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Abstract 

 

This paper revisits the recent debate on the determinants of long-run economic growth with 

the simple idea that different factors matter at different country groups classified by income 

levels.  This paper improves the methodology in that it conducts not only cross-section 

estimations but also fixed-panel and system-GMM estimations. The results suggest that new 

policy variables such as technology and tertiary education, as well as institutions, matter as 

determinants of long-run economic growth. In addition, this paper finds that while secondary 

education and political institution turn out to be important for lower income countries, an 

emphasis on technology and higher education appears to be effective in generating growth for the 

upper middle and high income countries but not for the lower middle and low income countries. 
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1. Introduction. 

While many appreciated the rapid economic growth achieved by the newly industrialized 

economies (NIEs) (Amsden 1989; Chang 1994; World Bank 1993), a more recent concern has 

been why such a catch-up is not happening in other parts of the world (Rodrik 2003, 1999; World 

Bank 2005). Despite the huge amount of development aid and policy reforms in line with the 

Washington Consensus (Williamson 1994), poverty and the gap between the rich and poor 

countries still prevail, and many middle income countries are not living up to expectations 

(Easterly 2001; Loayza et al. 2005).  The argument has been made that even good policy 

prescriptions fail because of poor institutional conditions, such as insecure property rights and 

rule of law (Knack and Keefer 1995), and difficulties in reforming toward this direction (Fanelli 

and McMahon 2005; Rodrik 1996). Thus, recent literature in economic development has debated 

on the relative importance of institutions, policies, and geography as competing determinants of 

economic growth or factors responsible for the reversal of fortune between former colonies and 

others. While more research has appeared in favor of the first factor, institutions (Acemoglu, 

Johnson, and Robinson 2001; 2002; Rodrik et al. 2004), there are also criticisms against its 

relevance, which proposes human capital as a more robust determinant (Glaeser et al. 2004). 

There is no doubt that the institutions of a given society affect the path of its economic 

development by structuring political, economic, and social interactions among its members (Greif 

1994; North 1990; Williamson 1985). As such, institutions can either promote economic 

development or retard it. As noted by North (1998), societies that are stuck in an “institutional 

matrix” that does not evolve into an impersonal exchange will fail to achieve economic growth as 

they are unable to capture productivity gains coming from the specialization and division of labor. 

Thus, one of the critical things that the developing countries must undertake to bring about 

economic development is to introduce “correct” institutions in the following three areas: market 

regulation, market stabilization, and market legitimization (Rodrik et al. 2004).  

Glaeser et al. (2004) took the example of South and North Korea to argue that it is not 

institution that causes growth; instead, it is economic growth that brings in institutions or 

democracy to formerly authoritarian states like South Korea. While the case of the two Koreas 

can be an example to criticize the institution primacy view of economic growth, it can also serve 

as a powerful case to argue for the importance of economic policies. The two Koreas have 

obviously pursued quite different growth strategies. However, if we are confined to the 
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comparison of two Koreas, it is not easy to disentangle the impact of policies from that of 

institutions because institutions, such as the protection of private property rights, also differ 

markedly between the two Koreas. The importance of policies is more visible if we look at the 

case of China (Qian 2003). It is obvious that China’s miraculous growth can be attributed to 

sudden changes in its economic policies toward an open and market-oriented economy, given the 

basically same non-economic institutions as before. Post-1990 India is another case where the 

major changes in policy lines are responsible for the economic take-off (Tendulkar and Bhavani 

2005). 

While the institution supremacy view tends to discard policies in favor of institutions, this 

paper takes the view that both factors matter, ‘but differently at different stages’ of economic 

development. Furthermore, this paper emphasizes new policy variables which do not turn 

insignificant even when added together with institution variables. It is our view that several new 

policy variables such as an emphasis on tertiary education and research and development (R&D) 

expenditure can explain the recent “reversal of fortune” between East Asian economies and Latin 

American countries over the last four decades.  In sum, this paper intends to contribute to the 

exciting debate on long-run economic growth in terms of the points that follow.  

First, we posit that the main engine of growth should be different for countries at different 

stages of economic development, namely, between higher income and lower income countries.  

The debate between institutions versus policies is misplaced to the extent that it does not pay 

attention to the possibility of different policies being effective at different stages of economic 

development.  In other words, the same policy, which turns out to be insignificant for a certain 

group of countries, can turn out to be important for a different group of countries.1 The basic 

position of this paper is that it is not only institutions but also policies that matter for growth and 

that different policies matter at different stages of economic growth. In this regard, we 

hypothesize that while primary and/or secondary education and institution matter more for lower 

income countries, tertiary education and technology policies (higher R&D/GDP ratio) matter 

more for higher income countries or those in the transition from upper middle to high income 

countries. 

                                                 
1 This issue was raised by, for example, Acemoglu, Aghion, and Zilibotti (2004), pointing out that countries far 

away from the technology frontier might pursue growth through imitation while countries at the technology frontier 

countries have to growth through innovation.   
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Second, this paper introduces new variables into the debate on the determinants of long-

run growth. We note that what is missing in the debate on the determinants of economic 

development is the role of technology. Technological innovation is now increasingly recognized 

as one of the most serious bottlenecks or binding constraints in many countries, especially among 

middle income countries in Latin America. The difference between more successful Asian 

economies and less successful Latin American economies, or the reversal of fortune between 

these two groups of countries, can be explained in terms of the priority given to policies aimed at 

enhancing long-term growth potentials, technology in particular.  

Third, this paper also accomplishes some improvements in terms of empirical 

methodology because we support these new findings not only by simple or instrumented cross-

section regressions but also by fixed-panel and system-GMM estimations, which take better care 

of a small sample, omitted variables, and endogeneity problems. Acemoglu et al. (2001; 2002) 

Rodrik et al. (2004), and Glaeser et al. (2004) all used cross-sectional estimation. However, 

problems associated with cross-section estimations are often serious and many of the results are 

fragile. The country-specific aspect of economic growth that is ignored in a single cross-section 

regression may be correlated with independent variables, thereby causing an omitted variable bias. 

In addition, although one can use an instrumental variable approach to mitigate the potentially 

endogenous explanatory variable, it is often difficult to find reliable instruments. Hence, we 

provide a fixed-effect panel estimation (Islam 1995) which reduces omitted variable bias and 

time-invariant heterogeneity. However, because time-varying country effects and endogeneity are 

not controlled in this method, we further estimate growth equations using a system-GMM method, 

which was developed by Arellano and Bover (1995) and Blundell and Bond (1998), and applied 

by Bond et al. (2001) to the growth equation. This method is known to reduce a small sample 

bias that characterizes the first-differenced GMM used by Caselli et al. (1996) (Blundell and 

Bond 1998; Bond et al. 2001). 

We find first that both institution and several policies matter for economic growth while 

controlling for the initial income levels, population, and geography. In particular, new policy 

variables like R&D intensity are found to be significant in the growth equation. We also find that 

education affects growth positively, but more interestingly, the effect of secondary education on 

growth is more pronounced for lower middle and low income countries. In contrast, 

technological development proxied by the number of patents per population registered in the 
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United States is significantly associated with growth in upper middle and high income countries, 

but such an association is weak in lower income countries. In a similar way, tertiary education 

increases income per capita among higher income countries while its role is not significant for 

low income countries.  

This paper is organized as follows. Section 2 provides a more detailed discussion of the 

three points stated above and the related empirical hypotheses verified by regression analyses. 

Section 3 discusses methodologies for empirical analysis and data. Section 4 presents the results 

of the empirical analysis. Finally, Section 5 concludes the paper with a summary and some 

remarks. 

 

2. Revisiting the Debate and Dividing the Countries by Income Levels 

The two pioneering papers by Acemoglu et al. (2001; 2002) focused on institutions and its 

role in the “reversal of the fortune” of different countries over the last several centuries. The 

papers also emphasized the positive role of institutions brought about by Western colonizers. 

However, there were also more recent reversals in the 20th century, which, since the 1960s, have 

been spearheaded by the experiences of Korea, Taiwan, and other Asian countries. 

Table 1 compares the per capita GDP of Korea and Taiwan with other countries in the early 

1960s. In 1960, the per capita income of both Korea and Taiwan were around 150 current US 

dollars, lower than most of comparable countries like the Philippines (257$), Malaysia (300$), 

Chile (554$), Brazil (208$), and South Africa (422$), but closer to the level of Nigeria (103$). 

However, by the early 1980s, Korea and Taiwan had reached the level of middle income 

countries like Chile or Argentina, reduced the gap with Brazil substantially, and even surpassed 

some previously richer countries like the Philippines. The stories are basically the same 

regardless of the per capita GDP measured in current or constant dollars. 

 

           [Tables 1A, 1B, 1C; 1D, 1E ] 

 

In the next two decades and by the 2000s, a real reversal happened as Korea and Taiwan 

reached the level of high income countries with per capita GDPs higher than 10,000 US dollars. 

In 2000, the per capita income of comparable countries like Brazil, Argentina, Malaysia, and 

South Africa, were then only one-third or one-fourth of Korea or Taiwan. 
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How can we explain these more recent reversals of fortunes? Our starting point in 

answering this question is to divide the economic growth into two different stages, one from low 

to middle income countries and the other from middle to high income countries. Then, our 

hypothesis is that a different engine of economic growth has been working in the two different 

economic transitions. One could hypothesize that during the first transition from low to middle, 

more basic factors like institution or primary/secondary education were working, whereas in the 

upgrade to high income groups, more advanced factors like tertiary education and technological 

innovation were effective. 

While Glaeser et al. (2004) suggested that what Western colonizers had brought into 

colonies might not be institutions but human capital, this paper notes that the stock of human 

capital since the independence should have been affected and changed greatly by specific and 

divergent education policies in different countries. Thus, this paper takes human capital not as a 

given initial condition but as an important policy variable. For example, if we look at Table 1C, 

we can see that despite their lower income levels, the initial levels of educational commitment 

were higher in Taiwan and Korea in the mid-1960s than those in comparable countries. The 

secondary school enrollment rate of Korea (17.5%) was much higher than many comparable 

countries in 1965, namely, Brazil (8.8%) and Argentina (13%), although it was lower than Chile 

(22%) or South Africa (26%). This can be taken as favorable initial conditions for East Asian 

economies. However, that is not the end of the story because such enrollment ratios had increased 

tremendously, more than quadrupled even, since then, to 78% by 1980, thus achieving the highest 

level among the group in the table. During this period, a country that belonged to the group of 

highest enrolment ratios like South Africa just maintained the old level with little increase, or the 

enrolment ratio in another country like Chile only doubled to 52%. . 

Regarding institutions, one might reason that as income per capita reaches more than 

10,000 US dollars, there will be less differences in the level of institutional development, 

regardless of whether economic growth caused institutional development or institutional 

conditions facilitated economic growth. According to Table 1B, the levels of institutional 

development measured by the constraint on executives are all the same, either 6 or 7, among the 

East Asian and Latin American countries. One can then hypothesize that the impact of institutions 

measured by constraints on the executive should be greater for lower or middle income countries.  

Our focus is on the upgrading transition from middle to higher income countries. This 
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upgrading transition seems to be quite difficult and exceptional as only a few countries were able 

to make the transition and most developing countries are now stuck at the old low or middle 

income levels.  According to Table 1A, between 1980 and 2000, most Latin American middle 

income countries increased their per capita GDP, but they achieved these only in nominal terms. 

If one looks at the numbers in constant dollars (either PPP or ordinary constant dollars), one can 

see that their income levels had made no progress at all, except for Chile.  For instance, per 

capita GDP in 2000 dollars of Brazil was 3255$ in 1980 and 3538$ in 2000. How can we explain 

the difficulties faced by the middle income countries and what would be the possible 

breakthrough in this dismal situation? Our hypothesis is that the answers lie in higher (tertiary) 

education and technological development. 

Regarding the impact of schooling on growth, it is observed that it is not only years of 

schooling but also the quality of school education (or quality of labor force) that is important for 

economic growth (Hanushek and Kimko 2000), which suggests the importance of higher 

education. While often missed as a determinant of economic development, technological 

innovation is recognized as one of the most serious bottlenecks in many countries, especially 

among middle income countries in Latin America. A recent World Bank assessment of the reform 

decade of the 1990s admits that growth entails more than an efficient use of resources and that 

growth-oriented actions, for example, technological catch-up or encouragement of risk-taking for 

faster accumulation, may be needed (World Bank 2005, p. 11). Furthermore, recent studies on 

reforms in Latin America by the ECLAC find that growth is more closely tied to the dynamics of 

production structure while a broader institutional context does not play a direct role in bringing 

about changes in the momentum of growth (Ocampo 2005). On this point, let us take a closer 

look at the experience of South Korea.  

Korea was the same as other developing countries in facing external imbalances with 

persistent trade deficits during the first two decades of industrialization in the 1960s and 1970s. 

However, ever since the mid-1970s, the government has kept an emphasis on technological 

development by conducting publicly funded and conducted R&D and giving the results to private 

firms in the 1970s, promoting private R&D by tax incentives, and even initiating public-private 

joint R&D for bigger and risky projects in the 1980s. As shown in Table 2, in the early 1980s, 

Korea experienced an R&D/GDP ratio that surpassed 1% and a higher private than public R&D 

share, finally reaching around 80% in the 1990s. Through government actions, the number of 
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college students suddenly doubled in the mid-1980s, with the enrollment ratio in tertiary 

education more than doubling within five years from 14.7% in 1980 to 34.1% in 1985, thus 

surpassing the average level of the developed countries (Table 3).  

 

[Table 2: R&D/GDP in Korea and China] 

[Table 3: Tertiary enrollment in selected countries] 

 

Such an intensification of R&D expenditure and higher education laid the basis for 

knowledge-driven growth, which can be confirmed by the rise in the US patents filed by Koreans. 

As shown in Table 1D, in the early 1980s, the numbers of US patent applications by Koreans 

were within the range of other developing countries (around 50 or so). Throughout the 1980s and 

1990s, the Korean applications had increased rapidly to more than 10 times larger than the 

average of the other middle income countries which remained flat during the same period. Finally, 

in 2000, Korea and Taiwan filed more than 5,000 US patent applications, while all other middle 

or lower income countries were filing less than 500 a year. This often unnoticed policy initiative 

finally succeeded in bringing in for the first time to modern Korean history trade surplus, briefly, 

during the late 1980s, and in a more stable manner since the mid-1990s. In this way, Korea was 

able to overcome the persistent trap of external imbalances or the stop-go cycle of imbalances 

and reforms (or devaluations) (Lee 2006). 

In contrast, most of the Latin American countries had not increased their R&D expenditure 

as much as Korea did and, even by 2000, none of them had passed the 1% mark in the R&D to 

GDP ratio (Table 1E). In fact, Korea’s R&D/GDP ratio even exceeded 2% in the early 1990s, 

with private R&D accounting for more than 80% of the total. Recently, the exact same thing is 

being replicated in another East Asian miracle country - China. As Table 2 shows, China is very 

closely following what has happened to its forerunners, Korea and Taiwan, at least in terms of 

export-orientation with certain protection for local producers, although there are some 

divergences in other respects.2  

                                                 
2 As noted by one referee, development in China in technology seems to be rather localized than 
universal, with a kind of scale/agglomeration effects in R&D in place, and therefore per capita 
base arguments may not provide a precise picture in comparing China with other smaller 
economies, like Korea or Taiwan. 
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China has been strongly pushing for more R&D expenditure and finally reached the 1% 

ratio in 2000, earlier than most of the Latin American middle-income countries. In terms of 

tertiary school enrollment ratio, China had a record of 3.4% even in 1990, a much lower level 

than that of the nine middle income countries’ average of 13.5% in 1980 (Table 3). However, 

China has been reaching the average of the nine middle income countries in the 2000s. This 

remarkable progress has to do with the higher education revolution in the late 1990s and the 

increase in the number of students entering college (20 % every year) since 1998 (Lee 2006).  

 
3. Estimation Methodology and Data 

3.1 Estimation methodology 

The estimation method most frequently used to analyze the determinants of economic 

growth is the cross-section one, applied originally by Mankiw et al. (1992) and more recently by 

Rodrik et al. (2004) and Glaeser et al. (2004). These studies first average time-varying variables 

across different years and apply simple OLS to a growth model in which growth in the whole 

period or the log of income per capita at the end of last year is used as a dependent variable. This 

method has an advantage that allows one to estimate coefficients on time-invariant variables like 

geography as a regressor. However, problems associated with cross-section estimations are often 

serious. The country-specific aspect of economic growth that is ignored in a single cross-section 

regression may be correlated with independent variables, causing an omitted variable bias. In 

addition, one condition that is needed to produce consistent estimates in a cross-section 

framework is that explanatory variables should be strictly exogenous. Yet many variables used in 

growth regressions are potentially endogenous to the dependent variable. Although one can use 

an instrumental variable approach to mitigate this problem, it is often difficult to find reliable 

instruments that are highly associated only with the explanatory variable and not with the error 

terms.       

Islam (1995) uses a panel approach to reduce omitted variable bias Time-invariant 

heterogeneity across members of a panel is eliminated when one employs a fixed-effect panel 

estimation. In spite of such an important advantage, there are still problems that remain in this 

approach. Time-varying country effects are not controlled and endogeneity may be present in this 

method. Taking these problems into account, Caselli et al. (1996) and Bond et al. (2001) applied a 

General Method of Moments (GMM) method that corrects for unobserved country heterogeneity, 
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omitted variable bias, measurement error, and potential endogeneity which are likely to affect the 

growth variable. In particular, a system-GMM, which was developed by Arellano and Bover 

(1995) and Blundell and Bond (1998) and applied by Bond et al. (2001) to the growth equation, 

is found to reduce a small sample bias that characterizes the first-differenced GMM used by 

Caselli et al. (1996).     

We use the fixed-effect panel and GMM models, as well as a cross-section equation, to 

estimate the determinants of growth. One reason for using the single cross-section equation is to 

compare our results with others, such as those from Rodrik et al. (2004) and Glaeser et al. (2004). 

Thus, we estimate the following equation: 

 

iiiiiiiit eyyy ++++++=− PGROWPOLINSTGEO 10111110 λθδγβα   (1) 

 

where  

yit is the log of GDP per capita in country i expressed in constant US dollars in year t,  

yi0 is the log of GDP per capita in country i expressed in constant US dollars in the initial  

year,  

GEOi is the variable relating to geography of country i,  

INSTi is the variable relating to institutions of country i,  

POLi is the variable that captures policies of country i, and   

PGROWi is the growth rate of population of country i. 

 

We consider the fact that the government might affect economic growth by its policy and 

focus on education and technology policies. For the variables relating to institutions and 

education, both the initial level and the time average are tried.  

Furthermore, we estimate the following equation in a panel context. First, we use a fixed-

effect model that estimates the following equation:  

 

ititititiit yy ρλδγβα +++++= PGROWPOLINST 222022     (2) 

 

where i indexes countries and t indexes time. The fixed effect model estimates the above equation 

by subtracting each observation from the mean of the unit, for example, iit yy − , for the dependent 
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variable. Thus, the initial level of GDP per capita, as well as the other fixed effects, is differenced 

out. Finally, the system-GMM is used to estimate the following equation:  

 

itiitititiit yy υμλδγβα ++++++= PGROWPOLINST 333033      (3) 

 

The error term in Equation (3) is made up of two components: iμ  and itυ , where iμ  

represents a country-specific effect (it can be viewed as the collection of factors that are specific 

to a country but are not included as regressors3) and itυ represents an idiosyncratic component. 

In order to correct for unobserved country heterogeneity, omitted variable bias, 

measurement error, and potential endogeneity, which is likely to affect the income and 

uncertainty variables, we estimate Equation (3) using a GMM-system estimator.4 This technique 

combines in a system the relevant regression expressed in first-differences and in levels. First-

differencing allows us to control for unobserved heterogeneity and the associated omitted 

variable bias, as well as for the time-invariant component of the measurement error. In this 

process, the second term on the right-hand side of the equation, namely, the initial level of 

income per capita, also disappears. To correct for the time-varying component of the same 

measurement error, we instrument all explanatory variables except the pre-determined ones. 

Provided that the measurement errors are serially uncorrelated, the values of the contemporary 

explanatory variables lagged at least twice and first-differences or values of the same variables 

lagged once can be used as instruments, respectively, in the equation in differences and the 

equation in levels. Instrumenting these variables as described above also allows us to correct for 

the endogeneity bias. Finally, estimating the two equations in a system reduces the potential bias 

and imprecision associated with a simple first-difference estimator (Arellano and Bover 1995; 

Blundell and Bond 1998).5  

                                                 
3 Failure to take these attributes into account is likely to cause an omitted variable bias in the estimation of Equation 

(3). It also includes the time-invariant component of the measurement error, which is likely to be associated with the 

regressors. 
4 See Arellano and Bond (1991) and Blundell and Bond (1998) on the application of the GMM approach to panel 

data. The program OxMetrics has been used in estimation. 
5 In particular, Blundell and Bond (1998) show that the first-differenced GMM estimator suffers from bias and 

imprecision when the instruments available for the first-differenced equations are weak (i.e., when the lagged levels 
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In order to evaluate whether our model is correctly specified, we use two criteria, namely, 

the overidentification test and the test for second order serial correlation of the residuals in the 

differenced equation (AR2). If the model is correctly specified, the variables in the instrument set 

should be uncorrelated with the error term in Equation (3). The overidentification test is the 

Sargan/Hansen test for over-identifying restrictions which, under the null of instrument validity, 

is asymptotically distributed as a Chi-square with degrees of freedom equal to the number of 

instruments less the number of parameters.6 The AR2 test is asymptotically distributed as a 

standard normal under the null of no second-order serial correlation of the differenced residuals, 

and provides a further check on the specification of the model and on the legitimacy of variables 

dated t-2 as instruments in the differenced equation.  

 

3.2. Data Sources and Usages 

This paper uses the usual sources for most of the data used in the regression analysis.  

Details on the data sources and explanations are provided in the Appendix. Most of the data for 

GDPs in current and constant terms, population, trade, capital formation, and so on are from the 

World Development Indicators (WDI) 2005 (CD-ROM), except for Taiwan for which we relied 

on the official statistics from the Taiwan government as well as from the Penn World Tables 

available at the Web site. Education variables, such as enrollment rates, are from Barro and Lee 

(1996, 2000) and the World Development Indicators 2005 of the World Bank. The numbers of 

foreign nationals who have obtained the PhD degrees in science and engineering from a 

university in the United States are obtained individually from the National Science Foundation 

and also from its publications available on its Web site.  

For institution variables, we rely on Jaggers and Marshall’s (2000) Polity IV Project as this 

provides the longest time series data. Of course, there are very high correlations among 

alternative indicators of institutional development, such as those from the International Country 

Risk Guide (ICRG) based on surveys and used in Acemoglu et al. (2001) and an aggregate 

                                                                                                                                                              
of the series are only weakly correlated with subsequent first-differences). They also show that this bias and 

imprecision can be dramatically reduced when the additional moment conditions relative to the equation in levels are 

considered. 
6 This test can also be used to assess whether or not the way in which we controlled for measurement errors is 

appropriate.  
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survey-based index of government effectiveness collected by Kaufmann et al. (2003). As 

discussed in Glaeser et al. (2004), the problem with these measures is that they measure 

outcomes, not some permanent characteristics of institutions that North (1990) refers to, and tend 

to rise with per capita income. In this light, the Policy IV data set can be considered better as it is 

not based on surveys but is supposed to represent political constraints rather than institutional 

development as outcomes of policy choices, for instance, by dictators (Glaeser et al. 2004). The 

variable of constraints on the executives refers to the extent of institutionalized (as shown in 

laws) constraints on the decision-making power of chief executives, whether individuals or 

collectives. Thus, this paper uses the variable of constraint on the executives, although this one is 

not perfect, to the extent that the rules on the books are different from what actually takes place. 

Using other variables, like democracy or autocracy, from the Polity IV Project does not change 

the results as the variable of executive constraints is derived from these two variables. Although 

we agree with the sharp criticism on the nature of these institution variables by Glaeser et al. 

(2004), we still use them in our regressions to make our results comparable to the existing works. 

One important set of variables in this study is technology variables. The most conventional 

representative of technology policy is R&D expenditure measured by its ratio to GDP. However, 

this data is very difficult to obtain for a long time series although it is available for specific years 

with irregular intervals. We gathered R&D data from the original sources of the UNESCO 

Yearbooks, on which all other database including the WDI relies on as the source. However, 

given the lack of consistent time series data for R&D/GDP ratio, the number of observations 

drops substantially. Thus, we also represent technology policy by the number of US patent 

applications from each country, which is available for every year from 1965 to 2003 for more 

than 100 countries. While one might say R&D is a technology-input variable and patents are 

output variables, the classical technology literature (Schmookler 1996; Griliches 1990) observes 

that patents are closer to innovation inputs.   

Geography is represented by the share of population living in temperate zones, which is 

also used in Glaeser et al. (2004) and is from a study by Koeppen and Geiger (see the Appendix). 

For other variables, like mortality rates, the Appendix provides explanations. Main descriptive 

statistics are provided in the Appendix Table. 

 

4. Estimation Results 
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4.1 Cross-section Results 

We first run single cross-section regressions that differ according to the choice of policy 

variables. In all specifications, the log of GDP per capita in the initial year and the growth of 

population from 1965 to 2002 are included as basic control variables. The results are presented in 

Table 4.  First, in Table 4A, controlling the above two variables but without instrumenting 

institutions and technology, the average of executive constraints have a correct sign. However, in 

all cases, the coefficient is insignificant at the 10% confidence level. Similar results are found 

with geography: the coefficient on the share of population living in temperate zones is never 

significant although the sign is correct. In contrast, several policy variables are clearly 

pronounced: the coefficients on average enrolment rate of tertiary education from 1965 to 2002 

or initial enrolment rate of tertiary education in 1965 are found to be significant. Moreover, we 

find significant coefficients on technology-related variables like the average number of patents 

per million residents and the average share of R&D spending as a proportion of GDP. However, 

trade and secondary education are not significantly associated with growth.  

 

 [Table 4A: Single cross-section]  

 [Table 4B: Instrument variable estimation] 

 

Next, we use an instrumental variable approach to deal with possible endogeneity 

problems in connection with institutions and technology. In columns 1 to 3 of Table 4B we 

present the result of the estimation that instruments institution using settler mortality rates in the 

16th century as in Acemoglu et al. (2001, 2002). In these equations, both institution and secondary 

education are shown to be significant, whereas trade to GDP ratios is not. However, due to data 

limitations, the number of observations, which are mostly of low income countries, is quite small 

-- only 39. In columns 4 to 7, our interests are on new variables, such as tertiary education and 

technology, measured by the number of patents per million population. The results are obtained 

after we instrument the average number of patents using the number of PhD holders in science 

and engineering from schools in the United States. The results show that technology and 

education variables are all significant in all the models from 4 to 7. 

In sum, cross-section results confirm some explanatory power of commonly identified 

determinants (institution and secondary education) of long-run growth as well as new 
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determinants (tertiary education and technology). Given the many limitations of cross-section 

estimation, we now turn to the estimation using the panel data.  

 

4.2. Panel Fixed-effect and System-GMM Estimations 

Panel fixed-effect estimations are used to control for omitted variables that differ between 

cases but are constant over time. A main technique is to convert the variables from a level to a 

deviation from the sample mean. In this process, time-invariant omitted variables are eliminated. 

Given a number of factors that potentially affect economic growth, one may argue that more 

reliable estimation results can be found with fixed-effect results rather than with single cross-

section ones. In order to convert the data to a panel format, we divided the growth period from 

1965-2002 into five-year spans except for the last sub-period 2000-2002.  

 

  [Table 5: Fixed-panel estimation]  

  [Table 6: System-GMM estimation] 

 

The results from panel fixed-effect regressions can be seen in Table 5. The table shows 

that all variables, including institution and policies, are significant when we add them one by one. 

In the last model of Table 5, we include all policy variables as regressors, except R&D 

expenditure that is highly correlated with patents, and find that all policy variables are still 

significant in such a general model. The results also show that executive constraints in the 

previous period are consistently significant across all specifications, implying that some of the 

cross-section regression results find no significance of the institution variable which might be 

affected by the smallness of sample size or the difficulty in identifying a time profile for the 

variable. 

Table 6 presents results from system-GMM estimations which deal with the problems of 

endogenous explanatory variables and time-varying omitted variables. Our focus variables of 

R&D/GDP ratio, patent per million, and tertiary education all turn out to be significant. These 

results reinforce our findings from Table 5 that institution as well as education and technology 

policies play important roles for promoting the growth of a country. In addition, the coefficient 

on executive constraints, as a proxy for institutions, is significant in most specifications. The only 

difference between results reported in Table 5 and those in Table 6 is that trade is not significant 
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any more in a system-GMM estimation. Given that the system-GMM is supposed to handle an 

endogeneity problem that was not treated well in the fixed-panel, this could imply that one should 

take account of endogeneity of trade in order to understand the extent to which trade causes 

growth. In none of the regressions do the overidentification and AR2 statistics show any evidence 

of poor instrument choice or bad specification of the model at the 95% confidence level.7 In 

Model 7 of Table 6, that is, when we add all variables together, tertiary education loses its 

significance, thereby suggesting its possible collinearity with patent variables. 

We also investigate causality between institutions and economic growth in the GMM 

context. In the first row of Appendix Table 2, lagged institutions are used as an explanatory 

variable. We use the second lag of institutions to take account of longer-run impact of institutions 

on growth together with the first lag, and estimate the equation for economic growth. After the 

estimation, we test whether these two lags are jointly significant in determining economic growth. 

In a similar way, the equation for institutions is estimated with the first and second lag of 

economic growth, and we test whether these two lags enter the equation for institutions 

significantly. The result is shown in the second row of Appendix Table 2. According to this table, 

we find that causation is bi-directional in that institutions are found to cause growth but growth 

also causes improvement in institutions. 

In sum, the results so far indicate a compromising view that both institution and policies 

(except trade openness) matter for economic growth when we take into account small samples, 

possible omitted variables, and endogeneity problems using panel estimations. Furthermore, in 

addition to secondary education, we find new and relevant policy variables, such as R&D 

expenditure, patent representing technology polices, and higher education. 

 

4.3. Results by Income Levels 

To test whether different factors affect growth differently according to the income level of 

countries, we divide the sample countries into two groups: upper middle and high income 

countries (“higher” income countries) and lower middle and low income countries (“lower” 

income countries). Following the World Bank criterion for upper middle income, we classify 

                                                 
7 For example, population growth is instrumented using the level lagged at least twice and changes at least once. If 

instruments can satisfy theorthogonality conditions, such instruments are valid and thus instruments can be viewed as 

being exogenous. 
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those countries whose GDP per capita in 2000 exceeds 3,000 US dollars as “higher” income 

countries. Countries that are not included in this category are classified as lower income countries. 

In this way, samples belonging either to higher or lower income countries are fixed during the 

estimation period.8  

We have conducted all the three estimations, namely, cross-section, fixed-panel, and 

system-GMM, in order to check the robustness of estimation results, shown in Table 7.  The 

overidentification and AR2 tests in estimations using system-GMM do not indicate problems with 

the instrument selection or the general specification of the model at the 5% significance level. 

[Table 7: By income groups] 

 

The results suggest the following. First, one of the most consistent and robust findings 

across the three estimation methods is that technology measured by the number of patents (or 

R&D/GDP ratio) is positively associated with growth only for higher income countries but not 

for lower income countries.9 This is consistent with the observation that innovation capability is 

the real bottleneck in the transition to high income levels among most Latin American upper-

middle income countries (Ferranti et al. 2003; Ocampo 2005). Another constraining factor for 

high-income growth is tertiary education, as this variable turns out to be positive and significant 

only for higher income countries but not significant for lower income countries in both panel 

fixed effects and GMM estimations. 

Second, secondary education appears to be more important for lower income countries 

than for higher income countries. As the results from cross-section estimations show, the 

coefficient on the enrollment rate of secondary education is significant only for lower income 

countries. Fixed-effects and GMM estimations suggest that the coefficient on secondary 

education is positively correlated with income per capita not only for lower income countries but 

also for higher income countries. However, the impact of secondary education on income is 

larger in the group of lower income countries than in the other group as the magnitude of the 

                                                 
8 We also estimated using samples whose income category may vary during the sample period, with countries 

classified according to their income levels at specific period of time. However, there are no significant changes in 

estimation results. These results are available upon the request to the authors. 
9 This result holds for technology measured by R&D/GDP ratio although not reported in the table. 



 19

coefficients suggest.10 Such results are consistent with the findings from studies using other 

firm-level or time-series data. For instance, one study on developing economies such as 

Guatemala finds that secondary education, as compared to primary or tertiary education, is most 

important for growth (Loening 2005). These results are in sharp contrast to the findings from the 

advanced countries (for example, Denmark) that the proportion of workers with tertiary education 

is significantly and positively related to firm growth (Laursen et al. 1999).  

Third, there is some evidence that the impact of institution shows a pattern similar to that 

of secondary education. In other words, both fixed-panel and GMM results confirm in general the 

significant importance of institution measured by the degree of constraints on the executives for 

both higher and lower income countries. However, among several models in the table, especially 

when more variables were added to the equation, this variable is found to be positive but not 

significant for higher income countries. This makes sense and is actually what we have 

hypothesized in Section 2, that is, if an institution is going to have any impact on growth, it is 

more likely to appear in the sample of lower income countries.  

 

4.4. Different Institutions at Different Stage of Development? 

While the above results suggest the importance of institution for the lower income 

countries, we should note that these results are based on only one proxy for institution (namely, 

constraint on the executives), and thus they do not apply to institutions in general.11 Thus, we 

have tried with more proxies for institution, such as the rule of raw, democracy and autocracy. 

The results summarized in table 8 show that among the three new estimations using different 

proxies for institutions, institutions are significant in determining growth of higher income 

countries only in the case when rule of law is used while these are significant in all three cases for 

lower income countries. Furthermore, while rule of laws is precisely determined both for higher- 

and lower- income countries, the magnitude of the impact of the variable on growth is larger in 

lower income countries. But, even this does not entitle us to claim that institutions matter only for 

lower income countries. The results simply imply that basic political institutions, not others, are 

                                                 
10 The average enrollment rate of secondary education in the group of low income countries and that of middle and 

high income countries is 45% and 75%, respectively. Yet, the coefficient on secondary education in low income 

countries is at least 1.3 times larger than that in the middle and high income countries.    
11 We are thankful to a referee who has raised this issue. 
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particularly important at early stage of economic development.12  

One can think that some other institutions might matter only for higher income countries. 

The protection of intellectual property rights (IPRs) should be an example. The results by Falvey 

et al. (2006) show that the IPRs tend to be significant only for high and low income countries but 

insignificant for the middle income countries.13 Kim et al. (2008) find that IPR protection affect 

economic growth indirectly by influencing R&D intensity, and that it is positively associated with 

the R&D intensity of high-income countries and negatively or insignificantly with that of middle 

to low-income countries.  

All the above results can be considered consistent with a thesis that diverse forms of 

institutions matter differently for economic development and some institutions matter differently 

at different stages of economic development. However, existence of diverse institutions itself is 

sometimes frustrating for any effort to propose institutions as an important determinant of 

economic growth. Rodrik (2006) argues that even the most ambitious or comprehensive 

institutional reform efforts can be faulted ex post for having left something out. In sum, given the 

existence of diverse institutions, the difficulty of measuring institutions and somewhat fragile 

empirical evidence in the literature on the importance of institutions, we do not want to 

generalize our results about institutions, beyond as one piece of evidence showing the importance 

of basic political institution at lower income countries.  

 

 [ table 8 ]  

 

5. Summary and Concluding Remarks 

 

This paper revisits the recent debate on the determinants of long-term economic growth 

                                                 
12 However, the index of the rule of law may reflect some part of economic institutions as it was made up by a 

consulting company to measure the capacity of legal system to enforce contracts, the extent of official corruption and 

others. 
13 A rationale for this result is that in low income countries, IPR stimulates growth by helping to attract technology 

transfers while in high income countries, IPR helps stimulate growth by creating incentives for innovation. In middle 

income countries, IPR reduces the ability of countries to catch up technologically via imitation but does help attract 

technological inflows. 
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with the simple idea that different factors might matter at different country groups divided by 

income levels. There is also a methodological improvement in the sense that this paper has 

verified the hypotheses not only by cross-section estimations but also by fixed-panel and system-

GMM estimations in order to be safe from possible biases associated with cross-section 

estimations, such as small sample bias, omitted variable problem, and endogeneity of explanatory 

variables.  

Using cross-section and panel estimations, this paper finds that both institutions and 

policies (e.g., education variables) matter as determinants of long-run growth. In this sense, this 

paper provides a compromising view for the two contrasting findings in the literature, namely the 

Rodrik et al. (2004) that argues for the importance of institution vs. Glaeser et al. (2004) that 

argues for the importance of not institution but human capital. Beyond this compromise, the more 

important findings of this study are the following. First, this study identifies and confirms the 

growth impacts of new policy variables such as technology and tertiary education, which have 

been often neglected in the literature. Second, we find in general that while secondary education 

and political institutions turn out to be important for lower income countries, policies facilitating 

technology development and higher education seem to be more effective in generating growth for 

upper middle and high income countries but not for lower income countries. These suggest that 

policies aiming at growth should take into account the stage of development of countries 

concerned.      

The above findings might sound somewhat obvious. However, so far, cross-country studies 

on long-run growth have not taken into account the heterogeneity among countries and have only 

suggested uniform prescriptions when they had better be stated with a certain sequence of 

priorities in mind. The results of this paper implies that many Latin American and other middle 

income countries have missed the opportunity to upgrade into higher income countries by 

ignoring the importance of tertiary education and R&D effort as the World Bank report suggests 

(Ferranti et al. 2003). This may be partly due to the development literature, including those using 

cross-country regressions, which tend to focus only on institution and/or primary or secondary 

education.  It should be also noted that one of the reasons for this missed opportunity is related 

to the intrinsic difficulty with building technological capability. First of all, firms in developing 

countries in general feel no cause to spend much for R&D because the outcomes are uncertain 

and technologies are often supposed to be available in the market for purchase. However, while 
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innovation for development does not necessarily mean development of new products or radical 

innovation, even process innovation, adaptations, and improvements require purposeful R&D, 

learning efforts, and high level of human capital. Furthermore, often in many developing 

countries, there are no strong enough incentives or high enough rates of return for tertiary 

education. In addition, there exists some gap between social and private returns to R&D and 

education as verified in the literature (Hall 1996). 

Recently, Rodrik (2006) argues that economic reform needs to be selective and focus on 

the binding constraints on economic growth rather than take a laundry-list approach a la 

Washington Consensus. He did not, however, identify what the binding constraints are but 

propose an approach or growth diagnostics, based on this concept. One of the contributions of 

this paper is then identification of R&D and tertiary education as one of the important “binding 

constraints” for the middle income developing countries. This identification of the binding 

constraint for middle income countries are important because some research, for instance, 

Hausman, Pritchett and Rodrik (2005) find that growth acceleration since 1950 to be quite 

frequent even in low income countries, including Africa, and thus the trouble seems to be not that 

poor countries cannot growth but their growth spurts eventually fizzle out. 

The above discussion indicates not only the existence of some kind of market failure with 

regard to upgrading the general knowledge level of developing countries, but also a possible 

room for certain government activism in these areas. Government activism is, of course, not a 

sufficient condition for success, but there do exist cases for success. For example, the Korean 

government has long encouraged private firms to set up their own R&D units by giving large tax 

incentives. It has even conducted many private-public R&D consortium for key R&D targets, 

which gave birth to leading businesses like TDX telephone switches in the 1970s (OECD 1996) 

and semiconductor memory chips and digital mobile phones in the 1980s and 1990s (Lee and 

Lim 2001). In Taiwan, the disadvantages of being small and the need for technological 

breakthroughs were overcome by deliberate government (or government research institutes) 

intervention in R&D, which resulted in spin-offs and technology transfer to private firms 

(Mathew 2002). In China, a successful example is the tripartite R&D consortium which was 

responsible for the indigenous development of digital switches and led to the birth of several 

private and semi-public companies winning back the market from foreign-imported or licensed 

products (Mu and Lee 2005). 
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Table 1A: Institution, Policy, and Growth Indicators in Selected Countries: GDP per Capita  
 

 GDP per Capita (current US$) GDP per Capita (2000 US$) 
GDP per Capita 
(2000 international 
PPP $) 

 1960 1980 2000 1960 1980 2000 1980 2000 
         
Korea 155.7 1673.8 10890.2 1110.5 3223.1 10890.2 4556.9  15201.7  
Taiwan 144.8 2326.2 13819.1 1212.3 4672.1 13817.0 7295.5  21575.2  
         
Asia         
Philippines 257.3 676.6 990.7 612.0 990.4 990.7 4160.5  3984.5  
Thailand    332.1 797.9 2020.9 2488.3  6350.3  
Malaysia 299.9 1811.9 3881.4 784.5 1848.3 3881.4 4046.6  8952.3  
China 92.0 191.8 855.9 97.9  173.1 855.9 762.3  3821.1  
India 83.1 264.5 450.2 175.4 222.0 450.2 1178.7  2415.5  
         
Latin America         
Brazil 208.5 1932.5 3537.5 1331.9 3254.8 3537.5 6799.0  7366.2  
Argentina  2739.4 7927.6 5254.3 7550.6 7927.6 11461.8  12252.7  
Chile 553.6 2473.5 4964.4 1841.9 2494.2 4964.4 4620.8  9197.0  
Mexico 353.4 2876.4 5934.0 2557.4 5121.2 5934.0 7758.4  8919.5  
         
Africa         
Ghana    281.0 239.0 254.0 1799.9  1962.6  
Nigeria 102.8 902.4 331.6 291.1 409.2 331.6 1021.1  878.2  
South Africa 422.0 2920.8 2909.6 2104.8 3435.6 2909.6 11330.5  9433.7  

 
Source: Authors’ calculations using their DB. See the Appendix for details. 
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Table 1B: Institution, Policy, and Growth Indicators in Selected Countries:  
Institutions and Integration   

 
 

 Constraints on 
executives Trade/GDP ratio (%) 

 1965 1980 2000 1965 1980 2000
       
Korea 3 1 6 23.59 70.92 78.49 
Taiwan 2 3 6 41.66 106.25 107.41 
       
Asia       
Philippines 5 1 6 34.41 52.04 108.90 
Thailand 1 3 7 34.08 54.48 124.91 
Malaysia 7 5 4 79.44 110.96 228.88 
China 2 3 3  15.48 49.06 
India 7 7 7 8.74 15.74 28.54 
       
Latin America       
Brazil 1 1 6 13.29 20.36 22.84 
Argentina 3 1 6 10.38 11.55 22.40 
Chile 5 1 7 26.16 49.80 58.51 
Mexico 3 3 6 17.17 23.68 63.94 
       
Africa       
Ghana 1 5 4 43.84 17.62 116.57 
Nigeria 7 7 5 26.91 48.57 90.81 
South Africa 7 7 7 53.54 62.21 54.72 

 
Source: Authors’ calculations using their DB. See the Appendix for details. 
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Table 1C: Institution, Policy, and Growth Indicators in Selected Countries: 
 Education Indicators 

 

 Secondary school 
Enrollment (%, gross) 

Tertiary School Enrollment 
(%, gross) 

Country/Year 1965 1980 2000 1965 1980 2000 
Korea 17.50  78.13  94.17 3.60  8.90  77.60  
Taiwan 15.10  68.4 92.19 4.30  10.90 38.70  
       
Asia       
Philippines 11.98  64.21  77.11 7.74  15.20 31.17  
Thailand 5.17 28.79  82.77 0.85  2.90  35.51  
Malaysia 9.39 47.69  69.28 1.46  1.40  27.00  
China  45.92  68.25     
India 2.63 29.86  48.47 0.56  2.50  10.87  
       
Latin 
America       

Brazil 8.83 33.48  105.33 1.82  5.00  16.49  
Argentina 13.07  56.22  96.65 3.74  6.10  52.09  
Chile 21.98  52.54  85.49 2.75  7.20  37.52  
Mexico 5.28 48.64  73.49 1.85  4.90  20.47  
       
Africa       
Ghana 5.98 40.67  35.58 0.57  0.61  3.26  
Nigeria  17.97      
South Africa 26.16  27.2 85.32 1.33  1.4 14.98  

 
Source: Authors’ calculations using their DB. See the Appendix for details. 
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Table 1D: Institution, Policy, and Growth Indicators in Selected Countries: 
 US Patent Applications, 1965-2000 

 
 US patents US patents (per million) 
 1965 1980 2000 1965 1980 2000 
Korea 1 33 5705 0.04 0.87 121.36 
Taiwan 8 367 9046 0.63 20.61 406.08 
       
Asia       
Philippines 2 17 32 0.06 0.35 0.42 
Thailand 1 1 92 0.03 0.02 1.51 
Malaysia  5 104 0.00 0.36 4.47 
China  7 469 0.00 0.01 0.37 
India 10 23 438 0.02 0.03 0.43 
       
Latin America       
Brazil 33 53 220 0.39 0.44 1.29 
Argentina 53 56 137 2.38 1.99 3.82 
Chile 5 8 24 0.58 0.72 1.58 
Mexico 83 77 190 1.92 1.14 1.94 
       
Africa       
Ghana       
Nigeria 1 3 6 0.02 0.04 0.05 
South Africa 99 203 209 4.99 7.36 4.75 

 
Source: Authors’ calculations using their DB. See the Appendix for details. 
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Table 1E: Institution, Policy, and Growth Indicators in Selected Countries:  
R&D/GDP Ratio 

 
 1965 1980 2000 
Korea 0.5 0.56 2.65 
Taiwan  0.71 2.05 
    
Asia    
Philippines 0.2 0.2  
Thailand 0.3 0.3 0.25 
 (1969) (1985)  
Malaysia  0.10 0.49 
  (1988)  
China  0.68 1.00 
  (1985)  
India 0.4 0.7 0.85 
 (1968) (1982)  
    
Latin 
America    

Brazil 0.3 0.6 1.04 
 (1974) (1982)  
Argentina 0.2 0.5 0.44 
 (1969)   
Chile  0.4 0.53 
Mexico 0.1 0.6 0.37 
 (1970) (1984)  
Africa    
Ghana 0.2 0.9  
 (1966) (1976)  
Nigeria 0.5 0.3  
 (1969) (1977)  
South 
Africa  0.89 

(1985) 
0.62 

(average of  
the 1988 and 2002) 

 
Source: Authors’ calculations using their DB. See the Appendix for details. 
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Table 2:  R&D/GDP ratio Trends in Korea and China 
 
        Korea China 

 R&D/GDP Share of 
Private  R&D/GDP 

1970 0.39% 28.6%  
1975 0.42% 33.3%  
1980 0.56% 48.4%  
1981 0.78% 44.8%  
1982 0.98% 50.4%  
1983 1.07% 66.1%  
1984 1.24% 72.3%  
1985 1.52% 75.2% 0.68% 
1986 1.69% 76.7% 0.70% 
1987 1.79% 75.3% 0.62% 
1988 1.86% 78.7% 0.60% 
1989 1.90% 79.6% 0.66% 
1990 1.87% 80.6% 0.68% 
1991 1.92% 80.4% 0.74% 
1992 2.03% 82.4% 0.74% 
1993 2.22% 83.1% 0.72% 
1994 2.44% 84.0% 0.66% 
1995 2.50% 81.1% 0.60% 
1996 2.60% 77.8% 0.60% 
1997 2.69% 76.5% 0.68% 
1998 2.55% 73.0% 0.70% 
1999 2.47% 73.1% 0.83% 
2000 2.65% 75.0% 1.00% 
2001 2.92% 73.5% 1.07% 
2002   1.22% 
2003   1.31% 
    
Sources: Korea: Annals of Science and Technology;  

China: Statistical Yearbooks. 
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Table 3: Tertiary School Enrollment Ratios (%) 
 

 

 1980 1982 1984 1985 1990 1995 1998 1999 2000 2003 
Korea 14.7  21.7 26.6 34.1 38.6 52.0 65.0 71.7  77.6   
China     3.4 7.2 9.8 10.5 12.5  17.0 

Average of 9 MICs 13.5  15.8 17.3 19.1 20.1 24.5 26.4 26.9  29.6   
 Developed Countries 

Average  27.2  28.0 29.3 30.4 39.1 52.0 54.5 56.9  59.0   
9 Middle Income Countries (MICs)  

Argentina 21.6  24.5 29.3 36.4 40.8 43.8 47.0 48.0  52.0   

Brazil 11.9  11.4 11.0 11.0 11.6 12.7 14.0 15.0  16.0   

Chile 10.9  10.4 13.3 15.9 20.5 28.2 34.0 38.0  38.0   

Costa Rica 23.3  27.3 21.9 22.7 25.5 32.7 17.0 16.0  17.0   

Malaysia 4.1  4.5 5.1 6.0 7.3 16.8 23.0 24.0  27.0   

Mexico 14.3  14.9 15.2 15.9 14.5 15.3 18.4 19.8  20.7   

Thailand 13.1  22.3 21.0 19.6 17.4 20.1 31.0 32.0  36.0   

Turkey 5.4  6.4 8.9 8.9 13.1 19.5 18.0 15.0  24.0   

Uruguay 17.3  20.4 30.0 35.8 30.1 31.2 35.0 34.0  36.0   
 

Note: Developed countries include Australia, Austria, Belgium, Canada, Denmark, Finland, 
France, Germany, Greece, Iceland, Ireland, Italy, Japan, Netherlands, New Zealand, Portugal, 
Spain, Sweden, Switzerland, United Kingdom, and the United States. 

Sources: OECD database. For middle income countries, UNESCO Statistics; for China, State 
Statistical Office. 
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Table 4A: Determinants of Economic Growth: Institutions, Geography, and Policies 

 

Model 1 2 3 4 5 6 7 8 9 

Log GDP per capita 
(1965) 

-0.242 

(-5.23) *** 

-0.274 

(-5.73) ***

-0.262  

(-5.49) ***

-0.345  

(-4.27) ***

-0.280  

(-6.02) ***

-0.363 

(-5.81) ***

-0.320  

(-5.70) *** 

-0.332  

(-5.91) ***

-0.280  

(-5.65) ***

Population growth (1965-
2002) 

-1.200  

(-4.32) *** 

-1.097  

(-4.38) ***

-1.037  

(-4.08) ***

-0.865  

(-2.39) ***

-1.050  

(-4.35) ***

-1.004  

(-4.19) ***

-1.020  

(-3.99) *** 

-1.014  

(-4.75) ***

-1.122  

(-4.43) ***

Initial executive 
constraints (1965) 

-0.001 

(-0.03) 

        

Average of executive 
constraints 

 0.036 

(1.65) 

0.017 

(0.66) 

0.024 

(1.09) 

0.024 

(1.09) 

0.023 

(1.14) 

0.027 

(1.20) 

0.009 

(0.43) 

0.033 

(1.59) 
Share of population living 
in temperate zone (1995) 

0. 119 

(0.51) 

0.124 

(0.58) 

0.130 

(0.55) 

0.025 

(0.14) 

0.096 

(0.43) 

0.048 

(0.25) 

0.177 

(0.81) 

0.003 

(0.02) 

0.125 

(0.58) 

Secondary education 
enrollment (1965) 

  0.008 

(1.51) 

      

Average enrollment rate 
of secondary education 

(1965-2002) 

   0.009 

(1.07) 

     

Tertiary education 
enrollment (1965) 

    0.028  

(2.03) ** 

    

Average enrollment rate 
of tertiary education 

(1965-2002) 

     0.021  

(2.60) ** 

   

Average number of 
patents per million (1965-

2002) 

      0.002  

(2.03) ** 

 

  

Average of R&D 
expenditure of GDP 

       0.295  

(3.17)*** 

 

Average of the ratio of 
trade to GDP (1965-2002) 

        0.002 

(0.91) 

          

No. of obs. 63 63 53 63 59 62 63 61 63 

R2 0464 0.436 0.395 0.469 0.415 0.497 0.470 0.539 0.443 

Notes:  
1. The dependent variable is the growth of GDP per capita between 1965 and 2002 (log of GDP per capita in 2002 

– log of GDP per capita in 1965: both are expressed in constant 2000 US dollars). 
2. T-value, which is in parentheses, is calculated using the Huber/White/sandwich estimator of variance. 
3. ***, **, and * in the cells indicate the levels of significance of 1%, 5%, and 10% respectively. 
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Table 4B: Determinants of Economic Growth: Instrumental Variable and Robustness Check 

 

Model 1 2 3 4 5 6 7 
Log GDP per capita (1965) -0.234  

(-3.85) *** 

-0.380  

(-5.53) *** 

-0.362  

(-5.64) *** 

-0.313  

(-6.72) *** 

-0.315  

(-6.55) *** 

-0.441  

(-7.74) *** 

-0.385  

(-6.54) *** 

Population growth (1965-
2002) 

-1.177  

(-2.74) *** 

-0.470 

(-1.00) 

-0.465 

(-1.08) 

-1.108  

(-4.97) *** 

-1.115  

(-4.97) *** 

-0.706  

(-3.54) *** 

-1.051  

(-5.06) *** 

Average of executive 
constraints 

0.106  

(3.34) *** 

0.097  

(3.90) *** 

0.097  

(3.49) *** 

0.027  

(1.31) 

0.026 

(1.29) 

0.006 

(0.33) 

0.017 

(0.85) 

Share of population living in 
temperate zone (1995) 

-0.121 

(-0.48) 

-0.216 

(-0.93) 

-0.161 

(-0.67) 

0. 189 

(0.94) 

0.193 

(0.95) 

0.018 

(0.10) 

0.080 

(0.41) 

Average enrollment rate of 
secondary education (1965-

2002) 

 0.017  

(3.17) *** 

0.016  

(3.10) *** 

  0.015  

(3.74) *** 

 

Average enrollment rate of 
tertiary education (1965-

2002) 

      0.019  

(2.24) ** 

Average number of patents 
per million (1965-2002) 

   0.024  

(6.14) *** 

0.024  

(5.89) *** 

0.030  

(8.62) *** 

0.022  

(8.24) *** 

Average of the ratio of trade 
to GDP (1965-2002) 

  0.003 

(1.59) 

 0.001 

(0.32) 

-0.001 

(-0.23)  

0.001 

(0.36) 

        

No. of obs. 39 39 39 62 62 62 61 

R2 0.458 0.400 0.390 0.435 0.439 0.394 0.420 

 
Notes:  
1. The dependent variable is the growth of GDP per capita between 1965 and 2002 (log of GDP per capita in 2002 

– log of GDP per capita in 1965: both are expressed in constant 2000 US dollars). 
2. Settlers’ mortality was used as the instrument for institutions for Models 1-3. 
3. The average number of PhD holders in science and engineering from the United States was used as the 

instrument for the average of patents for Models 4-7. 
4. t-value, which is in parentheses, is calculated using the Huber/White/sandwich estimator of variance. 
5. ***, **, and * in the cells indicate the levels of significance of 1%, 5%, and 10% respectively. 
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Table 5: Determinants of Economic Growth: Panel-Fixed Effects Analysis 

 

Model 1 2 3 4 5 6 7 
Population growth 

 (1965-2002) 
-0.056  
(-2.54) ** 

0.009 

(0.46) 
-0.004 
(-0.21) 

-0.031   
(-1.52) 

-0.028 
(-1.33) 

-0.038  
(-1.95) * 

0.010 
(0.66) 

Executive 
constraints 

(previous period) 

0.007  
(3.77) *** 

0.006  
(3.71) *** 

0.003  
(2.11) ** 

0.007  
(4.05) *** 

0.006  
(3.06) *** 

0.004  
(2.60) *** 

0.003  
(1.85) * 

Enrollment rate of 
secondary 

education (previous 
period) 

 0.005  
(11.53) ***

    0.002  
(4.01) *** 

Enrollment rate of 
tertiary education 
(previous period) 

  0.009  
(13.27) ***

   0.004  
(4.15) *** 

Number of patents 
per million 

   0.002  
(9.35) *** 

  0.001  
(2.69) *** 

R&D expenditure 
of GDP 

    0.250  
(7.66) *** 

  

Average of the ratio 
of trade to GDP 

     0.008  
(10.61) *** 

0.005  
(2.69) *** 

        
No. of obs. 516 499 438 516 305 503 419 
R2 0.209 0.467 0.356 0.489 0.445 0.086 0.374 
 
Notes:  
1. The dependent variable is the average of the log of GDP per capita for the five-year periods starting from 

1965-1970, except the years 2000-2002.  
2. T-value is in parentheses.  
3. ***, **, and * in the cells indicate the levels of significance of 1%, 5%, and 10% respectively. 
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Table 6: Determinants of Economic Growth: System-GMM Analysis 

 

Model 1 2 3 4 5 6 7 
Population growth (1965-

2002) 
-0.371 
(-3.93) *** 

-0.354 

(-3.17) ***
-0.346 
(-2.92) ***

-0.313  
(-3.68) ***

-0.220 
(-3.54) *** 

-0.483 
(-3.97) ***

-0.250  
(-3.37) ***

Executive constraints 
(previous period) 

0.016  
(1.99) ** 

0.019  
(2.84) *** 

0.017  
(2.00) ** 

0.019  
(2.17) ** 

0.019  
(2.06) ** 

0.007 

(1.24) 
0.019  
(1.67) * 

Enrollment rate of 
secondary education 

(previous period) 

 0.013  
(6.68) *** 

    0.013  
(5.81)*** 

Enrollment rate of tertiary 
education (previous 

period) 

  0.033  
(8.55) *** 

   0.005 
(1.29) 

Number of patents per 
million 

   0.008  
(6.01) *** 

  0.005 
(5.53)*** 

R&D expenditure of GDP     0.736  
(5.92) *** 

  

Average of the ratio of 
trade to GDP 

     0.000 
(0.05) 

-0.002 
(-0.61) 

        
No. of obs. 516 499 438 516 305 503 419 
        
Sargan test [0.249] [0.694] [0.709] [0.815] [0.952] [0.904] [0.962] 
AR(2) [0.125] [0.441] [0.364] [0.469] [0.057] [0.068] [0.301] 
 
Note:  
1. The dependent variable is the average of the log of GDP per capita for the five-year periods starting from 

1965-1970, except the years 2000-2002. 
2. T-value is in parentheses. 
3. ***, **, and * in the cells indicate the levels of significance of 1%, 5%, and 10% respectively. 
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Table 7: Income Levels and Determinants of Economic Growth  

 

Estimation 
method 

Cross-section Panel-fixed effects System-GMM 

Income level 
mid or 
high 

low mid or 
high 

low mid or 
high 

low mid or 
high 

low mid or 
high 

low 

Log GDP per  
capita (1965) 

-0.557  

(-4.74) *** 

-0.653  

(-5.17) *** 

- - - - - - - -  

Population 
growth 

-0.264 

(-0.74) 

-0.756 
 (-1.28) 

0.007 

(0.34) 

-0.429  

(-6.50) ***

0.019 

(1.07) 

-0.113  

(-1.38) 

-0.056  

(-1.26) 

-0.502  

(-3.02) *** 

0.063  

(1.86) * 

0.106 

(0.55) 

Average of 
executive 

constraints 

-0.008 

(-0.23) 

-0.023 

(-0.97) 

0.008  

(2.52) ** 

0.005  

(2.67) ***

0.002 

(0.67) 

0.005  

(2.57) ** 

0.011 

(1.30) 

0.006  

(1.96)** 

0.006  

(2.07) ** 

0.006  

(2.02) ** 

Share of 
population 

living in 
temperate zone 

(1995) 

0. 164 

(0.60) 

0.086 

(0.29) 

- - - - - - - - 

Enrollment 
rate of 

secondary 
education 

0.006 

(0.56) 

0.013  

(2.31) ** 

  0.002  

(3.72) ***

0.005  

(3.53) ***

  0.003  

(4.29) ***

0.008  

(3.47) ***

Enrollment 
rate of tertiary 

education 

0.001 

(0.06) 

0.023 

(0.66) 

  0.006  

(5.14) ***

0.000 

(0.08) 

  0.004  

(4.44) ***

-0.001 

(-0.25) 

Average 
number of 
patents per 

million 

0.003 

(2.54) ** 

0.011 

(0.28) 

0.002  

(9.84) ***

0.010 

(0.41) 

0.001  

(2.16) ** 

0.031 

(1.33) 

0.002 

(4.28) *** 

-0.005 

(-0.08) 

0.001  

(2.27) ** 

0.081 

(0.49) 

           

No. of obs. 36 27 274 242 244 185 274 242 244 185 

R2 0.426 0.414 0.375 0.046 0.385 0.158     

OverID test       [0.242] [0.352] [0.758] [0.247] 

AR(2)       [0.402] [0.128] [0.339] [0.062] 

 
Notes:  
1. We have also tried to use R&D/GDP ratio as a proxy for technology instead of the average number of patents per 
million residents. The result is the same as the coefficient of this variable, positive and significant only for the higher 
income group and consistent with that in the above table. This result is available upon request. 
2. For cross-section analysis, the dependent variable is the growth of GDP per capita between 1965 and 2002 (log of 
GDP per capita in 2002 – log of GDP per capita in 1965: both are expressed in constant 2000 US dollars). 
3. For fixed-panel and system-GMM estimations, the dependent variable is the average of the log of GDP per capita 
for the five-year periods starting from 1965-1970, except the years 2000-2002. 
4. T-value is in parentheses. For cross-section analysis, t-value is calculated using the Huber/White/sandwich 
estimator of variance. 
5. ***, **, and * in the cells indicate the levels of significance of 1%, 5%, and 10% respectively. 
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Table 8: Estimation Results using Different Proxies for Institutions  
 

Proxy for 
institutions 

Constraints on the 
executive 

Rule of law Democracy Autocracy 

Income level mid or 
high 

low mid or 
high 

low mid or 
high 

low mid or 
high 

low 

Average of 
executive 

constraints 

0.006  
(2.07)** 

0.006 

(2.02)** 
      

Rule of law 
 

  0.042 
(2.76)***

0.050  
(3.13) ***

    

Democracy 
 

    0.004 
(1.41) 

0.015 
(2.15)**

  

Autocracy 
 

      0.003 
(0.27) 

0.006  
(1.79)* 

No. of obs. 244 185 154 97 244 185 244 185 
OverID test [0.758] [0.247] [0.530] [0.803] [0.406] [0.960] [0.183] [0.238]
AR(2) [0.339] [0.062] [0.324] [0.695] [0.396] [0.154] [0.820] [0.149]
 
Notes:  
1. Other explanatory variables included in the last two columns in table 7 are included but not reported. See the 
appendix notes on the data sources and explanation for the institution variables.  
2. ***, **, and * in the cells indicate the levels of significance of 1%, 5%, and 10% respectively. 
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Appendix on the Data Sources and Description 

 
Population: Total population. Source: World Bank, World Development Indicators, CD-ROM, 
2005, except for Taiwan which is from the Statistical Yearbook of the Republic of China (various 
years). 
GDP (current US$): Gross domestic product in current US dollars. Source: World Bank, World 
Development Indicators, CD-ROM, 2005, except for Taiwan which is calculated from the 
Statistical Yearbook of the Republic of China (various years) and 
http://www.stat.gov.tw/lp.asp?CtNode=2407&CtUnit=466&BaseDSD=7.  
GDP per capita (constant 2000 US$): GDP per capita in constant 2000 US dollars. Source: 
World Bank, World Development Indicators, CD-ROM, 2005, except for Taiwan which is 
calculated from the Statistical Yearbook of the Republic of China (various years) and   
http://www.stat.gov.tw/lp.asp?CtNode=2407&CtUnit=466&BaseDSD=7. 
Exports of goods and services (current US$): Exports of goods and services in current US 
dollars. Source: World Bank, World Development Indicators, CD-ROM, 2005, except for Taiwan 
which is calculated from the Statistical Yearbook of the Republic of China (various years) and 
http://www.stat.gov.tw/lp.asp?CtNode=2407&CtUnit=466&BaseDSD=7.  
Imports of goods and services (current US$): Imports of goods and services in current US 
dollars. Source: World Bank, World Development Indicators, CD-ROM, 2005, except for Taiwan 
which is calculated from the Statistical Yearbook of the Republic of China (various years) and 
http://www.stat.gov.tw/lp.asp?CtNode=2407&CtUnit=466&BaseDSD=7.  
PhD holders: Number of PhDs in science and engineering who obtained the degree in USA. 
Source: National Science Foundation. 
Temperate zone: Percentage of a country’s population in the Koeppen-Geiger temperate zone in 
1995. Source: Center for International Development, Geography Datasets. Found online at 
http://www2.cid.harvard.edu/ciddata/gepgraphydata.htm#General%20measures%20of%20geogra
phy. 
Main mortality estimate: Estimated settler mortality. Settler mortality is calculated from the 
mortality rates of European-born soldiers, sailors, and bishops when stationed in colonies. It 
measures the effects of local diseases on people without inherited or acquired immunities. 
Source: Acemoglu, Johnson, and Robinson (2001), based on Curtin (1989) and other sources. 
R&D expenditure: Total expenditure on R&D (% of GDP or GNP). Source: World Bank data 
provided by William Maloney and UNESCO yearbooks, except for Taiwan which is from the 
Statistical Yearbook of the Republic of China (various years). 
Constraints on executive: The constraints on the chief executive. Source: Polity IV Dataset. 
Rule of law: This index is available from the International Country Risk Guide published by the 
Political Risk Services, a consulting company. This index often referred to as the rule of law and 
order tradition is measured in seven categories, on a zero-to-six scale with six the most favorable, 
for most of the countries in the world since the early 1980s, depending upon categories. However, 
it is a subjective measure. 
Democracy: Democracy includes three main aspects: (1) the presence of institutions and 
procedures through which citizens can express effective preferences about alternative policies 
and leaders; (2) the existence of institutionalized constraints on the exercise of power by the 
executive; (3) the guarantee of civil liberties to all citizens in their daily lives and in acts of 
political participation. Source: Polity IV Dataset. 
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Autocracy: A measure of the degree of autocracy in a given country based on (1) the 
competitiveness of political participation; (2) the regulation of political participation; (3) the 
openness and competitiveness of executive recruitment; and (4) constraints on the chief executive. 
This variable ranges from zero to ten wherein higher values equal a higher degree of 
institutionalized autocracy. Source: Polity IV Dataset. 
Secondary school enrollment: School enrollment, secondary (% of gross). Source: Herrera and 
Pang (2005), Barro and Lee (2000) and their database. 
Tertiary school enrollment: School enrollment, tertiary (% of gross). Source: Barro and Lee 
(2000) and their database. 
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Appendix Table 1: Main Descriptive Statistics 

 

 World
average Min Max Higher income 

countries 
Lower income 

countries Korea

GDP per capita in 1965 
 (constant 2000 US dollars) 4993 92 49009 8508 775 1296

GDP per capita in 2002 
 (constant 2000 US dollars) 9348 271 40526 15945 1325 11935

Growth of population between 1965 & 2002 
(log of pop. in 2002 – log of pop. in 1965) 0.63 0 1.6 0.42 0.89 0.51

Executive constraints in 1965 
4.43 1 7 5.40 3.21 3 

Average of executive constraints  
from 1965 to 2002 3.29 -7.66 7 5.03 1.11 1.32

Share of population living in temperate zone 
in 1995 0.37 0 1 0.57 0.13 0.74

Average enrollment rate of secondary 
education from 1965 to 2002 (%) 63.65 13.99 122.26 81.47 41.39 81.58

Average enrollment rate of tertiary education 
from 1965 to 2002 (%) 14.01 0.59 47.58 20.10 6.10 25.68

Average number of patents per million  
from 1965 to 2002 35.49 0.02 365.72 63.58 0.38 35.09

Average of R&D expenditure of GDP from 
1965 to 2002 0.91 0.05 3.40 1.32 0.35 2.05

Average of the ratio of trade to GDP from 
1965 to 2002 59.49 15.8 156.97 64.55 53.17 57.91

 
Notes 
1. The higher and lower income countries vary by periods in panel estimations.  

2. Some countries recorded negative average of executive constraints because of serious disruptions in institutions as caused by 

military coups, for instance. 
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Appendix Table 2: Causality Tests between Institutions and Growth  

 
 Static system-GMM Dynamic system-GMM 
Institutions do not cause 
growth 

F(2, 80)=3.73 [0.0284] F(2, 78)=3.73 [0.001] 

Growth does not cause 
institutions  

F(2, 79)=6.81 [0.002] F(2, 78)=6.81 [0.007] 

 
The causality tests as above were conducted following the spirit of Holtz-Eakin et al. (1988) and 
Nair and Weinhold (2001). In more detail, we first estimate the following system-GMM 
equations:  

itiitititity υμλγγβα ++++++= −− PGROWINSTINST 2211   (1) 

itiitititit yy ''PGROW'''''INST 2211 υμλγγβα ++++++= −−   (2) 
where yit-k is the log of GDP per capita in country i expressed in constant US dollars in year t-k 
(k=0, 1, 2), INSTit-k is the variable relating to institutions of country i in t-k (k=0, 1, 2), and 
PGROWi is the growth rate of population of country i. 
 
Then we test whether institutions cause growth, we test the following: 
 
H0: 0 and 0 21 == γγ  
 
In order to test whether growth causes institutions, we test the following: 
 
H0: 0' and 0' 21 == γγ  
 
We also test causality in the dynamic panel context using GMM in which lagged dependent 
variable as a regressor. The null hypotheses are the same as above.  
 

 

 


