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ABSTRACT 

 
Despite its potential value to policy-makers, empirical research concerned with the causal 

effect of war on innovation is scarce. This is unfortunate, as such research would not only 

facilitate cost-benefit analyses of war, but given the value of technological progress in 

endogenous growth models, it would also aid economic growth analyses in conflict-prone 

nations. Using data from the Correlates of War Project and the World Intellectual Property 

Organization, this paper aspires to address this knowledge gap by investigating the 

relationship between war and innovation through ordinary least squares regressions that 

control for both time and country fixed effects. Following pre-existing literature, patent grants 

are used as a proxy variable for the domestic rate of innovation. Although this study fails to 

identify a statistically significant relationship between engagement in war and patent grants in 

any particular year, the results suggest that patent grants are strongly associated with past 

engagement in war. Specifically, the study finds evidence suggesting that there is a negative 

relationship between past engagement in war and both residential and nonresidential patent 

grants. However, disparate results from the various regression specifications imply that these 

findings are not unassailable. Hence, although this study provides greater insight into a 

relationship fairly unexplored by the research community, additional research is necessary to 

conclusively determine the relationship between war and innovation. 
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I. Introduction 

From Sun Tzu in ancient China to academics in the 21st century, there has been a fervent 

interest in identifying the direct effects of war on economic performance.1 However, the way 

in which wars affect the various drivers of economic growth has not yet been diligently 

examined, and this threatens to dilute our understanding of the overall effects of war on the 

economy. Without knowing through which channels wars affect economic performance, it is 

impossible for policy-makers to minimize the undesirable economic repercussions of war.   

 

Innovation – one of the fundamental drivers of economic growth – represents one of the 

channels through which wars may influence economic performance. However, although a 

theoretical link between economic growth and innovation has existed since the writing of 

Adam Smith in 1776, the relationship between war and innovation has habitually been 

disregarded in studies that look at the economic implications of war. This oversight may be a 

result of the relatively recent incorporation of innovation into modern economic growth 

models  (Solow, 1957; Lucas, 1988; Romer, 1990); empirical research in this realm may not 

yet have caught up with the alterations of economic growth models. It may also be a 

consequence of the inherent difficulties associated with conducting the types of cross-national 

macro studies required for investigating the relationship between war and innovation. 

Regardless, this scarcity significantly constrains cost-benefit analyses of war and contributes 

to an uncertainty rarely desirable to policy-makers.  

 

The uncertainty induced by a lack of scholarly focus on the topic is aggravated by the mixed 

results produced by the few studies that have explored this relationship. Some scholars argue 

that war induces technological innovation through strategic necessity, using examples such as 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 See Kosuke & Weinstein (2000) for a brief elaboration on the academic consensuses that have been reached on 
this topic.  
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the radar, the GPS and the microwave (Ruttan, 2006; Rosenberg, 1976). Others oppose this 

view, claiming either that innovation is negatively correlated with war (Rossman, 1931; 

Cochran, 1962; Nef, 1963), or that it is impervious to war (Thomson, 2008). 

 

This research paper aspires to address this knowledge gap, and equip policy-makers with an 

enhanced understanding of the economic effects of engaging in war. By looking at 34 

countries over a time period of 97 years, this paper utilizes fixed effects models to investigate 

how war affects domestic innovation, using patent grants as a proxy variable for innovation 

(following Crosby, 2000).2 To the best of my knowledge, such a comprehensive study has not 

yet been carried out, and is an important first step for untangling the relationship between the 

two variables.  

 

The results from this paper can be of great value to the research community. First, innovation 

is indispensible for fostering sustainable economic growth (OECD, 2007).  Disentangling the 

relationship between war and innovation would facilitate cost-benefit analyses of war, and aid 

economic growth analyses in conflict-prone nations. Second, increased globalization and 

complex sovereign state interdependence have generated increased concerns about national 

security and a higher intensity of cross-country interventions. Enhanced knowledge of the 

relationship between war and innovation would enable policy-makers to more accurately 

estimate the likely ramifications of such interventions on sustainable post-conflict economic 

growth, both in the invaded and invading countries.  

 

The remainder of this paper is organized as follows. Section II evaluates prior research on the 

topic and discusses how this paper will contribute to the debate. Section III introduces and 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 For an elaboration on the advantages and disadvantages of using patent data to model innovation, see Rogers 
(1998). 
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discusses the data used in this paper. Section IV outlines the research methodology and 

considers some limitations of the study. Section V presents the findings of this paper. A final 

section concludes. 

 

II. Literature Review 

Despite its potential value to policy-makers, empirical research concerned with the causal 

effect of war on innovation is scarce. This is unfortunate, as such research would not only 

facilitate cost-benefit analyses of war, but given the value of technological progress in 

endogenous growth models, it would also aid economic growth analyses in conflict-prone 

nations. Among the few studies that have investigated this relationship, no general consensus 

has been reached. Some studies assert a positive correlation between war and innovation 

(Rosenberg, 1976; Ruttan, 2006), some infer that the two variables are negatively correlated 

(Rossman, 1931; Cochran, 1962; Nef, 1963), and others argue that innovation is impervious 

to war (Thomson, 2008).  

 

The strand of research that asserts a positive correlation between war and innovation is based 

on observational analysis. Ruttan (2006), for example, examines the role played by the 

military as a source of general-purpose technologies. According to the author, the military has 

contributed to the domestic rate of innovation by developing six technologies that would not 

have been discovered if left to the private market in times of peace: aircraft, nuclear power, 

the computer, the semiconductor, the internet and the space communication and earth 

observing industries. The study proceeds to infer that the military has played a pivotal role in 

the discovery of new technologies, and that wars have had a tendency to intensify the 

military’s contribution to domestic innovation. Unfortunately, the absence of quantitative 

analysis in the paper significantly weakens its conclusion.   
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The second strand of research argues that war impedes innovation. Rossman (1931) derives 

this conclusion from conducting a cross-country analysis of the United States, Germany and 

England, in which he investigates patent filing trends before, during and after World War I. 

Rossman finds that, in all countries, war-related innovations increased substantially during the 

war, but that the total number of patent filings decreased. For example, the total number of 

patent filings in England declined to 40% of the pre-war level, even though the number of 

war-related innovations doubled. However, the author’s failure to control for other factors that 

might have influenced these results makes this statistical trend analysis subject to great 

uncertainty. Further, the study’s small sample size coupled with its sole focus on one war 

threatens the external validity of the study.  

 

The third strand of research claims that innovation is impervious to war. Thomson (2008) 

derives this conclusion by investigating how the American Civil War affected innovation in 

three industries – petroleum, shoe bottoming and breech loading – in both the North and the 

South. By utilizing government procurement records, patent data and firm records, Thomson 

concludes that the Civil War neither impeded nor enhanced the dynamics of innovation either 

in the North or the South. Rather, antebellum innovational dynamics in these industries were 

maintained throughout the war, and the innovation paths were unaltered by the actual conflict. 

However, the exclusive focus on only three industries during one war in one country makes it 

inappropriate to extrapolate a general relationship between war and innovation based on these 

results.  

 

Due to the scarcity and limited nature of existing research, it is useful to investigate related 

strands of research to derive an intuition of how war affects innovation. Particularly, there are 



 
5 

a number of studies that investigate the effect of war on variables that are highly correlated 

with innovation. Although an analysis of the impact of war on these variables will not enable 

one to identify the magnitude of the effect of war on innovation, it may allow one to 

determine the direction of the effect.   

 

One such variable is human capital. In a recent literature review of studies concerned with the 

relationship between human capital and innovation, Popescu and Diaconu (2008) find 

substantial evidence for innovation to be positively affected by a country’s human capital 

stock. Hence, if participation in war negatively impacts the stock of human capital in a 

country, the rate of innovation will decline. Given the tendency of wars to distort labor supply 

through death and injury, as well as through military employment, this is likely. Both 

Thomson (2008) and Collier (1999) support this view. Collier (1999) utilizes the Penn World 

Tables data on all civil wars between 1960 and 1992 to investigate the effects of civil war on 

economic growth through an ordinary least squares regression analysis. The study suggests 

that civil wars negatively affect a country’s human capital stock, and that this effect may be 

augmented via capital flight in the early postwar years. These results suggest that the 

domestic rate of innovation may decrease as a consequence of war, although the actual size of 

the decline will to a certain extent depend on the effect that the war has on the country’s 

human capital stock and the presence of capital flight.  

 

Trade is another variable that is correlated with innovation and affected by war. However, the 

direction of the correlation between trade and innovation is disputed. On the one hand, 

Rossman (1931) argues that a decrease in imports increases the domestic rate of innovation 

due to demand pressure on domestic firms to provide goods and technologies previously 

supplied by foreign firms. On the other hand, a paper by Grossman and Helpman (1990), 
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which aspires to develop a model that links trade, knowledge accumulation and endogenous 

growth, suggests that trade generally boosts domestic innovation through knowledge 

spillovers and diffusion. Hence, although pre-existing studies suggest that there is a negative 

relationship between engagement in war and trade, both in terms of exports and imports, one 

cannot establish whether this leads to an increase, or a decrease, in the rate of innovation.  

 

The financial capital stock has also been shown to be positively correlated with innovation. If 

war influences the domestic stock of financial capital, it can thus be expected that the rate of 

innovation will be affected as well. Both Schneider and Troeger (2006) and Imai and 

Weinstein (2000) assert that this is the case. By investigating the effect of war on global 

financial markets in the last decade of the 20th century, Schneider and Troeger find some 

evidence suggesting that conflicts during this decade had a negative impact on the core 

financial markets in the Western world. Imai and Weinstein (2000) use panel data from the 

State Failure Task Force to investigate through which channels civil wars affect economic 

growth, and find that civil wars cause portfolio substitution and reduce private investment.3 

This suggests that war participation lowers innovation though reductions in financial capital. 

 

Research and development (R&D) is yet another variable affected by war and correlated with 

innovation. By analyzing pre-existing research that addresses the relationship between 

innovation and R&D expenditure, Mansfield (1984) asserts that R&D expenditure is 

positively correlated with domestic innovation. Thus, if spending on R&D is negatively 

affected by war, this means that innovation too will decline. Given the tendency of 

governments to reallocate public funds toward military spending during times of war, this is 

highly probable. Further, Ward (2008) demonstrates that defense R&D has a lower patent-

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 Collier (1999) finds similar results: wars cause dissaving and portfolio substitution. 
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productivity than non-defense R&D, suggesting that the potential increase in defense R&D as 

a consequence of the reallocation of funds to the Department of Defense in times of war will 

not be able to offset this negative effect on innovation. This indicates that war participation 

may reduce the domestic rate of innovation due to its negative relationship with R&D 

expenditure. 

 

A final variable to consider is infrastructure. A study by Sridhar and Sridhar (2007) 

investigates the effect of telecommunications infrastructure on economic growth by using 

panel data on 63 developing countries. This study suggests that one channel through which 

telecommunications infrastructure augments economic growth is through facilitating 

innovation, implying that the two variables are positively correlated. Feldman and Florida 

(1994) obtained similar results in their investigation of the effect of technological 

infrastructure on innovation, suggesting that infrastructure in general, and not only a specific 

type of infrastructure, may be correlated with innovation. The tendency of wars fought on 

domestic soil to negatively impact infrastructure through physical destruction suggests that 

wars fought on home soil may lower the domestic innovation rate (Humphreys, 2002).   

 

By estimating fixed effects models to investigate how engagement in war affects innovation 

in 34 countries over a time period of 97 years, this paper aspires to contribute to current 

literature in several ways. First, the large sample size utilized in this paper is in stark contrast 

to earlier studies that have focused on short time periods and individual countries, and will 

provide more robust and precise estimates. Second, compared to Rossman (1931), this study 

uses patent grants rather than patent applications as a proxy variable for innovation. This is 

crucial, as patent applications alone do not necessarily reflect innovation. Third, I stratify my 

regressions based on 1) the residential status of patent recipients and 2) whether the war was 
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an interstate war or an intrastate war. This will result in a more in-depth analysis of the effect 

of war on innovation. In addition, this will minimize the cross-country dependency issue, a 

problem oftentimes encountered in these types of studies. Fourth, I incorporate lagged war 

covariates into my specifications to allow for the presence of dynamic effects, a possibility 

that earlier studies have not explored. Given the inevitable time lag associated with the patent 

application process, this will enable me to explore the relationship between war participation 

and innovation more fully. Fifth, I utilize a rich set of control variables in my regression 

specifications, thus minimizing the omitted variable predicament that has been an issue in 

earlier studies.  

 

III. Data  

This paper relies on panel data drawn from three sources. The first data set was assembled by 

the World Intellectual Property Organization (WIPO), and contains detailed information on 

country-level patent statistics for the years 1883-1980. The second data set comes from the 

Correlates of War Project (COW) at the University of Michigan. This data set contains 

country-level data on war involvement for the years 1802-2007, including the nature of the 

war, the number of war casualties and who initiated the war. The third data set – Nations, 

Development and Democracy (NDD) – was created by Wejnert (2007), and pools country-

level development indicators from earlier cross-country data sets. I merge all three data sets 

by country and year to estimate the effect of war on innovation.  

 

A. Dependent Variable 

The patent data set was obtained from the statistics database of the WIPO, and contains patent 

data on 120 countries between 1883 and 1980. The variable of interest is patent grants, 

stratified by residential status. The patent grants data contain information on the number of 
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patents that have been awarded to individuals in a country in a given year. Countries with 

incomplete patent data have been dropped from the analysis, the majority of which are low-

income countries from Asia, Africa and Latin America. This means that the results from this 

study will not necessarily reflect global trends and patterns, but rather those of the Western 

world. Because the WIPO relies on reports from intellectual property offices across the globe 

when compiling patent statistics, it is important to note that the data may suffer from certain 

measurement errors due to disparate data collection practices across countries and time.  

 

B. Independent Variable of Interest 

The data set obtained from the COW project contains statistics on all wars fought between the 

years 1802 and 2007. In order to match the data with the patent statistics, observations prior 

to 1883 and post 1980 have been dropped.  

 

The definitional ambiguity pertaining to the concepts of “state” and “war” necessitates two 

preliminary clarification points. First, in the COW data, an event is considered a war if it 

represents “sustained combat, involving organized armed forces, resulting in a minimum of 

1,000 battle-related fatalities within a twelve month period” (Singer and Small, 1982). 

Second, an entity is considered a state if it had “a population that exceeded 500,000 and 

served diplomatic missions of at least two major powers, or if it was a member of the United 

Nations” (Singer and Small, 1982).4 

 

For the purpose of this paper, the wars of interest are interstate and intrastate wars.  Interstate 

wars are wars fought between or amongst members of the interstate system, and intrastate 

wars are civil wars fought for central control or over local issues, regional internal wars and 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4 Prior to 1920, an entity is considered a state if it had “a population that exceeded 500,000 and had diplomatic 
missions at or above the rank of charge d’affaires with Britain and France” (Singer & Small, 1982). 
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intercommunal wars. The additional wars accounted for in the COW project, colonial and 

imperial wars, are not included in this paper. 

 

C. Control Variables 

The NDD data set contains 312 variables measuring the economic, social and political climate 

in 187 countries for the years 1800-2005. The data set was created by pooling six earlier 

cross-country data sets:  Polity III: Regime type and political authority (Jagger and Gurr, 

1995); Cross-National Time Series 1815-1973 (Banks, 1976); Polity IV (Jagger and Gurr, 

2005); Political Freedom Indicators (Freedom House, 2000); World Development Indicators 

1960-1998 (the World Bank, 1999); and World Development Indicators 1960-2005 (the 

World Bank, 2006). The variables incorporated into my models from this data set are: 

population size; illiteracy rate; primary school enrollment; secondary school enrollment; 

university enrollment; and the size of the urban population. In order to match the data with 

that of patent and war statistics, observations prior to 1883 and post 1980 have been dropped. 

 

IV. Methodology 

This paper investigates the relationship between war and innovation by utilizing ordinary 

least squares regressions that control for both time and country fixed effects.  The first model 

I estimate is: 

 

𝑃𝑎𝑡𝑒𝑛𝑡𝑠!" = 𝛽!𝑊𝑎𝑟!" + 𝛽!𝑋!" + 𝛽!𝑍!" + 𝛿! + 𝛼! + 𝜀!"                   (1) 

 
 
Here 𝑃𝑎𝑡𝑒𝑛𝑡𝑠!"  represents the number of patent grants in a specific county 𝐶 in year 𝑇, 

𝑊𝑎𝑟!"  is a binary variable taking the value of 1 if the country was at war that year, 𝑋!"  are 

country-level covariates such as illiteracy rate and university enrollment, 𝑍!"  are country-



 
11 

level war characteristics such as the number of war casualties, 𝛿! are year fixed effects, 𝛼!  

are country fixed effects, and 𝜀!"  is the error term. 

 

It is likely that different types of wars affect patent grants in disparate ways. For example, a 

civil war fought over central control is much different from an armed intervention instigated 

to promote democracy. To allow for the effect of war on patents to differ depending on type 

of war, I estimate:  

 

𝑃𝑎𝑡𝑒𝑛𝑡𝑠!" = 𝛽!𝑊𝑎𝑟!" + 𝛽!𝐼𝑛𝑡𝑒𝑟𝑤𝑎𝑟!" + 𝛽!𝑋!" + 𝛽!𝑍!" + 𝛿! + 𝛼! + 𝜀!"                            (2) 

 
 
Here 𝐼𝑛𝑡𝑒𝑟𝑤𝑎𝑟!"   is a binary variable taking the value of 1 if the war was fought against 

another member of the interstate system, and 0 if it was an intrastate war.  Although this does 

not address all the variation in the types of wars that are fought, it does reduce the 

heterogeneous nature of the war variable substantially.  

 

To more fully examine the effect of war on patent grants I further estimate models that 

incorporate lagged war variables to capture potential dynamic effects: 

 

𝑃𝑎𝑡𝑒𝑛𝑡𝑠!" = 𝛽!𝑊𝑎𝑟!" + 𝛽!𝑊𝑎𝑟(!!!)! + 𝛽!𝑊𝑎𝑟(!!!)! + 𝛽!𝑊𝑎𝑟(!!!)! + 𝛽!𝑊𝑎𝑟(!!!)! +

𝛽!𝑊𝑎𝑟(!!!)! + 𝛽!𝐼𝑛𝑡𝑒𝑟𝑤𝑎𝑟!" +   𝛽!𝑋!" + 𝛽!𝑍!" + 𝛿! + 𝛼! + 𝜀!"                  (3) 

 

Here 𝑊𝑎𝑟(!!!)!  represents lagged war participation variables. According to the WIPO 

(2012), it typically takes more than 18 months for a patent application to be processed. 

Further, pre-existing literature on the topic postulates that the impact of war on society may 

not be felt until several years after the war has ended (Humphrey, 2002). Allowing for the 
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existence of dynamic effects in the regression models is thus imperative for obtaining 

meaningful estimates.  

 

One issue with these specifications is that they may suffer from cross-sectional dependency. 

That is, the domestic rate of innovation (as measured by patent grants) might be driven in 

large part by nonresidents that are not directly affected by the war. If this is the case, then the 

specifications above may produce misleading estimates. This issue is more acute in small 

import-oriented economies that rely on nonresidents for innovation and economic growth, but 

may affect other countries as well. In order to address this issue, and provide more 

meaningful coefficient estimates, I stratify the model based on residential status and run the 

following regression:  

 

𝑌!" = 𝛽!𝐼𝑛𝑡𝑒𝑟𝑤𝑎𝑟!" + 𝛽!𝑋!" + 𝛽!𝑍!" + 𝛿! + 𝛼! + 𝜀!"                    (4) 

 

Here 𝑌!"  represents the number of patent grants to residents or nonresidents for a specific 

country 𝐶 at time 𝑇. I also run this specification with lagged war variables (as in equation 3) 

to investigate the existence of dynamic effects.  

 

Finally, the effect of war on patent grants may be contingent upon the number of wars that a 

country is engaged in. To account for this possibility, I estimate the following model: 

 

𝑃𝑎𝑡𝑒𝑛𝑡𝑠!" = 𝛽!𝑊𝑎𝑟1!" + 𝛽!𝑊𝑎𝑟2!" + 𝛽!𝐼𝑛𝑡𝑒𝑟𝑤𝑎𝑟!" + 𝛽!𝑋!" + 𝛽!𝑍!" + 𝛿! + 𝛼!  

+  𝜀!"                             (5) 
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Here 𝑊𝑎𝑟1!"  takes the value of 1 if a country is engaged in at least one war in any given 

year, and 𝑊𝑎𝑟2!"  takes the value of 1 if a country is engaged in at least two wars in any 

given year.5 Both 𝑊𝑎𝑟1!"  and 𝑊𝑎𝑟2!"  are lagged five times in alternate specifications to 

allow for the presence of dynamic effects. These specifications are also run separately for 

residential and nonresidential patent grants.  

 

The utilization of a country and time fixed effects model minimizes the problem of omitted 

variable bias by controlling for time-invariant factors within countries and country-invariant 

factors at a point in time. In particular, it allows me to control for discrepancies in intellectual 

property rights regulations across states, something that would have been a major concern 

otherwise. Additionally, in all models, the standard errors are clustered at the country level to 

account for possible correlation between unobserved factors that affect the number of patent 

grants in a given country over time.  

 

One potential concern with this study relates to the use of patent grants as a proxy variable for 

innovation. Although this method has been frequently utilized in the past, patent grants 

provide a fractionalized picture of the rate of innovation in a country. First, this method 

makes all patents count equally towards the rate of innovation in a country: whether the patent 

concerns a revolutionary agricultural fertilization method, or a new design of a napkin holder, 

it will be assigned the value of one. The inability to weight-adjust patents depending on their 

relative importance and novelty might affect the results. Second, patent statistics do not 

necessarily reflect the total number of inventions and ideas generated in a country.6 Not all 

inventions are patented and not all industries utilize patents to the same degree. This means 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5 Although the maximum number of wars that a country was engaged in at any given year for the time period 
considered was 3, there are fewer than 10 observations that fall within this category. Therefore, this category has 
not been disaggregated from the War2 category in my models.  
6 See Grilliches et al. (1989) for an elaboration on the problems pertaining to the use of patents as a proxy 
variable for innovation. 
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that the results need to be interpreted carefully. Further, it is not necessarily the case that 

military patents have a non-military application, which means that a small portion of the 

patent grants that are included in this study are not good indicators of the type of innovation 

that drives macroeconomic growth. Hence, while the lack of a more appropriate measure for 

innovation makes patent grants as good of a measure of innovation as the other available 

options, it is by no means a perfect proxy.   

 

V. Results 

Table 1 provides summary statistics of the data used in this paper, and reveals some notable 

features of the variables investigated in this study. First, the sample sizes of the stratified 

patent grants variables are significantly smaller than the sample size of the aggregate patent 

grants variable. This is an unfortunate consequence of poor data collection practices by the 

intellectual property rights offices at the beginning of the sample period. As a result, the 

specifications that rely on the stratified patent grants variables will produce less precise 

estimates, and it will be more difficult to find statistically significant relationships between 

these variables and war participation. Second, the standard deviations of the patent variables 

are very large, implying that there is significant variation in the patent grant variables between 

countries and across time. Third, while 31 of the countries were engaged in one war in at least 

one of the years between 1883 and 1980, only 14 countries were engaged in multiple wars in 

the same year in at least one of the years considered in this study. This implies that the 

specifications that examine the relationship between patent grants and quantity of wars 

(equation 5) will produce less precise estimates. 	  

 

Table 2 suggests that there may be an additional problem with the specifications that 

investigate the effect of quantity of wars on patent grants. Specifically, the observations that 
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fall within the “engaged in multiple wars” category have characteristics that are noticeably 

different from those that fall within the “engaged in only one war” category. In terms of war 

characteristics, the mean value of patent grants is substantially higher, the number of 

casualties is considerably greater, they are more likely to have been interstate wars and the 

countries within this group are more likely to have initiated at least one of the wars. In terms 

of country characteristics, the countries that have been engaged in multiple wars at the same 

time have greater populations, larger urban populations and higher school enrollment. This 

suggests that there may be unobservable differences between these two groups that are not 

controlled for, and that the results from these models need to be interpreted carefully.  

 

Table 3 displays simple correlation coefficients between the patent variables and the war 

variables. This preliminary examination reveals several noteworthy relationships. First, the 

relationship between war participation and patent grants is relatively weak; no correlation 

coefficient exceeds 0.3 in magnitude. Second, the relationship between war participation and 

patent grants is positive, suggesting that engagement in war is associated with an increase in 

the domestic rate of innovation. Third, the correlation coefficient between patent grants and 

engagement in multiple wars is stronger than that between patent grants and engagement in 

only one war. This suggests that the relationship between war and patent grants is contingent 

upon the number of wars that a country is involved in at any given time. Fourth, the war 

variables display a stronger relationship with the residential patent grants than with the 

nonresidential patent grants. This could indicate that, as earlier studies have suggested, war 

participation induces a need for innovation in the home country. Fifth, the low correlation 

between patent grants and war casualties suggests that there is no significant relationship 

between these variables.   
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Column (1) through (5) in table 4 presents basic regression results of the effect of war on 

patent grants, controlling for different war and country covariates. Column (1) shows a 

baseline bivariate regression. Column (2) presents the results of the baseline regression when 

an array of war-specific control variables is incorporated: the number of war casualties, 

whether the country initiated the war, and whether it was an interstate or intrastate war.  

Column (3) shows the results of the baseline regression when certain country characteristics 

are controlled for: the population of the country, the illiteracy rate, the size of the urban 

population, primary school enrollment, secondary school enrollment and university 

enrollment. Column (4) presents the results of a regression that incorporates both the country-

specific and the war-specific covariates. Column (5) replicates the regression of column (4) 

with entity and time fixed effects.  

 

The results suggest that there is no association between war participation and patent grants; 

only in specification (2) is the coefficient on war participation statistically significant. The 

models in table 4 further suggest that there is no meaningful relationship between the various 

war characteristics and patent grants. But although it remains statistically insignificant, it is 

interesting to observe how the coefficient on war participation changes sign once country and 

time fixed effects are incorporated.7  

 

Table 5 shows regression results of specifications that allow for dynamic effects. Given the 

inevitable time lag associated with the patent application process, failing to incorporate 

dynamic effects into the regression models might bias the results due to model 

misspecification. However, the inclusion of lagged war variables does not alter the results at 

all; the war covariates remain statistically insignificant at conventional significance levels. 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7 I also weighted the variables in these specifications by country size. However, this did not alter the results, and 
these results are therefore not included in the paper.   
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Further, F-tests on the significance of the war variables suggest that they are jointly 

insignificant. This reinforces Thomson’s (2008) claim that domestic innovation is impervious 

to war.8 

 

The regression specifications displayed in table 6 investigate whether the effect of war on 

innovation is contingent upon the number of wars that a country is participating in. However, 

there are two concerns that should be voiced about these specifications. First, the majority of 

observations that fall within the multiple war category are from large and powerful nations 

(the U.S.A., Russia, the U.K. and France). Although one could try to resolve this issue by 

controlling for national wealth, this would raise endogeneity concerns and lead to a different 

set of complications. Second, the data set only contains 40 observations of countries that are 

engaged in more than one war in any given year. Therefore, these results are subject to great 

uncertainty and should be interpreted carefully.  

 

In specification (2), the coefficient on the war participation dummy is large and positive, and 

statistically significant at the 10% level. This model suggests that after controlling for war 

characteristics such as the number of casualties, engagement in at least one war is positively 

associated with patent grants. The indicator variable that denotes whether the war was an 

interstate war is also statistically significant at the 10% level. However, when country-level 

control variables are incorporated in specification (3), the war participation variable and the 

interstate war dummy become statistically insignificant. When the fixed effects are added in 

specification (5), the war participation dummy changes sign but remains statistically 

insignificant.  

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8 I have also analyzed specifications that lag all war covariates. However, this did not change the results, and 
these results are therefore not included in the paper.    
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The regressions in table 7 incorporate ten lagged war variables into the fully specified 

regression specification in table 6, and investigate the effect of quantity of wars on patent 

grants with dynamic effects. Specification (1) does so without fixed effects, while 

specification (2) incorporates such effects. The results from specification (1) suggest that 

there are no dynamic effects associated with engagement in only one war, but that there are 

such effects associated with engagement in multiple wars: two of the lagged war variables are 

statistically significant at the 5% level, and one is statistically significant at the 10% level. 

These results imply that past engagement in multiple wars is positively associated with patent 

grants. When the fixed effects are incorporated in specification (2), these results change 

dramatically. While the evidence for dynamic effects associated with multiple wars 

disappears, evidence for dynamic effects associated with engagement in only one war 

emerges; two of the lagged war participation variables are statistically significant at the 10% 

level. These results imply that past war participation is negatively correlated with patent 

grants. In both specifications, F-tests on the joint significance of the war variables indicate 

that they are jointly significant.  

 

Tables 8 to 12 stratify the patent grants variable by residential status, and investigate whether 

any association between war participation and patent grants can be discerned when the issue 

of cross-country dependency has been minimized. Specification (1) in table 8 shows the 

results of a regression that investigates the effect of war on residential patent grants while 

controlling for war characteristics, and suggests that there is a statistically significant and 

positive association between war participation and residential patent grants. However, the 

incorporation of country-level control variables (column 2) and fixed effects (column 3) 

removes the statistical significance of this relationship. In table 9 the same regression 
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specifications are run for nonresidential patent grants, and the results suggest that there is no 

statistically significant association between war participation and nonresidential patent grants.  

 

The regressions in table 10 incorporate five lagged war participation variables into the fully 

specified regression models in table 9 and investigate the effect of war on patent grants with 

dynamic effects, stratified by residential status. The results suggest that engagement in war 

two years ago is associated with a decrease in residential and nonresidential patent grants, 

significant at the 1% and 5% level respectively. Given that the World Intellectual Property 

Organization (2012) estimates that it typically takes more than 18 months for a patent 

application to be processed, these results are very interesting. F-tests on the joint significance 

of the war variables imply that they are jointly significant.  

 

When the effect of quantity of wars on patent grants by residential status is investigated in 

table 11, some interesting results are observed. In the fully specified model with fixed effects 

(4), the results suggest that engagement in multiple wars positively affect residential patent 

grants. However, there is no statistically significant relationship between engagement in 

multiple wars and nonresidential patent grants.  This demonstrates that the inability to detect a 

statistically significant relationship between war participation and innovation in the earlier 

specifications may have been due to the issue of cross-country dependency.  

 

Table 12, which shows models that incorporate lagged war variables into the fully specified 

models in table 11, tells a tale similar to table 10. For nonresidential patent grants, there are 

statistically significant associations between engagement in a war two and four years ago and 

nonresidential patent grants. For residential patent grants, similar results are found. These 

results imply that both residential and nonresidential patent grants are negatively associated 
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with past war participation. In addition, specification (4) indicates that engagement in 

multiple wars is positively associated with residential patent grants, and that there are 

substantial dynamic effects present. F-tests on the joint significance of the war variables 

suggest that they are jointly significant.   

 

VI. Conclusion 

This paper has investigated the relationship between war and innovation in an attempt to 

increase our understanding of the economic consequences of war. A vast number of models 

have been utilized, and the regressions have yielded mixed results. The basic models analyzed 

in table 3 suggest that there is no relationship between engagement in war and patent grants. 

These models also predict that the various war covariates (initiator of the war, number of war 

casualties, and nature of the war) are uncorrelated with patent grants in the country. The 

incorporation of lagged war variables to account for potential dynamic effects did not alter the 

results. These results appear relatively robust to disaggregation of the war participation 

variable.  

 

The last four tables investigated whether the effect of war participation on patent grants 

differed amongst residents and nonresidents. This was done to address the possibility of 

cross-country dependency, and altered the results substantially. These models found 

statistically significant negative associations between past war participation and residential as 

well as nonresidential patent grants. These models also suggest that engagement in multiple 

wars is positively associated with residential patent grants, but uncorrelated with 

nonresidential patent grants.  While the former assertion is consistent with the results 

presented by Rossman (1931), the latter is more closely aligned with those of Ruttan (2006). 
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The disparate results obtained from the various regression specifications imply that the 

findings in this paper are not unassailable, and that additional research is necessary.  

 

This study has unfortunately suffered from a number of limitations. These limitations might 

explain the mixed results presented in this paper, and due to these limitations the results 

should be interpreted carefully. First, patent grants remain an imperfect measure of 

innovation. To the extent that this measure does not reflect the actual rate of domestic 

innovation, this will contribute to a bias and lead to less accurate estimates. Second, although 

the war participation variable was disaggregated based on the nature of the war (intrastate and 

interstate), this might not have been specific enough. The U.S. invasion of Iraq is intrinsically 

different from World War II, and the failure to further disaggregate the data based on the 

nature of the wars might have affected the results. Third, it might have been too general to 

look at the patent grants in its aggregate form; stratifying patent grants by industry will likely 

yield more meaningful results. Fourth, the patent statistics have been collected from 

intellectual property offices around the world, and it is likely that the collection methods 

differ across countries and time. Although attempts have been made to solve this problem by 

incorporating fixed effects, this solution may not have solved the entire problem. Finally, the 

many factors that contribute to innovation not included in this study make it possible that 

there is omitted variable bias.  

 

Hence, although this study provides greater insight into a relationship fairly unexplored by the 

research community, additional research is necessary for truly establishing whether a 

relationship between war and innovation exists. 

 
 
 
 
	  



 
22 

Table 1. Summary Statistics	   

Dependent Variables Sample Size Arithmetic Mean 

  [S.D] 

Patents granted 2693 6388.9 

	   	  
[10569] 

Residential patents granted 1103 5586.0 

	   	  
[10734] 

Nonresidential patents granted 1100 4827.3 

  [6062.5] 

Independent Variables Sample Size Arithmetic Mean 

  [S.D] 
Engaged in at least one war 3184 0.12249 
Engaged in multiple wars 3184 0.012563 
War casualties (1000s) 3184 8.1518 

	   	  
[71.347] 

Initiated at least one of the wars 3184 0.024498 
At least one of the wars was an interstate war 3184 0.091395 
Total population (1000s) 2937 33372 

	   	  
[63976] 

Illiteracy rate (% of total population) 2643 33.415 

	   	  
[32.636] 

Urban population (1000s) 2354 5953.7 

	   	  
[10715] 

Primary school enrollment (1000s) 2242 3574.4 

	   	  
[6622.3] 

Secondary school enrollment (1000s) 2239 666.58 

	   	  
[1855.2] 

University enrollment (1000s) 2213 157.57 

  [606.19] 
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Table 2. Summary Statistics by War Involvement 

        
  

Arithmetic Mean 
 

  
[S.D] 

  Variable Engaged in no war Engaged in one war Engaged in multiple wars 
Patents granted 5845.9 9285.0 23298 

 
[9542.8] [13440] [28113] 

Residential patents granted 4811.3 8880.8 30036 

 
[9317.2] [14397] [23765] 

Nonresidential patents granted 4627.1 5823.2 9978.9 

 
[5845.6] [7119.2] [8095.5] 

War casualties (1000s) 0 59.239 130.55 

 
[0] [183.31] [266.86] 

Initiated at least one war 0 0.17143 0.45000 
At least one of the wars was an interstate war 0 0.72286 0.95000 
Total population (1000s) 29822 53295 97951 

 
[60870] [77763] [70243] 

Illiteracy rate (% of total population) 33.616 32.121 31.021 

 
[32.725] [32.150] [31.304] 

Urban population (1000s) 5324.3 10985 23783 

 
[9827.4] [14396] [23450] 

Primary school enrollment (1000s) 3176.3 7025.7 12191 

 
[5869.5] [10596] [13505] 

Secondary school enrollment (1000s) 536.82 1616.2 5079.5 

 
[1383.5] [3296.3] [8018.5] 

University enrollment (1000s) 117.28 422.52 1933.5 

 
[401.38] [1134.4] [3193.3] 

Observations 2794 350 40 
Notes: 31 of the countries were engaged in one war in at least one of the years between 1883 and 1980. 14 countries were engaged in 
multiple wars in the same year in at least one of the years between 1883 and 1980.	  
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Table 3. Basic Correlations 

Variable Total Patent Grants Residential Patent Grants Nonresidential Patent Grants 
Engaged in war 0.19150 0.19550 0.089500 
Engaged in multiple wars 0.25220 0.26750 0.10000 
War casualties -0.00010 0.024100 -0.042800 
Initiator of war 0.16010 0.17090 0.061500 
Interstate war 0.12020 0.14250 0.021100 
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Table 4. Effect of War on Patent Grants 

  
                                                                   Specification 

Variable (1) (2) (3) (4) (5) 
Engaged in war 4762.9 7103.1* 1838.3 1750.8 -122.97 

 
[3220.1] [3885.0] [1447.9] [2149.5] [643.94] 

War casualties (1000s) 
 

-4.6703 
 

0.075000 -4.0419 

  
[4.2539] 

 
[5.4396] [4.2559] 

Initiator of war 
 

7385.9 
 

3731.9 -989.54 

  
[6353.1] 

 
[2413.7] [1745.0] 

Interstate war 
 

-4832.2 
 

-1011.9 -283.94 

  
[2979.3] 

 
[1808.6] [799.46] 

Total population (1000s) 
  

-0.10350** -0.10346* -0.049750 

   
[0.050884] [0.051012] [0.072992] 

Illiteracy rate (% of total population) 
  

-60.743*** -61.650*** 67.111** 

   
[22.071] [22.220] [26.402] 

Urban population (1000s) 
  

0.38387* 0.39551* 0.20693 

   
[0.21922] [0.22258] [0.12568] 

Primary school enrollment (1000s) 
  

0.64459 0.64264 -0.13031 

   
[0.59145] [0.58980] [0.30093] 

Secondary school enrollment (1000s) 
  

2.2516 2.2292 1.0928 

   
[1.5564] [1.5545] [0.68039] 

University enrollment (1000s) 
  

-2.1756 -2.4190 1.5145 

   
[3.4441] [3.4662] [1.8064] 

Fixed Effects No No No No Yes 
Observations 2693 2693 1750 1750 1750 
Notes: This table reports regression results for equations (1) and (2). Standard errors are provided in brackets. A single asterisk denotes significance 
at the 10% level, a double asterisk denotes significance at the 5% level, and a triple asterisk denotes significance at the 1% level.   
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Table 5. Effect of War on Patent Grants with Dynamic Effects 

  
Specification 

Variable (1) (2) 
Engaged in war 1352.6 165.56 

 
[1801.3] [378.13] 

Engaged in war one year ago 489.59 223.98 

 
[429.59] [239.12] 

Engaged in war two years ago 233.61 -508.64 

 
[448.88] [338.04] 

Engaged in war three years ago 163.04 -258.49 

 
[514.19] [465.81] 

Engaged in war four years ago 59.675 -388.96 

 
[304.97] [269.85] 

Engaged in war five years ago 155.49 -745.78* 

 
[703.97] [433.73] 

War casualties (1000s) -0.50510 -4.0014 

 
[5.4777] [4.9007] 

Initiator of war 3731.6 -503.76 

 
[2559.0] [1501.8] 

Interstate war -849.25 -606.98 

 
[1843.3] [751.07] 

Total population (1000s) -0.10820** -0.044760 

 
[0.052696] [0.075361] 

Illiteracy rate (% of total population) -62.182*** 69.735** 

 
[22.857] [28.468] 

Urban population (1000s) 0.39190* 0.20399 

 
[0.21930] [0.12200] 

Primary school enrollment (1000s) 0.67154 -0.14547 

 
[0.59443] [0.30386] 

Secondary school enrollment (1000s) 2.2723 1.0219 

 
[1.5479] [0.64868] 

University enrollment (1000s) -2.5357 1.6840 

 
[3.4411] [1.6355] 

Fixed Effects No Yes 
Observations 1682 1682 
Notes: This table reports regression results for equation (3). Standard errors are provided in brackets. A 
single asterisk denotes significance at the 10% level, a double asterisk denotes significance at the 5% level, 
and a triple asterisk denotes significance at the 1% level. F-test for joint significance of the war variables in 
specification (1): F = 0.59, with P > F = 0.7368. F-test for joint significance of the war variables in 
specification (2): F = 1.25, with P > F = 0.3068. 
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Table 6. Effect of Quantity of Wars on Patent Grants 

  
                                                                    Specification 

Variable (1) (2) (3) (4) (5) 
Engaged in war 3439.1 7106.8* 1537.5 1818.3 -49.549 

 
[2101.6] [3885.9] [1557.5] [2122.6] [622.64] 

Engaged in additional wars 14013 14533 4542.1 3816.3 2471.0 

 
[11114] [10034] [3497.7] [3264.3] [2256.1] 

War casualties (1000s) 
 

-6.0663 
 

-6.8888 -8.5465 

  
[4.7436] 

 
[9.0611] [6.2392] 

Initiator of war 
 

5469.0 
 

3068.5 -1376.7 

  
[4373.3] 

 
[2053.8] [1570.1] 

Interstate war 
 

-6045.6* 
 

-1233.7 -457.25 

  
[3398.3] 

 
[1747.3] [748.64] 

Total population (1000s) 
  

-0.10409** -0.10401** -0.048642 

   
[0.051201] [0.051129] [0.071679] 

Illiteracy rate (% of total population) 
  

-60.944*** -61.584*** 67.522** 

   
[21.952] [22.189] [26.272] 

Urban population (1000s) 
  

0.39601* 0.40466* 0.21774 

   
[0.21963] [0.22465] [0.13048] 

Primary school enrollment (1000s) 
  

0.65044 0.64690 -0.13399 

   
[0.59337] [0.59037] [0.29549] 

Secondary school enrollment (1000s) 
  

2.2138 2.1987 1.0492 

   
[1.5551] [1.5598] [0.68492] 

University enrollment (1000s) 
  

-2.4159 -2.5760 -1.4208 

   
[3.4095] [3.4328] [1.8581] 

Fixed Effects No No No No Yes 
Observations 2693 2693 1750 1750 1750 
Notes: This table reports regression results for equation (5). Standard errors are provided in brackets. A single asterisk denotes significance at the 
10% level, a double asterisk denotes significance at the 5% level, and a triple asterisk denotes significance at the 1% level.  
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Table 7. Effect of Quantity of Wars on Patent Grants with Dynamic Effects 

   
Specification 

Variable (1) (2) 
Engaged in war 1346.4 352.46 

 
[1974.8] [358.01] 

Engaged in war one year ago 273.91 219.58 

 
[480.87] [250.34] 

Engaged in war two years ago 58.447 -393.85 

 
[444.38] [403.95] 

Engaged in war three years ago -173.38 -314.45 

 
[554.10] [499.86] 

Engaged in war four years ago -361.00 -440.63* 

 
[364.08] [245.46] 

Engaged in war five years ago -276.59 -800.31* 

 
[743.92] [463.97] 

Engaged in additional wars 3593.6 3010.8 

 
[3490.6] [2493.8] 

Engaged in additional wars one year ago 1664.6 -941.63 

 
[2889.9] [1762.6] 

Engaged in additional wars two years ago 2259.4 -585.15 

 
[1668.9] [1385.4] 

Engaged in additional wars three years ago 3306.0* -565.63 

 
[1856.8] [1537.2] 

Engaged in additional wars four years ago 4121.2** 1753.1 

 
[1535.8] [1512.9] 

Engaged in additional wars five years ago 3453.4** -106.92 

 
[1502.4] [1309.0] 

War casualties (1000s) -5.3747 -10.189* 

 
[8.3204] [5.4905] 

Initiator of war 2280.0 -787.70 

 
[2214.9] [1267.3] 

Interstate war -900.86 -932.34 

 
[1921.1] [733.78] 

Total population (1000s) -0.11269** -0.043135 

 
[0.052266] [0.078094] 

Illiteracy rate (% of total population) -61.855*** 70.468** 

 
[22.786] [28.244] 

Urban population (1000s) 0.40924* 0.21652 

 
[0.21175] [0.13659] 

Primary school enrollment (1000s) 0.72061 -0.15157 

 
[0.58690] [0.32013] 

Secondary school enrollment (1000s) 2.2436 0.96458 

 
[1.5426] [0.65133] 

University enrollment (1000s) -3.2248 1.6072 

 
[3.5485] [1.8886] 

Fixed Effects No Yes 
Observations 1682 1682 
Notes: This table reports regression results for equation (5). Standard errors are provided in brackets. A single asterisk 
denotes significance at the 10% level, a double asterisk denotes significance at the 5% level, and a triple asterisk denotes 
significance at the 1% level. F-test for joint significance of the war variables in specification (1): F = 2.87, with P > F = 
0.0081. F-test for joint significance of the war variables in specification (2): F = 3.37, with P > F = 0.0028. 
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Table 8. Effect of War on Residential Patent Grants 

  
                                                       Specification 

Variable (1) (2) (3) 
Engaged in war 7593.1* 1277.3 177.65 

 
[3802.5] [1605.1] [329.14] 

War casualties (1000s) -17.751 108.03 -9.5123 

 
[25.472] [76.790] [23.890] 

Initiator of war 8016.0 6192.3** 1469.5 

 
[5824.8] [2751.2] [1273.8] 

Interstate war -3688.5 -2361.1 -410.28    

 
[3698.1] [2291.2] [672.45] 

Total population (1000s) 
 

-0.12802*** -0.11666 

  
[0.046751] [0.10181] 

Illiteracy rate (% of total population) 
 

-0.53593 54.130* 

  
[19.516] [27.009] 

Urban population (1000s) 
 

0.49430*** 0.26441** 

  
[0.17695]  [0.10543] 

Primary school enrollment (1000s) 
 

0.84676 0.31640 

  
[0.59608] [0.43112] 

Secondary school enrollment (1000s) 
 

1.6972** 0.035348 

  
[0.72843] [0.59185] 

University enrollment (1000s) 
 

-3.0217 1.8684**    

  
[2.4855] [0.83972] 

Fixed Effects No No Yes 
Observations 1103 688 688 
Notes: This table reports regression results for equation (4). Standard errors are provided in brackets. A single asterisk 
denotes significance at the 10% level, a double asterisk denotes significance at the 5% level, and a triple asterisk denotes 
significance at the 1% level.  
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Table 9. Effect of War on Nonresidential Patent Grants 

  
                                                     Specification 

Variable (1) (2) (3) 
Engaged in war 3836.3 3864.1 -86.983 

 
[2563.2] [2643.0] [799.84] 

War casualties (1000s) -14.346 29.209* -21.319 

 
[8.6128] [14.399] [21.782] 

Initiator of war 2293.1 2686.2 -395.28 

 
[3140.3] [1652.6] [1317.8] 

Interstate war -3349.7 -5005.6 -456.06 

 
[2948.5] [3065.1] [1352.5] 

Total population (1000s) 
 

0.0084167 -0.12095** 

  
[0.013449] [0.048566] 

Illiteracy rate (% of total population) 
 

-82.645*** 97.134** 

  
[29.248] [42.326] 

Urban population (1000s) 
 

0.015170 -0.18781* 

  
[0.091479] [0.10937] 

Primary school enrollment (1000s) 
 

-0.19232* 0.41121** 

  
[0.11369] [0.20192] 

Secondary school enrollment (1000s) 
 

1.1436*** 1.2109* 

  
[0.35300] [0.61303] 

University enrollment (1000s) 
 

-1.5290 -0.86192 

  
[0.99790] [1.2662] 

Fixed Effects No No Yes 
Observations 1100 687 687 
Notes: This table reports regression results for equation (4). Standard errors are provided in brackets. A single asterisk 
denotes significance at the 10% level, a double asterisk denotes significance at the 5% level, and a triple asterisk denotes 
significance at the 1% level.  
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Table 10. Effect of Quantity of Wars on Patent Grants by Residential Status with Dynamic Effects 

  
Specification 

  
Nonresidential Patent Grants Residential Patent Grants 

Variable   (1) (2) (3) (4) 
Engaged in war 3742.4 158.61 707.07 262.49 

 
[2588.7] [778.59] [1672.8] [345.72] 

Engaged in war one year ago 310.60 -313.60 638.55 102.73 

 
[381.30] [508.14] [507.66]  [308.16] 

Engaged in war two years ago -436.00 -687.14** -330.38 -677.41*** 

 
[330.59] [338.05] [667.23] [153.18] 

Engaged in war three years ago 64.340 -223.68 1011.0* -308.99 

 
[712.27] [548.66] [567.22] [379.96] 

Engaged in war four years ago -793.30 -826.40 187.54 -577.30 

 
[744.82] [563.34] [308.88] [346.25] 

Engaged in war five years ago 298.03 -681.88 2239.5*** -219.07 

 
[600.51] [436.59] [712.77] [238.14] 

War casualties (1000s) 29.847* -26.725 115.89 -14.917 

 
[15.434] [22.319] [77.503] [23.496] 

Initiator of war 2966.0 251.71 5457.0** 1581.2 

 
[1764.6] [1532.9] [2667.6] [1296.5] 

Interstate war -5019.6 185.56 -2401.0 -498.58 

 
[3026.5] [1408.2] [2555.8] [624.97] 

Total population (1000s) 0.0092590 -0.10887** -0.13421*** -0.10808 

 
[0.014012] [0.0044027] [0.047279] [0.098501] 

Illiteracy rate (% of total population) -84.695*** 117.00** 1.0658 49.148* 

 
[29.361] [50.647] [19.518] [27.396] 

Urban population (1000s) 0.0070058 -0.19528* 0.49394*** 0.22021* 

 
[0.092010] [0.10830] [0.16495] [0.11571] 

Primary school enrollment (1000s) -0.19117 -0.37669* 0.89396 0.30534 

 
[0.11670] [0.18861] [0.58985] [0.42483] 

Secondary school enrollment (1000s) 1.15306*** 1.1130* 1.6516** 0.032604 

 
[0.34801] [0.58674] [0.66777] [0.60317] 

University enrollment (1000s) -1.5001 -0.63501 -3.1593 2.1618** 

 
[1.0083] [1.2749] [2.3559] [0.84229] 

Fixed Effects No Yes No Yes 
Observations 672 672 673 673 
Notes: This table reports regression results for equation (4). Standard errors are provided in brackets. A single asterisk denotes 
significance at the 10% level, a double asterisk denotes significance at the 5% level, and a triple asterisk denotes significance at 
the 1% level. F-test for joint significance of the war variables in specification (1): F = 4.74, with P > F = 0.0014. F-test for joint 
significance of the war variables in specification (2): F = 0.95, with P > F = 0.4705. F-test for joint significance of the war 
variables in specification (3): F = 3.23, with P > F = 0.0131. F-test for joint significance of the war variables in specification 
(4): F = 12.02, with P > F = 0.0000. 
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Table 11. Effect of Quantity of Wars on Patent Grants by Residential Status 

  
Specification 

  
Nonresidential Patent Grants Residential Patent Grants 

Variable   (1) (2) (3) (4) 
Engaged in war 3880.1 -118.67 1399.1 214.13 

 
[2624.2] [808.11] [1548.5] [369.92] 

Engaged in additional wars 752.13 -1127.9 5780.1*** 3398.3* 

 
[1335.8] [1156.5] [1799.7] [1681.2] 

War casualties (1000s) 27.711* -19.356 96.514 -15.438 

 
[15.605] [22.929] [64.791] [16.872] 

Initiator of war 2458.8 -95.090 4444.3* 564.03 

 
[1568.4] [1460.8] [2320.5] [717.21] 

Interstate war -5033.0 533.54 -2570.3 -643.68 

 
[3045.6] [1309.8] [2278.3] [652.51] 

Total population (1000s) 0.0083179 -0.12141** -0.12878*** -0.11535 

 
[0.013505] [0.048741] [0.046218] [0.098296] 

Illiteracy rate (% of total population) -82.760*** 97.258** -0.35232 53.751* 

 
[29.147] [42.374] [19.080] [26.705] 

Urban population (1000s) 0.016603 -0.19319* 0.50519*** 0.28074** 

 
[0.092521] [0.11118] [0.17675] [0.10253] 

Primary school enrollment (1000s) -0.19128 0.41288** 0.85507 0.31131 

 
[0.11429] [0.20307] [0.59005] [0.41534] 

Secondary school enrollment (1000s) 1.1379*** 1.2260* 1.6542** -0.010132 

 
[0.35874] [0.61402] [0.72659] [0.55585] 

University enrollment (1000s) -1.5537 -0.82205 -3.2122 1.7485** 

 
[1.0011] [1.2540] [2.4604] [0.83598] 

Fixed Effects No Yes No Yes 
Observations 687 687 688 688 
Notes: This table reports regression results for equation (4). Standard errors are provided in brackets. A single asterisk denotes 
significance at the 10% level, a double asterisk denotes significance at the 5% level, and a triple asterisk denotes significance 
at the 1% level.  
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Table 12. Effect of Quantity of Wars on Patent Grants by Residential Status with Dynamic Effects 

   
Specification 

   
Nonresidential Patent Grants Residential Patent Grants 

Variable (1) (2) (3) (4) 
Engaged in war 3839.7 120.36 477.27 315.46 

 
[2638.2] [776.22] [1886.4] [364.17] 

Engaged in war one year ago 292.27 -234.49 5.2953 -146.97 

 
[372.27] [496.77] [366.05] [257.99] 

Engaged in war two years ago -452.21 -724.07* -772.73 -856.70*** 

 
[369.67] [396.72] [640.53] [218.57] 

Engaged in war three years ago -108.80 183.77 514.27 -445.60 

 
[744.94] [617.98] [360.54] [274.26] 

Engaged in war four years ago -966.34 -865.59* -583.58* -862.00* 

 
[702.34] [490.51] [333.64] [475.54] 

Engaged in war five years ago 171.73 -682.76 1643.3** -413.62 

 
[674.49] [488.77] [670.79] [259.52] 

Engaged in additional wars 1093.3 -477.37 6227.1** 4094.6* 

 
[1552.1] [1290.8] [2494.7] [2152.3] 

Engaged in additional wars one year ago -606.06 -104.95 4591.6** 1708.7* 

 
[1134.2] [722.21] [1831.4] [949.37] 

Engaged in additional wars two years ago -50.983 91.210 4430.8*** 1046.9 

 
[762.98] [780.68] [1008.3] [682.08] 

Engaged in additional wars three years ago 1332.1 -152.33 3768.0** 1498.0*** 

 
[1089.7] [958.03] [1489.8] [539.36] 

Engaged in additional wars four years ago 1436.2 951.17 5157.0*** 2217.3** 

 
[1324.3] [1064.4] [912.17] [951.50] 

Engaged in additional wars five years ago 919.97 126.63 4286.9*** 861.11 

 
[949.88] [-1050.8] [1433.6] [766.83] 

War casualties (1000s) 22.202 -27.217 80.215 -22.076 

 
[20.486] [22.736] [52.721] [14.133] 

Initiator of war 2687.9* 521.20 1244.1 505.22 

 
[1577.9] [1821.5] [1436.7] [998.69] 

Interstate war -5058.7 161.31 -1444.4 -728.64 

 
[3175.1] [1362.3] [2787.3] [623.45] 

Total population (1000s) 0.0084107 -0.10886** -0.14006*** -0.10517 

 
[0.013871] [0.044970] [0.044739] [0.087913] 

Illiteracy rate (% of total population) -85.697*** 117.72** -2.6110 54.673** 

 
[29.021] [50.193] [16.620] [26.820] 

Urban population 0.013159 -0.18870 0.53256*** 0.29939** 

 
[0.094471] [0.11300] [0.17016] [0.11040] 

Primary school enrollment (1000s) -0.18235 0.37729* 0.95238* 0.30156 

 
[0.11697] [0.19135] [0.55493] [0.38107] 

Secondary school enrollment (1000s) 1.5215*** 1.1190* 1.6417** -0.0067735 

 
[0.35222] [0.59043] [0.66186] [0.55921] 

University enrollment (1000s) -1.6923* -0.70978 -4.3276* 1.3382 

 
[0.99105] [1.1839] [2.5467] [1.0560] 

Fixed Effects No Yes No Yes 
Observations 672 672 673 673 
Notes: This table reports regression results for equation (4). Standard errors are provided in brackets. A single asterisk denotes significance at the 
10% level, a double asterisk denotes significance at the 5% level, and a triple asterisk denotes significance at the 1% level. F-test for joint 
significance of the war variables in specification (1): F = 28.30, with P > F = 0.0000. F-test for joint significance of the war variables in specification 
(2): F = 2.48, with P > F = 0.0195. F-test for joint significance of the war variables in specification (3): F = 293.97, with P > F = 0.0000. F-test for 
joint significance of the war variables in specification (4): F = 8.98, with P > F = 0.0000.  
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