14% (from 97.7 to 

84.4). 

Specification 1.2 adds the defense R&D budget variable to the base model.  

Though defense R&D budget does not have a significant effect on patenting, its addition 

to the base model does change the industry-financed R&D and government-financed 

R&D coefficients.  Both are still statistically significant:  the effect of industry-financed 

R&D has decreased by approximately 9% (from 140.2 to 128.0 patents per billion US$), 

and the effect of government-financed R&D has decreased by 18% (from 84.4 to 69.3 

patents per billion US$). 

Specification 1.3 adds three measures of defense-budget interaction:  one 

interaction with industry-financed R&D, which is negative and significant; another 

interaction with government-financed R&D, which is not statistically different from zero; 

and the triple interaction (defense-budget by industry-financed R&D by government-

financed R&D) which is positive and significant.  In addition, the industry-financed R&D 

and government-financed R&D coefficients change.  The effect of industry-financed 

R&D is 23% more positive than in Specification 1.1 (169.9 versus 140.2 patents per 

billion US$) and 33% more positive than in Specification 1.2 (169.9 versus 128.0 patents 

per billion US$); the effect of government-financed R&D is no longer statistically 
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significant from zero.  It is worth noting that the defense R&D budget coefficient, which 

was not significant in any previous model, is now statistically significant at the 95% 

level.   

 

REGRESSION RESULTS: ARMED CONFLICT CONTROLS 

The second set of regressions, displayed in Table 3, describes the number of 

patents as a function of financing source and adds two conflict intensity variables 

(number of armed forces personnel and its interaction terms). 

 

Table 3: Patents on Expenditure Type with Conflict Intensity Interactions 

 Specification: (2.0) (2.1) (2.2) 

Industry-financed R&D (bil US$) 141.398*** 232.455*** 234.594 *** 

Government-financed R&D (bil US$) -43.749 146.851** 156.348 ** 

Industry X govt 0.598 -3.050*** -3.091 *** 

Number of researchers -0.005* -0.014*** -0.013 *** 

GDP (bil US$) 0.507** -0.176 -0.185   

Total government spending (bil US$) 0.549 2.298*** 2.259 *** 

Total military spending (bil US$) 5.482** 9.482*** 9.459 *** 

Defense R&D budget 14.614 18.666* 14.453   

Defense budget X industry -3.739*** -10.545*** -10.564 *** 

Defense budget X govt 0.186 4.072** 3.315 * 

Defense budget X industry X govt 0.027 0.134*** 0.137 *** 

Number of active armed forces personnel -- -1.717** -1.911 ** 

Armed forces X industry -- 0.108*** 0.102 *** 

Armed forces X govt -- -0.255*** -0.263 *** 

Armed forces X defense budget --  --  0.028   

Notes: *** p<0.01, ** p<0.05, * p<0.10.  Dependent variable is number of triadic patent 

families.  Sample includes 19 countries over 15 years (1985–1999); countries excluded 

due to insufficient military data are Australia, Belgium, Czech Republic, Greece, 

Hungary, Iceland, Korea, Luxembourg, Poland, Slovak Republic, and Turkey.  Estimates 

for time-series and cross-section controls are omitted. 
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Specification 2.0 serves as a new base model.  It is analogous to Specification 1.3 in 

Table 2, but uses a different sample set:  the time period has been reduced to 1985–1999, 

and Australia, Belgium, the Czech Republic, and Hungary are now excluded.  The 

magnitudes and levels of statistical significance of the Specification 2.0 coefficients are 

comparable to the Specification 1.3 coefficients.  The industry-financed R&D coefficient 

is reduced by 17% (from 169.8 to 141.4 patents per billion US$), but still has a 

statistically significant effect on number of patents; the government-financed R&D 

coefficient is still not significantly different from zero.  Total government spending and 

defense budget are not statistically significant as they were Specification 1.0; total 

military spending becomes significant at the 95% level. 

Specification 2.1 adds the number of armed forces personnel and its interactions 

with sources of R&D financing.  The number of armed forces personnel coefficient has a 

statistically significant negative effect; it also drastically alters the coefficients on sources 

funding.  The industry-financed R&D coefficient is 77% more positive than in 

Specification 2.0 (232.5 versus 141.4 patents per billion US$); the government-financed 

R&D coefficient increases by four times its absolute value in Specification 2.0 (from -

43.8 to 146.9 patents per billion US$).  The armed forces interaction coefficients are also 

significant:  interaction with industry is positive (0.1 additional patents per billion US$ 

per thousand soldiers) and with government is negative (-0.3 additional patents per 

billion US$ per thousand soldiers).  The defense R&D budget interactions are also 
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significant:  industry-financed R&D interaction coefficient is negative (-10.5 additional 

patents per billion US$ per percentage of R&D budget directed to defense), the 

government-financed R&D interaction coefficient is positive (4.1), and the triple 

interaction is weakly positive (0.1).   

Specification 2.2 adds an interaction between armed forces personnel and defense 

R&D budget.  Although it is not statistically significant from zero, this interaction does 

alter the coefficients on sources funding.  The industry-financed R&D coefficient is 0.9% 

more positive than in Specification 2.1 (234.6 versus 232.5 patents per billion US$); the 

government-financed R&D coefficient is 6.5% more positive (from 146.9 to 156.3 

patents per billion US$).  The changes in the magnitude and level of significance of other 

coefficients of interest are negligible. 

 

REGRESSION RESULTS: SECTOR CONTROLS 

The third family of regressions, displayed in Table 4, describes the number of 

patents as a function of financing source by industry sector (aerospace, electronics, office 

supplies, pharmaceuticals, instruments, or services).  Specification 3.0 serves as a new 

base model for the sample set which has adequate available sector data (Hungary, New 

Zealand, Portugal, Slovakia, and Switzerland are excluded).  Specification 3.0 is 

analogous to Specification 1.2 in Table 2.  Despite the change in sample, this base model 

is nearly identical to Specification 1.2:  no variable of interest changed by more than 3%.  
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Table 4: Patents on Expenditure Type with Sector Effects and Interactions 

  (3.0) (3.1) (3.2) (3.3) 

Industry-financed R&D (bil US$) 127.374*** 119.293*** 115.637*** 75.597*** 

Government-financed R&D (bil US$) 67.230*** 39.470 65.781* -142.389  

Industry X govt -0.533*** -0.482*** -0.290 0.375  

Number of researchers -0.010*** -0.010*** -0.010*** -0.009*** 

GDP (bil US$) 0.488** 0.783*** 0.782*** 0.637** 

Total government spending (bil US$) 2.386*** 2.201*** 1.425 0.672  

Total military spending (bil US$) 6.814*** 7.640*** 5.357* -8.169* 

Defense R&D budget 0.344 -4.673 -40.219 57.496  

% business R&D in       

aerospace -- 47.513** 64.264* 20.382  

electronics -- -4.595 -5.886 -16.445** 

office supplies -- 9.073 6.336 -5.510  

pharmaceuticals -- -5.974 -28.804* 11.308  

instruments -- 8.222 4.806 -52.626** 

services -- -6.192 -5.433 -6.425  

Government X       

aerospace -- -- -- 5.949* 

electronics -- -- -- 9.597*** 

office supplies -- -- -- 11.347*** 

pharmaceuticals -- -- -- -18.838*** 

instruments -- -- -- 33.552*** 

services -- -- -- 5.158*** 

Defense X       

aerospace -- -- -0.225 -2.050  

electronics -- -- 0.131 -0.341  

office supplies -- -- 2.159 -4.967** 

pharmaceuticals -- -- 2.844*** -0.389  

instruments -- -- 0.390 -3.115** 

services -- -- 0.201 -1.065  

Government X Defense X       

aerospace -- -- -- 0.013  

electronics -- -- -- -0.192*** 

office supplies -- -- -- -0.023  

pharmaceuticals -- -- -- 0.517*** 

instruments -- -- -- -0.511*** 

services --  --  --  -0.059  

Notes: *** p<0.01, ** p<0.05, * p<0.10.  Dependent variable is number of triadic patent families.  Sample 

includes 21 countries over 21 years (1985–2005); countries excluded due to insufficient sector data are 
Greece, Hungary, Korea, Luxembourg, New Zealand, Portugal, Slovak Republic, Switzerland, and Turkey.  

Estimates for time-series and cross-section controls are omitted. 
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Both the industrial-financed R&D and government-financed R&D coefficients 

still have a positive and statistically significant effect on number of patents; their 

interaction coefficient is still statistically significant and negative.  As before, the defense 

R&D budget coefficient has no statistically significant effect on its own. 

Specification 3.1 adds the percentage of industrial R&D expenditure per sector.  The 

aerospace sector coefficient is highly positive and significant:  47.5 patents are generated 

for each additional percentage point of industry R&D in the aerospace sector.  No other 

sector coefficient is statistically significant, nor is the government-financed R&D 

coefficient.  Other coefficients are comparable to their magnitude and levels of 

significance in Specification 3.0. 

Specification 3.2 adds defense R&D budget interaction terms with each industry 

sector.  The aerospace coefficient is positive at a significant level; while, the 

pharmaceuticals coefficient is negative at a significant level.  Only one defense R&D 

budget interaction term is significant:  the pharmaceuticals interaction coefficient is 

positive at a statistically significant level.  The industry-financed R&D coefficient 

decreases slightly; while the government-financed R&D coefficient increases nearly two-

fold and is statistically significant.  A more detailed analysis of the introduction of these 

defense interaction terms is included in Appendix C.  

Specification 3.3 adds, by sector, a government-financed R&D interaction, a 

defense R&D interaction, and a triple interaction.  Adding these interactions causes a 
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decrease in the industry-financed R&D coefficient by 36.6% (from 119.3 to 75.6 patents 

per billion US$); the government-financed R&D coefficient is not statistically different 

from zero.  Table 5 summarizes the interactions of financing source on patenting 

productivity, by sector.   

Table 5: Interaction Effects of Government-Financed R&D and Defense R&D 

Budgeting, by Sector 
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Non-government, non-defense   –       –    

Government, non-defense +  + + – + + 

Government, defense  –    + –  

 

It is worth noting that the addition of the each group of interactions is jointly 

significant (see Table 6); that is, taken together, these variables significantly improve the 

accuracy of the model’s estimated number of patents.  The joint significance coupled 

with individual significance for several of the terms indicate they are properly included, 

despite their relatively small values.   

 

Table 6: Joint Significance of Interaction Effects across Sectors 
  F 

Sector 1.41   

Government X Sector 6.75*** 

Defense X Sector 2* 

Defense X Government X Sector 10.96*** 

Notes: *** p<0.01, ** p<0.05, * p<0.10 
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REGRESSION RESULTS: TECHNOLOGY TRANSFER CONTROLS 

The fourth group of regressions, displayed in Table 7, incorporates controls for 

technology transfer.  A new base model, Specification 4.0, is analogous to Specification 

1.2 in Table 2.  Specification 4.0 uses a sample set comprised of nations for which 

adequate sector data is available (Hungary, Iceland, Ireland, and Poland are excluded).  

Despite the change in sample, this base model is nearly identical to Specification 1.2:  no 

variable of interest has changed by more then 4%.   

 

Table 7: Patents on Expenditure Type with Technology Transfer Interactions 

 Specification: (4.0) (4.1) (4.2) 

Industry-financed R&D (bil US$) 127.226 *** 117.258 *** 129.000 *** 

Government-financed R&D (bil US$) 68.146 *** 105.506 *** 145.503 *** 

Industry X govt -0.523 *** -0.414 *** 0.030   

Number of researchers -0.010 *** -0.011 *** -0.018 *** 

GDP (bil US$) 0.499 ** 0.329  0.070   

Total government spending (bil US$) 2.330 *** 1.115  2.779 *** 

Total military spending (bil US$) 6.583 *** 7.247 *** 4.037   

Defense R&D budget 0.716  -2.622  3.534   

Technology balance of payments received (mil US$) --  0.082 *** -0.062   

Technology balance of payments paid (mil US$) --  -0.022  0.132 *** 

Technology balance of payments paid / total --  -2.875  -4.486   

Defense X tech balance of payments received --  --  0.006 *** 

Defense X tech balance of payments paid  --  --  -0.009 *** 

Defense X tech balance of payments paid / total --   --   0.169   

Notes: *** p<0.01, ** p<0.05, * p<0.10.  Dependent variable is number of triadic patent 

families.  Sample includes 21 countries over 21 years (1985–2005); countries excluded due 

to insufficient international transfers data are Greece, Hungary, Iceland, Ireland, Korea, 
Luxembourg, Poland, Slovak Republic, and Turkey.  Estimates for time-series and cross-

section controls are omitted. 

 

As expected, then, both industry-financed R&D and government-financed R&D 

coefficients have a positive and statistically significant effect on number of patents; the 
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interaction between them is negative and statistically significant.  The defense R&D 

budget coefficient has no statistically significant effect on its own. 

Specification 4.1 adds the three variables of technology balance of payment:  

technology balance of payment received, technology balance of payment paid, and 

technology balance of payment paid as percentage of the total value of technological 

assets exchanged.  Of these new variables, only the technology balance of payment 

received coefficient has a statistically significant effect.  It is comparable to other 

independent variables of interest:  at the average level of expenditure, each additional 

billion dollars of technology balance of payment received generates 82.0 patents, which 

is comparable to the 117.3 and 105.5 patents generated by each additional billion dollars 

of industry-financed R&D and government-financed R&D, respectively.  These industry-

financed R&D and government-financed R&D coefficients have changed from the base 

model:  the industry-financed R&D coefficient has decreased by 7.8% (from 127.2 to 

117.3 patents per billion US$) and the government-financed R&D coefficient has 

increased by 5.5% (from 68.1 to 105.5 patents per billion US$). 

Specification 4.2 adds interaction effects between defense R&D budget and the 

three technology balance of payments variables.  In the resulting model, the technology 

balance of payments paid coefficient is significant and positive.  Two defense R&D 

budget interactions are significant:  technology balance of payments paid coefficient is 

positive and technology balance of payments paid received coefficient is negative.  The 
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industry-financed R&D and government-financed R&D coefficients increase by 10% 

(from 117.3 to 129.0 patents per billion US$) and 37.9% (from 105.5 to 145.5 patents per 

billion US$), respectively, relative to Specification 4.1.  The joint explanatory power of 

these interaction terms is statistically significant, as shown in Table 8.  Thus, despite their 

relatively small values, they are correctly included.  

Table 8: Joint Significance of Technology Balance of Payments (TBOP) Variables 

  F 

TBOP 5.93*** 

Defense X TBOP 6.80***  

Notes: *** p<0.01, ** p<0.05, * p<0.10 

 

DISCUSSION 

The preceding results confirm that defense R&D budget decreases the 

productivity of industry-financed R&D.  Furthermore, results demonstrated an 

ambiguous relationship between defense R&D budget and the productivity of 

government-financed R&D.  Results also demonstrated that government-financed R&D 

reduces the productivity of industry-financed R&D to a small degree.  Lastly, defense 

R&D budget was demonstrated to decrease the productivity of international technology 

transfer. 

A comparison of model-estimated patenting behavior with actual patenting data 

demonstrates that the estimated number of patent applications closely matches actual 

data.  This concurrence suggests that the models are appropriately specified.  The 

estimates from Specification 1.3 for the U.S., Japan, and France are depicted against 
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actual data in Figure 5.  The accuracy of the model is a prerequisite for valid 

interpretations of the relationships implied by the model results. 

Figure 5: Model Estimates versus Actual Data 
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Two general methodologies substantiate general conclusions drawn from specific 

results:  one examines explicit relationships and another interprets implicit relationships.  

Explicit relationships are captured by coefficients that are calculated explicitly in the 

models.  In this analysis, defense R&D budget interaction terms are of interest.  Where 

these interaction coefficients are negative, the defense R&D budget is reducing 

productivity.  A second methodology uses omitted variable bias (OVB).  OVB analysis 

compares specifications that differ only by the addition of a defense R&D budget 

Year 
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variable—either a single variable at a time or a group of related defense R&D budget 

interaction terms.  By comparing the changes on other coefficients as a result of the 

addition of a defense R&D budget variable, an omitted variable bias analysis distills 

defense R&D budget’s implicit effects.  If the addition of the defense R&D budget 

variable increases a coefficient, then the omission of defense R&D budget is said to cause 

downward bias in the coefficient.  Downward bias means that an omitted variable skews 

the coefficient of another variable downward due to a negative correlation between the 

two.  Thus, downward bias resulting from defense R&D budget is indicative of a 

productivity reduction caused by defense R&D budget.  Both explicit (negative 

interaction coefficients) and implicit (downward bias) relationships are discussed in the 

following sections as statistical proof for relevant policy conclusions. 

 

DEFENSE REDUCES THE PRODUCTIVITY OF INDUSTRY R&D 

The interaction term between defense R&D budget and industry-financed R&D 

expenditure is consistently negative, suggesting that defense R&D budget does indeed 

reduce the productivity of industry-financed R&D.  The defense R&D budget X industry-

financed R&D interaction coefficients from the preceding results section are summarized 

in Table 9 below.   
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Table 9: Summary of defense R&D budget X industry-financed R&D coefficients 

Spec. 
Defense 
budget X 
industry 

% of indRD 
coefficient 

indRD coefficient 
(for reference) 

1.3 -2.732*** 1.6% 169.8*** 

2.0 -3.739*** 1.6% 141.4*** 

2.1 -10.545*** 2.2% 232.5*** 

2.2 -10.564*** 2.3% 234.6*** 

Notes: *** p<0.01, ** p<0.05, * p<0.10 

An OVB analysis offers additional insight into the interaction between defense 

R&D budget and industry-financed R&D productivity.  This approach compares 

industry-financed R&D coefficients between models that are identical except for defense 

R&D budget variables.  If the introduction of the defense R&D budget increases the 

industry-financed R&D coefficient, there is said to be downward bias and an implicitly 

negative relationship between defense R&D budget and industry-financed R&D 

productivity.  The OVB observed on industry-financed R&D coefficients is summarized 

in Table 10. 

Table 10: OVB on Industry-Financed R&D Coefficients 

Compare 
specs. 

indRD 
coefficient 

indRD 
coefficient' 

Variable added % Change 
Implied 
Bias 

1.1 v. 1.2 140.1 *** 128.0*** Defense R&D budget -9.5% Upward 

1.2 v. 1.3 128.0 *** 169.8*** 
Defense R&D budget 
interactions 

24.6% Downward 

1.1 v. 1.3 140.1 *** 169.8*** 
Defense R&D budget 
AND interactions 

17.5% Downward 

2.1 v. 2.2 232.5 *** 234.6*** 
Defense R&D budget 
interaction 

0.9% Downward 

4.1 v. 4.2 117.3 *** 129.0*** 
Defense R&D budget 
interactions 

9.1% Downward 

Notes: *** p<0.01, ** p<0.05, * p<0.10 
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Downward bias is present in nearly all cases.  Upward bias appears only when 

comparing Specifications 1.1 and 1.2.  This conclusion is counter-intuitive, since the 

defense interaction terms indicated in all models that an increase in the defense R&D 

budget reduced the productivity of industry-financed R&D.  This seeming contradictory 

conclusion is nullified and clarified by Specification 1.3, which takes not only defense 

R&D budget, but also its interaction with industry-financed R&D into account.  The 

downward bias on the industry-financed R&D term results from excluding the defense 

budget control and its interactions, which confirms that increases in the defense R&D 

budget reduce the patenting productivity of industry-financed R&D. 

The preceding observations support the conclusion that an increase in defense 

R&D budget reduces the productivity of industry-financed R&D.  Explicit interaction 

indicators suggest that the crowd-out is between 1.6% and 6.6%; while interpretations of 

OVB suggest that the crowd-out is between 7.8% and 17.5%.  The difference in 

magnitudes is reasonable, since interaction indicators estimate only the explicit effect of 

the interaction, but OVB captures all interactions, including unanticipated interactions not 

explicitly controlled.  A practical example of this difference in magnitudes is observed by 

comparing Specifications 1.2 and 1.3.  The only difference between these two 

specifications is the presence of defense R&D budget interaction terms (Defense budget 

X industry, Defense budget X govt, and Defense budget X industry X govt) in 

Specification 1.3.  The coefficients on the interaction terms capture only the effects of 
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those interactions; whereas, the addition of the interaction extracts from the coefficient on 

industry-financed R&D all drivers of productivity—explicit and implicit—that are 

related to the interaction terms. 

 Previous literature offered two types of explanation for why defense R&D budget 

crowds-out the productivity of industry-financed R&D.  One group of authors proposed 

that defense research, paid for by government outlays, removes facilities and scientists 

that would otherwise work on industry innovation (Guellec & Van Pottelsberghe, 2000) 

or that government funding directly subtracts the funds available for industry use 

(Wallsten, 2000; Morales-Ramos, 2002).  This paper’s models do not support these 

conjectures.  To the contrary, the current models demonstrate that government-financed 

R&D does not crowd-out industry-financed R&D productivity (this phenomenon is 

discussed in a later section).  A second group of authors asserted that the differential 

impacts of defense R&D budget were a function of an industry’s dependence on defense 

(Gordon Kim, & McKeown, 2007).  This paper corroborates this assertion:  specification 

family 3 (see Table 3) substantiates the claim that defense R&D budget has differential 

impacts by sector.   

In addition, this paper’s models provide statistical evidence supporting the 

conclusion that the interaction between defense R&D budget and industry-R&D 

expenditure differs by sector.  Correlations between defense R&D budget and industry-

financing by sector (presented in Appendix C) suggest that as the defense R&D budget 
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changes, the composition of industry-financed R&D changes, too:  higher defense R&D 

budgets correspond to more investment in aerospace, instruments, office supplies, and 

pharmaceuticals at the expense of electronics and services.  Furthermore, an OVB 

analysis illuminating the relationship between defense R&D budget and productivity by 

sector (also included in Appendix C) suggests that an increase in the defense R&D 

budget will shift the composition of patenting.  Fewer patents are produced in aerospace, 

pharmaceuticals, and services while more patents are produced in electronics, 

instruments, and office supplies.   

 

DEFENSE AMBIGUOUSLY AFFECTS GOVERNMENT R&D 

The relationship between defense R&D budget and government R&D is less 

clear:  positive interaction term coefficients suggest that defense R&D budget boosts the 

government-financed R&D patenting productivity, but OVB suggests the opposite.  In all 

of the preceding models, the defense R&D budget X government-financed R&D 

interaction coefficient, when statistically significant, is positive.  This relationship 

suggests that defense R&D budget boosts the government-financed R&D productivity 

(see Specifications 2.1 and 2.2).  Conversely, observations of OVB suggest that defense 

R&D budget affects government-financed R&D much like industry-financed R&D.  In 

specifications where government-financed R&D is significant, the addition of defense 

controls demonstrates an initial downward bias on the coefficient, suggesting that 
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government-financed R&D is inversely correlated with defense R&D budget.  The shifts 

from Specification 2.1 to 2.2 demonstrates an increase of 6.4% (from 146.9 to 156.3 

patents per billion US$).  Similarly, the shift from Specification 4.1 to 4.2 demonstrates 

an increase of 37.9% (from 105.5 to 145.5 patents per billion US$). 

OVB is a useful analytic tool for deducing relationships between independent 

variables; however, its utility is limited in these models.  Each previously mentioned shift 

is caused by the addition of variables that control for the interaction of defense with an 

additional factor.  Thus, OVB only considers defense indirectly.  Direct observation of 

the impact of the bias caused by defense R&D is impossible due to the statistical 

insignificance of the government-financed R&D coefficient in Specifications 1.3 and 3.1, 

This insignificance is potentially due to excessive multicollinearity with control 

variables.  Thus, this analysis does not reveal a robust conclusion regarding the 

relationship between defense R&D budget and government-financed R&D. 

 

GOVERNMENT MILDLY REDUCES THE PRODUCTIVITY OF INDUSTRY 

In all of the preceding models, the government-financed R&D X industry-

financed R&D interaction coefficient, when statistically significant, is negative.  This 

relationship suggests that government financing crowds out industry financing and 

competes with industry as a driver of innovation.  In the most extreme cases, 

Specifications 2.2 and 2.3, each dollar of government-sponsored R&D reduces the 
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effectiveness of industry by only 1.3% (crowd out is 3.1 patents per 232.5 generated in 

Specification 2.2 and 3.1 per 234.6 in Specification 2.3).   

An OVB analysis comparing Specifications 1.0 and 1.1 suggests a much more 

extreme crowd-out:  government-financed R&D causes a downward bias on industry-

financed R&D of 19.6% (117.2 patents per billion US$ versus 140.1 in Specification 

1.1).  Conversely, government-financed R&D is upward biased by the exclusion of an 

industry-government interaction term (97.7 patents per billion US$ versus 84.4 in 

Specification 1.1).  The gross effect on the sum of industry-financed R&D and 

government-financed R&D is an increase of 4.5% (from 214.9 to 224.5), suggesting that 

the industry-financed R&D X government-financed R&D interaction caused a downward 

bias of only 4.5%.  The larger numbers reflected in the bias by source of financing 

suggests that more patenting happens in government and less in industry as a result of 

interactions among financing sources.  However, the gross effect is only a small increase 

in total patents generated. 

In general, the aforementioned crowding-out effect is, in general, less pronounced 

once appropriate control variables are incorporated.  In Tables 1, 3, and 4, adding control 

variables corresponds to a positive shift in the negative coefficient on the interaction 

term, resulting in the interaction terms not differing significantly from zero (see 

Specifications 1.3, 3.2, and 4.2).  Thus, even though interaction terms are statistically 
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significant and OVB was present, government-financed R&D does not reduce the 

combined (industry and government) R&D productivity. 

 

DEFENSE R&D INHIBITS THE PRODUCTIVITY OF TECHNOLOGY TRANSFER 

Defense R&D budget OVB affects technology transfer control variables at a 

significant level with interesting implications.  First, adding international technology 

transfer control variables to a base model (moving from Specification 4.0 to 4.1) changes 

the industry-financed R&D and government-financed R&D coefficients by -7.8% (from 

127.2 to 117.3 patents per billion US$) and 54.8% (from 68.1 to 105.5 patents per billion 

US$), respectively.  The bias on industry-financed R&D and government-financed R&D, 

which is upward and downward, respectively, suggests that technology transfer increases 

the productivity of industry-financed R&D, but decreases the productivity of 

government-financed R&D.  However, upon examining the defense R&D budget X 

technology transfer control interaction effect, as determined by comparing Specification 

3.0 and 3.2, the industry-financed R&D and government-financed R&D coefficients 

increased 1.4% (from 127.2 to 129.0 patents per billion US$) and 113.5% (from 68.1 to 

145.5 patents per billion US$), respectively.  Thus, the model suggests that increases in 

defense R&D budget correspond to a reduction in the capacity of both industry and 

government to effectively use international technology transfer. 
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CONCLUSION 

This paper modeled the interaction between defense R&D budget and industry-

financed R&D and government-financed R&D productivity using patenting behavior as a 

proxy measure for productivity.  A series of four two-way fixed-effects linear regressions 

produced statistically significant relationships that achieved the intended goal of this 

paper:  to elucidate the interaction between defense R&D budget and the larger system of 

innovation.  In addition to distilling the relationship between defense R&D and aggregate 

industry- and government-financed R&D expenditure, this analysis revealed details 

concerning industry-financed R&D by sector and the interaction between defense R&D 

and international technology transfer.   

In addition, these results, considered with previous literature, further describe the 

dynamics of the innovation infrastructure.  Defense R&D is associated with aggregate 

economic growth (Figure 3), but a decrease in patenting productivity (Tables 2–5).  

These two relationships, in tandem, suggest that defense R&D budget increases 

correspond to increases in immediate economic growth measures (researcher salaries, 

etc.), but decreases in productive investment measures (patents produced per dollar 

invested).  Thus, defense R&D budget increases shift the composition of aggregate 

expenditure toward present consumption and away from future investments.  Similarly, 

the investment composition by sector shifts as a function of defense R&D budget.  

Defense R&D budget increases are directed to the aerospace, instruments, office supplies, 
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and pharmaceuticals sectors.  These increases do not directly correspond to overall 

patenting productivity increases, but focused patenting decreases in the aerospace, 

pharmaceutical, and service sectors with patenting increases in electronics, instruments, 

and office supplies. 

The preceding picture of macroeconomic dynamics yields several important 

relationships that policymakers must consider to make interventions without unintended 

consequences.  Informed policies must acknowledge two negative effects that defense 

R&D budget causes to the greater innovation infrastructure:  it reduces the productivity 

of industry-financed R&D, and it inhibits the usefulness of international technology 

transfer.  Policies need not eschew competing research priorities between industry- and 

government-financed R&D, since their interaction does not reduce overall R&D 

productivity. 

Defense R&D budget crowd-out suggests that high levels of defense R&D budget 

over time causes a nation to fall behind the level at which it would innovate absent high 

defense R&D budget.  To maintain neutral government interference over long periods of 

time, government policy should strategically target high levels of innovation in times 

when defense R&D is not a priority.  Non-defense R&D spending can be used to make 

up innovation losses to defense R&D spending, since government-financed R&D only 

mildly crowds-out the productivity of industry.  Although government-financed R&D, 

like defense, has differential impacts by sector, it does not crowd out industry financing 
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in the aggregate.  Thus, policymakers can fund non-defense government research 

objectives without fear of diminishing overall innovation.   

The significant reduction of international technology transfer usefulness implies 

that policymakers must balance priorities between defense and international technical 

cooperation.  Statistical models confirm that an increase in defense R&D budget has 

secondary effects that significantly reduce the capacity of both industry- and government-

financed R&D to convert international technology transfer to domestic productivity.  To 

offset these negative effects, policymakers should couple increases in defense R&D 

budget with policies that encourage continued international technological exchange, 

when possible. 

These conclusions are based on regressions that were limited by data availability 

and, therefore, model sophistication.  As a result, the analysis examined only a small 

portion of the greater innovation infrastructure that is relevant for policy analysis.  

Additional data could improve this analysis in three respects.  First, reduction in missing 

data will improve both the accuracy and precision of this paper’s statistical models.  

Second, data coving a longer time span will facilitate more robust models.  Longer time 

periods could even be segmented, corresponding to historical shifts in approaches to 

innovation can be pinpointed.  Lastly, additional relevant independent variables and 

associated data—such as actual defense R&D expenditure by sector; secondary measures 

of interaction between defense and non-defense research (examining whether students, 
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professors, soldiers, or private labs perform the work and if the results are publicly 

available), or explanatory variables for why sectors relate to defense R&D differently—

will facilitate a better understanding of the relationship between defense R&D budget and 

R&D productivity.  Additional models might advance the explanatory value of the 

models presented in this paper.  By controlling for additional factors of innovation, future 

models can piece together the remaining cogs that drive the national innovation 

infrastructure. 
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APPENDIX A: DESCRIPTIVE STATISTICS 

The following tables list descriptive statistics for each of the variables taken from 

one of the four data sources.   

Table A-1: Descriptive Statistics, MSTI 
Description N Mean Std Dev Minimum Maximum 

Triadic patent families 525 1461 3283 0 16368 

General Expenditure on R&D 448 21.55615 46.9785 0.2358 324.46445 

Number of researchers 387 125027 247614 2813 1415873 

% GERD financed by industry 412 0.51467 0.13568 0.14276 0.79095 

% GERD financed by 
government 

412 0.4001 0.12507 0.1676 0.7336 

% business R&D in aerospace 374 4.6911 5.35604 0 26.54 

% business R&D in electronics 421 13.74145 9.822 0 49.828 

% business R&D in office 
supplies 

394 3.56626 4.33541 0 26.932 

% business R&D in 
pharmaceuticals 

400 9.68094 8.00136 0 45.114 

% business R&D in instruments 418 3.53654 2.77561 0 15.175 

% business R&D in services 418 19.71205 13.92481 0.104 76.068 

% of total govt R&D budgeted 
to defense 

425 10.90604 15.30584 0 69.346 

Number of triadic patent family 
applications 

546 1430 3228 0 16368 

Technology balance of payments 
received (mil US$) 

351 4424 8671 4.355 57410 

Technology balance of payments 
paid (mil US$) 

351 2988 4550 3.704 28264 

Technology balance of payments 
paid / total 

316 32.47364 45.31514 0.618 503.702 

GDP (bil US$) 526 852.21457 1627 31.16487 12398 

Implicit GDP deflator (base 
2000) 

525 0.87005 0.21473 0.014 1.391 

 

Table A-2: Descriptive Statistics, WMEAT 
Description N Mean Std Dev Minimum Maximum 

Number of active armed forces 
personnel 

278 230.81295 369.6412 10 2240 
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Table A-3: Descriptive Statistics, Military Expenditure 
Description N Mean Std Dev Minimum Maximum 

Total military spending (bil US$) 536 25.44636 69.739 0 444.08144 

 

Table A-4: Descriptive Statistics, Government Expenditure 
Description N Mean Std Dev Minimum Maximum 

Total government spending (bil 
US$) 

525 15779856 86065684 0 561620496 

 

Countries included in each of these datasets are:  Australia, Austria, Belgium, 

Canada, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, 

Iceland, Ireland, Italy, Japan, Korea, Luxembourg, Mexico, Netherlands, New Zealand, 

Norway, Poland, Portugal, Slovak Republic, Spain, Sweden, Switzerland, Turkey, United 

Kingdom, and the U.S. 
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APPENDIX B: CORRELATION TABLE 

The following correlation table shows correlation among the dependent and 

independent variables used in this paper.   

Table B-1: Correlation among Variables 
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patents 1.00 0.95 0.83 0.95 0.65 0.93 0.76 0.53 0.73 

indRD 0.95 1.00 0.93 0.98 0.97 0.97 0.88 0.64 0.84 

govRD 0.83 0.93 1.00 0.92 0.97 0.92 0.98 0.78 0.97 

numResearchers 0.95 0.98 0.92 1.00 0.96 0.96 0.87 0.60 0.76 

gdp 0.65 0.97 0.97 0.96 1.00 0.69 0.69 0.71 0.59 

totGovSpend 0.93 0.97 0.92 0.96 0.69 1.00 0.88 0.69 0.85 

totMilSpend 0.76 0.88 0.98 0.87 0.69 0.88 1.00 0.78 0.94 

defbudRD_pGBAORD 0.53 0.64 0.78 0.60 0.71 0.69 0.78 1.00 0.80 

numSoldiers 0.73 0.84 0.97 0.76 0.59 0.85 0.94 0.80 1.00 

BERDaerop 0.26 0.31 0.53 0.24 0.46 0.44 0.51 0.75 0.70 

BERDelecp 0.03 0.01 -0.02 0.02 -0.04 -0.01 -0.05 -0.11 -0.06 

BERDoffcp 0.39 0.32 0.32 0.31 0.31 0.32 0.27 0.14 0.39 

BERDphrmp -0.14 -0.14 -0.14 -0.15 -0.13 -0.11 -0.10 0.08 -0.11 

BERDinstp 0.35 0.40 0.41 0.33 0.36 0.42 0.41 0.38 0.34 

BERDservp -0.22 -0.09 -0.08 -0.15 -0.09 -0.15 -0.01 -0.16 -0.14 

tekbprec 0.79 0.88 0.83 0.85 0.63 0.88 0.81 0.62 0.74 

tekbppay 0.57 0.59 0.52 0.56 0.50 0.61 0.46 0.34 0.37 

tekbppayp -0.27 -0.25 -0.25 -0.26 -0.26 -0.29 -0.22 -0.40 -0.21 

 Notes: Correlations with an absolute value > 0.75 are displayed in bold italics.  Variables 

are named as follows: Number of triadic patent families (patents); Industry-financed R&D 

(indRD); Government-financed R&D (govRD); Number of researchers (numResearchers); 

GDP (gdp); Total government spending (totGovSpend); Total military spending 

(totMilSpend); Percent of total govt R&D budgeted to defense (defbudRD_pGBAORD); 

Number of active armed forces personnel (numSoldiers), Percent of business R&D in 

aerospace (BERDaerop), electronics (BERDelecp), office supplies (BERDoffcp), 

pharmaceuticals (BERDphrmp), instruments (BERDinstp), and services (BERDservp); 

Technology balance of payments received (tekbprec), paid (tekbppay), and paid as a 

percentage of total (tekbppayp). 
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Table B-1 continued: Correlation among Variables 
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patents 0.26 0.03 0.39 -0.14 0.35 -0.22 0.79 0.57 -0.27 

indRD 0.31 0.01 0.32 -0.14 0.40 -0.09 0.88 0.59 -0.25 

govRD 0.53 -0.02 0.32 -0.14 0.41 -0.08 0.83 0.52 -0.25 

numResearchers 0.24 0.02 0.31 -0.15 0.33 -0.15 0.85 0.56 -0.26 

gdp 0.46 -0.04 0.31 -0.13 0.36 -0.09 0.63 0.50 -0.26 

totGovSpend 0.44 -0.01 0.32 -0.11 0.42 -0.15 0.88 0.61 -0.29 

totMilSpend 0.51 -0.05 0.27 -0.10 0.41 -0.01 0.81 0.46 -0.22 

defbudRD_pGBAORD 0.75 -0.11 0.14 0.08 0.38 -0.16 0.62 0.34 -0.40 

numSoldiers 0.70 -0.06 0.39 -0.11 0.34 -0.14 0.74 0.37 -0.21 

BERDaerop 1.00 -0.01 0.11 -0.03 0.20 -0.22 0.27 0.17 -0.30 

BERDelecp -0.01 1.00 0.01 -0.12 -0.09 -0.35 -0.08 -0.08 -0.17 

BERDoffcp 0.11 0.01 1.00 -0.14 0.13 -0.28 0.28 0.07 -0.33 

BERDphrmp -0.03 -0.12 -0.14 1.00 0.11 -0.12 0.10 0.12 0.62 

BERDinstp 0.20 -0.09 0.13 0.11 1.00 -0.01 0.48 0.37 -0.20 

BERDservp -0.22 -0.35 -0.28 -0.12 -0.01 1.00 0.04 -0.15 0.03 

tekbprec 0.27 -0.08 0.28 0.10 0.48 0.04 1.00 0.80 -0.14 

tekbppay 0.17 -0.08 0.07 0.12 0.37 -0.15 0.80 1.00 -0.06 

tekbppayp -0.30 -0.17 -0.33 0.62 -0.20 0.03 -0.14 -0.06 1.00 

Notes: Correlations with an absolute value > 0.75 are displayed in bold italics.  Variables 

are named as follows: Number of triadic patent families (patents); Industry-financed R&D 

(indRD); Government-financed R&D (govRD); Number of researchers (numResearchers); 

GDP (gdp); Total government spending (totGovSpend); Total military spending 

(totMilSpend); Percent of total govt R&D budgeted to defense (defbudRD_pGBAORD); 

Number of active armed forces personnel (numSoldiers), Percent of business R&D in 

aerospace (BERDaerop), electronics (BERDelecp), office supplies (BERDoffcp), 

pharmaceuticals (BERDphrmp), instruments (BERDinstp), and services (BERDservp); 

Technology balance of payments received (tekbprec), paid (tekbppay), and paid as a 

percentage of total (tekbppayp). 
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APPENDIX C: SECTOR CALCULATIONS 

Since most of the interaction terms between defense R&D budget and industry-

financed R&D, by sector, are not statistically significant, an alternative method for 

distilling these relationships is necessary.  The omitted variable bias methodology 

employed in the Results section of this paper also functions here.  Specifically, a 

comparison of Specifications 3.1 and 3.2 examines two models that are identical except 

for the addition of defense interaction terms, by sector.  The relevant coefficients for 

these models and the omitted variable bias are displayed in Table C-1. 

 

Table C-1: Statistical Bias Caused by Defense, by Sector 

  
Without 

defense (3.1) 

With defense 

controls 

(3.2) 

Omitted 

variable bias 

Implied 

defense-

sector 

interaction 

Correlation 

with defense 

R&D budget 

Aerospace 47.513 64.264 Down Negative 0.749 

Electronics -4.595 -5.886 Up Positive -0.114 

Instruments 8.222 6.336 Up Positive 0.380 

Office supplies 9.073 -28.804 Up Positive 0.143 

Pharmaceuticals -5.974 4.806 Down Negative 0.080 

Services -6.192 -5.433 Down Negative -0.156 

 
The interpretation of these biases is enhanced through the inclusion of each the 

correlation between the industry-financed R&D in each sector and defense R&D budget. 

Conclusions regarding the impact of an increase in defense R&D budget can be 

made along two dimensions based on preceding data.  First, an increase in budget will 

increase the amount of industry-financed R&D in the sectors that are positively correlated 

with defense R&D budget (aerospace, office supplies, and pharmaceuticals).  Second, an 
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increase in budget will increase the productivity of those sectors that are biased upward 

by the exclusion of a control for defense R&D budget interactions with each sector 

(electronics, instruments, office supplies, and pharmaceuticals).  These effects are 

summarized in Table C-2. 

 

Table C-2: Impacts of Defense R&D Budget Increase, by Sector 

  
Investment Productivity 

Aerospace increase decrease 

Electronics decrease increase 

Instruments increase increase 

Office supplies increase increase 

Pharmaceuticals increase decrease 

Services decrease decrease 

 


