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Abstract Over the last two centuries, many countries experienced regime transitions toward
democracy. We document this democratic transition over a long time horizon. We use histor-
ical time series of income, education and democracy levels from 1870 to 2000 to explore the
economic factors associated with rising levels of democracy. We find that primary schooling,
and to a weaker extent per capita income levels, are strong determinants of the quality of polit-
ical institutions. We find little evidence of causality running the other way, from democracy
to income or education.
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1 Introduction

Over the last two centuries, many countries underwent a democratic transition, moving from
autocratic regimes with low popular participation in political decision-making and weak con-

Electronic supplementary material The online version of this article (doi:10.1007/s10887-013-9100-6)
contains supplementary material, which is available to authorized users.

F. Murtin
Organisation for Economic Co-operation and Development, Statistics Directorate, and Centre for the
Economics of Education (London School of Economics and Political Science),
2 rue André Pascal, 75016 Paris, France
e-mail: fabrice.murtin@oecd.org

R. Wacziarg (B)
UCLA Anderson School of Management, 110 Westwood Plaza, Los Angeles, CA 90095, USA
e-mail: wacziarg@ucla.edu

R. Wacziarg
NBER, Cambridge, MA, USA

R. Wacziarg
CEPR, London, UK

123

http://dx.doi.org/10.1007/s10887-013-9100-6


142 J Econ Growth (2014) 19:141–181

Fig. 1 The democratic and economic transitions. The balanced sample is composed of Austria, Belgium,
Chile, Denmark, France, Japan, Netherlands, Norway, Portugal, Spain, Sweden, Turkey, United Kingdom,
and the United States over the 1800–2000 period. Log GDP per capita is taken from Maddison (2006) and
democracy is the Polity index. Missing observations are interpolated

straints on the exercise of executive power to more democratic regimes with broader political
participation and greater limits on the exercise of political power. Figure 1 displays the aver-
age democracy score for a balanced panel of countries since 1800, using a commonly used
measure of democracy (the Polity index). While democratization happened in fits and starts,
and did not happen everywhere, there is a general upward trend: the democratic transition.

The democratic transition partly overlaps with other socioeconomic trends, chiefly the
demographic transition, and the process of industrialization and modernization with which it
is associated. As shown in Fig. 1, the average level of GDP per has followed the same upward
trend as the democracy index in a balanced panel. What are the links between these two
transitions? In particular, to what extent did socioeconomic modernization affect the transition
toward democratic institutions? This paper takes a long view of history, going back to 1870,
to untangle the relationships between democratization and socioeconomic modernization,
captured by expanding primary education and rising per capita income levels. We focus
mainly on the question of whether education and income are determinants of democracy, and
seek to assess their respective impacts on the long-term process of democratization.

We examine the two-way relationship between education (or income) and democracy in
a large panel of countries starting in 1870, using a variety of modern dynamic panel data
methods, including system GMM and recently developed dynamic panel bias correction
methods. In a first step, we address the link from economic development to democracy,
concentrating on two dimensions of socioeconomic modernity: GDP per capita and average
years of schooling among the adult population. In a second stage, we investigate the potential
effect of democracy on childhood education, measured by the average years of schooling
completed by young cohorts, as well as on the (log) level or the growth rate of GDP per
capita.

This paper is related to a large literature on the dual relationship between economic devel-
opment and democracy. One strand of this literature investigated the relationship going from
economic development to democracy. In “A Bill for the More General Diffusion of Knowl-
edge” (1779), Thomas Jefferson argued that education was a cornerstone of democracy: “the
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most effectual means of preventing tyranny would be, to illuminate, as far as practicable,
the minds of people at large, and more especially to give them knowledge of those facts,
which history exhibiteth, that, possessed thereby of the experience of other ages and coun-
tries, they may be enabled to know ambition under all its shapes, and prompt to exert their
natural powers to defeat its purposes”. This view was shared by other observers throughout
history. For instance, Tocqueville (1835) noted that mass education was a significant factor
in sustaining the vigor of democracy in the United States, a leading country in terms of
educational attainment over the nineteenth century:1 “the education of the people powerfully
contributes to the maintenance of the democratic republic. That will always be so, in my
view, wherever education to enlighten the mind is not separated from that responsible for
teaching morality”.2 Building on ideas that go back in time as far as Aristotle, Lipset (1959)
argued in a seminal article that improvements in economic standards would ultimately lead
to democratization: “the more well-to-do a nation, the greater the chances that it will sus-
tain democracy” . Lipset’s modernization hypothesis received empirical support from Barro
(1999), who found, among other variables, that GDP per capita and primary schooling were
positive determinants of democracy in a large sample of countries spanning the period from
1960 to 1995. More recently, Boix (2011) found evidence of a positive effect of income
per capita on democratization over a long period, and Treisman (2011) found evidence of a
positive effect of income on democracy, more strongly over the medium run than over the
short run.3 However, neither contribution uses dynamic panel data estimation methods nor
examines the effect of education variables.

In contrast to studies finding evidence supportive of the modernization hypothesis, in
two recent studies Acemoglu et al. (2005, 2008) revisited and questioned the empirical
significance of the effect of income on democracy. They found that, after controlling for
country fixed-effects, GDP per capita was no longer a significant determinant of democracy.4

In other recent studies, Bobba and Coviello (2007) as well as Castelló-Climent (2008) re-
examined the evidence. The former isolated a significant effect of GDP per capita using a
system-GMM estimator, while the latter found a significant effect of education attained by
the majority of population, even after controlling for fixed-effects. However, Benhabib et al.
(2011) recover a significant effect of GDP per capita even when controlling for fixed effects
once taking into account the censoring of the democracy index. In sum, there remains a
debate on the validity of Lipset’s hypothesis, a debate to which the current paper contributes
by taking a long view of history, applying dynamic panel econometric methods, and focusing
on the role of education in addition to income.

Another strand of the literature explored the consequences of democratization on economic
performance and on the expansion of schooling. The evidence in favor of such effects is
mixed. For instance, Barro (1997) found a nonlinear effect of democracy on growth, with an
initial increase in growth and a negative relation once a given level of democracy has been

1 See Lindert (2004), Murtin and Viarengo (2010), and Morrisson and Murtin (2009).
2 Democracy in America, Volume 1, chapter 9, “the main causes that tend to maintain a democratic republic
in the United States”.
3 See also Gundlach and Paldam (2012) for a discussion of long run relationship between economic develop-
ment and democracy, arguing that causality runs from the former to the latter.
4 Using a more micro approach in Kenya, Friedman et al. (2011) also find that “increased human capital did
not produce more pro-democratic or secular attitudes and strengthened ethnic identification”. Whether this
holds more broadly at the level of countries and realized democratic institutions rather than attitudes remains
debated. Another view is Fayad, Bates and Hoeffler (2011), who uncover a negative effect of income shocks
on democracy. Finally, Grosjean and Senik (2011) fail to find a significant effect of economic liberalization
on democratization, suggesting instead that democratization may facilitate economic liberalization.
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reached. Tavares and Wacziarg (2001) uncovered a positive effect of democracy on human
capital accumulation and a negative effect on physical capital accumulation, while Rodrik and
Wacziarg (2005) found a positive short-term effect of democratization on economic growth,
but no effect at longer horizons and no effect when democracy was sustained for long periods.
More specifically related to education, Lindert (2004) documented how the extension of the
franchise in Europe’s rising democracies gradually led to the introduction of public funding
for education over the nineteenth and twentieth centuries, but he did not provide empirical
evidence on the direction of causality between schooling and democracy.

The two-way relationship between education and democracy is at the core of an important
debate on the fundamental sources of economic prosperity. Does education help raise the
quality of institutions as well as productivity, or is an efficient institutional framework a
prerequisite for expanding education levels and economic growth? The issue of the direction
of causality between education and democracy has ignited a debate between the advocates of
institutions as the prime engine of growth (Acemoglu et al. 2001, 2002), and the proponents
of a different thesis, who view human capital as the root cause of economic development
(Glaeser et al. 2004, 2007; Glaeser and Campante 2009). Sorting out the respective effects
of democracy and education upon each other would shed some light on this broader debate.

This paper makes three contributions that jointly set it apart from the existing literature.
First, using the Morrisson and Murtin (2009) dataset of educational attainment in 74 countries
since 1870, we find strong empirical support for the modernization hypothesis. Second, we
show that primary schooling, more so than GDP per capita, and more so than secondary
and tertiary education, has been a major factor in the democratic transition over 1870–2000.
Third, using state-of-the-art dynamic panel data techniques such as system GMM and a
recently developed bias-correction estimator by Bun and Carree (2005), we address the issue
of reverse causality and find no robust evidence of an effect of democracy on education or
GDP per capita. In doing so, we incorporate recent advances in dynamic panel data methods,
and address issues of weak instruments, instrument proliferation and violations of stationarity
assumptions that have been found to be endemic to cross-country analyses relying on dynamic
panel specifications.

Section 2 describes empirical regularities related to democracy and development over the
1870–2000 period. Section 3 describes the econometric specification and estimation methods
used in this paper. Section 4 reports empirical tests the modernization hypothesis using a long
time series, while Sect. 5 addresses the reverse relationship, from democracy to education
and income. The last section concludes.

2 Democracy and development, 1870–2000

In this section, we describe the data and take a bird’s-eye view of trends in democracy, income
and schooling since 1870. Since differences across countries are central to our analysis, we
focus on convergence effects and on three particular periods: 1870–1910, 1910–1960, and
1960–2000. These broadly delineate the two periods of globalization and the protectionist
period of the interwar years. The full sample is composed of 70 countries spanning every
continent, of which 19 countries form a balanced panel starting in 1870.5 Table 1 provides
descriptive statistics.

5 When studying the relationship between democracy and income, the maximal sample size is 69 countries,
while it is 70 countries when focusing only on education.
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Table 1 Descriptive statistics

Full sample Balanced sample

1870 1910 1960 2000 1870 1910 1960 2000

Democracy

Average 0.41 0.60 0.58 0.77 0.44 0.61 0.64 0.95

Coefficient of variation 0.74 0.52 0.65 0.36 0.73 0.56 0.62 0.09

p25 0.20 0.38 0.15 0.65 0.25 0.30 0.15 0.90

p75 0.65 0.90 1.00 1.00 0.70 0.95 1.00 1.00

GDP per capita

Average 1523 2913 3825 8465 1489 2947 6109 14602

Coefficient of variation 0.52 0.48 0.82 0.98 0.53 0.50 0.56 0.48

p25 737 1694 1378 1433 719 1794 3072 7218

p75 2003 4064 6230 16010 1876 4198 8753 20321

Average years of schooling

Total

Average 2.80 3.98 4.17 7.28 2.53 4.09 5.95 9.51

Coefficient of variation 0.72 0.63 0.72 0.45 0.74 0.64 0.46 0.25

Primary

Average 2.16 3.00 3.07 4.45 2.02 3.18 4.24 5.49

Coefficient of variation 0.72 0.60 0.64 0.33 0.73 0.58 0.35 0.12

Secondary

Average 0.61 0.94 1.02 2.44 0.49 0.87 1.57 3.43

Coefficient of variation 0.98 0.91 1.09 0.68 1.01 0.99 0.83 0.46

Tertiary

Average 0.03 0.04 0.09 0.39 0.02 0.04 0.14 0.59

Coefficient of variation 1.17 1.00 1.11 0.89 1.06 0.90 0.96 0.65

N 1 27 32 59 69 19 19 19 19

1Number of countries with information available on democracy, average years of schooling as well as GDP
per capita

2.1 Democracy

Our main measure of democracy is the combined polity score from the Polity IV dataset (Mar-
shall and Jaggers 2008), rescaled between 0 (full autocracy) and 1 (full democracy). This
widely-used index consists of underlying components capturing key characteristics of exec-
utive recruitment, constraints on executive authority, and the degree of political competition.
We plot the world distribution of democracy scores in Fig. 2 (unbalanced panel) and Fig. 3
(balanced panel). Boxplots represent the 25th and 75th percentiles as well as the median
of the distribution. These two figures illustrate an overall increase in democracy between
1870 and 1920, followed by a marked decrease until the Second World War. The immediate
postwar period witnessed a new rise in democracy that lasted until the end of our period in
the balanced panel. In the unbalanced panel, democracy stagnated or even regressed between
1960 and 1980 but rose again since then. The world distribution of democracy widened from
1930 onwards, while at the end of the period, cross-country differences in democracy fell
dramatically.
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Fig. 2 Distribution of the democracy index over time—unbalanced panel of 70 countries

Fig. 3 Distribution of the democracy index over time—balanced panel of 19 countries

The latter observation is related to global inequality in democracy: Consistent with findings
in Barro (1999) for the postwar period, results from the full sample show that democracy has
indeed converged within any of our three subperiods, at roughly the same pace. Indeed, when
calculated on an annual basis, the speed of convergence of democracy is equal to 4.7 % over
the 1870–1910 period, 3.4 % in 1910–1960 and 3.7 % in 1960–2000.6 The three graphs at
the top of Fig. 4 illustrate these results.

6 The annual convergence rate is given by −log(ρ)/T where ρ is the estimated coefficient of initial democracy
in an absolute convergence regression, and T is the length of the period over which the difference in democracy
is calculated. There are respectively 34, 39 and 59 countries involved in the latter computation. In the balanced
panel, the results are almost identical: a convergence process has taken place in the 1910–1960 and 1960–2000
periods at an annual rate of respectively 3.2 % and 3.6 %. In the first period, convergence occurred but only
among a club of advanced democracies.
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Fig. 4 Convergence in democracy, GDP per capita and average years of schooling by period

How can (beta) convergence in democracy levels be reconciled with the increase in cross-
country democracy inequality observed between 1930 and the mid-1980s (sigma divergence)?
Beta convergence entails inequality reduction if shocks affecting democracy are stationary
over time. But as Figs. 2 and 3 as well as Table 1 make clear, the occurrence of two world wars
and the associated political turmoil have significantly widened the distribution of democracy.
Hence, the evolution of democracy scores is driven by a convergence effect, but heteroskedas-
tic time-specific shocks have considerably widened the distribution.

2.2 Income and schooling

We capture economic development and modernization either by the level of GDP per capita
or by average years of schooling among the adult population, these variables being highly
correlated among themselves both across countries and over time. GDP per capita comes from
Maddison (2006) while average years of schooling is from Morrisson and Murtin (2009).
The latter have constructed a historical database on average years of schooling covering 74
countries since 1870. They combined data on total enrollments in primary, secondary and
tertiary schooling with age pyramids, in order to calculate enrollment rates and the average
number of years of schooling among the adult population.7 Morrisson and Murtin (2013)
cross-checked these series with historical data on literacy, finding a high level of consistency

7 Before 1960, the main source for education data is Mitchell (2003)’s statistical yearbooks. After 1960, they
relied on the Cohen and Soto (2007) series, adjusted for differential mortality across educational groups.
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even at the beginning of the period. In other words, these are the most comprehensive historical
data on educational attainment across countries and time available to researchers.

An extensive literature describes the global evolution of key aggregate socio-economic
variables over the nineteenth and twentieth centuries, and it is beyond the scope of this paper
to comment extensively on all these well-known transformations.8 Let us simply recall a
few facts, mirrored by the summary statistics provided by Table 1: In broad terms, modern
economic growth took off in Western Europe in the first half of the nineteenth century,
and to varying degrees spread to Asia and Latin America at the beginning of the twentieth
century as well as, to perhaps a lesser degree, to Africa after Second World War. In terms
of education, schooling was a quasi-exclusive feature of the Western world in 1870, but
Eastern Europe as well as some fast-developing Asian countries, most notably Japan, have
caught up over the twentieth century. A polarized schooling distribution in 1870 turned to a
substantially heterogeneous distribution in 2000: At the top, high-income countries reaching
mass enrollment in primary and secondary schooling with growing enrollment in tertiary
education. In the middle of the world distribution, Latin America, the Middle-East and North-
Africa as well as most of developing Asian countries achieving mass schooling enrollment in
primary and partly in secondary school. At the bottom, South Asia and Sub-Saharan Africa
have barely achieved extensive levels of enrollment in primary schooling today.

In terms of differences across countries, economic development does not reflect the conver-
gence in democracy described above. As is well-known, income inequality across countries
has increased throughout the twentieth century, except among a convergence club of rela-
tively high-income countries before the First World War and after the Second World War.
Similarly, there has not been any convergence in average education in any period, except
among two clubs of advanced countries during the first and second globalization periods (see
Morrisson and Murtin 2009). These two facts are clearly illustrated by the second and third
panels of Fig. 4. We now examine the correlation between education, income and democracy
in a more quantitative fashion.

2.3 The joint distribution of democracy and development

Figure 5 presents a kernel estimation of the bivariate distribution of democracy and average
years of schooling within four different sub-periods: 1870–1970, 1920–1940, 1950–2000
and 1980–2000.9 The sequence of graphs illustrates joint movements in democracy and
schooling over time. A similar graph can be obtained with log GDP per capita instead of
education, and results are qualitatively identical. Some interesting facts emerge: On the
eve of the twentieth century, the bivariate distribution of democracy and schooling was
clearly bimodal, splitting rich and educated democracies on the one hand from poor and
low education autocracies on the other. Over the next sub-period, a large share of initial
autocracies witnessed economic growth and joined the club of democracies, ensuring a strong
positive correlation between democracy and income or education. After 1950, and even
more visibly after 1980, there have been two distinct groups of unequal size, poor and

8 A short list of references might include Bourguignon and Morrisson (2002), describing the world income
distribution since 1820; Galor and Weil (2000) and Galor (2005, 2011), analyzing the joint variations of income
and population over the long run as well as the structural forces that have triggered the Industrial Revolution;
O’Rourke and Williamson (1999) and Hatton and Williamson (2005), focusing on the effect of globalization
on economic performance; Morrisson and Murtin (2009, 2013), describing the spread of education at a global
level; Murtin (2013) investigating the determinants of the demographic transition over the twentieth century.
9 We have used an Epanchenikov kernel with bandwidth adjusted to the finite sample size. We used the
balanced panel of countries, but results are qualitatively the same with the unbalanced panel.
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Fig. 5 The joint distribution of democracy and schooling by period—Kernel estimation

low-educated autocracies on the one hand and rich and highly-educated democracies on
the other. Among the latter, the correlation between democracy and education or income
has flattened out as countries had already reached high levels of democracy in 1950 while
experiencing continuous economic development. In sum, this evidence is consistent with the
idea that both development and democracy levels experienced a transition from a regime of
low education, low income and low democracy to a regime of high education, high income,
and high democracy. In what follows we seek to disentangle the directions of causality
accounting for this transition.

3 Econometric approach

3.1 Specification

We test the modernization hypothesis by regressing the level of democracy on a variable
proxying the level of economic development such as income of education. In addition, we
introduce both country fixed effects and the lagged level of democracy. Controlling for
country-level fixed effects allows us to partial out the effect of country specific, time invariant
factors. Including the lagged value of the dependent variable in the regression reflects the
fact that the political structure of a country changes slowly over time, as the introduction or
the modification of laws, constitutions and the changes in political regimes meet resistance
(Barro 1999). Consequently, the democracy score is highly time persistent, and we account
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for autocorrelation in the dependent variable using a dynamic panel data model:

Dit = ai + bt + ρDi,t−1 + cXi,t−1 + uit (1)

where Di,t is an index of democracy in country i in period t , ranging from 0 to 1, ai and
bt are respectively country-specific and time-specific effects, uit an idiosyncratic shock and
X a variable that proxies for economic development such as log GDP per capita or average
education among the adult population, lagged one period. As a benchmark, we consider a
10-year time span between subsequent observations (i.e. in our panel a period is defined as
10 years).

3.2 Estimation by fixed effects and GMM

In our baseline analysis, we use three alternative methods to estimate (1), methods that have
become widepread in the empirical literature estimating dynamic panel data models. The
first estimator is dynamic fixed effects, that is, fixed effects applied directly to the dynamic
model (henceforth denoted DFE). It is well-known that in a classical dynamic panel data
model, this within estimator delivers biased estimates of Eq. (1) due to Nickell bias (Nickell
1981). These estimates should therefore be taken with caution. However, DFE can be used
to detect estimation problems in more sophisticated dynamic panel estimators, to which we
now turn.10

The second estimator we employ is Arellano and Bond’s (1991) GMM estimator (hence-
forth denoted AB). This estimator differences away time-invariant, country specific effects
and relies on the dynamic structure of the model for identification by using lagged levels of
the independent variables as instruments for current differences. The literature on dynamic
panel data methods has identified the problem of weak instruments as a serious issue with
the AB estimator. A comparison between estimates of ρ under DFE and AB can be used
to detect the existence of a weak instruments problem in AB. Since DFE delivers an under-
estimation of the degree of persistence ρ, the DFE estimate of ρ can be viewed as a lower
bound on the true persistence coefficient. Under AB estimation, weak instruments have the
well-known property of biasing the estimates towards their DFE counterparts, that is to say
to underestimate the degree of autocorrelation in the dependent variable. Therefore, finding
similarly low persistence coefficients across DFE and AB regressions can be an indication
of a weak instruments problem in the AB regression.11

The third estimator is the system GMM estimators of Blundell and Bond (1998) (hence-
forth BB). Compared to AB, this estimator involves additional moment conditions, which
amount to using lagged differences as instruments for current levels. BB has the advantage
of addressing the small sample bias issues inherent in AB estimation, and has thus become
the current preferred estimator in the literature. However, as we further discuss below, the
validity of the additional moment conditions depends on a stationarity assumption, that the
country fixed effects are uncorrelated with lagged differences in the dependent variable, i.e.
E(ai (Di,t−s − Di,t−r )) = 0. This assumption is hard to evaluate with prior theoretical argu-
ments. It is also hard to evaluate empirically, since unbiased estimates of ai are not available.
However, Hauk and Wacziarg (2009) present simulation results applied to cross–country

10 We also considered a simple FE estimator, without including lagged democracy on the right hand side.
These results appeared in the working paper version of this study (Murtin and Wacziarg 2011).
11 These insights are well-known from the extensive empirical growth literature on estimates of the rate of
convergence. See the successive papers of Islam (1995), Caselli, Esquivel and Lefort (1996) and Hauk and
Wacziarg (2009).
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tests of the Solow growth model, finding that while the stationarity condition in this appli-
cation is unlikely to hold exactly, the biases on estimated model parameters from BB are
systematically smaller in magnitude than those that result from both the weak instruments
problem under AB and Nickell bias under DFE. While our application is not exactly the
same as cross-country growth regressions, salient features of the empirical exercise are sim-
ilar, namely our application features highly time persistent variables with a similar dynamic
structure in a cross-country context. These simulation results argue is favor of the BB esti-
mator over both AB and DFE. However, throughout this paper we report estimates based on
all three estimators.12

Another problem with GMM estimators, particularly BB, is that their validity is subject to
the use of a relatively small number of instruments. As described by Anderson and Sorenson
(1996), Bowsher (2002) and Roodman (2009a), instruments proliferation generate implau-
sibly low values of Hansen tests of instruments exogeneity. This is because the size of the
variance matrix of the moments is too large to be estimated accurately within a finite sam-
ple. Reducing the number of instruments limits this problem. As a rule of thumb, Roodman
(2009a) suggests that the number of instruments should be strictly lower than the number of
countries in the sample. The BB regressions presented below abide strictly by the following
rule: one should avoid selecting too many or too few instruments. Having too few instruments
is likely to generate a weak instruments problem and to deliver inaccurate estimates, while
using too many instruments hinders the validity of the Hansen test and runs the risk of endo-
geneity bias. To strike a balance between estimates consistency and tests validity, we target
about 50 instruments, a reasonable objective in a sample that includes about 70 countries.
In practice, the number of selected instruments is strictly comprised between 36 and 59, and
it is on average equal to 53. In the baseline regressions, the number of instruments is never
larger than the number of countries in the sample, conforming to Roodman’s rule of thumb.
Furthermore, the selection of instruments obeys a transparent rule. We systematically select
some lags of the democracy variable D and some lags of the modernization variable X as
instruments. When the AB estimator is applied, the second and third lags of D and X are used
by default, while the fourth and fifth lags are added in the more recent periods (1930–2000
and 1960–2000) in order to obtain broadly the desired number of instruments. In the context
of a BB estimation, we select the third lag of democracy by default, and further lags over
more recent periods. In addition, we use the second lag of income and the third or fourth
lag of education as default instruments. Education requires more distant lags as this variable
displays much time persistence. The maintained assumption is that the education level of the
adult population observed 30 or 40 years ago is a valid instrument.

As a diagnostic for the quality of our estimates, for each GMM regression we report below
the p value of the Hansen test for joint exogeneity of all the instruments. We also test for
the joint exogeneity of the additional instruments used in BB regressions relative to AB
regressions (i.e. the first-differenced variables used as instruments for the level variables),
and report the corresponding p values for the corresponding difference-in-Hansen tests (as
described in Roodman 2009b). A similar exogeneity test can be conducted for each indi-
vidual instrumental variable under BB estimation, such as lags of democracy, income, and
education. We also report those, where applicable, in the tables displaying our empirical
results.

12 We also use Windmeijer (2005) finite sample correction of standard errors in order to increase robustness.
For further details on the AB and BB estimators, and of their econometric properties in the context of cross-
country dynamic panel applications, see Hauk and Wacziarg (2009).
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3.3 Drawbacks of system-GMM estimation

Despite our precautions in applying the BB estimator, as described above, econometric con-
cerns may still remain about GMM-based estimation methods.13 These concerns are of
various sorts:

1. The first issue is the validity of the stationarity condition, which can be questioned. Indeed,
if the evolution of democracy levels is characterized by a process of differential conver-
gence, as Fig. 5 suggests was the case for much of the period we consider, and if the
different patterns of convergence are systematically related to the time invariant country
effect, then the stationarity assumption for the BB estimator comes into question since the
lagged difference in democracy could be correlated with the country fixed effects.14 This
may be a particular problem for the 1960–2000 regressions, where the time horizon may
be too short for the influence of initial conditions to have disappeared and for countries
to be sufficiently close to their steady-state democracy levels (this is another argument
for focusing on long periods such as 1870–2000). In principle a failure of the stationarity
condition could impact not only estimates of the coefficient on lagged democracy, but also
those on schooling and per capita income.

2. The second issue concerns the number of instruments. While we choose a number of
instruments to conform strictly to Roodman (2009a,b) rule, the total number of instru-
ments remains large. As expected, when we perform an extreme reduction in the num-
ber of instruments, the validity of the instruments in levels comes into question, as the
Hansen test p values typically fall to levels suggesting the instrument set is invalid (this
problem is worse in regressions where Xi,t−1 is measured by income rather than edu-
cation). Moreover, when performing such a further reduction in the number of instru-
ments to a very low number of instruments, our estimates of Eq. (1) become unstable.
Whether this is due to the fact that a reduction in the number of instruments leads to
weak instruments or whether it is due to invalid instruments is open to question, but irre-
spective it is a further consideration that can lead to questioning the validity of GMM
approaches.

3. The third issue concerns the choice of the lags for the included instruments. We try to
use distant lags (third lag at least) to limit the potential for instrument endogeneity, but
alternative choices of the lag structure in the instrument set, for instance including the
second lag, can lead to instability in the results. This instability mirrors that which is
obtained when reducing or collapsing the set of instruments, and in general demonstrates
the difficulty in appropriately choosing the set of instruments under BB estimation—in
this specific context as well as many other contexts.

4. Finally, in the estimates we report below, DFE and BB estimates on either education or
income can be quite close to each other (DFE and BB estimates on lagged democracy,
on the other hand, are quite different from each other). There are two possible interpre-
tations for this finding. The first is that BB instruments are valid and result in the same
estimates as DFE estimation, but the severity of Nickell bias for the latter estimates was
not severe, so that the two sets happen to coincide (Nickell bias could be a more seri-
ous explanation for differential estimates when it comes to lagged democracy, but not
seriously affect estimates of the impacts of education or income). Another explanation
is that the set of instruments used under BB are invalid, so BB does little to correct the

13 We are grateful to an anonymous referee for pointing out these concerns to us in terms close to the discussion
that follows.
14 Acemoglu et al. (2008) raise a similar point.
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biases inherent in DFE, and BB estimates collapse to DFE. It is hard to adjudicate a priori
between these interpretations, but this further ambiguity argues for looking at a different
estimation method as an alternative to GMM approaches.

3.4 Bias-corrected estimation: the Bun-Carree estimator

Given the aforementioned limitations of GMM methods, we explore an alternative estimation
method that was recently developed by Bun and Carree (2005) for dynamic panels with a
small T and a large N . This method is based on calculating the exact DFE bias term, and
proposing a procedure to correct DFE estimates by removing this bias. Hence, the estimator is
known as “bias-corrected dynamic fixed effects” (henceforth BC). This estimator has several
attractive features. First, there is no need to choose instruments or moment conditions, as this
is not a GMM/IV based estimation strategy. Second, the estimator has good finite sample
properties in Monte Carlo simulations: Bun and Carree (2005) show in such simulations that
it removes virtually all of the DFE bias. Third, the estimator does not rely on an initially
consistent estimator to derive the final estimates, contrary to bias-correction procedures that
had been proposed in the past. Limitations of the initial version of this estimator is that it
was developed under the assumption that the additional regressors included in the regression
specification are strictly exogenous (which is not the case in our application) and under
the assumption that the panel is balanced. We relax the latter assumption and test for the
performance of our extended estimator under the assumption that the additional regressors
are not strictly exogenous by performing Monte Carlo simulations similar to those in Bun
and Carree (2005), as well as specific simulations appropriate for our empirical application.
A remaining drawback is that implementing the BC estimator, at least in the way we did it,
is computationally demanding.15

3.4.1 The balanced panel case

We start by describing the BC estimator in the balanced panel case with exogenous regressors.
The data is composed of N countries with T observations each. As before we consider the
following model:

yi = γ yi,−1 + Xiβ + iT ηi + εi (2)

where yi = (yi,1, ..., yi,T )′, yi,−1 = (yi,0, ..., yi,T −1)
′, β = (β1...βK )′, εi = (εi,1, ...εi,T )′,

iT = (1, ..., 1)′ a T × 1 vector of 1’s and Xi a matrix with (t, k) element xi,t,k . We start by
assuming that the regressors are possibly correlated with individual-specific effects ηi but
that they are strictly exogenous with respect to the error term εi . Stacking over individuals
yields:

y = Wδ + (IN ⊗ iT )η + ε (3)

with y =(y′
1, ..., y′

N )′, W = [y−1
...X], y−1=(y′

1,−1, ..., y′
N ,−1)

′, X = (X′
1...X

′
N )′, η =

(η1...ηN )′, ε = (ε′
1...ε

′
N )′ and δ = (γ,β ′)′. The DFE (least-squares, dummy variables)

estimator is given by:
̂δDF E = (W′AW)−1W′Ay (4)

where the N T × N T idempotent matrix A = IN ⊗ (IN − 1
T iT i′T ) eliminates individual

effects.

15 We programmed all the estimation and simulation routines ourselves. With a regular personal computer,
it takes about 40-50 hours to run a single regression. Thus, in our application we only replicate our baseline
results using BC, and continue to report system GMM results for other specifications.
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The bias-corrected estimator proposed by Bun and Carree (2005) is based on an iterative
approach that calculates the DFE bias and recovers the “true” value of parameters of interest
δ. Their approach is iterative as the DFE bias depends on the variance of residuals, which
needs to be estimated and hence depends on estimates ̂δ. Bun and Carree (2005) derive
the asymptotic limiting distribution of this bias-corrected estimator for a finite T . More
specifically, BC estimates are the solution to the following system:

̂δBC = g−1 (

̂δDF E
)

g(δ) =
(

γ − σ̃ 2
ε h(γ, T )/σ 2

y−1|X
βσ̃ 2

ε ςh(γ, T )/σ 2
y−1|X

)

h(γ, T ) = (T − 1) − T γ + γ T

T (T − 1)(1 − γ )2

σ̃ 2
ε = (y − γ y−1 − Xβ)′ A(y − γ y−1 − Xβ)

N (T − 1)

σ 2
y−1|X =

(

1 − ρ2
Xy−1

)

σ 2
y−1

ρ2
Xy−1

= �′
xy−1

�−1
xx �xy−1

/σ 2
y−1

ς = �−1
xx �xy−1

where �xx = 1
N (T −1)

X′AX, �xy−1
= 1

N (T −1)
X′Ay−1, σ 2

y−1
= 1

N (T −1)
y′−1Ay−1. From the

expression of function g(.) it is clear that the DFE estimator is inconsistent and that γ̂ DF E
is downward biased. The severity of the bias depends on h(γ, T ) and hence is larger when
the value of γ is close to 1 or when the number of time periods T is low. As argued below, it
is debatable whether the two latter situations apply to our democracy and development data
when using a decennial time span over the 1870–2000 period.

3.4.2 The case of unbalanced panel

We now turn to extending this method to the unbalanced panel case. For unbalanced panels,
Bun and Carree (2005) propose in the concluding remarks to their paper to split the unbalanced
panel into at most T − 1 balanced panels of length (2, ..., T ), an approach also adopted by
Lokshin (2009). 16 Let n p be the number of countries composing the balanced panel of size
n p × p, with 2 ≤ p ≤ T , and (yp, yp

−1, Xp) be the corresponding data. Following Bun
and Carree (2005) and Lokshin (2009) we denote ϕ(p) the fraction of observations in each
balanced sub-panel:

ϕ(p) = (p − 1)n p
∑T

p=2(p − 1)n p
(5)

Following Bruno (2005), let us define the indicator si,t taking value 1 if both dependent
and explanatory variables (including the lagged dependent variable) are observed. For each
i define the (T × 1) vector si = [si,1, ..., si,T ]′, the (T × T ) diagonal matrix Si having the
vector si on its diagonal, and the (N T × N T ) block-diagonal matrix S = diag(Si ). The
equivalent of the BC estimator for unbalanced panels is given by the following system:

̂δBC = g−1 (

̂δDF E
)

16 Lokshin (2009) is the only other empirical application of the Bun-Carree estimator that we are aware of.
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g(δ) =
(

γ − σ̃ 2
ε h(γ, T )/σ 2

y−1|X
β + σ̃ 2

ε ςh(γ, T )/σ 2
y−1|X

)

h(γ, T ) =
T

∑

p=2

ϕ(p)
(p − 1) − pγ + γ p

p(p − 1)(1 − γ )2

σ̃ 2
ε =

T
∑

p=2

ϕ(p)̃σ 2
ε (p)

σ̃ 2
ε (p) = (yp − γ yp

−1 − Xpβ)′ Ap(yp − γ yp
−1 − Xpβ)

n p(p − 1)

σ 2
y−1|X =

(

1 − ρ2
Xy−1

)

σ 2
y−1

ρ2
Xy−1

= �′
xy−1

�−1
xx �xy−1

/σ 2
y−1

ς = �−1
xx �xy−1

with �xx = ∑T
p=2 ϕ(p) 1

n(p)(p−1)
Xp′ApXp , �xy−1

= ∑T
p=2 ϕ(p) 1

n(p)(p−1)
Xp′Apyp

−1,

σ 2
y−1

= ∑T
p=2 ϕ(p) 1

n(p)(p−1)
yp′
−1Apyp

−1, Ap = S(In p T − D(D′SD)−1 D′)S, In p T the iden-
tity matrix of size n(p)T , D = IN ⊗ i p , i p the (p × 1) vector of 1’s and S = diag(Si ).
This provides a straightforward extension of the BC estimator to the case that concerns us,
namely an unbalanced panel.

3.4.3 Monte Carlo evidence on the properties of the Bun-Carree estimator

We now examine the performance of the bias-corrected LSDV estimator proposed by Bun
and Carree (2005) in the case of unbalanced panel data, using Monte Carlo simulations. We
proceed in two steps. First, we replicate exactly the procedure that Bun and Carree applied to
balanced panel, but this time applying it to unbalanced panels. Second, we run a simulation
using a data generating process (DGP) that more closely mirrors the one in our application
to democracy and development. The latter simulation features an extension to account for
several specific characteristics of the DGP in our application: weakly exogenous regressors,
censored dependent variable, time fixed effects and the specific moments of our data.

As a first step, we replicate the Monte-Carlo experiment described in Bun and Carree
(2005) for different degrees of unbalancedness and different sample sizes. Specifically, we
generate (N , T ) panel data for (y, x) from latent variables (y∗, x∗) according to the following
data generating process (DGP):

y∗
i,t = γ y∗

i,t−1 + βx∗
i,t + ηi + εi,t

x∗
i,t = ρx∗

i,t−1 + ξi,t

ηi ∼ N
(

0, σ 2
η

)

εi,t ∼ N
(

0, σ 2
ε

)

ξi,t ∼ N
(

0, σ 2
ξ

)

(yi,t , xi,t ) = (

si,t y∗
i,t , si,t x

∗
i,t

)

si,t = I

(

t
∑

k=1

I
(

ui,k > τ
) ≥ 1

)

, ui,k ∼ U [0, 1]

123



156 J Econ Growth (2014) 19:141–181

Table 2 Monte Carlo test of Bun-carree estimator with unbalanced panel data
(

N , T ∗)

(150,4) (100,6) (60,10) (40,15)

Balanced panel

T ∗/T 1 1 1 1

Bias γ̂ − γ

DFE −0.194 −0.071 −0.036 −0.022

BC 0.001 0.001 0.001 0

Bias β̂ − β

DFE −0.015 0.012 0.016 0.014

BC −0.001 0 0.001 −0.001

Unbalanced panel

T ∗/T 0.55 0.6 0.67 0.75

Bias γ̂ − γ –

DFE −0.273 −0.112 −0.053 −0.03

BC 0.002 0.001 0 0

Bias β̂ − β

DFE −0.053 0.001 0.015 0.016

BC 0.001 0.001 0.001 0

where τ is a parameter controlling for the timing of inclusion in the sample.17 Unbalancedness
is measured by average group size T ∗ = ∑N

i=1 Ti/N where Ti = ∑T
t=1 si,t is the number

of usable observations for country i . As in Bun and Carree (2005), the simulation design is
such that β = 1, γ = ρ = 0.8, ση = σε = σξ = 1, N × T ∗ = 600. We consider the
following four (maximal) sample sizes (N , T ∗) ∈ {(150, 4), (100, 6), (60, 10), (40, 15)}.18

Homoskedasticity is assumed. For each experiment, we perform 1,000 Monte-Carlo replica-
tions. Table 2 reports both the (biased) DFE estimate and the bias-corrected BC estimates in
the cases of a balanced panel (upper part) and an unbalanced one (lower case). As expected,
the size of the LSDV bias diminishes as the time dimension T ∗ of the panel increases. More-
over, the BC bias terms are very small irrespective of the degree of unbalancedness, so the
BC estimator extended to unbalanced panels seems to work well.

In a second step, we test the bias-corrected estimator on simulated data that display the
same statistical properties as our observed data. In particular, we introduce time dummies
and potential censoring of the dependent and explanatory variables. Censoring takes two
forms: first, latent variables (y∗, x∗) can be included in the sample or not; second, included
variables (y, x) can be top-coded or not. The thresholds for top-coded variables (yc, xc)

are 1 for democracy y and 6 years for average years of primary schooling x . We allow for
non-zero correlation between democracy and education-related country-level fixed-effects.
Moreover, simulations allow us to examine the influence of two potential sources of bias,
namely heteroskedasticity and the weak exogeneity of regressors. As in Bun and Carree
(2005) the variance of democracy innovations is assumed to vary over time. We also allow for
non-zero correlation between lagged democracy innovations εi,t−L and education innovation
ξi,t , making education a weakly exogenous variable. The latter source of bias is crucial for us

17 Inclusion into the sample is assumed to be an absorbing state, namely countries do not exit the sample once
they have entered it. Inclusion takes place at the first date t0 such that ui,t0 > τ .
18 We do not consider very short panels with T = 2 or T = 3 as Lokshin (2009) exhibits non-convergence
patterns for such very short panels.
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to consider, as we are unwilling to assume that the regressors are strictly exogenous. Hence
the DGP allows for multiple correlations between regressors and country fixed-effects or
residuals, as follows:

y∗
i,t = γ y∗

i,t−1 + βxc
i,t + η

y
i + δ

y
t + εi,t

x∗
i,t = ρx∗

i,t−1 + ηx
i + δx

t + ξi,t

xc
i,t = xi,t .I (xi,t ≤ 6) + 6.I (xi,t > 6)

δ
y
t = μy + gyt and δx

t = μx + gx t

(η
y
i , ηx

i ) ∼ N

(

0,

[

σ 2
ηy ρησηy σηx

ρησηy σηx σ 2
ηx

])

εi,t ∼ N
(

0, σ 2
ε (t)

)

σ 2
ε (t) = σ 2

ε (0) + gε.(t − T/2)

ξi,t = λσξ

σε(t − L)
εi,t−L + ui,t , ui,t ∼ N

(

0,
(

1 − λ2) σ 2
ξ

)

(yi,t , xi,t ) = (

si,t y∗
i,t , si,t x

∗
i,t

)

si,t = I

(

t
∑

k=1

I
(

ui,k > τ
) ≥ 1

)

, ui,k ∼ U [0, 1]

yc
i,t = yi,t I (yi,t ≤ 1) + I (yi,t > 1)

The structural parameters of the above DGP and the initial distributions of (y∗
i,0, x∗

i,0) are
estimated using the Simulated Method of Moments, while fixing γ = 0.5, β = 0.05, ρ =
0.9, ρη = 0.5, τ = 0.85, gε = 0.006, λ = 0.5 and L = 2. Given initial conditions
on parameters (μy, μx , gy, gx , σ 2

ηy , σ 2
ηx , σ

2
ε (0), σ 2

ξ ), we minimize the sum of squared differ-
ences between some observed statistical moments and the corresponding simulated moments
obtained from 1,000 Monte Carlo draws. Each moment is normalized by the inverse variance
of the simulated vector. The set of statistical moments includes: i) the means of democracy
and education taken both in levels and in first differences; ii) the covariance matrices of
observed variables in levels and first-differences (i.e. variances and correlations); iii) the
autocorrelation of the observed variables; iv) the shares of censored observations for the
democracy variable. Table 3 Panel A reports the results. 19 Simulated and observed moments
are almost perfectly in line, so that the estimated DGP constitutes a credible replication of our
democracy and education data set as well as a convenient benchmark to assess the influence
of some specific features of the data such as top-coding or the exogeneity of innovations.

Panel B of Table 3 reports the results of the BC estimation conducted on various sets of
simulated data. Starting from a DGP with no censoring, strict exogeneity of the education
covariate and homoskedastic innovations of democracy, we gradually introduce censoring and
top-coding, weak exogeneity of education and heteroskedasticity, as in last column where the
latter features are jointly considered. In all cases, the BC bias on the autoregressive parameter
γ is much smaller than its DFE counterpart. For both LSDV and BC estimates, the bias on
the slope parameter on education β can be relatively large in absolute value, but it is always
much smaller with the BC estimator. Moreover, with censoring and top-coding, the BC and
LSDV estimates underestimate the true value of the slope parameter β as shown in the last
column. This result was already noted by Benhabib et al. (2011), and suggests viewing the

19 The estimation yields (μy = 0.097, μx = 1.7e − 4, gy = 0.014, gx = 0.055, σ 2
ηy = 0.021, σ 2

ηx =
0.091, σ 2

ε (0) = 0.263, σ 2
ξ = 0.295).
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Table 3 Monte Carlo test of the Bun-Carree estimator

Panel A: Statistical fit of the data generating process

Observed Simulated

Share of selected observations 0.62 0.63

Mean democracy 0.572 0.594

Mean change in democracy 0.034 0.036

Variance of democracy 0.126 0.119

Variance of change in democracy 0.06 0.058

Share of top-coded democracy observations 0.25 0.24

Mean primary education 2.937 2.337

Mean change in primary education 0.306 0.302

Variance of education 3.648 3.195

Variance of change in education 0.081 0.104

Correlation of education and its lag 0.98 0.98

Correlation between democracy and education 0.635 0.586

Correlation between changes in democracy and education 0.112 0.06

Panel B: Test of the Bun-Carree estimator

No censoring and no top-coding With censoring and top-coding

Strict exogeneity Weak exogeneity Strict exogeneity Weak exogeneity

Homoskedastic Heteroskedastic Heteroskedastic Heteroskedastic Heteroskedastic

Bias γ̂ − γ

DFE −0.191 −0.196 −0.181 −0.22 −0.227

BC 0.023 −0.025 0.02 −0.01 −0.047

Bias β̂ − β

DFE −0.027 −0.025 0.05 −0.07 −0.071

BC 0.015 0.013 0.02 −0.013 −0.048

BC estimates presented below as lower bounds on the true effects of education and income
on democracy.

4 Testing the modernization hypothesis over the long run

4.1 Democracy and income

We start with DFE and GMM estimates. Table 4 focuses on log GDP per capita as the main
explanatory variable and displays the estimates of Eq. (1) over the whole period as well as
over three sub-periods, 1960–2000, 1930–2000 and 1870–2000, enabling us to assess the
influence of time-specific sample selection. Regarding the choice of countries, we first use
the whole sample, then a sample that excludes countries already at the maximum level of
democracy as of the initial year. Thus, Table 4 examines the relationships between democracy
and development using a wide range of econometric procedures, time-periods, and country
samples. Column 1 of Table 5 displays the corresponding estimate using the BC estimator
for the whole sample of countries over the 1870–2000 period.
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Table 5 Bun-Carree estimation of the modernization hypothesis 1870–2000

I II III

Dependent variable is standardized Polity IV index of democracy

Lagged democracy 0.526*** 0.540*** 0.522***

(0.052) (0.055) (0.050)

Lagged log income 0.078* – 0.076*

(0.043) – (0.042)

Lagged primary schooling – 0.034* 0.036**

– (0.019) (0.019)

Country fixed effects yes yes yes

Time dummies yes yes yes

The estimation uses the full sample. *** (respectively ** and *) denotes significance at the 1 % (5 and 10 %)
confidence level

The overall conclusion is as follows: with the BB estimator, lagged income always displays
a positive and significant coefficient. In terms of magnitudes, when we use the BB estimate
drawn from the full sample over the 1870–2000 period, the coefficient on lagged income is
equal to 0.118 while the persistence coefficient is 0.509. This implies that doubling GDP
per capita entails closing about 17 % of the gap between the most dictatorial regime and the
most democratic one.20 With a DFE estimator, lagged income is significant in all but one
regression. The only one where income fails to be significant corresponds to the full sample
over the 1960–2000 period, which is incidentally the baseline regression in Acemoglu et al.
(2008). In contrast, AB estimates on lagged income are only significant in 2 of 8 regressions.
However, as already noted this estimator is afflicted by problems of weak instruments, the
major reason why the BB estimator was developed. When comparing the DFE and AB results,
we do find suggestive evidence of weak instruments, as the persistence coefficients ρ are very
close across the two estimators. In contrast, the persistence coefficient is significantly higher
under BB estimation.

The robust significance of lagged income when using BB confirms with a longer panel
the results found in Bobba and Coviello (2007). Moreover, BB estimation passes all of the
specification tests when using the full sample, even though a limited number of instruments
was chosen in order to avoid instruments proliferation problems. In particular, the Hansen
tests p values are comprised between 0.10 and 0.17 with the full sample, and between 0.16
and 0.48 with the sample excluding initial democracies. As already acknowledged, these p
values fall when the instrument set is collapsed/reduced to few instruments.

A feature that could explain the non-significance of some estimates in the previous exercise
is the top coding of the democracy variable. Countries already at the “democratic frontier” at
initial date are unlikely to experience large decreases in democracy (even if this has actually
been observed several times in history, notably after the First World War). Conversely, for
the same set of countries increases in democracy will not be captured by the index, since
it is already at its maximal value.21 To assess the influence of this group of countries, we

20 As the magnitude of the latter effect pertaining to steady-state democracy levels amounts to 0.118/(1 −
0.509) × log(2) = 0.166
21 In statistical terms, this raises the issue of the measurement of democracy, which is proxied by a bounded
variable. Even if some countries have already converged towards the maximum reported level of democ-
racy at the initial date, institutions have kept on evolving, most likely improving, within these countries.
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Fig. 6 Change in democracy and economic growth 1900–2000

ran the former regressions while excluding the countries that were already at the maximum
level of democracy at the initial date. As shown in the second part of Table 4, excluding
these countries from the analysis has an important effect on the results, as the 1960–2000
fixed-effects estimates and the two most recent AB estimates of the coefficient on log per
capita income now become significant.

Column 1 of Table 5 confirms our main results using the bias-corrected estimator of Bun
and Carree (2005). Here, the coefficient on lagged democracy is in line with that obtained
under BB (Table 4, column 3, 1870–2000). The coefficient on log income falls slightly but
remains positive and significant. The BC results give some confidence that the BB estimates
are valid, since the two sets of estimates are close.

These findings differ from those in Acemoglu et al. (2008) who showed that the relationship
between democracy and lagged income was statistically insignificant when calculated over the
twentieth century, and turned significant only over the very long term, say between 1500 and
2000. 22 Figure 6 best illustrates their result. It shows the seemingly null correlation between
the change in the Polity IV score of democracy and growth in GDP per capita between 1900
and 2000. The non-significant correlation depicted in Fig. 6 can be explained by the omission
of the initial level of democracy from the regression. Indeed, the pairwise correlation between
growth of GDP per capita and the change in democracy can be spuriously contaminated by
unobserved variables. Among those, the initial level of democracy is a potential candidate,
since, as described earlier, convergence in democracy has occurred in every period. The
negative correlation between the change and the initial level of democracy might therefore
contaminate the relationship between the change in democracy and per capita GDP growth.

To further examine this issue, Table 6 presents a simple set of purely cross-sectional
regressions where the dependent variable is the change in democracy between 1900 and
2000, while explanatory variables include per capita GDP growth (column I), then adding

Footnote 21 contineued
Benhabib et al. (2011) account for the censoring of the democracy variable and find, similarly to us, a significant
coefficient on log GDP per capita.
22 In their paper, Acemoglu et al. (2008) include both a set of country fixed effects and of time period firxed
effects. We include time period fixed effects in all of our panel regressions.
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Table 6 OLS results using long-differences between 1900 and 2000—log GDP per capita and primary
schooling

I II III IV V VI VII

Dependent variable: change in score of democracy between 1900 and 2000

Change in log GDP
per capita

0.009 0.066* 0.118*** 0.088**
(0.129) (0.035) (0.032) (0.039)

Initial level of log
GDP per capita

0.108*** 0.065
(0.022) (0.045)

Initial level of the
score of democracy

−0.887∗∗∗ −0.997∗∗∗ −0.910∗∗∗ −0.984∗∗∗ −1.021∗∗∗
(0.041) (0.036) (0.052) (0.041) (0.026)

Change in average
years of primary
Schooling

0.140***
(0.038)

−0.004
(0.018)

0.086***
(0.016)

0.100***
(0.025)

Initial level of average
years of primary
Schooling

0.087***
(0.011)

0.088***
(0.027)

R2 0.00 0.95 0.97 0.27 0.9 0.97 0.99

N 28 28 28 35 35 35 28

Robust standard errors. * (respectively ** and ***) stand for significance at the 10 % (5 and 1 %) confidence
level

initial democracy (column II), and finally adding initial log GDP per capita (column III).
As is clear from these simple cross-country regressions, per capita GDP growth is highly
significant once the initial level of democracy is included in the specification, as shown in
columns II and III. This suggests that the non-significance of per capita GDP growth in
column I results from the omitted variable bias arising from the exclusion of the initial level
of democracy. Interestingly, both the initial level and the growth in GDP per capita bear a
significant positive association with the change in democracy over the period, suggesting the
presence of both accumulation and level effects.23 We now examine the findings obtained
with a different proxy for economic development: education.

4.2 Democracy and education

In this subsection, we analyze the determinants of democracy focusing on education. We
consider years of education at various levels (primary, secondary and tertiary), focusing
particularly on average years of primary schooling in the adult population (aged 15 years and
older).

Columns IV–VII of Table 6 display cross-sectional regressions of the change in democracy
between 1900 and 2000 on the corresponding change in mean years of primary schooling
among the adult population, initial democracy and initial average years of primary schooling.
We find qualitatively the same results as for income. The change in primary schooling is
highly significant in column IV and remains significant at the 5 percent confidence level in
columns VI and VII once other explanatory variables are added. Controlling for the whole set
of income and education-related variables as in column VII, we find positive and significant

23 The divergence in results with Acemoglu et al. (2008) can also in part be explained by the difference in
the time span used across the two analyses. Acemoglu et al. (2008) consider 25 year time spans, while the
present study focuses on decennial time spans. When using a longer time span of 30 years, we also found that
lagged income was insignificant with a DFE estimator. However, it was still highly significant when using a
BB estimator.
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Fig. 7 Change in democracy and average years of primary schooling 1900–2000

coefficients for both the changes in log GDP per capita and average primary schooling, as
well as for the initial level of primary schooling. The relationship between democracy and
primary schooling is illustrated by Fig. 7, which depicts a significant and positive correlation
between changes in democracy and changes in average years of primary schooling between
1900 and 2000.

Returning to higher data frequency (using a panel with decade averages), Table 7 reports
results that can be directly compared to those of Table 4. In this setting, we estimate Eq. (1)
using various samples and econometric methods, replacing log GDP per capita by average
years of primary schooling. Again, we find that in all BB regressions, the coefficient on
lagged primary schooling is positive and statistically significant at the 1 % level. As before,
for the chosen set of instruments, the BB estimator passes all specification tests. The DFE
estimates also generally display a positive effect of primary schooling on democracy in 6 out
of 8 regressions. Both DFE and BB estimates contrast with AB estimates, which are never
positive and significant at the same time. A comparison between DFE and AB estimates of
the persistence coefficient ρ suggests that a weak instruments problem is once again plaguing
the AB estimator.

Column 2 of Table 5 confirms the BB results for the 1870–2000 period using the BC
estimator instead. Here, the coefficient on primary schooling is 0.034 under BC versus 0.036
under BB estimation, while the coefficient on lagged democracy falls from 0.749 unde BB
to 0.540 under BC. The relative similarity between these numbers further reinforces our
confidence that there was something to the BB estimates.

In terms of magnitudes, the effect associated with primary schooling is large. When
looking at the full sample over the whole period, the BC coefficient on primary schooling
(equal to 0.034) and the persistence coefficient (0.54) jointly entail a steady-state effect equal
to 0.034/(1 − 0.54) = 0.074, and an average increase in 0.074 × 2.29 = 0.17 points in the
democracy score over the 1870–2000 period where mean years of primary schooling have
increased by an average 2.29 years, and average democracy by 0.36 points. Therefore, the
diffusion of literacy accounts for about half of the democratic transition over that period.

To see if primary schooling is the main variable driving democracy or if education at
other levels of attainment matters separately, we reran the regressions (over the full sample)
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using secondary and tertiary schooling. We also ran a horse race between primary, secondary
and tertiary schooling. Results are presented in Table 8. As in Tables 4 and 7, most Hansen
specification tests for AB regressions fail, so we rule out the AB estimator in the remainder of
this paper, and focus on the DFE, BB and BC estimators. 24 The first panel of Table 8 confirms
that average years of primary schooling is a strongly significant determinant of democracy
in both DFE and BB regressions, and across all periods. All specification tests are valid and
point-estimates of primary schooling are consistent across all regressions. By contrast, we
find little evidence that secondary and tertiary schooling matter much for democracy—the
signs on these variables are sometimes negative, often insignificant, and generally unstable
across time periods and estimation methods.25 We do find that, using the BB estimator,
secondary schooling turns out positive and significant in all but one case, with satisfactory
specification tests, but this is not robust to using the simpler DFE estimator, where we even
get sign reversals.

An important new finding of this paper stems from the horse race between education mea-
sures at various levels, in the bottom panel of Table 8: When disaggregating average years
of schooling into its three main components, primary schooling wins out—it bears a consis-
tently positive and statistically significant estimated coefficient while the other measures of
schooling are generally insignificant statistically.26

Our empirical results on the positive impact of primary education on democracy over the
long period 1870–2000 is the central contribution of this paper and the result that sets it apart
from existing research testing the modernization hypothesis.27 It suggests that progress in
democracy is achieved mostly when countries are still in their infancy in terms of educational
development. In other words, increased political participation might involve the transition
between illiteracy and literacy rather than further developments of secondary schooling and
higher education, which often take place in already mature societies, and do not necessarily
yield more stable political regimes over the short run. What matters for democracy is the
average number of years of primary schooling in the adult population rather than the average
total number of years of schooling.28 Since higher education reached mass enrollment rates
in high-income countries over the last quarter of the twentieth century, when democracy
was already well-established, it is not surprising that higher education cannot explain the
emergence of democracy.

4.3 Channels of democratization: income or primary education?

The results discussed above provide empirical support for a central issue in political econ-
omy: The quantitative evidence demonstrates that economic development and modernization,

24 However, AB estimates for the corresponding specifications are available upon request.
25 This finding may be interpreted as the sign of multicollinearity problems when variables are introduced
altogether.
26 We also ran regressions using the total number of years of education in the adult population (the sum of
primary, secondary and tertiary). We found mixed evidence that the overall stock of education was significantly
associated with democracy. Results were strongest using the state-of-the-art BB estimator irrespective of the
period under consideration. Results for overall educational attainment are available upon request.
27 Recent papers reaching the conclusion that education is an important determinant of democratization, albeit
in contexts that are very different from ours, include Milligan, Moretti and Oreopoulos (2004) for the US and
the UK, and Campante and Chor (2012) for the Arab Spring.
28 Over the period 1960–2000, Castelló-Climent (2008) find that the education level of the first three quintiles
of the education distribution is a more robust determinant of democracy than average years of schooling in
the population. As the population at the bottom of the education distribution receive only primary education
in early stages of economic development, her measure and ours are quite similar to each other.
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captured either by log GDP per capita or average years of primary schooling, are strongly
significant determinants of democracy. This result is robust to controlling for country fixed-
effects, accounting for persistence in the dependent variable and instrumenting using lagged
explanatory variables in both levels and first differences.

Table 9 investigates which of the two variables—log GDP per capita or average years of
primary schooling—has the greatest explanatory power using the full sample of countries.
Primary education appears to be a more robust determinant. Indeed, it is significant in all
8 specifications with either DFE or BB estimators, while lagged log GDP per capita is
significant in 3 DFE regressions but is never significant in BB regressions. Focusing on the
BB estimator, we find satisfactory specification tests in all cases as the Hansen test p value is
comprised between 0.1 and 0.25, limiting the number of instruments as in former tables. The
coefficient on primary schooling is rather similar across periods and is comprised between
0.06 and 0.09 in BB regressions. Finally, turning to the BC estimator, in column 3 of Table 5
we find that both log income and primary schooling retain their significance, but that primary
schooling is more significant than log income—in line with the results in Table 9.

4.4 Robustness analysis

We ran several robustness checks and they largely confirmed the validity of our results. First,
we defined subperiods differently, and found that our main results still hold over the two
globalization periods (1870–1910 and 1960–2000) and the period of retreat from globaliza-
tion that corresponds roughly to the Interwar period (1910–1960).29 Using a BB estimator,
we found that primary education has been the key determinant of democracy in all these
sub-periods. In terms of the magnitude of the effect, it was comparable across all three sub-
periods and similar to the one described above. Interestingly, income has not been a significant
determinant of democracy until the postwar period.

Second, we found that our results are unchanged when using a different democracy index,
namely the Freedom House indices of political rights and civil liberties over the period 1960–
2000. This result was largely expected as it was already highlighted in Bobba and Coviello
(2007), although the latter authors used different education data.

Finally, sample composition could further affect our results as the sample does not remain
fixed over time. In practice, countries join the sample at their date of independence, but
many young countries have experienced erratic political processes, including declines in
democracy in some cases. Their inclusion in the sample could create composition effects
and spuriously affect the long-term interpretation of our results. We therefore restricted
the sample to a balanced panel of 19 countries observed over the two periods 1870–2000
and 1960–2000, using alternatively DFE or BB. 30 In the latter case, to limit the problem
of instrument proliferation we only use one lag per independent variable to generate the
moment conditions, namely the fourth lags of democracy and primary education. Even with
this important constraint, the number of instruments is larger than the number of countries,
which hinders the validity of the Hansen test due to the instruments proliferation problem.

29 The corresponding empirical results are available upon request.
30 Results are available upon request. The 19 countries in the balanced panel were Argentina, Austria, Brazil,
Canada, Switzerland, Spain, France, the United Kindgom, Greece, Hungary, Iran, Italy, Mexico, New Zealand,
Portugal, Sweden, Thailand, the United States, and Venezuela. While it may be tempting to assume that
countries for which data is constinuously available since 1870 may not have experienced large shifts in
democracy ovr the 1870–2000 period, this is not the case, as demonstrated by the right-hand panel of Table 1,
which summarizes the level of democracy per period for this subsample.
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This is a problem that arises when the number of countries is small, but it is unavoidable
here.

Despite this problem, we found evidence that primary education, and in a less robust
way income, have been significant determinants of democracy over both periods. With DFE,
both variables were always highly significant. With BB, income was significant over 1870–
2000 but not over 1960–2000, while primary education was always significant, including
in the horse race with income. Caution should be exercised in drawing strong inferences
given the instrument proliferation problem in this context, but overall the balanced sample
results confirm that primary education can be viewed as the most robust determinant of
democracy.

5 From democracy to modernity?

5.1 From democracy to education

This section focuses on reverse causality from democracy to economic development. We
start by examining the link from democracy to schooling. Two classes of theories aiming
to explain the historical increase in schooling have emerged from past studies. The first one
is again linked to Lipset’s modernization hypothesis, as it emphasizes the role played by
economic development and technological progress as determinants of education. It includes
Unified Growth Theory (Galor and Weil 1996, 2000, Galor 2011), explaining the take-off in
public schooling among advanced countries by the rising demand for skills at the onset of
the second Industrial Revolution. To say this differently, the spread of education originates
from “the race between education and technological progress” (Tinbergen 1975) that started
in the second half of the nineteenth century.

The second class of theories highlights the role played by cultural or religious factors
(Weber 1904/05; Becker and Woessmann 2009) and institutions (Acemoglu and Robinson
2000). In particular, Lindert (2004, chapters 5 and 15) documents how the gradual extension
of the suffrage as well as decentralization fostered the development of a publicly funded mass
education system among advanced countries over the nineteenth century. He concludes that
“there is a strong link from the spread of political voice to the rise of tax-based primary edu-
cation” (Lindert 2004, chapter 15, p. 50). According to “Lindert’s hypothesis//, the extension
of the suffrage should entail an increase in schooling. Although our Polity IV index captures
several other dimensions besides voting rights (such as the rule of law), the latter hypothe-
sis is consistent with, but not necessarily equivalent to, the hypothesis that democratization
triggers the spread of education.

In this subsection we aim to formally test whether educational attainment of young cohorts
is determined by economic progress or by democratization, while accounting for cross-
country differences in cultural factors. Measurement issues are addressed as follows:

First, the educational attainment of the young is defined as the average years of schooling
of pupils aged between 5 and 14. In practice, the latter variable is proxied by the observed
average value of schooling among the cohort aged between 25 and 34 years twenty years
later (i.e. observed at time t + 2).31 It is worth noting than at date t + 1, the latter cohort
corresponds to the population aged between 15 and 24 years, in other words pupils in mid-
secondary or at the end of tertiary schooling. Consequently, changes in democracy taking

31 This variable is taken from the dataset on education by age borrowed from the same sources as those
underlying Morrisson and Murtin (2009).
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place between two subsequent observations of our panel should affect the whole spectrum
of pupils in school.

Second, standards of economic development are proxied by two variables, namely log
GDP per capita and average years of schooling of the adult population. We can control for
the lagged dependent variable to account for the autocorrelation of the flow of education (i.e.
education of young generations). However, as we already control for the stock of education
(i.e. education of the adult population), the lags of the dependent variable are implicitely
accounted for. Having tried both the specification with and without the lagged dependent
variable, we found qualitatively identical results. Here we choose to report the regressions
without the lagged dependent variable that are less subject to multi-collinearity problems.
Finally, country fixed-effects account for time-invariant factors such as religion or culture. We
assess the following dynamic panel data model using the same instrumentation techniques
as before:

Eit = ai + bt + αDit + βSit + γ yit + υi t (6)

where Eit is average years of schooling completed by the cohort aged between 25 and 34
twenty years later, Dit the democracy score, Sit average years of schooling of population older
than 15, yit log GDP per capita, ai and bt respectively country and time fixed-effects. This
specification allows us to test whether α > 0, namely whether the democracy-child education
linkage turns out significant holding fixed past increases in schooling and improvements in
living standards.32

Table 10 presents the results of OLS estimates (imposing ai = 0), panel fixed effects
(ai 	= 0) and BB estimation, controlling or not for the level of development. We ran two
sets of regressions, one spanning the whole period, the other focusing on the period 1960–
2000. In BB regressions, the Hansen test of joint exogeneity of the instruments were satisfied
in all cases (the same rules as before concerning the selection of the number of lags, i.e.
the number of moment conditions, apply—namely we minimize the problem of instrument
proliferaton by limiting the number of moment conditions to be smaller than the number of
countries).

Overall, weak results arise regarding the potential role of democracy as a determinant
of human capital. Over the 1870–2000 period, democracy is a significant determinant of
average years of schooling attained by young cohorts in OLS and FE regressions in columns
I, III and V, but it is no longer significant once the level of development is controlled for,
as columns II, IV and VI demonstrate. Over the 1960–2000 period, democracy is signifi-
cant in the OLS (Column VII) and BB (Column XI) regressions, but switches sign when
other variables are introduced (Column VIII and XII). In FE estimation, it is never signif-
icant (columns IX and X). In sum, democracy is a positive and significant determinant of
schooling attained by young cohorts when it is the only one explanatory variable. When
the level of development is controlled for, it is never significant among the 6 corresponding
specifications. Hence, we find little evidence that democracy leads to higher educational
attainment. 33

32 In results available upon request, we introduced a cubic in the level of democracy to detect potentially
non-linear effects as suggested by Lindert (2004). We could not find any evidence of non-linearity.
33 In contrast to Lindert’s view that the extension of the suffrage should lead to differences in educational
policy and spending, Mulligan, Gil and Sala-i-Martin (2004, 2010) show that, on a wide array of policy metrics,
including Social Security, democracies do not significantly differ from non-democracies. This is consistent
with our finding that democracy does not causally affect educational attainment very strongly.
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5.2 From democracy to income

Turning to the relationship between GDP per capita and democracy, we simply run our
dynamic panel data specifications, running income as a function of lagged democracy and
lagged income. In other words, we “reverse” the baseline specification of Sect. 3, focusing
similarly on DFE, AB and BB estimators. However, when applying the BB estimator, we
find evidence of unit root as the coefficient on lagged income is very close to or even greater
than unity.34 To deal with this problem, we take the first-difference of all variables when
applying the BB estimator. A similar operation applied to other regressions (DFE and AB)
yields qualitatively similar results. Hence, we report the results when the following dynamic
panel data model is estimated either in levels (DFE and FE) or in first-differences (BB):

log yit = ai + bt + ρ log yi,t−1 + αDi,t−1 + υi t (7)

We find no robust effect of the lagged level of democracy on log per capita income. As
reported in Table 11, we do not find any significant correlation between log GDP per capita
and lagged democracy when using DFE, although the p value of the coefficient on lagged
democracy for the period 1870–2000 is equal to 0.104. In unreported results disclosed in
the working paper version of this study when using FE (i.e. excluding lagged income from
the regression), we do find significant coefficients on democracy for the periods 1870–2000,
1900–2000 and 1930–2000. However, as shown in Table 11, this correlation vanishes once
we control for the lagged level of log GDP per capita and use the AB estimator, whatever the
period and country sample. Similarly, we find that growth of GDP per capita and the lagged
change in democracy are never significantly associated, whatever the period and country
sample, when using the BB estimator. The same result prevails independently from whether
we control for lagged per capita GDP growth with AB, BB and DFE estimators.

In sum, the empirical evidence suggest that the level of income is more likely to be a
determinant of the level of democracy than the other way around once we control for income
persistence, and that the level of democracy has hardly been a significant determinant of
economic growth over the twentieth century. This finding is consistent with a vast literature
that seeks to explain economic growth as a function of the degree of democracy in the con-
text of cross-country specifications similar to Eq. (7), finding generally inconclusive results.
Among salient contributions, see Barro (1996), Helliwell (1994), Minier (1998), Tavares and
Wacziarg (2001), and the survey in Borner, Brunetti and Weder (1995), among many others.
More recent contributions include Persson and Tabellini (2006), who argue that the sequenc-
ing of economic and political reforms matters: democratic reforms are more conducive to
growth if they are preceded by economic liberalizations. Also providing a nuanced view of
the effects of democracy on economic performance, which includes an explicit considera-
tion of the bi-directional causality linking the two concepts, Persson and Tabellini (2009)
argue that a long experience with democratic institutions (“democratic capital”) is conducive
to development, and that in turn development consolidates democratic capital, leading to a
virtuous circle.

Finally, some caveats are in order. First, our analysis is conditional on the definition of
democracy as expressed by the Polity IV composite variable, which is to some degree subject
to judgment calls and measurement error. Moreover, as suggested by Lindert’s analysis, some
specific dimensions of democracy such as voting rights may be more relevant as determinants

34 This finding may be explained by the existence of country-specific deterministic trends that are not well
captured by the set of time dummies, leaving room for the existence of an integrated process of order 1 that
contaminates the residuals and biases upward the autocorrelation coefficient.
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of the spread of education than others. We leave the question of whether some subcomponents
of the composite democracy index may causally affect education open for future research.
Second, the effect of democracy on economic growth may depend on the state of development
or some other interaction variable. For instance, Aghion, Alesina and Trebbi (2007) suggest
that institutional features become favorable to economic growth when the economy is closer
to the technological frontier, or for more technologically advanced sectors. Also pointing to a
conditional effect, Aghion, Persson and Rouzet (2012) find that democracy displays a positive
impact on child enrollment only in countries engaged into fierce economic or military rivalry
with competing nations. Finally, Cervelatti and Sunde (2011) argue that violent conflict is
a mediating variable linking democracy and economic performance: peaceful transitions to
democracy are conducive to growth, while violent conflict reduces the effect of democracy
on growth. Overall, these caveats do not undermine our general conclusion that over the long-
run, primary education and to a lesser extent income levels have had a substantial impact on
(broadly defined) democracy standards, while the converse hypothesis does not hold in its
simple, unconditional form.

6 Conclusion

This paper provides empirical support for the modernization hypothesis in the context of an
ongoing debate about the direction of causality linking democracy and economic develop-
ment. Three features jointly set apart our approach from existing studies on this topic. First,
in contrast with most existing research, we take a longer historical view, going back to 1870.
This allows us to examine how the relationship might have changed over time. Second, we
use modern dynamic panel data methods, including state-of-the-art bias correction methods,
in a context where the long duration of the data affords substantial within-country variation,
in contrast with studies that feature a compressed time frame. Finally, we are able to run
horseraces between various measures of economic modernization (income per capita and
human capital) and various new historical measures of education (primary, secondary and
tertiary). To our knowledge, no existing paper combines these three novel features together.
Doing so, we document a strong empirical link from the level of development, particularly
as captured by the level of primary schooling, to democracy. Investigating reverse causality
from democracy to the educational attainment of young cohorts over the long run, we find
little evidence of a positive and significant link.

Future work should seek to better understand the specific microeconomic mechanisms that
link primary education to democracy. One possibility is that illiteracy hinders the demand for
democracy because it limits the ability of the population to learn about and monitor the actions
of autocratic regimes. Another, not mutually exclusive possibility is that a minimal level of
education is necessary for the supply of collective action needed to overthrow dictators.
Another potential mechanism is that literacy, and more generally economic modernization,
are associated with economic activities less geared toward subsistence and basic survival,
freeing time and resources to actively demand more political rights. Literacy, finally, may
create the conditions for a well-functioning expression of suffrage, and thus more sustainable
democracy.
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