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Abstract 
Motivated by theoretical arguments that assert a positive impact of R&D on institutions, this paper 

aims to provide some empirical analysis on the relationship between these two variables. In 

particular this paper has found a significant direct effect of institutions on R&D intensity. Countries 

with better institutions qualities as captured by the World Banks’ Worldwide Governance Indicators 

(WGI) tend to attract more scientists and engineers into the research field and to spend more on 

R&D as well. This paper has also found evidence that the effect of institutions varies in different 

economies characterized by different levels of financial development and human capital 

accumulation, but stays relatively unchanged across countries with different levels of trade 

openness. 
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1. Introduction 

Average R&D intensity levels in our sample (measured by the average share of labor in the R&D 

sector over the period 1996 -2010) in the world’s most and least research intensive regions differ 

by a factor of more than 33. The Sub-Saharan region, which consists of 20 countries in our sample, 

has on average less than 4 R&D workers per 10,000 labour, compared to the Western Europe 

region, which consists of 18 countries in our sample and has on average more than 100 R&D 

workers per 10,000 labour. What accounts for these differences, and what (if anything) can we do 

to reduce them?  

This has become an interesting question since the realization of the uttermost importance of R&D 

in economic growth.  There’s little doubt today that R&D can affect growth. It’s been theorized and 

empirically tested many times that R&D is the key variable that determines technological change, 

which then is the root of economic growth in the R&D based endogenous growth framework. (see, 

e.g.  Romer (1990), Aghion and Howitt (2006, 2009), Ulku (2007), Ha and Howitt (2007), Madsen 

(2008), Ang and Madsen (2011)). This tells us that to drive up economic growth we need to increase 

R&D intensity, but what shapes the incentives to do R&D and what are the determinants of R&D in 

the first place?   

In current literatures, R&D effort is thought to be mainly influenced by human capital, development 

of capital market and openness to trade. (See e.g. Romer (1992), World Bank (1994), Levine (1993), 

Dahlman (1994) and Clarke (2001)). These determinants of R&D are also believed to have some 

degree of influence on growth too as pointed out by the above cited literatures. The intuition here 

is that R&D determinants could either indirectly affect growth through their effect on R&D, or they 

could have direct effect on growth in the first place. Which is the exact truth has been debated 

among literatures at this stage, nevertheless it’s worth checking whether or not many established 

growth determinants could be potential R&D determinants as well. There are voluminous empirical 

literatures assert a close link between institutions and growth (see e.g. Acemouglu et al. (2001, 

2005), Easterly et al. (2006)). However, to my best knowledge, none of them really look at the 

potential impact of institutions on R&D activities despite the fact that some theoretical arguments 

on this matter are already in place. 

So the motivations are two folds: first, there are some theoretical arguments on the impact of 

institutions on R&D, yet empirically this relationship has not been tested. For e.g. Romer (2010) 
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states that local R&D is influenced by both foreign R&D and local institutions, but due to the 

excludability of foreign R&D, the technologies that are actually available for local production will 

depend on the incentives created by the local rules (institutions). Mokyr (2007) in his investigation 

of the institutions origin of 19th century European industrial revolution argues that institutions and 

R&D (technological change) hand in hand caused the economic take off in the 19th century Europe, 

because the mechanism also includes a strong effect of institutions on R&D itself. “The social norms 

(institutions) in the 19th century that defined the cultural beliefs of the elites allowed market 

exchange and innovation to operate in a regime of low transactions costs and reasonably self-

enforcing norms”, so that without this direct effect of institutions on R&D, technological progress 

itself is insufficient in explaining the industrial revolution growth miracle. Nelson (1986) believes 

institutions such as universities and technical societies have strong impact on the process of 

technological progress and R&D. Secondly, there are so many literatures focusing on the 

relationship between institutions and growth. From conventional wisdom, R&D is the key variable 

that influences growth. Its determinants usually influence growth as introduced earlier. Therefore 

it’s worth checking whether or not, institutions, a newly established growth determinant could be a 

potential R&D determinant as well. The whole point of this paper is not to find a peacemaker for 

the debate of institutions based growth and technology/R&D based growth, but rather, to shed 

some light on the relationship between R&D and institutions and offer a modest alternative view 

on institutions based growth.  

Employing a two-stage least squared estimation technique, we isolate the exogenous variations in 

institutions by using latitude and ethnolinguistic diversity as instruments for institutions in the core 

regressions and tests the relationship between institutions on R&D. We found a significant direct 

effect of institutions on R&D even after controlling for the effect of religion, legal origin and 

geography. The results are also robust to alternative measures of R&D and institutions as well as 

additional instruments and control variables. We also find that the effect of institutions varies 

among different types of economies. In particular, economies with higher human capital 

accumulation and financial development seem to benefit more from better institution qualities to 

their R&D efforts, whereas trade openness shows no such trait. 

The following of this paper is structured as follows: Section 2 reviews theoretical and empirical 

arguments concerning R&D and institutions to provide some basis as to why we are interested in 
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institutions as a potential determinant for R&D. Section 3 will discuss the data we use to test this 

relationship as well as underlying endogeneity issues and solutions, benchmark results will be 

presented. Section 4 provides sensitivity checks by including alternative IVs, different measures of 

R&D and institutions as well as alternative control variables to see if the benchmark results are 

robust to these changes. Section 5 examines whether or not this effect is universal across different 

types of economies characterized by the differences in human capital endowment, financial 

development and trade-openness. Section 6 concludes. 

2. R&D and Institutions – A review of the literature 

2.1 Theoretical Arguments on R&D and Institutions 

The current state of literature on institutions and development largely support the idea that there’s 

a strong link between R&D and institutions mainly through theoretical arguments. It is clear from 

work in institutional economics that the levels and modes of innovative and entrepreneurial activity 

should be affected by the surrounding institutions (see e.g. Licht and Siegel (2006), Busenitz, Gomez 

and Spencer (2000)). Institutions can help alter the constraints and structure of incentives in a 

society to direct self-interested behaviour towards either more or less economically productive 

activities (e.g. Baumol (1990), Nee (1996)). A few classic examples are the following: 

In one example, Romer (2010) proposed an interesting theoretical view on how rules affect 

innovative activities. Rules in this context are highly referred to the sense of “institutions”. R&D on 

the other hand can be understood as a type of innovative activities. In Romer’s view, rules can 

impose effect on growth through its effect on innovative activities. He used an example of how 

changes in aviation phrase book (the rules) affect recent aviation technological progress (R&D) in 

China. “In the 1990s, after a period of rapid expansion, Chinese airlines were arguably the most 

dangerous in the world. After a crash in 1994, Boeing began offering free training courses to 

controllers and airline personnel, with the help of Boeing and later the Federal Aviation 

Administration (FAA), the Chinese civil aviation authority entirely rewrote its rule book” and 

subsequently helped creating a sounding environment for promoting innovations in its airline 

management so that the quality of services are raised, attracting more people to adopt air travel in 

China and eventually created new growth in the industry.  

The intuition behind this example is that the change of rules (or institutions) in the Chinese aviation 

industry had a positive effect on innovative activities such as R&D and therefore contributed to the 
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growth in the industry. The theorized version is that local TFP or the stock of ideas is a function of 

both local rules (institutions) and local technologies (R&D), but local R&D itself is also a function of 

both foreign R&D and local institutions. Because the foreign R&D are non-rival, it is possible for 

local R&D to equal foreign R&D. However because components of foreign R&D have some degree 

of excludability, the technologies that are actually available for local production will depend on the 

incentives created by the local rules (institutions). In the Chinese aviation context, Boeing and 

Airbus have incentives to assist in changing the rules in China because both manufacturers had 

investments in specific technologies (foreign R&D) that were complementary with the foreign rules 

(institutions) adopted by the FAA and its European counterparts. With different rules in China, the 

social and private value of these technologies would have been lower. Given the technologies, the 

manufacturers and the FAA had an incentive to change the rules (local institutions) in China so that 

foreign rules and local rules converge. Romer therefore suggests that without the direct effect of 

institutions on technology or R&D, one cannot expect the local R&D to grow, hence, no TFP growth 

at all. Romer’s theory is quite appealing as it address to the type of institutions that shapes the 

fundamentals of our society: the rules and the like. If Romer is right, countries with better 

governance do have an edge in research and development over those with bad quality ones, then 

this could be the reason why so many developing countries have persistent problems in advancing 

their own R&D efforts. It’s not that technological transfers and foreign direct investments are less 

costly than R&D in developing countries. It’s perhaps the governance and institutions qualities in 

those countries that are so poor that incentives to do R&D are simply wiped out.  

In another example, Mokyr (2007) investigates the institutions origin of the 19th century European 

industrial revolution. Mokyr argues that in the British experience, “the commercial environment 

and incentives that institutions created for the innovators and entrepreneurs who made the 

industrial revolution are central to its industrial rise”, the British success was due to adaptive 

flexibility: the formal institutions of the British polity, rather than being “right” or “wrong”, proved 

to be sufficiently “agile” to change with the changing needs of the economy. And this “agile 

institutions” Britain had entitled it to become the leader in industrial innovation even though 

eventually many of these advantages that gave Britain its lead were weakened and the lead that it 

had in the revolution were lost. In other European and also later-stage British experiences, the 

informal social norms that defined the cultural beliefs of the elites allowed market exchange and 

innovation to operate in a regime of low transaction costs and reasonably self-enforcing norms of 
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“private- order contract-enforcement institutions.” These cooperative behaviour and trust based 

on gentlemanly codes created by informal social norms then allowed not just market exchange to 

operate but also created opportunities for new technology by allowing partnerships between 

inventors and entrepreneurship, and by providing these European countries with a large contingent 

of highly skilled and dexterous craftsmen through well-functioning apprenticeships.  

In a third example, Nelson (1986) looks at the impact of two types of institutions: the universities 

and technical societies on technical advances. On universities, Nelson notes that albeit academic 

works are different from those in the applied (industrial) fields, it is nevertheless the teachings from 

universities in fundamental science and principles that helped the industries to advance their 

technologies. In a 1984 survey, he asked his respondents to score, on a scale from 1 to 7, the 

relevance of various fields of basic and applied science to technical change in their lines of business. 

The result is that every field of science received a score of 6 or higher from at least a few industries. 

Four broad fields – chemistry, material science, computer science, and metallurgy – received scores 

of 6 or higher from over 30 industries (out of 130). On technical societies, Nelson notes that in 

those fields where academic research is important, the societies provide one mechanism through 

which that research is communicated to an industrial audience and, in turn academics learn about 

developments in industry. Technical societies also provide a way for industrial scientists from 

upstream and downstream industries to meet and exchange information. Nelson also empirically 

tested his idea by regressing R&D intensity on university and technical society quality, which is 

measured by various indicators such as research output, grant reception and reputation. The 

Nelson’s choices of institutions are perhaps more closely related to the technological field. It’s 

therefore perhaps not surprising to see R&D intensity be influenced by the type of institutions that 

create innovations in the first place.  In this paper, differed from Nelson’s approach, we are testing 

a range of institutions that mainly focus on the political side, including many indicators of the 

quality and effectiveness of the government. We want to know whether or not, this type of 

institutions that regulate most of our economic and social activities have any impact on R&D as 

postulated by Romer (2010).  

In other theoretical arguments concerning R&D and institutions, Scandizzo (2001) uses a model of 

repeated patent races to examine the incentives for intellectual property rights (IPR) protection and 

demonstrates that weak IPRs are maintained in some countries not because imitation is more 
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desirable than innovation as is often believed, but because of the time inconsistency problem 

intrinsic in IPR protection. While ex ante a government has an incentive to impose strong 

protection to promote innovation, protection is only enforced ex post, after discovery is made. At 

this point, the government has incentives to weaken protection to maximize profits in those 

product lines where local innovations haven’t been very successful. Given that the firms are rational, 

they will make their investment decisions based on these expectations, and the equilibrium that 

will ensue will be one with weak IPR protection, fewer local firms innovating, and relatively lower 

welfare. Scandizzo’s theoretical findings largely confirm the view that IPR protection as a type of 

institution has a strong positive effect on R&D and innovation.       

        2.2 R&D Determinants 

This subsection reviews three types of R&D determinants that are commonly present in the 

literatures as mentioned in the introduction section. First, on human capital, Romer (1992) points 

out, although there is a distinction between the pure private good, human capital, and the non-

rivalous good “ideas”, it is clear that the two are closely linked. A country’s endowment of human 

capital might affect R&D expenditures in several ways. First, countries with high levels of human 

capital might have a comparative advantage in R&D – it is generally accepted that R&D uses highly 

trained individuals, such as scientists and engineers. Second, a large share of R&D activity is 

performed in universities and, therefore, countries that invest heavily in tertiary education might 

have higher R&D expenditures. These views are confirmed by growing literatures. For e.g. 

Blackburn et al. (2000) build an endogenous growth model that integrates R&D with human capital 

accumulation. Given decreasing returns to scale, together with a threshold constraint on human 

capital in R&D, steady state growth is determined solely by preferences and human capital, i.e. it is 

independent of research activity which, itself, is driven by human capital accumulation.  

Access to capital or financial development might also affect private enterprises’ ability to finance 

research and development. World Bank (1994) which summarizes World Bank experiences with 

loans for industrial technological development notes that five of the six projects surveyed included 

components that provided finance for technological activities. Although financial intermediaries 

might directly finance only a small portion of innovative activities, King and Levine (1993) note that 

they can increase the returns to innovative activity by helping entrepreneurs bring successful ideas 
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to the market. Well-functioning financial markets will, therefore, increase the return to research 

and development even if they do not directly finance investment in R&D.  

On openness to trade, Dahlman (1994) notes that access to foreign capital, either through foreign 

investment or through capital goods imports, might be an important way of acquiring technology in 

developing countries. The effect that this will have on R&D expenditures is, however, ambiguous 

since openness may serve as a substitute for domestic innovation. In addition, FDI might crowd out 

domestic R&D in both public and private institutions if FDI uses similar inputs to R&D, and these 

inputs take time to build (e.g. experienced engineers and scientists). Growing empirical literatures 

including Yanikkaya (2003), Hejazi et al. (1999), Keller (1997), and Gameron et al. (2005) also 

confirms the weak effect of trade-openness on R&D efforts. 

     2.3 Empirical Evidences Regarding Institutions and Growth 

Growing empirical research also finds evidences of institutions affecting either growth itself or the 

diffusion process of R&D outcome: technology, the stock of ideas and productivity growth. Albeit 

the direct effect of institutions on R&D is not yet tested. 

Perhaps the most representable literature on institutions and growth are a line of works done by 

Acemoglu Johnson and Robinson (AJR) (2001). In their paper, they exploit differences in the 

mortality rates faced by European colonialists to estimate the effect of institutions on economic 

performance. Their argument is that Europeans adopted very different colonization polices in 

different colonies, with different associated institutions. These different institutions then helped to 

shape the differences in fundamentals of these economies. They use settler mortality as an 

instrument for institutions and test the effect of institutions on growth and find a positive effect, 

albeit the validity of using settler mortality as an instrument for institutions has since then been 

debated (see e.g. Albouy (2011)). This is one of a series of attempts on explaining growth by 

institutions from the AJR. In Acemoglu and Johnson (2005), they unbundled institutions into two 

types: “property rights institutions” and “contracting institutions” and explore exogenous variation 

in both types of institutions driven by colonial history, and document strong first-stage 

relationships between property rights institutions and the determinants of European colonization, 

and between contracting institutions and the identity of the colonizing power. They find that 

property rights institutions have positive effect on long-run economic growth, investment and 
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financial development, whereas contracting institutions seem to only matter for the form of 

financial intermediation, but have no apparent effect on growth.  

Another line of influential works on this issue are done by Knack and Keefer (KK) (1995), in their 

Work Bank paper, they test the effect of institutions on growth using cross-country data with 

different institutions measures, one of which is the origin of a major dataset used in this paper 

called “International Country Risk Guide” (ICRG). Their results offer strong support for two 

propositions. First, institutions that protect property rights are crucial to economic growth and to 

investment. The effect of institutions on growth persists even after controlling for investment. This 

suggests that the security of property rights affects not only the magnitude of investment, but also 

the efficiency with which inputs are allocated. Second, when institutions are controlled for, 

stronger evidence emerges for conditional convergence. The coefficients on initial income, from 

which conditional convergence or diminishing returns to capital are evaluated, rise in both 

statistical and economic significance in the presence of institutions. 

However, AJR and KK’s views on the matter are challenged by Glaeser et al. (2004), who revisit the 

debate over whether political institutions cause economic growth, or whether alternatively, growth 

and human capital accumulation lead to institutional improvement. They find that human capital is 

a more basic source of growth than are the institutions, poor countries get out of poverty through 

good policies, often pursued by dictators, which subsequently improve their political institutions. 

The economic success of East Asia in the post-war era, and of China most recently, has been a 

consequence of good-for-growth dictators, not of institutions constraining them. This view however, 

has been subsequently firmly rejected by Groenewold and Tang (2007) who investigate post-1997 

economic growth in Hong Kong following its political handover to China. They found empirical 

evidence that there’re both strong positive long-run and short-run relationships between growth 

and democratic accountability, which suggest that the deterioration in democratic accountability 

following the handover in 1997 has come at the expense of a considerable decline in economic 

growth and controverts popular arguments in Hong Kong that improving democratic accountability 

will harm economic growth. 

In other empirical research concerning institutions and development, Easterly et al (2006) found 

empirical evidence that “social cohesion” factors such as income inequality and ethnic 

fractionalization can endogenously determine institution, where the latter has a direct effect on per 
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capita GDP growth rate. The whole purpose of this paper is to prove that social cohesion can 

indirectly affect growth through its effect on institutions, but the premise is obviously that 

institutions must affect growth for the above statement to be true. Easterly et al. used data from 

Kaufmann, Kraay and Mastruzzi (2003) to test the effect of institution quality on steady state 

growth among various countries, they found that institution quality is crucial to the LDC (less 

developed countries)’s growth. Ang (2010) empirically explores the impact of financial sector 

reforms, financial deepening and intellectual property protection on the accumulation of 

knowledge in India. Estimating the long run relationship between ideas accumulation and the three 

above potential determinants of innovations in an error correction model, part of the findings 

indicate that increased intellectual property rights (IPR) protection is associated with higher 

knowledge accumulation. Since Knowledge or ideas production can be viewed as the output of R&D, 

this finding supports the view that IPR protection as a particular type of institutions has a close link 

to R&D. As mentioned earlier, none of these empirical papers test the effect of institutions on R&D 

directly. 

3. Core Results  

3.1 Data and Descriptive Statistics 

Table 1 provides descriptive statistics for the key variables of interests. For the purpose of cross-

country analysis, average values for most variables are taken for a period of 14 years (1996 – 2009) 

unless stated otherwise. Data availability for R&D intensity from World Bank and UNESCO are the 

main drive for our selection of years. A total of 162 countries are selected to represent the entire 

world based on World Bank’s specifications, however, due to data availability, in most of our 

regressions some 83-98 countries are included, but they are nevertheless a variety set of countries 

that are distinctive in many aspects such as income, institutions, natural resources, geography, 

religion and etc. Data sources in detail can be found in the Appendix. 

3.1.1 R&D intensity 

R&D intensity as our key dependent variable is measured in two different ways: fraction of 

scientists and engineers engaged in R&D activities in total labour force (N/L) and the share of R&D 

expenditure in total nominal GDP (R/Y), both are in percentage points. The R&D labour data (N) are 

taken from various issues of the Statistical Yearbooks published by the United Nations Educational, 

Scientific, and Cultural Organization (UNESCO). Some missing data between years are interpolated. 
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Data for labour force, R&D expenditure and real GDP are taken from the World Bank. N/L will be 

used in our main regressions, and R/Y is selected as an alternative measure for R&D intensity for 

robustness checks purpose. These two measures of R&D intensity have been widely adopted 

among economists. (see e.g. Aghion and Howitt (2005, 2009), Acemouglu (2010),  Ang (2009)) 

3.1.2 Institutions 

Institutions are measured by four different indices: Worldwide Governance Indicators (WGI), 

Institutions and Country Risk Guide (ICRG), Political Regime Characteristics and Transitions (Polity IV) 

and Intellectual Property Rights Protection (IPR).  

The WGI is mainly developed by Kaufmann, Kraay and Mastruzzi from World Bank. (See Kaufmann 

et al. (2010)) The data are a panel of 14 years (1996-2009) and six indicators: (1) Voice and 

Accountability, which captures perceptions of the extent to which a country’s citizens are able to 

participate in selection their government, as well as freedom of expression, freedom of association 

and a free media. (2) Political Stability and Absence of Violence, which captures perceptions of the 

likelihood that the government will be destabilized or overthrown by unconstitutional or violent 

means. (3) Government Effectiveness, which captures perceptions of the quality of public services. 

(4) Regulatory Quality, which captures perceptions of the ability of the government to formulate 

and implement sound policies and regulations. (5) Rule of Law, which captures perceptions of the 

extent to which agents have confidence in and abide by the rules of society, and (6) Control of 

Corruption, that captures perceptions of the extent to which public power is exercised for private 

gain. Two scores are available for each indicator in the WGI data: percentile rank and the 

governance score, which ranges from -2.5 to 2.5. For comparison purposes with the ICRG, the 

percentile rank data are chosen as our measure of institutions, which ranges from 0 to 100 as well. 

The aggregated overall score of worldwide governance is calculated by taking the simple average of 

all six indicators. 

Table 1: Summary Statistics 

 Mean Std. Dev Min Max Observations 

R&D Intensity (N/L) 0.42 0.54 0.002 2.24 98 

R&D Intensity(R/Y) 0.96 1.05 0.029 4.76 83 
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Institution Index(ICRG) 
(Sum of 12 Indicators) 

65.67 13.94 32.05 92.69 91 

Institution Index (WGI) 
(Average of 6 Indicators) 

53.45 27.91 2.97 98.47 98 

Institution Index (Polity) -0.17 4.97 -8 10 88 
IPR Protection (IPR) 63.78 18.59 23.87 97.6 88 
Latitude 0.29 0.20 0.01 0.72 98 
Landlocked 0.19 0.39 0 1 98 
Fraction of Population Speaking 
English (Engfrac) 

0.07 0.22 0 0.97 98 

Ethnic Linguistic Diversity 
(ethnolig) 

0.33 0.28 0 0.86 98 

Trade Openness (T/Y) 67.37 45.98 12.63 338.86 98 
Financial Development (C/Y) 0.51 0.44 0.01 1.64 98 
Human capital  (H) 5.07 2.83 0.51 11.19 98 

 

The second type of measure of institutions, ICRG, pioneered by Knack and Keefer (1995) assess 

countries’ political institution quality by looking at 12 indicators: (1) Government Stability, (2) 

Socioeconomic Conditions, (3) Investment Profile, (4) Internal Conflict, (5) External Conflict, (6) 

Corruption, (7) Military in Politics, (8) Religion in Politics, (9) Law and Order, (10) Ethnic Tensions, 

(11) Democratic Accountability and (12) Bureaucracy Quality.  Each of the first five indicators are 

assigned 12 points with the next six indicators assigned six points for each, Bureaucracy alone is 

assigned 4 points, so that the total points add up to 100 to represent the overall measure of 

institutions. These indicators cover all the political risk components in the ICRG data, which is our 

main focus in the broadly defined institution variable in this paper. The method used in calculating 

this index gives it approximately a unit normal distribution, with an increase in value always 

meaning better quality institutions.  

In terms of strength of measurement, the ICRG data seems to be the strongest as it incorporates 

the most indicators (12 of them) for institutions quality. WGI albeit a still very good measurement, 

incorporates only six indicators. However, as pointed out by Kaufmann et al. (2010), the six 

indicators from WGI are based on several hundred variables obtained from 31 different data 

sources, the authors then used a statistical methodology known as the Unobserved Components 

Model to standardize the data from diverse sources into components, and construct the six 

indicators of governance as a weighted average of the underlying variables. This gives a plus to WGI 

over ICRG, because the ICRG is solely based on 12 indicators, 5 of them have 3 subcomponents, this 

illustrates that the ICRG Is based on an overall of 22 measures, this is far less than the WGI’s several 
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hundred variables sources. In another hand, when constructing the overall measure of institutions 

quality, the WGI index implies that all six indicators are equally weighted (range from 0 to 100), 

whereas the political risk components of the ICRG (12 indicators) are not, It’s hard to argue that 

“government stability” which worth 12 points in the ICRG is twice as important as “corruption” 

which worth only 6 points. Thirdly, due to the fact that WGI has the most observations (98 of them 

VS 91 with ICRG) in our sample, we decide to choose WGI as our benchmark institutions measure 

and include it in the main regressions and use ICRG for robustness checks. All two overall measures 

of institutions (WGI and ICRG) are in the 0 to 100 point range. 

The third measure, Polity IV is a project which examines concomitant qualities of democratic and 

autocratic authority in governing institutions. This perspective envisions a spectrum of governing 

authority that spans from “fully institutionalized autocracies” through “mixed or incoherent 

authority regimes” to “fully institutionalized democracies”. The “polity score” captures this regime 

authority spectrum on a 21-point scale ranging from -10 (hereditary monarchy) to 10 (consolidated 

democracy). It can also be converted into the three regime categories stated above with -10 to -6 

indicating “autocracies”, -5 to +5 indicating “anocracies, or the mixed authority regimes” and +6 to 

10 indicating “democracies”. Because the coding nature of polity data, it’s hard to convert it into 

the 0 to 100 point range as is present in both the ICRG and WGI, so we kept the original score and 

used it as a robustness check only. 

The fourth measure, IPR protection is a specific type of institution that we included for robustness 

check purpose. The reason is that all of the three above measures focus mainly on political 

institutions rather than economic institutions, although they are very good indicators of the bigger 

picture of a country’s institution quality, it is nevertheless interesting to look at whether or not a 

particular type of institutions that influence our daily economic activities can impact R&D as well 

for robustness checks. The data are from Park (2008)’s index of patent rights from 1995 to 2005. 

The original data is in the 0 to 5 point range, we converted it into the 0 to 100 point range for 

comparison purposes. The institution data indicates somewhat strong correlation with R&D 

intensity as indicated by Figure 1 to 5. Countries with better institution qualities tend to have more 

scientists and engineers engaged in R&D activities and spend more in R&D as well.  
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  Figure 1: R&D Intensity (N/L)  and Institutions (WGI)       Figure 2: R&D Intensity (R/Y) and Institutions (WGI) 

   

  Figure3: R&D Intensity (N/L) and Institutions(ICRG)  Figure 4: R&D Intensity(N/L) and Institutions(IPR) 

 

Figure5:R&D Intensity (N/L) and Institutions(Polity) 

3.1.3 Geographic and Natural Endowments 

Geographic and natural endowments variables are mainly used as control variables for R&D and 

instruments for institutions in this paper. More details on the selection of instruments will be 

discussed in the IV results section. We look at two types of endowments: geographic variables and 

crops. The geographic variables included are latitude and landlockedness. Many other geographic 

variables such as mean temperature, frost area, frost days, areas and tropics are highly correlated 

to either one of the two variables, which makes them quite representable. Latitude equals the 

absolute value of latitude of the country. For both variables, data are taken from Penn World 

Tables (PWT 7.0). The data seem to confirm the tropics view of institutions with a strong correlation 

between latitude and institutions. Landlocked is simply a dummy variable that takes the value 0 if 
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the country is geographically open with coastal territories on the world’s oceans, and 1 otherwise. 

There are 40 landlocked countries in the world according to this definition. In our 162 country 

overall sample, 31 are landlocked. 

We follow Easterly and Levine (2003)’s approach to define “crops” as dummies for whether a 

country produced any of a given set of leading commodities in a particular year, For example, the 

dummy “wheat” takes on the value 1 if the Food and Agriculture Organization (FAO) records the 

country as producing any amount of wheat in a particular year and 0 otherwise. We have gathered 

data for a period of 15 years from 1996 to 2010 for wheat and maize and the average value is taken. 

Wheat and maize according to many crops hypothesis on institutions are institutions enhancing 

crops, that they are conducive to the formation of institutions that are good for development, (see 

e.g. Engerman and Sokoloff (1997, 2000)), so they are selected as instruments for institutions for a 

robustness check. More details on instruments will be discussed in the IV results section. 

3.1.4 French Legal Origin, Ethnolinguistic Diversity, Religion and Engfrac 

French legal origin is widely considered as a factor that hinders development, (see Hayek (1960), La 

Porta et al (1998) and Beck et al. (2002b)), since the French civil laws were used to unify the legal 

system, prevent jurisprudence and solidify state control of the courts. On the contrary, the British 

common law evolved to protect private property owners from the crown. Countries with French 

legal origins tend to emphasize more on the rights of the state rather than individuals. In particular, 

Beck et al. (2002b) show that countries with French legal origins tend to have lower levels of 

property rights protection than countries with British legal origins. Levine, Loayza and Beck (2000) 

also show that countries under French civil law tend to have a lower degree of financial 

development than countries under the common law system. English common law countries have 

also been associated with efficient debt collection systems (Djankov et al (2003)) and less burden of 

entry regulations (Djankov et al (2002)). We therefore control French legal origin to address its 

potential negative effect on R&D. The data taken from La Porta et al. (1998) are dummy values 

which equal one if the country has a French civil law tradition and zero otherwise.  

Ethnolinguistic diversity measures the probability that two random people in a country are from 

different ethnolinguistic (ethnic and linguistic) groups. As postulated by Alesina et al. (1999), more 

diversified ethnolinguistic society tend to form weaker institutions, weaker public services and 

policies that close the economy to foreign interactions. Easterly and Levine (1997, 2003) also show 
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that expropriate risk and degree of discrimination are high in countries with more diversified ethnic 

and linguistic groups. The data are also taken from La Porta et al. (1998). 

Religions are three variables that measure the percentage of population in a country that are 

Catholic, Protestant or Muslim. Data are taken from La Porta et al. (1998). According to many views 

(see e.g. Putnam (1993), Landes (1998)), religion shapes national views on property rights, 

competition and the role of the state. For e.g. Landes (1998) argues that Catholic and Muslim 

countries tend to develop xenophobic cultures and powerful state-church integration to maintain 

control, which hinders development and could potentially create a hazardous environment for R&D 

as xenophobic cultures hinder the nation to attract talented scientists and engineers from non-

Catholic and Muslims countries, powerful state control over civilian matters also discourages R&D, 

as most R&D activities are conducted by the private sector. In our main regressions, we include the 

fraction of population that are involved in the religions of Catholic and Muslim to control the effect 

of religions on R&D. 

Engfrac (i.e. fraction of English speaking people) measures the fraction of population in a country 

speaking English. Hall and Jones (1999) suggest this be an instrument for institutions, because it 

reflects the differences in Western European influences on the rest of world, and these different 

influences shaped different legal origins among colonies, which eventually had different institutions 

set up for governance.  

A simple scattered plot of the relationship between Latitude and Institutions with regression line is 

shown in Figure 6. Unsurprisingly, we have seen positive relationships in both sets of variables, 

which indicate that latitude is a potential good instrument for institutions.  

 

                                                                  Figure 6: Institutions(WGI) and Latitude                  
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3.1.5 Financial Development Indicator, Trade Openness and Human Capital 

Financial development, trade openness and human capital are used as criteria to split sample as 

well as additional control variables for robustness checks because of their strong correlation with 

R&D activities as introduced in the literature review section. For sample splitting, in particular we 

want to know whether or not countries which are with more human capital resources, financially 

more developed and more open would improve their R&D intensity more from their institution 

efforts. The rationale here is that first off, these indicators are long time proved important factors 

to affect R&D as introduced in the literature review section. In addition, they are also argued as 

institutions determinants as will be introduced in section 5.  

Human Capital is defined as educational attainment by total population aged 25 and over, the data 

are taken from Barro and Lee’s schooling dataset (2010) at World Bank and the values are averages 

from 1996 to 2010. When included as an additional control variable in robustness checks, a 

snapshot of a single year 1996 for the data is taken to address potential endogeneity problems. 

Financial development is measured by the ratio of private domestic credit to real GDP. The data are 

taken from World Bank’s new Financial Development and Structure database.  

Trade Openness is defined as the ratio of total exports plus imports to real GDP (T/Y), a country is 

more open if its total two-way trade share of GDP is bigger. The data are taken from Penn World 

Table (PWT 7.0). 

3.2 OLS and IV Results in the Core Specifications 

3.2.1 OLS Result: 

This section attempts to estimate the following equation: 

 

 
                    (1)                                                                                    

Where     represents our benchmark institution index: WGI.     is R&D intensity.    is a vector of 

exogenous control variables (i.e. French legal origin, Catholic and Muslims and Landlocked).   is the 

random error term. Throughout the paper, we will be interested in the size, sign and significance of 

the coefficient   . We will use standardized measures of     in our core regressions, so that the 

estimated coefficients can be directly compared. 
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The simple OLS regressions presented in Table 2 test the effect of institutions (WGI) on R&D 

intensity (N/L).  A subsequent endogeneity test is performed to show that institutions are not 

exogenous. The test uses the Wu-Hausman approach by including all control variables as 

hypothesized instruments for institutions with the null hypothesis of this test being that institutions 

are exogenous.  

From Table 2, it’s evident that both the overall measure of institution quality from WGI and all of its 

six subcomponents exhibit strong effect on R&D intensity. A 1 point increase (from a 100-point 

scale) in institutions quality from the overall measure in WGI is associated with a 0.014 increase in 

R&D intensity. This is a very strong effect, considering that the mean value of R&D intensity and 

WGI in our sample are 0.42 and 53.45 respectively, which then means a 1% increase in institution 

quality (compared with the mean) will result in a 1.83% increase in R&D intensity (compared with 

the mean).  

What’s also interesting in this result but not shown in Table 2 is that all six subcomponents of WGI 

exhibit roughly the same degree of effectiveness on R&D with government effectiveness taking the 

strongest hold at 0.021 and government stability taking the weakest but still at 0.017. The steady 

coefficients across subcomponents of WGI suggest some consistency between the subcomponents 

measure of institutions quality and the overall measure from WGI. In other words, we have an 

overall strong effect of institutions on R&D not because one of the subcomponent measures taking 

the strong hold and outshine the others. It is a fact that all aspects of institution quality measures 

exhibit strong effects on R&D so that subcomponent-bias in this case does not exist. 

The subsequent endogeneity test shows that institutions are not exogenous so that our OLS 

coefficients on institutions are biased and could potentially suffer either from omitted variable bias 

or measurement errors. The next job is then to find instruments for institutions.  

3.2.2 Identification Strategy: Choosing the Instruments 

In order to find instruments for institutions, we need to find variables that directly affect 

institutions but not in direct link with R&D intensity, or at least, their potential effect on R&D are 

perhaps through institutions. After some literatures search, three kinds of hypothesis on 

institutions help us to choose four of our five potential instruments for institutions. 
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The first kind is the so called “tropics” view of institutions, represented by Hall and Jones (1999). 

They view institutional quality as one component of their “social infrastructure” which explains 

productivity, with distance from equator and European language as instruments. Their reasoning is 

that western Europeans tend to build high quality institutions, and whenever they migrate, they 

tend to spread their good institutionsa around. It’s been found that most western Europeans 

settled into colonies that mimic the west European climate. Kaufmann et al (1999b) and Levine 

(2003) also follow this reasoning by using fraction of people who speak English or European 

language as instruments for their institution variables, getting very strong effect on per capita 

income. In this paper, we use latitude as instruments for institutions in the core specifications and 

“engfrac” (fraction of people who speaks English) for robustness checks. 

The second kind of hypothesis on institutions, led by Engerman and Sokoloff (1997, 2000) focuses 

on “crops”. The argument is that the land endowments in Latin America drive up the production of 

commodities such as sugar canes, rice, silver, which require economies of scale, use of slave and 

indigenous labor. This dictates that the power be concentrated in the hands of the plantations and 

mining elites. When power was concentrated in Latin America, the elites created institutions that 

reinforce their hegemony, such as a narrow franchise for voting, restricted distribution of public 

lands and mineral rights, and low access to schooling. For example, in 1910, only 2.4% households 

in Mexico own land, the figure in the United States at the same period however, is 75%. 

Innovations were also heavily discouraged by high patent fees, which is 2.5 and 9.5 times annual 

per capita incomes in Latin American countries in the late 19th century. (Khan and Sokoloff 2002). 

Engerman and Sokoloff also note that even at modern times, when the Latin American countries 

are nominal democracies, these countries still impose literacy or wealth requirements for voting 

that heavily reduced voting activity participation rate, the figure is 5-10 times lower in countries 

such as Bolivia, Brazil, Chile and Ecuador than their north American counterparts. On the contrary, 

the endowments of North America are in favour of productions of commodities grown on family 

farms, such as wheat and maize. This promoted the growth of a large middle class in which power 

were widely scattered and created more open and egalitarian institutions. Engerman and Sokoloff 

therefore conclude that particular crop endowments could lead to the creation of highly privileged 

elite class, who in turn will create institutions restricting opportunities to the elite. In this paper, we 

choose two types of crops: wheat and maize that are characterized as “institutions enhancing” as 

our instruments for institutions for robustness checks. 



20 

 

The third kind, led by Acemoglu et al (2001) (AJR) and Acemoglu and Johson (2005), suggest a 

“germs” theory on institutions.  The AJR theory is three folds. First, the European colonists adopted 

different types of colonization strategies. At one end of the story, they created the so called “settler 

state”, where similar European institutions were established and the Europeans actually settled in, 

the examples are United States, Australia, Canada, etc. At the other end of the story, the colonizers 

used some colonies merely for the purpose of resource extractions, and therefore felt no need of 

establishing a healthy legal and property rights protection environment. The examples are Congo, 

Burundi, Ghana, Bolivia, etc. Secondly, the reason for this type of European colony classification is 

natural endowments differences among these colonies. In some colonies, the “germs” created high 

mortality among potential settlers, these colonies were then be used as extractive states. Whereas 

other colonies proved promising for living with better sanitary environment, settler mortality in 

these colonies was then extremely low, and therefore used as settler states. The final piece of the 

jigsaw puzzle in the AJR theory is the continuation of adoption of the European institution after 

independence occurred in these settler states. Setter states tended to produce post-colonial 

governments that were more democratic and more committed to defending private property rights 

than extractive states. In contrast, the extractive states after independence inherited institutions 

that are suitable for extracting resources, and the elites in these extractive states exploited and 

abused these detrimental institutions, which makes these states even more extractive. In this paper, 

settler mortality is adopted as an instrument but only used in the robustness checks because of its 

small sample size and credibility issues as raised by Albouy (2006).  

Aside from instruments obtained from various hypotheses on institutions, we also use 

ethnolinguistic diversity as an instrument for institutions in the core specification. The reason is 

that first, it’s a good instrument as introduced in the data section, secondly there’re concerns over 

choosing instruments from the same hypothesis on institutions such as pairing latitude with engfrac, 

because they are highly correlated. Comparing data quality between crops (wheat and maize) and 

ethnolinguistic also suggests ethnolinguistic a better candidate for instruments in the core 

specification. In sum, we use latitude and ethnolinguistic diversity as instruments in the core 

specification, and engfrac, settler mortality, crops for checks of robustness to alternative 

instruments. 

 3.2.3 IV Result 
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We run two-stage least-squares regressions with heteroskedasticity-consistent standard errors. The 

second stage form is identical to equation (1) for OLS regressions. The first stage takes on the 

following form:  

                                                                      (2) 

Where       is the dummy variable that equals one if a country is recorded to produce any 

“institution/development enhancing” crops (i.e. wheat and maize) from 1996 to 2010 by the Food 

and Agricultural Organization at the UN (FAO),          is ethnolinguistic diversity,         is 

fraction of population who speak English in a country.           is settler mortality,    represents 

the vector of exogenous controls, and   is the error term. 

Table 2 and 3 presents the two-stage least-squares regression results, with the OIR tests, and the 

first-stage F-test’s P-values. The first stage F-test’s null hypothesis is that the instruments do not 

explain any cross-country variation in institution quality development. Like in Table 2, all six sub-

components of WGI are included as regressors and each is assigned the same instruments: latitude 

and ethnolig.  

Our findings are evident, there’s a strong direct effect of institutions on R&D intensity. 1 point 

increase (in a 100-point scale) in overall institution quality as measured by the WGI is associated 

with a steady 0.021-0.022 increase in R&D intensity. Converting this result to mean comparison 

perspective, this is a very strong effect, for every 1% increase in institution quality, there’s a 2.77% 

to 2.9% increase in R&D intensity. The coefficients on six sub-components of WGI are also 

consistently steady and significant, which again confirm that we do not suffer from sample bias for 

the sub-components. The coefficients on Corruption and Government Effectiveness are the 

weakest at 0.027. Nevertheless, this is not a huge distance from the highest coefficients recorded 

from stability and regulation quality at 0.034.   

The exogenous controls are proved to be insignificant regressors when included, which again 

confirms the strong dominant effect of institutions. In all seven pairs of regressions we failed to 

reject the null hypothesis in the OIR test, which indicates the two instruments we have chosen for 

the WGI overall measure and its six sub-components are not over-identified in the first stage 

regression and the first-stage F-test indicates the instruments are jointly significant in their 

respective regressions. The first stage and second stage R-squared also confirm that the model we 
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have chosen are sufficient in explaining R&D intensity. Another point worth noting is that the 

coefficients on institutions from IV regressions are significantly larger than those from OLS ones. 

This result justifies our decision to use instruments for institutions because it implies that our 

institution variables suffer from measurement errors, which explains the type of endogeneity 

problem we have. 

From Table 2 and 3, it’s evident that Institutions explain R&D activities significantly.  However, the 

results are based on only one single measure for R&D and institutions, the set of control variables 

and instruments chosen are also a bit specific. To address these concerns, in the following section, 

we perform a set of robustness checks. 

Table 2: R&D and Institutions: OLS and IV Estimations 

Dependent Variable: R&D Intensity (N/L) 
 OLS Regressions IV Regressions 
 (1) (2) (1) (2) 
   Panel A: Second Stage Regressions 

WGI 0.014*** 
(13.65) 

0.011*** 
(9.01) 

0.021*** 
(10.94) 

0.022*** 
(9.85) 

Latitude  0.881*** 
(5.42) 

  

Landlocked  -0.062 
(-0.97) 

 0.060 
(0.63) 

French Legal 
Origin 

 -0.026 
(-0.42) 

 0.131 
(1.31) 

Catholic and 
Muslim 

 -0.001 
(-1.51) 

 -0.004** 
(-2.15) 

Observations 98 98 98 98 

   0.72 0.72 0.54 0.56 

Endogeneity 
Test p-value 

0.000 0.000   

 Panel B: First Stage Information 

Instruments  Latitude and Ethnolinguistic-Diversity  
Test of Over-
identification 

 0.294 
0.298 

0.861 
0.865 

 -statistics 
(p-values) 

 41.51 
(0.000) 

31.68 
(0.000) 

    0.46 0.52 

Note: The regressions are estimated using OLS, with heteroskedasticity consistent standard errors in parentheses, 
and 98 observations. The constant is not reported. R&D Intensity (average of 1996 – 2009) is measured by the 
fraction of scientists and engineers engaged in R&D activity in a country. WGI institutions quality score (average of 
1996-2009) is used as a measure of institutions. Landlocked equals one if the country does not have access to the 
sea, and zero otherwise. Latitude equals the physical latitude of each country’s capital city. French Legal Origin is 
a dummy variable that equals one if the country’s legal system has any heritage of is based on the French system 
and zero otherwise. Catholic and Muslim indicate the fraction of population (in percentage) in a country that 
believe in these two religions. Endogeneity Tests of the overall institution measure WGI are performed so that 
Wu-Hausman p-values are reported. The Null Hypothesis is that the tested variable: WGI is exogenous. Tests of 
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over identification restrictions are performed and the p-values for Sargan and Basman Chi-squared statistics are 
reported, the null hypothesis is that the instrumented variable is not over identifiedSignificance at the 1%, 5% and 
10% levels are denoted respectively by ***, ** and *. 

Table 3: R&D and Institutions: IV Estimations of Sub-components 

Dependent Variable: R&D Intensity (N/L) 

 (1) (2) (3) (4) (5) (6) 
Panel A: Second Stage Regressions 

Voice 0.031*** 
(8.44) 

     

Stability  0.034*** 
(7.08) 

    

Goveff   0.029*** 
(10.88) 

   

Reg Qual    0.037*** 
(8.21) 

  

Rule     0.029*** 
(10.56) 

 

Corrupt      0.028*** 
(11.08) 

Landlocked -0.052 
(-0.48) 

-0.101 
(-0.79) 

0.132 
(1.49) 

0.131 
(1.12) 

0.022 
(0.26) 

0.051 
(0.60) 

French Legal 
Origin 

0.059 
(0.53) 

0.038 
(0.30) 

-0.184** 
(-1.98) 

-0.238* 
(-1.87) 

0.138 
(1.48) 

0.113 
(1.29) 

Catholic and 
Muslim 

-0.006** 
(-2.00) 

-0.003* 
(-1.80) 

-0.003** 
(-2.03) 

-0.005** 
(-2.34) 

-0.002** 
(-2.23) 

-0.002** 
(-2.47) 

Observations 98 98 98 98 98 98 

   0.41 0.15 0.64 0.36 0.62 0.65 

Panel B: First Stage Information 

Instruments: Latitude and Ethno-linguistic Diversity (ethnolig) 
Test of Over-
identification  

0.275 
 

0.579 
 

0.866 
 

0.873 
 

0.802 
 

0.974 
 

 -statistics 
(p-values) 

30.91 
(0.000) 

21.62 
(0.000) 

31.29 
(0.000) 

21.23 
(0.000) 

32.56 
(0.000) 

30.28 
(0.000) 

   0.531 0.40 0.54 0.46 0.53 0.50 

Note: The regressions are estimated using OLS, with heteroskedasticity consistent standard errors in parentheses 
with 98 observations. The constants are not reported. Tests of over identification restrictions are performed and 
the p-values for Sargan and Basman Chi-squared statistics are reported, the null hypothesis is that the 
instrumented variable is not over identified. The WGI institution quality overall measure as a simple average of its 
six subcomponents along with its all six sub-components (Voice and Accountability (voice), Political Stability 
(stability), Government Effectiveness (goveff), Regulation Quality (regqual), Rules of Law (rules), Control of 
Corruptions (corrupt)) are used and instrumented by Latitude, and Ethnolinguistic Diversity (Ethnolig). R&D 
Intensity is measured by the fraction of scientists and engineers engaged in R&D activity in a country.  Significance 
at the 1%, 5% and 10% levels are denoted respectively by ***, ** and *. 

4. Robustness Checks 

In this paper, we perform three types of robustness checks. First we check if our core specification 

is robust to alternative instruments: engfrac, crops (wheat and maize) and settler mortality. 

Secondly, we replace our core measure of R&D: N/L with R/Y, and replace the core measure of 

institutions: WGI with ICRG, Polity and IPR, and see if the core specification is robust to these 
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changes. Finally, to address the issue of randomly selected control variables, we included some 

additional variables that are proved to be major R&D determinants such as human capital, 

openness to trade and financial development. 

4.1 Robustness to Alternative Instruments 

Table 4 shows the results from including alternative instruments.  We start out with only one 

instrument, latitude, to address the concern that ethnolig is perhaps not truly exogenous. For e.g. 

MIchalopoulos (2008) argues that variation in elevation and land quality has contributed 

significantly to the emergence and persistence of ethnic fractionalization. If ethnolig is indeed 

endogenous, using it as an instrument for institutions could potentially create some distortion. 

Whether or not there are other factors affecting ethnolig and whether these factors have some 

effect on institutions or R&D are either not clear or unknown, but we nevertheless want to be sure 

that including ethnolig as an instrument is not a decisive factor for our core results. The results 

show that our core result is not driven by the inclusion of ethnolig as an instrument at all. With the 

variable excluded from the instrument set, institutions still shows robust influence on R&D and also 

in two other occasions when latitude is paired with either engfrac or settler mortality. There’s also 

little change on the size of the coefficient compared with the core specification. We then explored 

various combinations of instruments to show that no matter how we pair our five choices of 

instruments, the results are more or less the same. The coefficients on institutions steadily range 

from 0.020 to 0.024 except for settler mortality which has a much smaller sample size. In all six 

types of pairing of instruments, the OIR test passes, which shows strong support for the validity of 

these instruments. First-stage p-values also confirm the joint significance of our choices of pairings. 

         4.2 Robustness to Alternative Measure of Institutions and R&D Intensity 

Table 5 presents the results with different measures of institutions and R&D. As expected, it 

doesn’t matter how institutions and R&D are measured, the effect of institutions on R&D is clear. 

When replacing N/L with R/Y, and keep everything else the same as those in the core specifications, 

the sample size drops from 98 to 83, the coefficient on institutions increased from 0.021 to 0.034 

and are significant. This shows that institutions seem to have a bigger impact on R&D expenditures 

than personnel, which is quite intuitive. Countries with better institutions facilitate both private and 

public R&D investment, so the expenditure would go up first, and then more scientists and 
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engineers would be attracted by surging R&D funds into these countries. It’s quite expected that 

we see a bigger coefficient on institutions from R/Y because N/L is perhaps a more lagged variable 

when taking into consideration the impact of institutions.  

When replacing WGI with ICRG, Polity and IPR protection individually and keeping everything else 

the same, we see that the sample size drops from 98 to 91 and 88 respectively, the coefficients on 

these alternative measures of institutions are all significant and greater. The ICRG and IPR data are 

also in the 1 to 100 point range, so that the coefficients from these indicators are comparable. The 

coefficient surge from the WGI perspective at 0.021 to ICRG at 0.040 seems particular interesting. 

We think this is mainly caused by the different coding criteria from the WGI to ICRG, which only 

shows differences in data structure and quality which have little to do with our agenda. After all 

both variables measure the same object: the overall measure of institution quality in a country. 

What’s even more interesting is the coefficient on IPR protection, which is a particular type of 

institutions that produce policies on intellectual property rights. The results suggest that IPR among 

all other types of institutions seem to contribute more to R&D.  Intuitively speaking, IPR such as 

patents directly shape the incentives to do R&D, (see e.g. Allred and Park (2007)), therefore IPR 

protection as a special type of institutions that regulates IPR policies perhaps is more closely related 

to R&D and influence the latter more than any other types of institutions. Finally, the polity data 

albeit in a different point range, also confirm the significant effect of institutions on R&D.  

4.3 Robustness to Alternative Control Variables 

As introduced in the literature reviews, financial development, openness to trade, human capital 

and per capita income are proved to be major R&D determinants. Due to the fact that most of 

these variables are endogenous, they are not included in the core regressions. In the robustness 

check, we control for these variables and address the potential endogeneity by snapshotting them 

(i.e. taking initial year value). We find no change in the significance of the effect of institutions on 

R&D when alternative controls are included.  

Table 4: R&D and Institutions: Robustness to Alternative Instruments: 

Dependent Variable: R&D Intensity (N/L) 
 (1) (2) (3) (4) (5) (6) (7) 
Panel A: Second Stage Regressions 

WGI 0.024*** 
(8.90) 

0.022*** 
(9.85) 

0.022*** 
(9.47) 

0.018*** 
(4.92) 

0.021*** 
(10.07) 

0.022*** 
(10.49) 

0.021*** 
(10.68) 
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Landlocked 0.094 
(1.02) 

0.060 
(0.63) 

0.069 
(0.82) 

0.100 
(0.84) 

0.049 
(0.53) 

0.064 
(0.69) 

0.054 
(0.60) 

French Legal 
Origin 

0.119 
(1.22) 

0.131 
(1.31) 

0.076 
(0.86) 

0.055 
(0.51) 

0.109 
(1.14) 

0.110 
(1.17) 

0.092 
(1.01) 

Catholic and 
Muslim 

-0.004*** 
(-3.29) 

-0.004** 
(-2.15) 

-0.003** 
(-2.80) 

-0.003** 
(-2.10) 

-0.003** 
(-2.08) 

-0.004** 
(-2.25) 

-0.003** 
(-2.18) 

Observations 98 98 98 65 98 98 98 

   0.46 0.56 0.53 0.37 0.59 0.59 0.61 

Instruments Latitude Latitude 
Ethnolig 

Latitude 
Engfrac 

Latitude 
Settler 
Mortality 

Latitude 
Ethnolig 
Engfrac 

Latitude 
Ethnolig 
Crops 

Latitude 
Ethnolig 
Engfrac 
Crops 

Test of Over-
identification  

n/a 0.861 
0.865 

0.679 
0.690 

0.781 
0.791 

0.307 
0.325 

0.761 
0.775 

0.399 
0.425 

 -statistics 
(P-values) 

44.01 
(0.000) 

31.68 
(0.000) 

27.05 
(0.000) 

6.44 
(0.003) 

23.41 
(0.000) 

24.78 
(0.000) 

20.52 
(0.000) 

   0.42 0.52 0.46 0.32 0.55 0.56 0.58 

Note: The regressions are estimated using OLS, with heteroskedasticity consistent standard errors in parentheses, 

and 98 observations except for when including settler mortality which restricts the sample size to 65. The 

constant is not reported. R&D Intensity (average of 1996 – 2009) is measured by the fraction of scientists and 

engineers engaged in R&D activity in a country. WGI institutions quality score (average of 1996 -2009) is used as a 

measure of institutions, and the effect of all six sub-components of WGI on R&D intensity are not reported. 

Landlocked equals one if the country does not have access to the sea, and zero otherwise. Latitude equals the 

physical latitude of each country’s capital city. French Legal Origin is a dummy variable that equals one if the 

country’s legal system has any heritage of is based on the French system and zero otherwise. Catholic and Muslim 

indicate the fraction of population (in percentage) in a country that believe in these two religions. Ethnolig or 

ethnolinguistic diversity measures the probability that two random people in a country are from different 

ethnolinguistic (ethnic and linguistic) groups.  Engfrac measures the fraction of population in a country that 

speaks English. Crops is a dummy variable that equals one if the Food and Agriculture Organization (FAO) records 

a country to produce any amount of Wheat and Maize in 2008-2009. Significance at the 1%, 5% and 10% levels 

are denoted respectively by ***, ** and *. 

Table 5: R&D and Institutions: Robustness to Additional Control Variables and Alternative Measures of 

R&D and Institutions  

Dependent Variable:  R&D Intensity (N/L) R/Y 
 (1) (2) (3) (4) (5) (6) (7) (8) 
Panel A: Second Stage Regressions 

WGI 0.027*** 
(6.45) 

0.022*** 
(10.37) 

0.035*** 
(3.41) 

0.023*** 
(3.77) 

   0.033*** 
(6.11) 

ICRG     0.042*** 
(10.65) 

   

Polity       0.238* 
(1.86) 

  

IPR        0.036*** 
(7.95) 

 

Landlocked 0.006 
(0.05) 

0.070 
(0.75) 

-0.098 
(-0.72) 

0.048 
(0.47) 

-0.070 
(-0.77) 

0.248 
(0.64) 

0.178 
(0.36) 

0.015 
(0.06) 

French Legal 
Origin 

0.086 
(0.84) 

0.116 
(1.22) 

-0.064 
(-0.45) 

-0.015 
(-0.17) 

0.107 
(1.16) 

0.608 
(0.97) 

-0.276** 
(-1.95) 

-0.136 
(-0.57) 
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Catholic and 
Muslim 

-0.003*** 
(-2.88) 

-0.003*** 
(-3.07) 

-0.001 
(-0.65) 

-0.0001 
(-0.12) 

-0.003*** 
(-3.13) 

-0.008 
(-1.36) 

-0.006*** 
(-3.65) 

-0.003 
(-1.33) 

Financial 
Development 

0.510** 
(2.34) 

 
 

 
 

     

Openness to 
Trade 

 -0.001* 
(-1.77) 

      

Human Capital   -0.154 
(-1.51) 

     

Real GDP per 
capita 

   -0.0000046 
(-0.40) 

    

Observations 98 98 98 98 91 88 88 83 

   0.48 0.59 0.24 0.42 0.65 0.43 0.38 0.43 

Test of Over-
identification  

0.921 
0.924 

0.999 
0.999 

0.919 
0.922 

0.996 
0.996 

0.377 
0.392 

0.119 
0.127 

0.796 
0.803 

0.487 
0.502 

 -statistics 
(p-values) 

18.16 
(0.000) 

41.86 
(0.000) 

4.41 
(0.015) 

7.54 
(0.001) 

37.72 
(0.000) 

19.19 
(0.000) 

28.97 
(0.000) 

28.57 
(0.000) 

   0.73 0.62 0.72 0.81 0.57 0.23 0.59 0.51 

Note: The regressions are estimated using OLS, with heteroskedasticity consistent standard errors in parentheses 
with 98 observations for the WGI sample, and 84, 89, 88 and 83 for ICRG, Polity, IPR and R/Y samples respectively. 
The constants are not reported. Tests of over identification restrictions are performed and the p-values for Sargan 
and Basman Chi-squared statistics are reported, the null hypothesis is that the instrumented variable is not over 
identified. Financial Development (private credit to GDP ratio), openness to trade, human capital and real GDP 
per capita  are added as alternative control variables. R&D expenditure to GDP ratio is added as the alternative 
measure of R&D intensity. ICRG, Polity, IPR are added as alternative measures of institutions. Significance at 10%, 
5% and 1% are denoted by *, **,***. 

5 Are the effects of institutions universally strong among different economies? 

      5.1 Financial development and the effect of institutions 

Recently, a large number of papers have established that financial development fosters growth and 

that a country’s financial development is related to its institutional characteristics, including its legal 

framework (Arestis and Demetriades, 1997). For e.g. Claessens and Leaven (2003) point out that 

improved asset allocation due to better property rights has an effect on growth in sectoral value 

added equal to improved access to financing arising from greater financial development. 

Demetriades and Andrianova(2005) argue that the strength of institutions, such as financial 

regulation and the rule of law, may determine the success or failure of financial reforms. Chinn and 

Ito (2006) find that financial systems with a higher degree of legal/institutional development on 

average benefit more from financial liberalization than those with a lower one. Ang (2009) finds 

that financial liberalization can impact ideas production. In this paper, our main focus is on the role 

of institutions in R&D intensity. But since many evidences from previous studies show that financial 

development somewhat affects institution quality and development positively at the same time, it’s 

also in our interests to check whether or not financial development can enhance the effect of 
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institutions on R&D intensity. We proceed to this step by splitting our sample into two parts: the 

first one, we call it “financially more developed” has a domestic credit to GDP ratio (C/Y) that is 

greater than the median value of 0.28 from the overall sample, the second one, called “financially 

less developed” has a C/Y ratio that is less than 0.28. The results are presented in Table 6 with the 

first two columns indicating results from the financially more developed sample and the next two 

columns indicating results from less financially developed economies. 

By closely comparing results from Table 6, it is evident that financial development does enhance 

the role of institutions on R&D intensity. In financially more developed countries, 1 point increase 

in institution quality is associated with a 0.032 increase in R&D intensity. In financially less 

developed countries, the figure for R&D improvement is only 0.012. With better financial 

development, a country’s influence of institutions on R&D intensity is almost three times bigger!  

This result confirms the idea that financial development has a positive direct impact on both 

institution quality and development. In a thriving financial environment, a country tends to form 

better institutions, and shape stronger incentives to do R&D due to the ease to obtain credits, this 

gives the country a better ability to improve growth through its institution and R&D efforts, 

whereas a problematic financial system could offset the effect of institutions on R&D by shaping 

negative incentives to do R&D in that country.  

        5.2 Human capital and the effect of institutions 

The role of human capital in the process of development is underlined mainly in the unified growth 

theories of Galor and Weil (2000), Galor and Moav(2002, 2006), Galor and Mountford (2003). These 

theories establish that the rise in the technologically driven demand for human capital in the 

second phase of industrialization and its effect on human capital formation and on the onset of the 

demographic transitions have been the prime forces in the transition from stagnation to growth 

and thus in the emergence of the associated phenomena of the great divergence.  

On the other hand, a series of studies stress the role of institutions in the efficiency of the 

educational system. Several authors highlight the idea that less centralized governments tend to 

provide better education (Engerman et al. 1997, Lindert, 1999 and 2003) Efficiency and political 

economy arguments show that decentralized administration and, in some cases financing of 

schooling produces a quantity and quality of education closer to the social optimum (See Oates, 

1972, Inman and Rubinfeld, 1997). The evidence on the relationship between resources and 
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educational quality tends to be weak (e.g. Hanushek and Kimko, 2000). These discussions suggest 

that democratization should be more able to increase the resources used in education and expand 

the quantity of education, de-centralization of local power and of the management of schools 

should be more related to the quantity of education.  

Since economies endowed with higher human capitals are often a result of better institution 

qualities, it is therefore plausible that human capital can enhance the effect of institutions on R&D 

intensity, because better institutions result in directly not only better R&D efforts, but also higher 

human capital, as a type of positive externality, higher human capital would improve R&D intensity 

further so to make the effect of institutions on R&D seemingly greater as well. If the above 

rationale is correct, we should see a higher effect of institutions on R&D in economies endowed 

with higher human capitals.  

Based on this thought, the sample is split into two parts: the first one contains economies with a 

human capital endowment that is greater than the median value of 4.66 in the overall sample. The 

second one contains those that are endowed with below median level of human capitals. The result 

in table 6 shows that the effect of institutions on R&D is enhanced by higher human capital 

endowment by up to 47%. The coefficients on institutions in the fifth and sixth column of Table 6, 

which shows the high human capital result to be 0.030. In the lower human capital sample, which is 

presented by the seventh and eighth column of Table 6, this effect is reduced to a 0.017 increase in 

R&D intensity for every point increase in institutions quality. 

        5.3 Trade openness and the effect of institutions 

Trade openness is another long argued income determinants since at the start of the endogenous 

growth theory proposed by Romer (1990), Grossman and Helpman (1991), Aghion and Howitt 

(1992). In all these theories, innovations derived from research and development programs sustain 

a long run economic growth rate. Since then, the technological parameter is an endogenous 

variable which results from a monopolistic production model in which some countries are leading in 

the discoveries while some others have the opportunity to catch up technology by imitating the 

innovated products through international trade. Romer (1990), Barro and Sala-i-Martin (1995) 

presented two types of countries model, the leading countries and the followers, and they assume 

the imitation costs are lower than innovation but the latter costs are supposed to decrease 

regularly. Even though, the technology diffusion model emphasized the importance of trade, 



30 

 

controversies still hold. Baghwati (1991), Rodrik and Rodriguez (1999), Rodrik, Subramanian and 

Trebbi (2004) all found contradictory empirical evidence that when institutions as a growth 

determinant is controlled, natural trade openness almost has no effect on growth. They do found 

however, strong relationship between institutions and natural trade openness. These results have a 

profound meaning. If trade openness is influenced by institutions but has no effect on R&D and 

growth, it means natural trade openness is irrelevant in the relationship between institutions and 

R&D intensity. Unlike the Human capital case, natural trade openness can be influenced by 

institutions but can have no further impact on R&D and growth. Therefore there should be no 

externality on R&D development from institutions’ effect on trade openness. Hence, natural trade 

openness cannot enhance or undermine the effect of institutions on R&D effort. 

To test this idea, we split the sample again according to difference in natural openness. The 

naturally more open countries are defined with a trade openness value greater than the sample 

median, 51.90 and it means total two-way trade in a country represent 51.90% of its GDP. Those 

with trade openness value less than 51.90 are defined as naturally less open. 

The last four columns in table 6 present results from naturally more open and less open countries. 

Unsurprisingly, we see that there’re no major differences between more open and less open 

economies in terms of the effect of institutions on R&D intensity. In more open economies, 1 point 

increase in institutions quality is associated with a 0.023 increase in R&D intensity, the figure is 

0.020 in less open economies. The effects are largely the same across these two types of economies. 

This confirms the view that openness is influenced by institutions but has no effect on growth as 

maintained by Rodrik et al. (2004). 

6 Conclusions 

In sum, this paper is motivated by theoretical arguments that assert a positive impact of R&D on 

institutions and aims to provide some empirical analysis on the relationship of these two variables.  

By performing OLS and IV regressions this paper has found evidences that support the following:  

First, Institutions have a direct effect on R&D, this relationship is robust after we control for the 

effects of religion, legal origin, geography, human capital, openness to trade and financial 

development on R&D. Various types of institutions as measured by the ICRG, WGI, Polity and IPR 

index all showed strong influence on both R&D expenditure and personnel. The subcomponents of 
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WGI which comprises six indicators of political institution quality all reflect roughly the same degree 

of influence on R&D, which suggests that political institutions, regardless functions, seem to have a 

universal impact on R&D development. The significance of IPR protection affecting institutions 

provides us additional insight into how economic institutions could affect R&D as well. By finding 

this robust relationship between institutions and R&D, we have also collaterally supported the link 

between institutions and growth as R&D effort is believed to be the fundamental engine for growth 

as asserted by endogenous growth theories. (see, e.g.  Romer (1990)) 

Second, by using crops and geographic variables as instruments for institutions we have indirectly 

confirmed a few hypotheses on institutions, such as the “crops hypothesis” which says that 

institution enhancing crops such as wheat and maize are conducive to the formation of more 

democratic institutions, and the “tropics hypothesis” that says geographic locations are important 

in the formation of different institutions. 

Finally, the effect of institutions on R&D intensity varies in different economies such as those with 

different financial development and human capital endowment, but stays the same across 

countries with different natural trade openness. These results acknowledge financial development 

as an important factor to affect growth and institutions as reported by Claessens and Leaven (2003), 

Demetriades and Andrianova(2004) , and Ang(2009), as well as the positive effect of institutions 

human capital as postulated by Inman and Rubinfeld, (1997) and Hanushek and Kimko (2000). We 

also confirm the view that openness is influenced by institutions but has no effect on growth as  



32 

 

Table 6: R&D and Institutions in Different Economies: 

Note: The regressions are estimated using OLS, with heteroskedasticity consistent standard errors in parentheses, 

and 49 observations for financially more developed sample, 49 observations for financially less developed sample, 

49 for high human capital sample, 49 for low human capital sample, 49 for more open economy sample and 49 

for less open economy sample. The constant is not reported. R&D Intensity (average of 1996–2009) is measured 

by the fraction of scientists and engineers engaged in R&D activity in a country. The aggregated WGI institutions 

quality score (average of 1996 -2009) is used as a measure of institutions. Latitude equals the physical latitude of 

each country’s capital city. French Legal Origin is a dummy variable that equals one if the country’s legal system 

has any heritage of is based on the French system and zero otherwise. Catholic and Muslim indicate the fraction 

of population (in percentage) in a country that believe in these two religions. Landlocked equals one if the country 

does not have access to the sea, and zero otherwise Ethnolig or ethnolinguistic diversity measures the 

probability that two random people in a country are from different ethnolinguistic (ethnic and linguistic) 

groups. An economy is financially more developed if its domestic private credit to GDP ratio (C/Y) is greater than 

the sample median 0.31 and vice versa. An economy is considered to have high human capital if its average 

educational attainment is greater than the sample median: 4.82 and vice versa. An economy is considered more 

open if its real trade openness measured by total two-way trade values divided by real GDP, is  greater than the 

sample median: 51.90. Significance at the 1%, 5% and 10% levels are denoted respectively by ***, ** and *.

Dependent Variable: R&D Intensity (N/L) 
 Financially 

more 
developed 
(C/Y>0.31) 

Financially 
Less 
Developed 
(C/Y<0.31) 

High Human 
Capital 
(H>4.82) 

Low Human 
Capital 
(H<4.82) 

More Open 
Economy 
(T/Y>51.90) 

Less Open 
Economy 
(T/Y<51.90) 

Panel A: Second Stage Regressions 
 (2) (4) (6) (8) (10) (12) 

WGI 0.032*** 
(6.25) 

0.012*** 
(3.41) 

0.030*** 
(6.42) 

0.016*** 
(3.04) 

0.023*** 
(6.32) 

0.019*** 
(8.66) 

Landlocked -0.041 
(-0.19) 

-0.044 
(-0.92) 

0.034 
(0.19) 

-0.115 
(-1.37) 

0.018 
(0.12) 

0.054 
(0.46) 

French Legal 
Origin 

0.013 
(0.09) 

-0.025 
(-0.53) 

-0.035 
(-0.26) 

0.013 
(0.19) 

0.230 
(1.47) 

-0.235*** 
(-3.06) 

Catholic and 
Muslim 

-0.001 
(-0.72) 

0.0002 
(0.45) 

-0.001 
(-0.98) 

0.0005 
(0.65) 

-0.001 
(-1.16) 

0.002 
(1.60) 

Observations 49 49 49 49 49 49 

   0.40 0.23 0.53 0.29 0.42 0.74 

Panel B: First Stage Information 

Instruments       

Test of Over-
identification  

0.119 
0.123 

0.305 
0.331 

0.845 
0.855 

0.746 
0.762 

0.622 
0.644 

0.699 
0.717 

 -statistics 
(P-values) 

17.04 
(0.000) 

4.00 
(0.025) 

15.35 
(0.000) 

3.17 
(0.053) 

14.83 
(0.000) 

19.38 
(0.000) 

   0.52 0.17 0.49 0.14 0.53 0.57 
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asserted by Rodrik et al. (2004). 

The above results suggest that countries with better institutions tend to have more intense 

research and development, which is essential for higher growth. This implies that policy and law 

makers may have to look into the improvement of the structure and quality of their own 

institutions for development to occur, and perhaps, the change is more likely to happen in 

countries which are already equipped with better financial conditions and higher human capital 

accumulation. The natural limitation of this paper is that it only looks at cross country differences in 

institution quality and ignores the potential albeit low variation in time series, more work can 

certainly be done in this area.  

Data Appendix: 

C/Y= Average values of ratios of domestic private credit to GDP (i.e. financial development) in real 
terms from 1996 to 2009. The source is World Bank’s Database on Financial Development and 
Structure. 
(http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTRESEARCH/0,,contentMDK:20696167~
pagePK:64214825~piPK:64214943~theSitePK:469382,00.html).  

Catholic and Muslim=Fraction of people that are Catholic and Muslim in a country. The data are 
taken from La Porta et al. (1998)  

Corruption= Average percentile rank scores of the “Control of Corruption” indicator from the 
Worldwide Governance indicators from 1996 to 2009. Data source is the same as WGI. 

Crops=A simple average between the averages of dummies that record whether or not a country in 
a particular year produced either maize or wheat from 1996 to 2009. Data source is Food and 
Agriculture Organization (FAO) at the UN. (http://faostat.fao.org/site/567/default.aspx#ancor).  

Engfrac=Fraction of population that speak English in a country. The data are from Hall and Jones 
(1999). 

Ethnolig=Ethnolinguistic Diversity. The data are from La Porta et al. (1998) 

French=Dummy values that take the value 1 if the country has a French civil law tradition and zero 
otherwise. The data are taken from La Porta et al. (1998)  

Gov Eff= Average percentile rank scores of the “Government Effectiveness” indicator from the 
Worldwide Governance Indicators from 1996 to 2009. Data Source is the same as WGI. 

H=Average values of Education attainment for population aged 25 and over (i.e. human capital) 
from 1996 to 2009. Data source is Barro and Lee’s schooling dataset (2010) at World Bank. 
Accessed at (http://www.barrolee.com/data/full1.htm).  

ICRG=Average scores of Overall measure of institutions quality within a country from the 
International Country Risk Guide from 1996 to 2009. Average scores from 1996 to 2009 for all 

http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTRESEARCH/0,,contentMDK:20696167~pagePK:64214825~piPK:64214943~theSitePK:469382,00.html
http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTRESEARCH/0,,contentMDK:20696167~pagePK:64214825~piPK:64214943~theSitePK:469382,00.html
http://faostat.fao.org/site/567/default.aspx#ancor
http://www.barrolee.com/data/full1.htm
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twelve sub-indicators ((1) Government Stability, (2) Socioeconomic Conditions, (3) Investment 
Profile, (4) Internal Conflict, (5) External Conflict, (6) Corruption, (7) Military in Politics, (8) Religion 
in Politics, (9) Law and Order, (10) Ethnic Tensions, (11) Democratic Accountability and (12) 
Bureaucracy Quality) are taken, and the overall scores are the sum of scores from these 12 sub-
indicators. The data are constructed by Stephen Kanck and the IRIS center, University of Maryland, 
provided by the PRS Group. 

IPR=Average scores of the “Index of patent rights 1960-2005” from 1995 to 2005 as constructed by 
Walter G. Park. The data source is Park (2008).  

Landlocked=Dummy value that takes the value 0 if the country has coastal territory on the world’s 
oceans, and 1 otherwise.  

Latitude= The absolute value of latitude of the country. Data are from La Porta et al. (1998) 

Mortality=Natural logarithm of annualized deaths per thousand European soldiers (with each death 
replaced with a new soldier) during the early 19th century, for 72 former colonies. The data are 
taken from Acemouglu et al. (2001) 

N/L= The ratio of number of scientists and engineers engaged in R&D activities to total labor in a 
country. The R&D Labor (N)data are taken from United Nations Education, Scientific and Cultural 
Organization (UNESCO) ‘s institute for statistics. 
(http://stats.uis.unesco.org/unesco/TableViewer/document.aspx?ReportId=136&IF_Language=eng
&BR_Topic=0). Total Labor data (L) are taken from World Bank’s World Development Indicators 
(WDI) database. (http://data.worldbank.org/data-catalog/world-development-indicators). Both N 
and L are average figures from 1996 to 2009.  

Openness=Average values of natural trade openness in a country from 1996 to 2009. Natural trade 
openness is defined as the ratio of total two-way trade values to GDP. The data are taken from 
Penn World Table 7.0 (PWT 7.0) at University of Pennsylvania. 
(http://pwt.econ.upenn.edu/php_site/pwt70/pwt70_form.php).  

Polity=Average scores of the Overall measure of institutions quality within a country from the Polity 
IV project. Data are constructed by Monty G. Marshall and Keith Jaggers at the Societal-Systems 
Research Inc at the Colorado State Uniersity and Ted Robert Gurr at the University of Maryland. 
Data source is the Polity IV project website: (http://www.systemicpeace.org/polity/polity4.htm).  

R/Y=The ratio of R&D expenditure to GDP in real terms. R&D expenditure data (R) are taken from 
United Nations Education, Scientific and Cultural Organization (UNESCO) ‘s institute for statistics. 
(http://stats.uis.unesco.org/unesco/TableViewer/document.aspx?ReportId=136&IF_Language=eng
&BR_Topic=0), GDP data are taken from World Bank’s World Development Indicators (WDI) 
database. (http://data.worldbank.org/data-catalog/world-development-indicators.), both R and Y 
are average figures from 1996 to 2009.  

Reg Qual= Average percentile rank scores of the “Regulatory Quality” indicator from the Worldwide 
Governance Indicators from 1996 to 2009. Data Source is the same as WGI. 

Rule= Average percentile rank scores of the “Rule of Law” indicator from the Worldwide 
Governance indicators from 1996 to 2009. Data source is the same as WGI. 

http://stats.uis.unesco.org/unesco/TableViewer/document.aspx?ReportId=136&IF_Language=eng&BR_Topic=0
http://stats.uis.unesco.org/unesco/TableViewer/document.aspx?ReportId=136&IF_Language=eng&BR_Topic=0
http://data.worldbank.org/data-catalog/world-development-indicators
http://pwt.econ.upenn.edu/php_site/pwt70/pwt70_form.php
http://www.systemicpeace.org/polity/polity4.htm
http://stats.uis.unesco.org/unesco/TableViewer/document.aspx?ReportId=136&IF_Language=eng&BR_Topic=0
http://stats.uis.unesco.org/unesco/TableViewer/document.aspx?ReportId=136&IF_Language=eng&BR_Topic=0
http://data.worldbank.org/data-catalog/world-development-indicators


35 

 

Stability= Average percentile rank scores of the “Political Stability and Absence of Violence” 
indicator from the Worldwide Governance Indicators from 1996 to 2009. Data Source is the same 
as WGI. 

Voice= Average percentile rank scores of the “Voice and Accountability” indicator from the 
Worldwide Governance Indicators from 1996 to 2009. Data Source is the same as WGI. 

WGI=Average percentile rank scores of the Overall measure of institutions quality within a country 
from the Worldwide Governance Indicators from 1996 to 2009. The data are from the World Bank, 
(http://data.worldbank.org/data-catalog/worldwide-governance-indicators) 
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