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Machine Learning Indices, Political Institutions, and
Economic Development

Abstract

We present a new aggregation method - called SVM algorithm - and use this technique to
produce novel measures of democracy (186 countries, 1960-2014). The method takes its name
from a machine learning technique for pattern recognition and has three notable features: it
makes functional assumptions unnecessary, it accounts for measurement uncertainty, and it
creates continuous and dichotomous indices. We use the SVM indices to investigate the effect of
democratic institutions on economic development, and find that democracies grow faster than
autocracies. Furthermore, we illustrate how the estimation results are affected by conceptual and
methodological changes in the measure of democracy. In particular, we show that instrumental
variables cannot compensate for measurement errors produced by conventional aggregation
methods, and explain why this failure leads to an overestimation of regression coefficients.
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1 Introduction

The view that authoritarian institutions are more conducive to economic development
than liberal-democratic institutions has recently gained greater popularity among voters
and politicians (Plattner, 2015, Wike et al., 2017). The Hungarian Prime Minister, Victor
Orban, for example, argued in his speech on July 26, 2014, that:

“The defining aspect of today’s world can be articulated as a race to figure out
a way of organizing communities and to find the state that is most capable of
making a nation competitive. This is why, [...] a trending topic in thinking is
understanding systems that are not Western, not liberal, not liberal democra-

cies, maybe not even democracies, and yet making nations successful.”

and attracted global attention by concluding that:

“What all this exactly means [...] we have to abandon liberal methods and
principles of organizing a society, as well as the liberal way to look at the

world.” 1

The question of how democracy affects economic growth is the subject of numerous
studies. Economic theory suggests different mechanisms. Some theories argue that a
democratic transition accelerates economic growth because democratic regimes increase
public spending on human capital and improve the rule of law. Other theories predict
a deceleration due to efficiency losses and higher taxation (Acemoglu, 2008, Besley and
Coate, 1998, Persson and Tabellini, 1994, Saint-Paul and Verdier, 1993).

The empirical literature reflects this ambiguity. Doucouliagos and Ulubagoglu (2008)
compile the results from more than 80 studies on the democracy-growth-nexus and observe
that:

“15 percent of the estimates are negative and statistically significant, 21 per-
cent of the estimates are negative and statistically insignificant, 37 percent of
the estimates are positive and statistically insignificant, and 27 percent of the

estimates are positive and statistically significant.”

The results of more recent—and econometrically more sophisticated—studies are also
diverse: Acemoglu et al. (2014), Griindler and Krieger (2016), Madsen et al. (2015), and
Papaioannou and Siourounis (2008) conclude that democracy promotes economic growth,
whereas Aisen and Veiga (2013), Madsen and Murtin (2017), and Murtin and Wacziarg

(2014) find no empirical support for this view.?

!For an English version of the speech, see https://hungarianspectrum.wordpress.com/2014/07/31/.
2A related strand of literature investigates the effect of economic development on democracy (Acemoglu
et al., 2008, 2009, Barro, 1999, Cervellati et al., 2014, Gundlach and Paldam, 2009, Lipset, 1959, Prze-
worski, 2000) and the effect of income shocks on institutional change (Aidt and Franck, 2015, Aidt and
Leon, 2016, Briickner and Ciccone, 2011, Briickner et al., 2012, Burke and Leigh, 2010, Chaney, 2013,
Franck, 2016). This study does not examine these relationships. Our methodological contributions may,
however, also be relevant for these lines of research.


https://hungarianspectrum.wordpress.com/2014/07/31/

Our study makes three contributions. First, we present new measures of democracy for
186 countries and the time period from 1960 to 2014.3 To transform the employed raw
data on political competition, electoral participation, and political discourse into a single
index, we propose an aggregation method that is based on a machine learning technique
for pattern recognition, known as Support Vector Machines (SVM). We argue that this
methodological innovation is necessary since conventional aggregation techniques—such
as arithmetic and geometric averaging, or latent variable methods—produce misleading
indices for specific autocracies and established democracies. We also show that these
systematic malfunctions result from functional assumptions about the relationship between
the variables in the raw data set and the degree of democratization. The SVM algorithm
avoids these assumptions and thus generates more reliable measures. Our method has two
additional features: it computes continuous and dichotomous indices for any concept of
democracy, and it provides indication of measurement uncertainty.*

Second, we provide new insights into the relationship between democracy and economic
development. We address endogeneity problems with a common two-stage least squares
(2SLS) approach in which the average degree of democratization in neighboring countries
serves as the instrument for the domestic degree of democratization. The motivation for
this instrumentation strategy is the observation that institutional transitions often occur
in regional waves, and thus a correlation exists between the domestic and the regional
level of democracy (Acemoglu et al., 2014). Our regression results show that a transition
from an authoritarian regime towards a democratic regime leads to a statistically signif-
icant increase in economic development. This effect persists when controlling for other
explanatory factors, applying alternative identification strategies, and taking account of
measurement uncertainty in the SVM indices.?

Finally, we investigate the empirical consequences of changes in the measure of democ-
racy. In this respect, we provide novel contributions along three dimensions. First, we
compare continuous and dichotomous indices that are conceptually equivalent. We find

that switching from one type to another can cause significant changes in the regression re-

3Measuring democracy is difficult for multiple reasons. In this study, we use a common three-stage pro-
cedure (Munck and Verkuilen, 2002): first, we define the term “democracy’ (conceptualization), then
compile data that reflect the components of the concept (operationalization), and finally specify the rule
that transforms the raw data into an index (aggregation).

4A preliminary version of the SVM algorithm is used by Griindler and Krieger (2016) to synthesize existing
measures of democracy. Our study features a number of methodological and conceptual improvements.
We (i) use non-aggregated data and thus achieve greater precision with regard to conceptual issues, (ii)
extend the length of the panel by 25 years, (iii) compute continuous and dichotomous indices, (iv) provide
an indication of measurement uncertainty, and (v) increase the numerical robustness of the algorithm. This
paper also provides a clear explanation for why the SVM algorithm outperforms conventional aggregation
techniques.

SExisting empirical studies suggest that there are two main reasons for why democratic institutions are
growth-enhancing: (i) democracies spend more on education and health services, and thus improve the
accumulation of human capital (Ansell, 2010, Besley and Kudamatsu, 2006, Cascio and Washington,
2013, Fujiwara, 2015, Harding and Stasavage, 2013, Kudamatsu, 2012, Tavares and Wacziarg, 2001), and
(ii) democratic regimes have economic institutions that are conducive to economic development (Besley
et al., 2010, De Haan and Sturm, 2003, Giuliano et al., 2013, Grosjean and Senik, 2011, Lundstrém, 2005,
Rode and Gwartney, 2012). The identification of the exact channel running from democracy to economic
development is, however, beyond the scope of this paper.



sults. We also show that the estimated effect of democracy on economic development is less
stable when using a dichotomous measure. Second, we modify the concept of democracy
and observe that conceptual aspects are of minor importance for the estimation results.
Third, we replace the SVM algorithm with conventional aggregation techniques and find
notable increases in the estimated effect of democracy on economic development. We
demonstrate that these increases can be explained by the measurement errors produced
by conventional aggregation methods. We also explain why the 2SLS estimator does not
prevent the overestimation.

The remainder is organized as follows: Section 2 provides an introduction to SVM.
Section 3 derives the measures of democracy. Section 4 reports the empirical results.

Section 5 concludes.

2 Support Vector Machines

Support Vector Machines (SVM) is a machine learning technique designed for pattern
recognition. It aims at revealing an unknown functional relationship §: X — Z that links
a set of inputs x = (21,...,2,) € X CR™ to an outcome z € Z C R for all observations
i in the sample § = {(x;,z) |1 =1,...,n}:

§x) =2z Yi=1,..,n. (1)

In contrast to conventional tools of statistical modeling—such as Ordinary Least Squares
(OLS) or Generalized Methods of Moments (GMM )—machine learning techniques do not
require prior assumptions about the shape of the functional relationship, they rather learn
without being explicitly programmed (Breiman et al., 2001). The literature distinguishes
between supervised and unsupervised machine learning techniques. SVM belongs to the
former type because its application requires a set of observations for learning the rule that
maps X onto z (Steinwart and Christmann, 2008).

The mathematical foundations of SVM techniques and their properties with regard
to prediction accuracy, statistical robustness, practicability are well documented (Abe,
2005, Bennett and Campbell, 2000, Steinwart and Christmann, 2008). In this study, we
employ two standard SVM techniques to arrive at dichotomous classifications and to run
non-linear regressions. In the remainder of this section, we introduce the mathematical

formulations of Support Vector Classification and Support Vector Regression.”

5Tn this context, ”learning the rule” means that an empirical model is estimated which adequately predicts
the output z of any input x; it does not mean that SVM provides a closed form description of the functional
relationship that facilitates a causal interpretation of the impact of component z; (5 =1,...,m) on the
outcome z (Steinwart and Christmann, 2008).

"For further reading, we refer interested readers to Abe (2005), Smola and Schélkopf (2004), Steinwart
and Christmann (2008) and Vapnik (1995, 1998)



2.1 Support Vector Classification

A Support Vector Classification (SVC) is a non-linear extension of the General Portrait

Algorithm (GPA). In its initial form, the GPA assumes the existence of hyperplanes

Hup(x) = (w,x) b weR™, [[w|=1,beR, x € R" (2)

that separate the observations in & = {(x;,z;)|i = 1,...,n} according to their labels
z € {-1,1}. Graph (I) in Appendix Figure B.1 illustrates this separation in a one-
dimensional example.

The primary objective of the GPA is to find a linear classification function that assigns
any input x; to its output z; (i = 1,...,n). Graph (II) in Appendix Figure B.1 shows that
the number of eligible decision functions may be infinite. To arrive at an unique solution,
the distance—called the margin—Dbetween a separating hyperplane and the nearest ob-
servation is calculated. GPA selects the hyperplane with the greatest margin in S (Abe,
2005, Steinwart and Christmann, 2008). Graphs (III) and (IV) in Appendix Figure B.1
illustrate this procedure.

In formal terms, the GPA solves the quadratic optimization problem

1
i — gy i >
welin__ o{wow) st pi((woxi) +6) > 1 (3)

and uses the solution (w*,b*) to calculate the classification function
T(x) = sign ((W*,x) + b*) w* e R™, b* e R. (4)

GPA attracts little attention in applied research because a linear separation usually
does not exist (see Graph (I) in Appendix Figure B.2). Boser et al. (1992) extend the
GPA to allow for the estimation of non-linear classification functions. They propose the
usage of a non-linear function ®: X — H that maps the input characteristics x € X
onto a Reproducing Hilbert Space H.® The GPA is then applied to the adjusted sample
Sy ={(®(x;),z)|i=1,...,n} and a dividing hyperplane is computed in H:

Hy,

* Dok
H’bH

(®(x)) = (Wi, ®(x)) + b3,  wi €H, by €R. (5)
The resultant classification function
§(x) = sign ((w3,, (x)) + b3) wy € R™, b3, € R (6)

is non-linear in x € X'. Graphs (II) and (III) in Figure B.2 illustrate the mapping approach
with the help of a simple example (Abe, 2005, Steinwart and Christmann, 2008).

Cortes and Vapnik (1995) argue that random noise and measurement errors may lead to

8The non-linear extension suggested by Boser et al. (1992) is based on mathematical theorems that prove
the existence of a feature space H, in which a hyperplane can perfectly separate the sample data S. For
details, see Steinwart and Christmann (2008).



mislabeling. They therefore relax the auxiliary conditions of the GPA by including slack
variables & > 0. Together with the non-linear GPA extension of Boser et al. (1992), this

adjustment yields the optimization problem

Lwrwi) +C S & st 2 ((wp @) + by) > 1— 6 Vi, (7)

min
WHGH,bHER,§ERi 2 ‘
i=1
where C denotes a fixed cost parameter for penalizing misclassifications.

If the dimension of H is large, solving this optimization problem may turn out to be

computationally infeasible. In this case, the corresponding dual program

max 2iZi 0L d(x; s.t. zia; =0 8
acl0.C]n ]Zl 1<y J X;), J ) Z (A%} (8)
can be considered where oy, ..., a, denote the Lagrange multipliers of the primal program.

The dual program implies a closed form solution for the classification function

—Slgn <Z 2 z ( )>H + b’H) (9)

Since an appropriate feature map ®: X — H is usually not known, Scholkopf et al. (1998)
apply the “kernel trick”, i.e. they replace the unknown inner product (®(x;), ®(x))s with
a known kernel function R: X x X - R:

F(x) = sign (Z zial R(xi,x) + b;;) 9 (10)

i=1
An observation is called a Support Vector if its Lagrange multiplier « is nonzero. The
algorithm takes its name from these data points because only Support Vectors influence
the shape of the classification function (Abe, 2005, Steinwart and Christmann, 2008).

2.2 Support Vector Regression

In their traditional form, GPA and SVC are limited to applications in which the output
variable comes from a countably finite set. Vapnik (1995, 1998) overcomes this con-
straint by introducing a method that estimates real-valued functions. The objective of
Support Vector Regression (SVR) is to find a function §: X € R™ — Z C R whose
predicted outcomes deviate at most by e from the observed labels for all observations in

S:{(Xi,zi)H:l,...,n}:

!
I§(xi) — zi| <e€ Vi=1,...,n. (11)

9This idea of Schélkopf et al. (1998) is based on a theorem of Mercer (1909), who proves that each kernel
function K: X x X — R is related to a Reproducing Hilbert Space H with

ﬁ(xi,xj) = <(I)(Xi),q)(X]')>'H VXZ',XJ‘ c X.



Consider first the case where the regression function is a hyperplane
F(x) = (w,x)+b weR" beR,xeR™ (12)

and the norm of the slope w needs to be minimized. In formal terms, one solves the

quadratic optimization problem

1 zZ; — (W, X;) — b <e \4)
min Ll sp 47X (13)
weR™ beR 2 <W,Xz> +b— Zi S e Vi

and uses the solution (w*,b*) to specify the regression line.

Since solving this constrained optimization problem often turns out to be impossible,
the applicability of a linear SVR is limited. Vapnik (1995, 1998) therefore proposes—in
a manner similar to SVC—the application of slack variables (£,67) € R2 (i =1,...,n)
that relax the auxiliary conditions and the use of a feature map ¢: X — H that allows

for non-linear estimations

n zi = (W, ®(x;)) —b<e+&
JwlP+CY (65 +&7) st S (w, @(x)) +b—z<c+&  (14)
. Fe >0

_ 1
min —
wEHbER, (€] £ )eRS 2

To avoid computational problems when the dimension of H is large, the corresponding

dual problem

s _% D (af —a)(af —a ) (@(x), @0 —e Y (o +a7)+ Yyl —a))
=1 i=1

70

s.t. Z(a*—a;) =0 and o, a; €10,0],

can be considered, where at = (ai", ot

) and &= = (aj,...,q,) denote the La-
grangian multipliers of the primal program. The dual program yields the closed form
solution
509 =3 (o — a7) (@0x). ©6x))u + by (15)
i=1
Since ®: X — H is still not known, the kernel trick can again be applied to replace the
unknown inner product (®(x;), ®(x))y with a kernel 8: X x X — R. The shape of the

non-linear regression function

n

F(x) =D (ai — af) &(xi,x) + by, (16)

=1
depends only on observations—called Support Vectors—whose Lagrangian multipliers (o, o)
are different from zero (Smola and Scholkopf, 2004).



3 Measuring democracy

We use a three-stage procedure to measure the degree of democratization (Munck and
Verkuilen, 2002): first, we define the term “democratic regime” (conceptualization), then
compile data that reflect the components of the concept (operationalization), and finally
specify the rule that transforms the raw data into an index (aggregation). In formal
terms, this simply means that the degree of democratization is a function of the observed

characteristics, x = (21, ...,2,) € X:
P o= Px) =5 o) D] YxeX T, (17)

where §°: X — D denotes the aggregation function for a given concept .

The implementation of Equation (17) entails two methodological challenges: First, we
need to ascertain whether the intended application of the index requires a continuous or
a dichotomous codomain D. Second, and even more challenging, we need to specify the
function that aggregates the characteristics. This task is difficult because the correct ag-
gregation rule is not known and the actual degrees of democratization cannot be observed
directly.

The conventional procedure for solving the aggregation problem is, of course, to make
assumptions about the functional relationship between the characteristics and the degree
of democratization. Scholars have usually first assigned a weight w; € (0,1) to each
characteristic z; (j = 1,...,m), and then chosen a functional link that is either additive

or multiplicative (Decancq and Lugo, 2013, Goertz, 2006):
m m m
FP(x) = Z wi-zp or FO(x) = H x;‘-)j with ij =1.10 (18)
j=1 j=1 j=1

This conventional approach has three major weaknesses:'! the weighting schemes and
functional forms can hardly be justified with the help of the theory of democracy (Munck
and Verkuilen, 2002), measurement uncertainty that arises from data limitations cannot
be indicated since conventional aggregation methods do not allow for the calculation of
confidence intervals (Pemstein et al., 2010), and the additive and multiplicative linking
leads to distortions at the lower and at the upper ends of the spectrum (Teorell et al.,
2016).12

3.1 Measuring democracy with SVM

This section introduces a new procedure for measuring democracy. The SVM algorithm

has three major advantages compared to conventional aggregation techniques: (i) assump-

19Some more recent studies suggest synthesizing additive and multiplicative indices (Acemoglu et al., 2014,
Pemstein et al., 2010, Teorell et al., 2016). For details, see Section 3.5.

1 Appendix A.1 illustrates the limitations of the conventional procedure using the democracy indicators
developed by Acemoglu et al. (2014), Marshall et al. (2016) and Vanhanen (2000).

12G8ections 3.5 and 4.4 show why these distortions arise and why they are problematic.



tions about the functional relationship between the characteristics and the degree of de-
mocratization are not necessary, (ii) continuous and dichotomous measures can be created
without manual adjustments and for any concept of democracy, and (iii) a distribution of

indicators can be produced to provide indication of measurement uncertainty.

Conceptualization and operationalization

In the first step of the procedure, we select institutional components to define the term
“democratic regime”. The selection of suitable components is much debated issue and
generally acknowledged rules are certainly not available (Munck and Verkuilen, 2002). We
therefore propose a procedure that is applicable to all concepts of democracy, i.e. the
method adjusts the aggregation function to fit the needs of the chosen definition. In this
respect, we follow Guttman (1994) who suggest that there is no point in arguing about
what the correct definition is. The baseline concept is limited to the procedural aspects
of democracy and is thus based on the components “electoral participation”, “political
competition”, and “political discourse” (Collier and Levitsky, 1997).13

In the second step, we operationalize our baseline concept of democracy by selecting
suitable characteristics. We follow the recommendations by Munck and Verkuilen (2002),
who suggest the use of non-aggregated data from subjective and objective sources, and
restrict ourselves to characteristics which are available for a comprehensive sample of
country-years.

We define electoral participation as the right of citizens to elect their political lead-
ers (Dahl, 1971). Suffrage may be limited, either through constitutional restrictions that
exclude citizens because of their gender, race, or social status, or by non-constitutional
restrictions resulting from civil war, martial law, and political repression. We collect data
on voter turnout and the voter-population-ratio to capture both types of disenfranchise-
ment.

We relate political competition to meaningful contests among individuals and parties

13The advantages and disadvantages of different concepts are well documented (Collier and Levitsky, 1997,
Munck and Verkuilen, 2002, O’Donnell, 2001). We refrain from taking a position in the debate on the
correct definition of democracy. We simply use a standard concept to illustrate how SVM can be applied
for the computation of indices. Section 4.4 shows how a modification of the concept affects the output
of the SVM algorithm.

Myoter turnout is defined as the ratio of active voters to registered voters. The number of voters is 0
when the government or parliament is not legitimized by a general election. We obtain the data from
different sources, including: African Election Database (2017), Carr (2017), IDEA (2017), IFES (2017),
IPU (2017), Nohlen (2005), Nohlen et al. (2001, 1999), and Nohlen and Stéver (2010). A documentation
of the collected data is available upon request.

We are aware that voter turnout is often criticized as a weak measure of electoral participation (Munck
and Verkuilen, 2002). The literature highlights two problems: First, voter turnout does not identify
the existence of constitutional disenfranchisement (Bollen, 1980). For instance, voter turnout in South
Africa rarely falls below 50 percent, even though the Apartheid regime excluded more than 70 percent
of adult citizens from the election process (Nohlen et al., 1999). We address this problem by using the
voter-population-ratio as an additional characteristic of electoral participation. Second, Hadenius (1992)
argues that a high turnout rate does not necessarily correlate with democratic institutions. He supports
his argument with the example of the Soviet Union, where voter turnout always exceeded 99 percent.
We share this concern, but emphasize that it does not apply to the SVM algorithm since our method
allows for a non-linear relationship between the turnout rate and the degree of democratization.



running for public office (Diamond et al., 1990). The operationalization relies on objective
and subjective data and includes five characteristics: (i) an expert-based rating on party
pluralism'®, (ii) the share of votes that are not won by the leading party, (iii) the share
of parliamentary seats that are not won by the leading party, (iv) the number of votes
won by the leading opposition party divided by the number of votes won by the leading
party, and (v) the number of parliamentary seats occupied by the leading opposition party
divided by the number of parliamentary seats occupied by the leading party.'6

We apply expert-based information on the freedom of discussion to operationalize the
quality of political discourse. The ratings are gender-specific and indicate on a five-point
scale the extent to which men (women) are able to debate political issues in public spaces
and private homes. The data was collected by Coppedge et al. (2016) and is currently the

gold standard in political science.

Priming data

To use SVM for the measurement of democracy, we need observations—called priming
data—with a generally acknowledged degree of democratization. In the third step, we
therefore select country-years that are suited for this purpose. We proceed from the
following presumptions: (i) the most and least democratic regimes are uncontroversial and
thus suitable,!” and (ii) a country-year belongs to the group of the least (most) democratic
regimes when it is in the lower (upper) decile of the index developed by Pemstein et al.
(2010), or when it is in the lower (upper) decile of the index developed by Teorell et al.
(2016).18

5 The index of party pluralism is ordinal and has five categories: (i) there are no political parties, (ii) there
is one political party, (iii) there are multiple parties but opposition parties are faced with significant
obstacles, (iv) there are multiple parties but opposition parties are faced with small obstacles, and (iv)
there are multiple parties and virtually no obstacles for opposition parties. The core data come from
Coppedge et al. (2016) and are supplemented by information from African Election Database (2017),
IPU (2017), Nohlen (2005), Nohlen et al. (2001, 1999), and Nohlen and Stéver (2010).

161f the government or parliament is not legitimized by a general election, the four objective characteristics
are equal to 0. We obtain the objective data from different sources, including: African Election Database
(2017), Carr (2017), IFES (2017), IPU (2017), Nohlen (2005), Nohlen et al. (2001, 1999), and Nohlen
and Stéver (2010).

We use separate measures for votes and parliamentary seats because they relate to different aspects of
political competition. The former reflects information on public competition, while the latter focuses
exclusively on parliamentary competition. The two types of competition can vary substantially from
one another. The Mongolian People’s Revolutionary Party, for example, won about 51.6 percent of the
votes and 94.7 percent of the parliament seats in the general election in 2002 (Nohlen et al., 2001). We
use information on the leading opposition party in order to distinguish between countries in which the
ruling party is faced with fragmented opposition and countries in which the leading party is faced with
a serious political opponent.

7 According to Cheibub et al. (2010) and Lindberg et al. (2014), distinguishing the least democratic from
the most democratic regimes is a rather simple exercise: most scholars agree that Sweden is a democracy
and Saudi Arabia is not. We exploit the consensus on regimes types at the ends of the spectrum to
justify the assumption that their degree of democratization is directly observable.

18 We use the measures of democracy developed by Pemstein et al. (2010) and Teorell et al. (2016) because
of their scaling and availability. Section 3.3 addresses potential concerns about our selection strategy.
Appendix Table C.1 lists the 2415 country-years that are included in the priming data.
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Aggregation

In the fourth step, we decide upon the codomain of the measure of democracy. We can
choose between a continuous scale (D = [0,1]) and a dichotomous scale (D = {0,1}).1
In the fifth step, we randomly select country-years from the priming data to create the
training set 7;. In the sixzth step, we use SVM to estimate either the classification

function or the regression function:

D01y . Do, 20
37 : X —{0,1} or 87 : X —[0,1].
In the seventh step, we use the classification or regression function to compute a di-
chotomous or continuous index for each country-year in the data set
D D D Ky .
ditc{o,l} — S%{o,l}(xit) or ditgo,u — Sﬁo’l](xit) V(Z,t).

In the final step of the algorithm, we repeat the process from Step 5 to Step 7 for all
iterations ¢ € {0, ..., Gnaz}-2*

For each country-year, we can extract two pieces of information from the SVM algo-

rithm: (i) the Dichotomous or Continuous Support Vector Machines Democracy Index
(DSVMDI, CSVMDI), i.e. the median of all realizations

) ) 0 .
A = medc,. g (| or Ay = medco, g [da | V().

7 it it
and (ii) the Dichotomous or Continuous SVM Distribution (DDist, CDist), which repre-

sent the sets of all percentiles.

3.2 Measurement uncertainty

Since data for the characteristics x = (z1,...,%y,) is limited and prone to error, there is
a trade-off between the quality of the information, the sample size, and the number of
characteristics. We give high priority to data quality and follow Munck and Verkuilen
(2002), who recommend using non-aggregated data from both subjective and objective
sources (see Section 3.1). However, despite our best efforts, inaccuracies remain a problem

for some observations due to interpolated and inconsistent data.

9G0cial scientists disagree about whether a continuous or dichotomous measure is more capable of in-
vestigating the relationship between democracy and economic development. We have no preconceived
opinion on this issue and refrain from taking sides. Section 4.4 compares the empirical properties of the
two scaling types.

20To use SVM techniques, we have to specify the penalization parameter C' and the kernel function (see
Section 2). We set C' =1 as proposed by Mattera and Haykin (1999) and use the Gaussian RBF kernel
function since it provides the most promising results in our robustness checks. To perform a Support
Vector Regression, we also need to calibrate the margin parameter € (see Section 2.2). For this purpose,
we follow Ragin (2008), who sets the degree of democratization of highly autocratic (democratic) regimes
equal to 0.05 (0.95). We use these figures as benchmarks for the country-years in the priming data and
set € = 0.05. This choice implies that the level of democracy of autocratically (democratically) labeled
observations can vary between 0 and 0.1 (0.9 and 1) without any penalization.

2IThe number of iterations is set to Cmaz = 2000. The convergence of the SVM algorithm is ensured
through this choice.
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Table 1 Measurement uncertainty — Imprecise raw data

Continuous SVM Indices Dichotomous SVM Indices
Distortion (\) 0.01 0.025 0.05 0.1 0.2 0.01 0.025 0.05 0.1 0.2
Mean Deviation 0.001 0.002 0.003 0.006 0.011 0.001 0.001 0.003 0.005 0.010
Median Deviation 0.001 0.001 0.002 0.004 0.007 0.000 0.000 0.000 0.000 0.000
Correlation 1.000 1.000 1.000 1.000 0.999 0.999 0.997 0.993 0.989 0.979
Coverage Rate 1.000 1.000 0.998 0.991 0.946 1.000 1.000 1.000 1.000 0.999

Notes: The SVM indices suffer from measurement uncertainties because of interpolated and inconsistent data on the
characteristics. This table shows that the distributions produced by the SVM algorithm (CDist, DDist) reflect these
uncertainties. To obtain these results, we first generate randomly biased characteristics (for details, see Equation 19).
The parameter A specifies the degree of distortion: for example, A = 0.1 implies that voter turnout can be biased up
to £3.4 percent. Next, we apply the SVM algorithm to the biased characteristics and thus compute randomly biased
SVM indices. We report four statistics to summarize the comparisons between the baseline indicators (A = 0) and
the biased indicators (A > 0): (i) the mean of the absolute deviations, (ii) the median of the absolute deviations, (iii)
the correlation coefficient, and (iv) the coverage rate, i.e. the share of country-years for which the biased indicator is
between the upper and lower bounds of the baseline distribution.

We argue that the estimated distributions (CDist, DDist) indicate the measurement
uncertainty that results from these data problems. To substantiate this hypothesis, we

proceed in two steps: First, we generate randomly biased characteristics
Tj = x; +v; with v ~ U(=X-ox;, +A - 0x;), (19)

where A is a parameter to specify the degree of distortion and oy; denotes the sample stan-
dard deviation of characteristic z; (j = 1,...,m). Second, we apply the SVM algorithm
and compare the biased SVM indices (A > 0) with the baseline measures of democracy
(A =0).

Table 1 presents the results of the two-step analysis. We report four summary statistics:
(1) the correlation between the baseline and the biased SVM indices, (ii) the average of the
absolute deviations, (iii) the median of the absolute deviations, and (iv) the coverage rate,
i.e. the share of country-years for which the biased SVM index is captured by the baseline
distribution. Two findings are particularly relevant: First, the SVM distributions largely
absorb the measurement uncertainties that originate from imprecise raw data. Second,
since deviations are, on average, smaller and coverage rates are larger for DSVMDI, the
SVM algorithm supports the hypothesis advanced by Alvarez et al. (1996), who suspect

that continuous indicators are less stable than dichotomous indicators.

3.3 Selection of the priming data
3.3.1 Adequacy of the labeling

The priming data include 2415 country-years: 1161 democracies and 1254 autocracies
(for a complete list, see Appendix Table C.1). We use the election handbooks prepared by
Dieter Nohlen (1999, 2001, 2005, 2010) and historical records to check whether the assigned
labels are consistent with our concept of democracy. We detected only two observations for
which the classification may be controversial: The first is the observation for Switzerland
in 1970, because women were not entitled to vote in national elections. The second is the

observation for Israel in 1999, since Palestinians living in the Gaza Strip and the West
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Table 2 Priming data — Agreement rates

ANRR BMR CGV SGB Polity Polyarchy
auto demo auto demo auto demo auto demo auto demo auto demo
Label (auto) 1.000 0.000 1.000 0.000 1.000 0.000 0.958 0.000 0.983 0.000 0.992 0.000

Label (demo) 0.000 1.000 0.000 1.000 0.000 1.000 0.000 0.999 0.000 1.000 0.000 0.999

Notes: To use SVM for the measurement of democracy, we need observations—called priming data—with a generally
acknowledged degree of democratization. To select country-years that are suited for this purpose, we proceed from two
presumptions: (i) the most and least democratic regimes are uncontroversial and thus suitable, and (ii) a country-year
belongs to the group of the least (most) democratic regimes when it is in the lower (upper) decile of the index developed by
Pemstein et al. (2010), or when it is in the lower (upper) decile of the index developed by Teorell et al. (2016). This table
substantiates these assumptions, using six alternative measures of democracy. We report agreement rates, i.e. the share
of selected country-years that are classified as autocratic or democratic by an alternative indicator. The list of alternative
measures of democracy includes the dichotomous indicators developed by Acemoglu et al. (2014) [ANRR], Boix et al.
(2013) [BMR], and Cheibub et al. (2010) [CGV], and the continuous indicators developed by Skaaning et al. (2015) [SGB],
Marshall et al. (2016) [Polity], and Vanhanen (2000) [Polyarchy]. A regime is classified as autocratic (democratic) if Polity
< —5 (> 5); if Polyarchy < 5 (> 15); or if SGB < 2 (> 5).

Bank were not allowed to participate in the general election for the Israeli parliament.??
Furthermore, we use six alternative measures of democracy to investigate whether a
consensus exists with regard to the labeled observations. Table 2 reports the agreement

rates and confirms that there is little reason to doubt the adequacy of the labeling.

3.3.2 Representativeness of the priming data

Autocratic and democratic regimes can take different forms (Cheibub et al., 2010). The
priming data should reflect this institutional heterogeneity, since otherwise we may pro-
duce SVM indices that discriminate in favor of specific types of government. In the
following, we demonstrate that this basic prerequisite is satisfied.

Cheibub et al. (2010) argue that autocracies can be classified according to the sociopolit-
ical background of the rulers. Their database allows us to differentiate between four types
of authoritarianism: civil dictatorship, communist dictatorship, military dictatorship, and
royal dictatorship. Column 1 of Table 3 shows that each of these forms of autocratic
governance is represented in the priming data.

Schedler (2002) discerns between electoral autocracies and closed autocracies: while
the former category refers to autocracies in which non-competitive elections take place,
the latter category encompasses all regimes in which the government does not organize
national elections. Columns 2 and 3 of Table 3 indicate that the priming data includes
autocracies of both types.

The theory of dictatorship presented by Olson (1993) implies that durability can be
used to classify autocratic regimes. We distinguish between three levels of durability:
(i) autocracies that exist for less than five years, (ii) autocratic regimes with a duration
of between 6 and 25 years, and (iii) dictatorships that are in power for more than 25
years. Columns 4 to 6 of Table 3 illustrate that the autocratically labeled observations

are distributed across all categories.

Cheibub et al. (2010) distinguishes between three forms of democratic governance: (i)

%2Note that the SVM indices remain virtually unchanged when we exclude these two country-years from
the priming data.
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Table 3 Priming data — Institutional heterogeneity among autocratic regimes

Regime Election Duration in Years
P No Yes <5 <25 > 25
Civil dictatorship 260 170 90 83 159 18
Communist dictatorship 300 149 151 16 101 183
Military dictatorship 424 312 112 161 222 41
Royal dictatorship 270 270 - 14 84 172
z 1254 901 353 274 566 414

Notes: The SVM algorithm produces unbiased measures of democracy only when the priming data reflect the in-
stitutional heterogeneity among autocracies and democracies. This table shows how the 1254 autocratically labeled
country-years are distributed over different categories. Data comes from Cheibub et al. (2010), Geddes et al. (2014)
and Rode and Bjgrnskov (2016).

Table 4 Priming data — Institutional heterogeneity among democratic regimes

Government Legislature Voting Procedure
>z Unicameral Bicameral Majoritarian Proportional
Parliamentary regime 712 276 436 167 545
Semi-Presidential regime 256 108 148 44 212
Presidential regime 193 62 131 36 157
P 1161 446 715 247 914

Notes: The SVM algorithm produces unbiased measures of democracy only when the priming data reflect the in-
stitutional heterogeneity among autocracies and democracies. This table shows how the 1161 democratically labeled
country-years are distributed over different categories. Data comes from Cheibub et al. (2010), Coppedge et al. (2016)
and Rode and Bjgrnskov (2016).

presidential regimes, i.e. political systems in which a simple legislative majority is not
sufficient to remove the government from office, (ii) parliamentary regimes, i.e. political
systems in which a simple legislative majority is necessary to appoint the government and
is sufficient to remove the government from office, and (iii) semi-presidential regimes, i.e.
political systems in which the government is not elected by the legislature but a simple
legislative majority is sufficient to remove the government from office. Column 1 of Table
4 shows that the priming data comprises country-years of each type.

Persson and Tabellini (2005, 2006) suggest that legislative authorities are established
through different voting procedures (proportional, majoritarian) and exhibit different
structures (unicameral, bicameral). Columns 2 to 5 of Table 4 illustrate that the priming

data also reflects these types of institutional heterogeneity.

3.3.3 Alternative selection procedures

The baseline version of the SVM algorithm uses the measures of democraca developed by
Pemstein et al. (2010) and Teorell et al. (2016) to select the priming data. We apply a
number of alternative selection procedures to check the robustness of the SVM indices.
Table 5 reports the results of these analyses. We first use one rather than two measures of
democracy for the selection exercise. The resultant changes in the SVM indices are minor
and are completely captured by the estimated distribution (see Columns 1 and 2). Next,
we increase the number of selection criteria by including the indices published by Freedom
House (2015) and Marshall et al. (2016). The SVM indices prove to be robust to these
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Table 5 Priming data — Alternative selection procedure

Continuous SVM Indices Dichotomous SVM Indices
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
Mean Deviation 0.005 0.013 0.008 0.011 0.009 0.005 0.017 0.006 0.016 0.009
Median Deviation 0.004 0.006 0.004 0.004 0.002 0.000 0.000 0.000 0.000 0.000
Correlation 0.999 0.999 0.999 0.999 0.999 0.989 0.966 0.987 0.968 0.982
Coverage Rate 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Notes: To use SVM for the measurement of democracy, we need observations—called priming data—with a generally
acknowledged degree of democratization. To select country-years that are suited for this purpose, we proceed from
two presumptions: (i) the most and least democratic regimes are uncontroversial and thus suitable, and (ii) a country-
year belongs to the group of the least (most) democratic regimes when it is in the lower (upper) decile of the index
developed by Pemstein et al. (2010), or when it is in the lower (upper) decile of the index developed by Teorell et al.
(2016). This table shows how the SVM algorithm responds to a change in the selection procedures. In Column 1,
the selection is based on the lower and upper deciles of the indicator developed by Teorell et al. (2016). In Column
2, the selection is based on the lower and upper deciles of the indicator developed by Pemstein et al. (2010). In
Column 3, the selection is based on the lower and upper deciles of the indicators developed by Pemstein et al. (2010),
Teorell et al. (2016), and Marshall et al. (2016). In Column 4, the selection is based on the lower and upper deciles
of the indicators developed by Pemstein et al. (2010), Teorell et al. (2016), and Freedom House (2015). In Column 5,
the selection is based on the lower and upper deciles of the indicators developed by Marshall et al. (2016), Pemstein
et al. (2010), Teorell et al. (2016), and Freedom House (2015). We report four statistics to summarize the comparison
between the baseline indicators and the alternative indicators: (i) the mean of the absolute deviations, (ii) the median
of the absolute deviations, (iii) the correlation coefficient, and (iv) the coverage rate, i.e. the share of country-years
for which the alternative indicator is between the upper and lower bound of the baseline distribution (CDist, DDist).

extensions (see Columns 3, 4, and 5).

3.4 Reliability of the measures of democracy

We computed measures of democracy for 186 countries and the time period from 1960 to
2014. This section examines twelve of these countries to illustrate the reliability of the
SVM indices.??

Democratic representation differs across countries. Figure 1 presents the SVM indices
of three democracies to illustrate that the SVM algorithm avoids preferential treatment
of a particular form of government. The selection includes: the semi-presidential regime
in Finland, the parliamentarian regime in New Zealand, and the plebiscitary democracy
in Switzerland.?*

Autocracies are heterogeneous as well. We consider three different types of authoritar-
ianism to demonstrate that the SVM algorithm deals adequately with this institutional
heterogeneity. Our selection includes: the royal dictatorship in Saudi Arabia, the military
dictatorship in North Korea, and the civil dictatorship in China. Figure 1 shows that the
SVM indices do not favor any of these autocratic regimes.

More interesting are, of course, countries that underwent marked changes in regime
type, such as Chile. In the period from 1960 to 1973, the multi-party regime in Chile
was confronted with growing tension between conservative and left-wing movements. In

1973, the polarization culminated in the removal of the socialist president Salvador Al-

23The list of countries includes: Chile, China, Finland, Myanmar (Burma), New Zealand, North Korea,
Russia (Soviet Union), Saudi Arabia, South Africa, South Korea, Switzerland, and Turkey. All continuous
and dichotomous measures of democracy can be obtained via http://apps.wiwi.uni-wuerzburg.de/
svmdi/.

24The continuous indices are marginally lower for Switzerland than for Finland and New Zealand during
the time period from 1960 to 1970. This difference is adequate because of the disfranchisement of Swiss
women.
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Figure 1 Political Institutions in China, Finland, New Zealand, North Korea, Saudi Arabia, and Switzer-
land (SVM indices, 1960 — 2014).
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Notes: This figure presents the SVM indices of China, Finland, North Korea, New Zealand, Saudi
Arabia, and Switzerland. These examples show that the SVM indices are not biased against a spe-
cific type of autocracy or democracy. The examples of China and Finland also show that there is
not necessarily a difference between those country-years which belong to the priming data and those
country-years that are not part of the priming data.

lende through a military coup (Collier and Sater, 2004, Nohlen, 2005). At this point, the
SVM indices drop (see Figure 2). After seizing power, the regime led by General Pinochet
banned political parties, arrested political opponents, closed both chambers of the par-
liament, and established an authoritarian constitution. Pinochet’s autocratic governance
ended in 1989 and all successive governments were legitimized through free elections.

Following its independence from the United Kingdom in 1948, competitive elections
were held in Myanmar. This democratic period ended with the military coup of 1962,
which ushered in a long period of dictatorship (Nohlen et al., 2001). In 1974, the military
government organized parliamentary elections and installed a single-party regime (Devi,
2014). The SVM indices do not react to these events (see Figure 2). We are confident
that this persistence is justified because of the absence of electoral competition. In 1990,
a multiparty election took place and was won by the National League of Democracy.
However, the military government prevented the democratic takeover (Nohlen et al., 2001).
In 2008, President Thein Sein signed a new constitutional law which paved the way for
the parliamentary election in 2010 (Rieffel, 2013).2

The Soviet Union existed from 1922 to 1991 and was a socialist state with a single-

ZElectoral competition was low in 2010 because: (i) the military appointed one quarter of the parliamen-
tarians, and (ii) the National League of Democracy boycotted this election. The National League of
Democracy attended to the by-election in 2012 and received the majority of votes (Rieffel, 2013).
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Figure 2 Political Institutions in Chile, Myanmar (Burma), Russia (Soviet Union), South Africa, South
Korea, and Turkey (SVM indices, 1960 — 2014).
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Notes: This figure presents the SVM indices of Myanmar (Burma), Chile, South Korea, Russia (So-
viet Union), South Korea, and Turkey. These examples show that the institutional transitions being
indicated by the SVM indices can be justified through historical records.

party government. In 1986, Mikhail Gorbachev, the General Secretary of the Communist
Party, introduced two new policies— Glasnost and Perestroika®6—thereby initiating an
institutional change (Sakwa, 2005). The democratization process continued in the Russian
Federation, where the first competitive election was held in 1991 and a new constitution
was adopted in 1993. Since 2003, the Russian parliamentary and presidential elections have
become increasingly less free (Hale et al., 2004, Nohlen and Stover, 2010, Sakwa, 2014).
In light of these facts, we believe that the SVM indices provide an adequate description
of the political development in Russia.

Since it gained its independence in 1910, all South African governments were legitimized
through competitive elections. However, until the beginning of the 1990s, black Africans
were excluded from the political process (Nohlen et al., 1999). We argue that this racial
discrimination justifies the low degree of democratization suggested by the SVM indices.?”
From 1989 to 1993, President Frederick de Klerk launched a number of reforms: he lifted
the ban on the African National Congress (ANC), released political prisoners, improved

political rights, and initiated negotiations on a new electoral law. This process of reform

26Perestroika was an economic program that was introduced to modernize the economy of the Soviet
Union. Glasnost comprises a number of political reforms that were implemented to lift restrictions on
the freedom of speech and information (Sakwa, 1990).

2"The reduction in the degree of democratization indicated by the SVM indices during the sixties and
seventies can be explained by the growing repression of the extra-parliamentarian opposition and the
increasing dominance of the ruling party (Beck, 2013, Nohlen et al., 1999).
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led to a free parliamentary election in 1994, which was clearly won by the ANC. All
subsequent elections had similar results (Beck, 2013, Nohlen et al., 1999).2

In 1960, South Korea introduced a parliamentary regime with a bicameral legislature.
Multi-party elections were held in the same year and won by the former main opposi-
tion party. The military was unwilling to support the new government and seized power
in 1961 (Han, 1974). The SVM indices decline sharply because of this coup. In 1963,
South Korea implemented a presidential regime and Park Chung-hee became President.
According to Nohlen et al. (2001), the election process was “fairly democratic”, and thus
we have no concerns about the appropriateness of the indicated increase in the degree
of democratization. After the declaration of martial law in 1972, President Park estab-
lished a constitutional law that allowed him to restrict political rights, to rule by decree,
and to appoint one-third of the members of the parliament (Chang, 2008). We argue
that these reforms undermined democratic practices, and thus justify the decrease in the
SVM indices. Since 1987, free and competitive elections have been held regularly in South

Korea.??

In the aftermath of the military coup in 1960, a parliamentary regime with a bicameral
legislature and multi-party elections was implemented in Turkey. However, the attempt to
establish democratic institutions met with little success because the government coalitions
were unable to end the violence between left- and right-wing movements. This resulted in
a military intervention in 1971. Democratic processes were resumed two years later and
maintained until 1980 (Nohlen et al., 2001). Given these facts, we are confident that our
measures provide an adequate description of the political institutions in Turkey during the
1960s and 1970s. The coup in 1980 differs from the previous interventions for two reasons:
(i) all existing parties were dissolved, and (ii) the military government allowed only three
newly created parties to participate in the parliamentary election in 1983 (Nohlen et al.,
2001). We argue that the latter action explains why the continuous measure gradually

increases after the dissolution of the third military government.3’

3.5 SVM algorithm vs. conventional aggregation methods

The evidence presented in the previous section suggests that the SVM algorithm produces
sophisticated measures of democracy. In this section, we compare the performance of
different aggregation techniques to illustrate that the SVM algorithm outperforms con-

ventional methods.?!

28The limited electoral competition that originates from the substantial dominance of the ANC explains
why the continuous measure points to some deficiencies.

President Park was assassinated in 1979 and a military coup ousted his successor from power in 1980.
The authoritarian regime that followed the coup abdicated its rule in 1987 (Nohlen et al., 2001).

30The restriction of party competition applied only to the parliamentary election in 1983. From 1987 to
2014, all parliamentary elections were pluralist and free. The low political integration of the Kurdish
citizens is a major reason why our continuous measure indicates some deficiencies.

31'We need conceptually equivalent measures of democracy to ensure that the results of the comparison
reveal the performance differences of the aggregation methods. We apply conventional aggregation
methods to our raw data to meet this requirement.
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Figure 3 CSVMDI vs. additive measures of democracy
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Notes: This figure compares CSVMDI with two additive measures of democracy. All indices are based
on the same raw data, i.e. the differences in the degrees of democratization can be attributed to the
particular aggregation method. The graph on the upper left compares the density functions of the three
indicators. We present three country examples to illustrate that additive aggregation methods create
downward-biased indicators for established democracies and upward-biased indicators for specific types
of autocracy.

Additive aggregation methods

Additive indices are based on three assumptions: the characteristics affect the degree of
democratization independently from one another, the marginal effect of a characteristic is
positive and constant, and the degree of democratization is equal to 1 only if all charac-
teristics are equal to 1. In the following, we illustrate that these functional assumptions
create systematic malfunctions in the measures of democracy.

Figure 3 compares CSVMDI with two additive measures of democracy.??> The compari-
son reveals two notable differences in the density functions. First, the distributions of the
additive indicators are trimodal, while the distribution of CSVMDI has only two modes.
Second, the upper mode of CSVMDI is located at a higher degree of democratization than
the upper modes of the additive indices.

How can we explain these differences? We suspect that the additive indicators are
downward-biased for established democracies. Figure 3 presents the observations for New

Zealand to substantiate this hypothesis. We observe that the additive indices suggest a

32We apply two standard weighting methods to create the additive indices: first, we weight all characteris-
tics equally, and second, we extract the weights from a principal component analysis (PCA). The indicator
developed by Dreher (2006) serves as model for the PCA approach. The estimated weights are dis-
tributed as follows: wpart1 = 0.146, wWpartz = 0.085, wcompt = 0.089, wcomp2 = 0.066, wcomps = 0.061,
WCompd = 0.086, WComps = 0.080, WPoRiI1 = 0.197, WPoRi2 = 0.190.
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lack of democracy. We argue that this is an odd rating because there is no evidence of
disfranchisement, restricted political competition, or limited political discourse. Appendix
Figure B.3 illustrates that the same issue applies to other democratic regimes. We can
explain these distortions through the assumption that a regime is fully democratic (d = 1)
only if all characteristics reach their maximum.3

Furthermore, in 1974, twelve years after seizing power, the Myanmarese military orga-
nized a single-party election. Figure 3 shows that the indicators react differently to this
event: while the additive indices increase significantly, CSVMDI remains stable at a low
level.3* We argue that the latter response is more appropriate since a certain degree of
political competition is essential for the existence of democratic institutions. Appendix
Figure B.4 shows that the same problem applies to other electoral autocracies. This figure
also illustrates that an upward distortion is rather unlikely for autocracies in which the
government does not hold elections. This pattern can be explained by the assumption
that the characteristics influence the degree of democratization independently from one
another.?>

Taken together, all these arguments suggest that additive aggregation methods produce
downward-biased indices for democratic regimes and upward-biased indices for certain
autocracies. The consequence of these biases is that additive indicators underestimate the
strength of institutional changes. In Figure 3, we present the case of Russia to exemplify

this underestimation.

Multiplicative aggregation methods

Multiplicative indices assume that the characteristics reflect necessary conditions, the
marginal effect of a characteristic is non-negative and is dependent on the other character-
istics, and the degree of democratization is equal to 1 only if all characteristics are equal to
1. The consequences of these assumptions are illustrated in the remainder of this section.

Figure 4 suggests that multiplicative aggregation methods do not produce upward-

biased indicators for specific autocracies.>® We also observe that the multiplicative indica-

33In our case, this assumption implies, for example, that voter turnout needs to be 100 percent and that
the number of votes won by the leading party has to be equal to the number of votes won by the leading
opposition party. Therefore, if some voters voluntarily decide to abstain from involvement in the election
process, or if the leading party is simply more popular than the leading opposition party, the additive
indices indicate a lack of democracy. We are not aware of any theory imposing these requirements and
thus argue that this assumption creates a downward distortion for democratic regimes.

34Figure 3 also shows that, in 1988, the additive indices decrease towards 0. In this year, the military
abolished the single-party system (Nohlen et al., 2001).

35This assumption implies, in particular, that a higher level of electoral participation increases the degree
of democratization, even if there is no political competition. Therefore, it is clear why there is an upward
bias for electoral autocracies. We have doubts regarding the logic of this assumption and are not familiar
with any theory that could justify it. Furthermore, one may argue that the upward bias only appears
because electoral participation is part of the concept of democracy. The example of China illustrates
that this argument cannot be supported (see Figure B.4). In this case, the problem arises because the
characteristics indicate a limited degree of political discourse.

36There is no upward distortion for electoral autocracies due to the assumption that the characteristics
reflect necessary conditions. This assumption implies that the degree of democratization is greater than 0
only if all characteristics of democracy are greater than 0. Therefore, an increase in electoral participation
does not increase the degree of democratization if there is no political competition.
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Figure 4 Comparison between CSVMDI and two multiplicative measures of democracy.
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Notes: This figure compares CSVMDI with two multiplicative measures of democracy. All indices are
based on the same raw data, i.e. the differences in the degrees of democratization can be attributed
to the particular aggregation method. The graph on the upper left compares the density functions
of the three indicators. We present three country examples to illustrate that multiplicative aggrega-
tion methods create downward-biased indicators for democratic regimes and perform rather well for
autocratic regimes.

tors react rather slowly to institutional changes in autocratic regimes. We argue that this
limited responsiveness explains the small differences in the density functions at the lower
end of the spectrum. To substantiate our argument, we use the example of the Soviet
Union in the time period from 1980 to 1990. We observe that the multiplicative indicators
remain completely unchanged over time, whereas CSVMDI increases slightly at the end
of the decade. The latter reaction seems to be more appropriate in light of the political
reforms initiated by Mikhail Gorbachev.

In addition, we observe that the multiplicative indicators are lower than expected for
democratic regimes. These downward distortions can still be explained by the assumption
that a regime is fully democratic only if all characteristics are equal to 1.

Taken together, the results indicate that multiplicative aggregation methods produce
rather reliable indicators for autocratic regimes. However, we observe that the multiplica-
tive measures of democracy are downward-biased for established democracies. We thus

conclude that multiplicative indices underestimate the strength of institutional transitions.
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Figure 5 Comparison between CSVMDI and two mixed measures of democracy.
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Notes: This figure compares CSVMDI with two mixed measures of democracy. All indices are based
on the same raw data, i.e. the differences in the degrees of democratization can be attributed to the
particular aggregation method. The graph on the upper left compares the density functions of the
three indicators. We present three country examples to illustrate that mixed aggregation methods
produce downward-biased indicators for democratic regimes and upward-biased indicators for certain
autocracies.

Mixed aggregation methods

Teorell et al. (2016) take the average of an additive and a multiplicative indicator
Sg(x) = 05 [wiz1 + ... + W& + 27" ..o zpm] with w; >0, (20)

and argue that this “mixed” procedure creates reliable measures of democracy. Their
approach is based on three assumptions: the marginal effect of a characteristic on the
degree of democratization is positive and is dependent on the other characteristics, the
degree of democratization is 0, only when all characteristics are equal to 0, and the degree
of democratization is 1 only when all characteristics are equal to 1.

Figure 5 indicates that mixed indices can be downward-biased for highly democratic
regimes. This result is not surprising given that there are downward distortions in both
additive and multiplicative measures of democracy (see Figures 3 and 4). In addition,
we observe small upward distortions for specific autocracies. This latter behavior can be
explained by the fact that the multiplicative component does not completely compensate

for the measurement error produced by the additive component.
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Figure 6 Comparison between CSVMDI and a latent variable index.
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Notes: This figure compares CSVMDI with a latent variable index. The indices are based on the same
raw data, i.e. the differences in the degrees of democratization can be attributed to the particular
aggregation method. The graph on the upper left compares the density functions of the indicators.
We present three country examples to illustrate that the latent variable index is downward-biased for
democratic regimes and upward-biased for certain autocracies.

Latent variable approach

Pemstein et al. (2010) and Mérquez (2016) use a latent variable approach to synthesize
additive and multiplicative measures of democracy. The latent variable method proceeds

from the assumption that conventional aggregation techniques perform well on average:
P = d?—l—&“j with  ¢; NN(O,O’j), (21)

where d® denotes the (unobserved) true degree of democratization, dJ@ is the degree of
democratization that is reported by index j, and o; denotes the error variance of index j.

The evidence provided in the previous subsections suggests that the measurement er-
rors produced by conventional aggregation methods are systematic in nature rather than
randomly distributed. Therefore, the core assumption of the latent variable approach is
unlikely to be satisfied. We suspect that this violation leads to misleading measures of
democracy.

We create a latent variable index using the six previously introduced indices. Figure 6
illustrates that the latent variable indicator is upward-biased for specific autocracies and

downward-biased for democratic regimes.
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Interim conclusion

Conventional aggregation techniques make assumptions about the functional relationship
between the characteristics and the degree of democratization. The presented empirical
evidence suggests that these assumptions cause systematic measurement distortions at the
upper and lower ends of the democracy spectrum. The consequence of these distortions
is an underestimation of the strength of institutional transitions. The SVM algorithm
does not require functional assumptions and thus produces more adequate measures of
democracy.

One concern might be that these findings are caused by a strategic selection of the
characteristics. Appendix A.2 presents two supplementary analyses to allay this concern.
The first applies an alternative raw data set, i.e. we illustrate that the systematic under-
estimation does not disappear when using the conceptualization and operationalization
developed by Teorell et al. (2016). The second analysis considers four standard mea-
sures of democracy, showing that these indicators suffer from the predicted measurement
distortions.

Further concerns might be related to the practical importance of measurement issues.
We address the question of the empirical consequences in the remainder of this study by
investigating the long-run effect of democracy on economic development. We chose this
research area because of its topicality and to provide an additional explanation for why
empirical studies draw different conclusions about the relationship between democracy

and economic development.3”

4 Democracy and economic development

4.1 Econometric methodology

The question of how to measure the degree of democratization is only one of several
challenges encountered when investigating the relationship between democracy and eco-
nomic development. Another difficulty is that autocratic regimes differ from democratic
regimes in cultural, geographical, and historical aspects which also affect the level of GDP
per capita. We use a conventional fixed effects model to deal with the heterogeneity in

time-invariant factors

4
Yit = Z 01 yit—1 + vdit + mi + & + vit, (22)

=1
where y;; denotes the log of GDP per capita in country ¢ and year ¢, d; indicates the
degree of democratization, 7; and & are country and year fixed effects, and w;; is the

idiosyncratic error term.

3TWe use the phrase “additional explanation” to indicate that our empirical analysis complements the
recent work of Acemoglu et al. (2014), who emphasizes the importance of the econometric methodology.
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Papaioannou and Siourounis (2008) and Briickner and Ciccone (2011) illustrate that
democratic transitions are often preceded by temporal declines in GDP per capita. Ace-
moglu et al. (2014) take up on this point as well, arguing that the regression coefficient
on democracy (7) is biased if the income dynamics behind these GDP per capital dips
are not adequately modeled. To avoid this problem, we follow Acemoglu et al. (2014) by
including four lags of GDP per capita in the regression model.

The impact of democracy on economic development can be identified with the fixed
effects approach only if the idiosyncratic error term is uncorrelated with the past, cur-
rent, and future realizations of the explanatory variables. This condition may be violated
because of omitted dynamic factors (Durlauf et al., 2005). We address this endogeneity
issue with a standard two-stage least squares (2SLS) approach, in which the first lag of the
average degree of democratization in neighboring countries serves as the instrument for
the domestic level of democracy (Acemoglu et al., 2014, Aidt and Jensen, 2014, Giuliano
et al., 2013, Persson and Tabellini, 2009):

4

die = Y pryis—i+ BZu—1 +mi+ & + e (23)
=1

The motivation for this instrumentation strategy is that institutional transitions often
occur in regional waves, and thus a strong correlation exists between the regional and the
domestic degree of democratization (Gleditsch and Ward, 2006, Huntington, 1993).

4.2 Baseline estimation

The results of the baseline estimation are presented in Column 1 of Table 6. The under-
lying sample comprises 170 countries and covers the time period from 1960 to 2014. The
standard errors are clustered at the country level and robust to heteroscedasticity. The
data on GDP per capita comes from the Penn World Tables and the degree of democra-
tization is measured by the continuous version of the SVM index.

The baseline estimate suggests that democracy has a positive effect on economic devel-
opment. The regression coefficient is statistically significant at the 10 percent level. Put
differently, the transition from autocracy (d = 0) towards democracy (d = 1) leads to an
increase in GDP per capita by about two percent.

The first-stage result is reported in Panel B. The estimate reveals that the regional
degree of democratization is positively correlated with the domestic degree of democra-

tization. The first-stage coefficient is 0.6344 and statistically significant at the 1 percent

38Let R = {1,..., R} denote a set of regions, where each country i belongs exactly to one region r,
and assume that N,; is the number of countries in region r at period ¢. In this case, the degree of
democratization in neighboring countries—i.e. our instrumental variable Z;,—is calculated by

T 1
Zit:m o Z djt,
{g#i|r'=r,r'€R}

where the exclusion of country ¢ in the sum satisfies the exclusion restriction. Table C.2 shows how we
divide the world into different regions and how countries are assigned to these regions.
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Table 6 Democracy and economic development

Full sample Restricted sample

CSVMDI DSVMDI CSVMDI CSVMDI DSVMDI
(1) (2) (3) (4) (5)

Panel A: Second-stage estimates

Democracy 0.0198* 0.0212* 0.0362*** 0.0392*** 0.0401**
(0.0107) (0.0123) (0.0125) (0.0138) (0.0168)
Log GDPP¢ (t — 1) 1.169*** 1.169*** 1.182%** 1.170%** 1.170%**
(0.0315) (0.0316) (0.0343) (0.0333) (0.0335)
Log GDPP¢ (t — 2) -0.189*** -0.187*** -0.190*** -0.190*** -0.188***
(0.0269) (0.0272) (0.0317) (0.0313) (0.0319)
Log GDPP¢ (t — 3) 0.0428 0.0432 0.0351 0.0368 0.0372
(0.0303) (0.0304) (0.0307) (0.0301) (0.0306)
Log GDPP¢ (t — 4) -0.0577*** -0.0585*** -0.0595*** -0.0540*** -0.0551***
(0.0141) (0.0142) (0.0138) (0.0131) (0.0132)
Investment (¢ — 1) 0.0354* 0.0324
(0.0198) (0.0204)
Inflation (¢t — 1) -0.0335** -0.0343**
(0.0159) (0.0175)
Openness (t — 1) 0.0181** 0.0181**
(0.00709) (0.00717)
Panel B: First-stage estimates
Democracy (Region) 0.6344*** 0.5104*** 0.6034*** 0.5880*** 0.4462***
(0.0726) (0.0820) (0.0806) (0.0839) (0.0939)
Observations 7,606 7,606 6,832 6,832 6,832
Countries 170 170 169 169 169
CD F-Stat. 844.79 403.12 612.69 558.74 263.70
SY 10% IV size 16.38 16.38 16.38 16.38 16.38
AR p-value 0.06 0.06 0.00 0.00 0.00
SW p-value 0.04 0.04 0.00 0.00 0.00
OP F Stat. 111.72 96.86 93.38 97.90 84.36
OP 7 =5% 33.11 33.11 33.11 33.11 33.11
UCI (lower) 0.002 0.000 0.016 0.018 0.013
UCI (upper) 0.038 0.044 0.056 0.060 0.067
KP rk LM p-value 0.000 0.000 0.000 0.000 0.000
Equal. (p-value) - 0.905 - 0.823 0.815
R-Squared 0.96 0.96 0.96 0.96 0.96

Notes: Using data from Feenstra et al. (2015), the dependent variable is the log of GDP per capita. The unit of
observation is the country-year. The standard errors are reported in parentheses, are clustered at the country level,
and are robust to heteroscedasticity. Panel A reports second-stage estimates. Panel B presents first-stage estimates.
The instrumental variable is the regional degree of democratization in year t — 1 (jackknifed). All regressions include
country fixed effects and year fixed effects. The bottom section of the table reports a number of test statistics to
substantiate the strength and the validity of the instrumental variable. The Anderson-Rubin (AR) Wald test evaluates
the null hypothesis Hy : v = 0, and is robust to weak instrumentation. The Stock-Wright (SW) test analyzes the same
hypothesis, using a Lagrange Multiplier (LM) procedure. The Cragg-Donald (CD) F-statistic indicates the overall
strength of the instrumental variable. The related critical value is denoted by SY 10% IV size and is taken from Stock
and Yogo (2005). Since the CD F-statistic may be invalid in the presence of cluster-robust standard errors, the table
also reports the Olea and Pfliiger (OP) F-statistic, which allows for standard errors that are clustered, heteroscedastic,
and serially correlated. The related critical value is denoted by OP 7 = 5%. The KP rk LM p-value documents the
p-value of the underidentification test proposed by Kleibergen and Paap (2006). UCI (lower) and UCI (upper) indicate
the boundaries of the union of confidence interval (UCI) test introduced by Conley et al. (2012). Equal (p-value) refers
to the p-value of the Wald test for equality of parameter estimates. The bases of comparison are the point estimates
reported in Column (1) and Column (3). The following notation is used to highlight coefficients that are significantly
different from zero: *p < .10, * * p < .05, * * xp < .01.

level. Furthermore, the F-statistic of the first-stage regression suggests that the instrumen-
tal variable is not weak. This conclusion is supported by the results of the weak-instrument
tests developed by Anderson and Rubin (1949), Kleibergen and Paap (2006), Olea and
Pfliiger (2013), and Stock and Wright (2000).

The baseline estimation assumes that—conditional on the control variables—the first
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lag of the regional degree of democratization influences the level of GDP per capita only
through its effect on the domestic degree of democratization. An argument for why this
exclusion restriction might be violated is that changes in the regional degree of democra-
tization might have an effect on the regional level of political instability, and thus affect
domestic prices, investments, and trade flows. To address this concern, we augment the
regression model, controlling for the investment share, the inflation rate, and the degree
of trade openness. The data is taken from the Penn World Tables and the World Bank.
We expect that the model extension gives rise to a change in the estimate of the effect of
democracy on economic development only when the importance of the alternative mech-
anism is not negligibly small.

Extending the regression model decreases the sample size by about 800 observations.
We therefore run the baseline regression first on the country-years for which we have
information on investment, inflation, and trade openness. The estimation results are
presented in Column 3 of Table 6 and illustrate that the second-stage estimate of the
effect of democracy increases when we restrict the sample.?”

The consequences of the model extension are illustrated in Column 4 of Table 6. We
observe that the regression coefficient remains almost unchanged when we control for the
share of investments, the inflation rate, and the degree of trade openness (p-value of the
Wald test: 0.823). The robustness of the estimate suggests that the regional degree of
democratization does not exert influence on per capita GDP through domestic prices,
investments, and trade flows.

There may be other unobserved channels that could violate the exclusion restriction.
We extend the regression model in two different ways to allay this concern. In the first
extension, we control for human capital, public health, civil conflict, natural disasters,
and government consumption.*® Appendix Table C.3 illustrates that the inclusion of these
control variables does not significantly change the regression result. Second, we control for
socioeconomic factors that are correlated within regions and might affect both the degree
of democratization and per capita GDP . Table C.4 in the Appendix indicates that the
estimated coefficient remains stable when we control for the regional level of investment,
inflation, trade openness, human capital, public health, civil conflict, natural disaster, and
government consumption. We also perform the Union of Confidence Interval (UCI) test
developed by Conley et al. (2012). The UCI test proceeds from the assumption that the
exclusion restriction is not completely satisfied and calculates an interval estimate which
takes this violation into account. The results of the UCI test are reported at the bottom
of Table 6. We observe that the lower bound of the interval estimate is non-negative

in all model specifications, suggesting that the positive effect of democracy on economic

39The increase in the estimated coefficient suggests that there is some heterogeneity in the effect of democ-
racy on economic development. Investigating the causes of the heterogeneity is beyond the scope of this
study, however it might be an interesting topic for future research.

49The data on human capital and government consumption is taken from the Penn World Tables (Feenstra
et al., 2015). We use data on life expectancy from the World Bank (2017) to control for the level of
public health. Information about natural disasters is provided by the International Disaster Database
(Guha-Sapir et al., 2015). The index developed by Bluhm et al. (2016) is used to measure civil conflict.
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development is not the consequence of an invalid instrumental variable.

4.3 Robustness checks

Table 7 presents the results of several robustness checks. In Columns 1 and 2, the depen-
dent variable is the growth rate of GDP per capita rather than the log of GDP per capita.
The regression coeflicients support the hypothesis that there is a positive and statistically
significant effect of democracy on economic development.

A number of economists argue that annual data is not suitable for analyzing the de-
terminants of economic development. These scholars prefer data that is averaged over
multiple years because this approach may filter out business cycle fluctuations and may
mitigate the influence of measurement uncertainty (Durlauf et al., 2005). Columns 3 and 4
of Table 7 suggest that the positive effect of democracy on economic development persists
when we use five-year data averages rather than annual data.

The SVM algorithm creates for each country-year a distribution of indicators that can
be used to gauge the degree of measurement uncertainty (for details, see Sections 3.1 and
3.2). This feature has so far not been exploited in the empirical analysis; the robustness
of the baseline results could thus be challenged. To address this concern, we apply the
multiple imputation technique developed by Rubin (1996, 2004). This procedure consists
of four stages: (i) random extraction of degrees of democratization from the distributions,
(ii) estimation of the empirical model, (iii) multiple repetition of the first two stages
multiple times, and (iv) averaging over all regression coefficients to calculate the effect
of democracy on economic development. Columns 5 and 6 of Table 7 illustrate that the
baseline results hold when acknowledging the uncertainty in the measure of democracy.

In the baseline regression, the instrumental variable is based on a classification scheme
that assigns each country to one out of sixteen world regions (see Table C.2). We also
follow Acemoglu et al. (2014) in using the classification scheme of the World Bank to divide
the world into seven rather than sixteen geographical regions.*! The estimation results
are reported in Columns 7 and 8 of Table 7. In both cases, we observe that the effect
of democracy on economic development continues to be positive. However, the regression
coefficient is statistically insignificant when we consider the full sample. We argue that
this result is not surprising, given that the statistical tests developed by Anderson and
Rubin (1949) and Stock and Wright (2000) suggest a weak instrument.*?

To be consistent with the modeling of the dynamics in income per capita, Acemoglu
et al. (2014) use the first four lags of the regional degree of democratization as instrumental
variables. Columns 9 and 10 of Table 7 display that the second-stage estimate is positive

and statistically significant when we apply this alternative instrumentation strategy.

41 These seven geographical regions are: East Asia and the Pacific, Europe and Central Asia, Latin America
and the Caribbean, the Middle East and North Africa, North America, South Asia, and Sub-Sahara
Africa.

42The weak instrument problem arises because the classification of regions is determined too broadly.
The classification scheme of the World Bank consolidates, for example, countries from Europe and
Central Asia into the same group. The substantial geographical distance contradicts the argument of
democratization waves developed by Huntington (1993) and Gleditsch and Ward (2006).
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Furthermore, we implement the Difference GMM estimator developed by Arellano and
Bond (1991) to examine whether the usage of internal rather than external instruments
leads to significant changes in the estimation results. Columns 11 and 12 of Table 7 show
that there are no notable changes in the coefficient estimates.

Finally, we perform placebo tests, in which we randomly assign countries to regions.
The estimation results are presented in Columns 13 and 14 of Table 7. As expected,
we find that the instrumental variable is unacceptably weak. We also observe that the
second-stage estimate is statistically insignificant, suggesting that the baseline result is

unlikely to be driven by spurious factors.

4.4 Does the measure of democracy matter?

We now turn to the last and most important part of the empirical analysis, in which
we examine how the baseline results react to changes in the measurement of democracy.
We investigate the consequences of: (i) using a dichotomous rather than a continuous
indicator, (ii) utilizing an alternative concept of democracy, and (iii) applying conventional

aggregation techniques instead of the SVM algorithm.

Continuous vs. dichotomous measures of democracy

Social scientists still disagree on whether continuous or dichotomous indices are more ap-
propriate for the measurement of democracy. We refrain from taking sides since both
approaches offer their own advantages: while continuous measures allow for a finer dis-
tinction between democratic regimes, dichotomous indices provide a clearer indication of
institutional transitions (Acemoglu and Robinson, 2006, Collier and Adcock, 1999).

In the literature on the determinants of economic development, only two studies address
the consequences of replacing a continuous measure with a dichotomous index. Their
findings are ambivalent: Doucouliagos and Ulubagoglu (2008) suggest that the coefficient
of the democracy variable decreases when using a dichotomous index, whereas Cheibub
et al. (2010) report the opposite result. These studies compare, however, measures of
democracy that differ with regard to their conceptualizations and operationalizations.
We are able to avoid this problem because the SVM algorithm produces continuous and
dichotomous indicators that are conceptually equivalent (see Section 3.1).

We again carry out the baseline regressions, this time with DSVMDI to provide an idea
of how the estimates respond when we use a dichotomous rather than a continuous index.
The findings are presented in Columns 2 and 5 of Table 6 and suggest that there are only
minor changes in the estimation results for the effect of democracy on GDP per capita.

Do these results allow for the conclusion that the choice of the scale is of little impor-
tance? Alvarez et al. (1996) argue that a serious comparison between a continuous and
a dichotomous measure of democracy needs to take into account the differences in the
type of measurement error: while the continuous index contains a large number of small

mistakes, the dichotomous index contains a small number of large mistakes.
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Figure 7 Consequences of measurement uncertainty — CSVMDI vs. DSVMDI
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Notes: This figure investigates how the estimation results change when we take into
account the measurement uncertainty in continuous and dichotomous measures of
democracy. For this purpose, we use the distributions of the SVM indices (CDist,
DDist) and estimate the baseline model for every percentile of the distributions. The
left graph reports the point estimates of the second-stage regressions, while the right
graph presents the levels of statistical significance. All regressions control for the first
four lags of the log of GDP per capita, country fixed effects, and year fixed effects.
The dependent variable is the log of GDP per capita. The regional degree of democ-
ratization in ¢ — 1 serves as the instrumental variable. The number of observations is
equal to 7606.

The remainder of this section investigates whether these different types of uncertainty
have different consequences. For this purpose, we use the distributions of the two indicators
(CDist, DDist) and estimate the regression model for every percentile of the distributions.
The results of this analysis are summarized in Figure 7. We observe that the coefficient
estimate is highly volatile when we use the dichotomous measure of democracy: in some
instances the estimate is about 1.6 percent and statistically significant at the 5 percent
level, whereas in other cases, the estimate is about 2.1 percent and statistically insignifi-
cant. By contrast, the regression result is relatively stable when using the distribution of
the continuous indicator.

The supplementary material presents additional analyses to illustrate that the pattern
observed in Figure 7 can be considered representative. We show in particular that the
result holds when using the restricted sample and include control variables in the regression
model (see Appendix Figure B.7), and also when using the Difference GMM estimator
rather than the 2SLS estimator (see Appendix Figure B.8).

Taken these results together, we are able to conclude that the scaling of the measure
of democracy is not irrelevant. We therefore advise scholars to rethink their choice. In
contentious cases, the best strategy is to apply both a continuous and a dichotomous
indicator. Furthermore, we argue that it is important to acknowledge the uncertainty

that exists in every measure of democracy, since not doing so might lead to incorrect
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Figure 8 Alternative concepts of democracy
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Notes: This figure compares measures of democracy that differ with regard to the concept of democ-
racy. The baseline concept requires the existence of political competition, electoral participation, and
political discourse. The concept “COMP” only requires the existence of political competition. The
concept “MEDIA” requires the existence of political competition, electoral participation, political dis-
course, and media independence. The graph on the upper left compares the density functions of the
conceptually different indicators. We present three country examples to illustrate that differences in
the measures of democracy mainly exist for hybrid regimes.

conclusions about the consequences of democratization. A key advantage of the SVM
algorithm is thus that unlike conventional aggregation methods, it provides opportunities

to examine the roles of scaling issues and measurement uncertainty.

An alternative concept of democracy

The baseline concept of democracy requires the existence of electoral participation, polit-
ical competition, and political discourse. In this section, we change the definition. The
motivation is twofold: First, a lack of consensus about how to define the term “demo-
cratic regime” which requires us to show how the SVM algorithm reacts to conceptual
adjustments. Secondly, we know little about the empirical consequences that result from
changes in the concept of democracy.

We consider two alternative concepts of democracy. The first is the definition that goes
back to Schumpeter (1942), who defines democracy as an “institutional arrangement for
arriving at political decisions in which individuals acquire the power to decide by means
of a competitive struggle for the people’s vote.” Schumpeter’s definition thus rests on
competition for political leadership. The first alternative of the SVM index is therefore

computed by using only the five characteristics of political competition. We use the
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Table 8 Democracy and economic development — Alternative concepts of democracy

Full sample Restricted sample

Baseline COMP MEDIA Baseline COMP MEDIA
(1) (2) (3) (4) (5) (6)

Panel A: Second-stage estimates

CSVMDI 0.0198* 0.0208* 0.0186* 0.0392*** 0.0406** 0.0390***
(0.0107) (0.0117) (0.0110) (0.0138) (0.0155) (0.0141)
Observations 7,606 7,606 7,606 6,832 6,832 6,832
Countries 170 170 170 169 169 169
CD F-Stat 844.79 625.06 850.51 558.74 385.55 562.00
SY 10% 1V size 16.38 16.38 16.38 16.38 16.38 16.38
AR p-val 0.06 0.06 0.08 0.00 0.00 0.00
SW p-val 0.04 0.04 0.07 0.00 0.00 0.00
OP F Stat 111.72 95.31 113.85 97.90 80.41 100.75
OP 7 =5% 33.11 33.11 33.11 33.11 33.11 33.11
UCI (lower) 0.002 0.000 0.002 0.018 0.021 0.019
UCI (upper) 0.038 0.041 0.035 0.060 0.067 0.059
KP rk LM p-val 0.000 0.000 0.000 0.000 0.000 0.000
Wald Stat. p-value - 0.929 0.915 - 0.815 0.986
R-Squared 0.96 0.96 0.96 0.96 0.96 0.96
Panel B: Second-stage estimates
DSVMDI 0.0212* 0.0188* 0.0194* 0.0401** 0.0376** 0.0353**
(0.0123) (0.0114) (0.0109) (0.0168) (0.0159) (0.0138)
Observations 7606 7606 7606 6832 6832 6832
Countries 170 170 170 169 169 169
CD F-Stat. 403.12 381.80 475.92 263.70 215.29 304.58
SY 10% IV size 16.38 16.38 16.38 16.38 16.38 16.38
AR p-value 0.06 0.08 0.06 0.00 0.00 0.00
SW p-value 0.04 0.06 0.04 0.00 0.00 0.00
OP F Stat. 96.86 80.46 105.68 84.36 87.94 94.49
OP 7 =5% 33.11 33.11 33.11 33.11 33.11 33.11
UCT (lower) 0.000 -0.001 -0.001 0.013 0.018 0.017
UCI (upper) 0.044 0.036 0.035 0.067 0.058 0.058
KP rk LM p-value 0.000 0.000 0.000 0.000 0.000 0.000
Equal. (p-value) - 0.833 0.871 - 0.877 0.727
R-Squared 0.96 0.96 0.96 0.96 0.96 0.96

Notes: Using data from Feenstra et al. (2015), the dependent variable is the log of GDP per capita. The unit of
observation is the country-year. The standard errors are reported in parentheses, are clustered at the country level,
and are robust to heteroscedasticity. The baseline concept of democracy used in Columns 1 and 4 requires the existence
of political competition, electoral participation, and political discourse. The concept “COMP” used in Columns 2 and
5 only requires the existence of political competition. The concept “MEDIA” used in Columns 3 and 6 requires the
existence of political competition, electoral participation, political discourse, and media independence. Panel A reports
second-stage estimates for the continuous indicators and Panel B presents second-stage estimates for the dichotomous
indicators. The instrumental variable is the regional degree of democratization in year t —1 (jackknifed). All regressions
include country fixed effects, year fixed effects and four lags of the dependent variable. Columns 4 — 6 also include
control variables for investment, trade openness, and inflation. The bottom part of the table reports a number of
test statistics to substantiate the strength and the validity of the instrumental variable. The Anderson-Rubin (AR)
Wald test evaluates the null hypothesis Hg : v = 0, and is robust to weak instrumentation. The Stock-Wright (SW)
test analyzes the same hypothesis, using a Lagrange Multiplier (LM) procedure. The Cragg-Donald (CD) F-statistic
indicates the overall strength of the instrumental variable. The related critical value is denoted by SY 10% IV size
and is taken from Stock and Yogo (2005). Since the CD F-statistic may be invalid in the presence of cluster-robust
standard errors, the table also reports the Olea and Pfliiger (OP) F-statistic, which allows for standard errors that
are clustered, heteroscedastic, and serially correlated. The related critical value is denoted by OP 7 = 5%. The KP
rk LM p-value documents the p-value of the underidentification test proposed by Kleibergen and Paap (2006). UCI
(lower) and UCI (upper) indicate the boundaries of the union of confidence interval (UCI) test introduced by Conley
et al. (2012). Equal (p-value) refers to the p-value of the Wald test for equality of parameter estimates. The bases of
comparison are the point estimates reported in Column 1 and Column 4. The following notation is used to highlight
coefficients that are significantly different from zero: *p < .10, * * p < .05, * * xp < .01.

subscript “COMP” to refer to this measure of democracy.
The second concept follows some theorists” argument that a democratic regime requires
independence of the media (Schultz, 1998). We add this dimension to the baseline concept

and operationalize it with the help of expert-based ratings of media censorship and the
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harassment of journalists. Both of these ratings are reported in Coppedge et al. (2016).
We use the subscript ”MEDIA” to refer to this conceptually broader version of the SVM
index.

Figure 8 compares these alternative versions of the continuous SVM index. We observe
substantial similarities between the three measures of democracy, especially with regard
to autocratic regimes (e.g. Myanmar, Soviet Union) and established democracies (e.g.
New Zealand). Differences between the indicators exist mainly for hybrid regimes. For
example, the level of democracy of the Russian Federation is less pronounced when we
consider CSVMDIp;c4:0. This difference is plausible because the freedom of the press is
more restricted in Russia than are other aspects of democracy (Becker, 2004, Oates, 2007).

We carry out the baseline estimations using the alternative measures of democracy to
illustrate how the regression estimates react to a change in the concept of democracy.
The results of this analysis are reported in Table 8. Two findings are particularly rele-
vant: (i) The effect of democracy on economic development is positive and statistically
significant regardless of the assumed concept of democracy. (ii) The differences in the es-
timated coefficients are minor, suggesting that conceptual aspects are of minor empirical

relevance.*3

Alternative aggregation methods

In Section 3.5, we arrived at the conclusion that conventional aggregation techniques
can produce misleading measures of democracy. In particular, we provided evidence for
the hypothesis that conventionally produced indicators underestimate transitions. In this
section, we illustrate the resulting empirical consequences.

Consider a simplified version of our regression model in which the level of economic

development is a linear function of the degree of democratization:
Yyi = n+vy-di+e with n>0and~y>0.4 (24)

Furthermore, suppose that the level of democracy is low in earlier periods and high in

later periods:
d = ... =d < dry1 = ... = dr with TE{l,...,T—l}, (25)

where 7 4+ 1 denotes the transition year. Assume further that there is an instrumental

variable which allows endogeneity issues—such as reversed causality, omitted factors, and

43The supplementary material shows that these results hold when taking into account the measurement
uncertainty (see Appendix Figure B.9), and also when using the Difference GMM estimator rather than
the 2SLS estimator (see Appendix Figure B.10).

“For two reasons, we do not include lags of the dependent variable in the regression model: First, the
econometric explanation that we provide also applies when covariates are included. Second, we believe
that the argumentation is much clearer when a static model is used instead of a dynamic model. For
the same reasons, we consider a simple time-series model rather than a panel model with country fixed
effects.
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random noise in the explanatory variable—to be dealt with:
21 = oo = 27 < Zpy1 = ... = zp with 7Te€{l,...,T -1} (26)

Under these assumptions the 2SLS estimator is consistent (Angrist and Pischke, 2009),

and some algebra reveals that the 2SLS estimator can be written as

Yo (e — )z — %) P,
7. (27)
(dr — di) (21 — 21) [T (LZ7)* + (@ =) (%)2}

YosLs =

Suppose now that the measure of democracy is downward-biased for democratic regimes,
i.e. the observed degrees of democratization {d;};—1, . 7 are correct in the early periods

but are too small in the later periods:
ds = 0y < 0y < dp with se{l,...;,7tandte{r+1,...,T}. (28)

Equation (27) implies that the 2SLS estimate increases and may become inconsistent

because of this systematic distortion:

i (W = 9) (=~ 2) Py 5 > 4.5 (29)

or—6 <dr—dy =
T T - [r () @ -1 ()]

Table 9 reports estimates for the relationship between democracy and economic devel-
opment and shows how these estimates react to a change in the aggregation technique.
Column 1 presents the baseline estimates, while Column 2 reports the estimation re-
sults when using the additive index (PCA weights) that is conceptually equivalent with
CSVMDI (for details, see Section 3.5). We observe an increases by 36 percent in the size
of the estimate and a decrease in the level of statistical significance.*® In Column 3, the
estimated effect is based on the multiplicative indicator (PCA weights). The regression
coefficient turns out to be of similar size as in the additive specification. However, in
contrast to Column 2, the effect is statistically significant at the 5 percent level. Col-
umn 4 suggests that we obtain similar results when using the mixed indicator. Column 5
shows that the estimate almost doubles when the latent variable approach is used for data
aggregation. This additional increase in the regression coefficient supports our economet-
ric argument because the latent variable approach produces the greatest distortions for

single-party regimes and established democracies (see Figure 6).47

45 Equation (27) also suggests that the same logic applies when the measure of democracy is upward-biased
for autocratic regimes:

ds < 6s < 0y < dy with se{l,...,7}andte{r+1,...,T}.
46 Appendix Table C.5 illustrates that the increase in the size of the effect is even more pronounced when
using the alternative additive indicator (equal weights).

47 Appendix Table C.6 shows that the results presented in Table 9 are robust to the inclusion of control
variables (Panel A) and the use of the Difference GMM estimator (Panel B).
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Table 9 Democracy and economic development — Alternative aggregation methods

CSVMDI Additive Multiplicative Mixed Latent
(Baseline) (PCA) (PCA) (PCA) Variable
(1) (2) (3) (4) (5)
Democracy 0.0198* 0.0270 0.0262** 0.0278** 0.0379*
(0.0107) (0.0172) (0.0117) (0.0138) (0.0200)
Log GDPP¢ (t —1) 1.169*** 1.167*** 1.168*** 1.168*** 1.166***
(0.0315) (0.0314) (0.0314) (0.0314) (0.0315)
Log GDPP¢ (t — 2) -0.189*** -0.189*** -0.189*** -0.189*** -0.188***
(0.0269) (0.0269) (0.0269) (0.0269) (0.0270)
Log GDPP¢ (t — 3) 0.0428 0.0424 0.0429 0.0426 0.0424
(0.0303) (0.0302) (0.0303) (0.0302) (0.0302)
Log GDPP¢ (t — 4) -0.0577*** -0.0570*** -0.0571*** -0.0570*** -0.0566***
(0.0141) (0.0140) (0.0141) (0.0140) (0.0140)
Observations 7,606 7,606 7,606 7,606 7,606
Countries 170 170 170 170 170
CD F-Stat. 844.80 531.18 849.53 729.79 380.92
SY 10% 1V size 16.38 16.38 16.38 16.38 16.38
AR p-value 0.06 0.12 0.02 0.04 0.05
SW p-value 0.04 0.10 0.02 0.03 0.05
OP F Stat. 111.72 90.22 115.47 103.68 89.26
OP 7 =5% 33.11 33.11 33.11 33.11 33.11
UCIT (lower) 0.002 -0.009 0.006 0.002 -0.003
UCI (upper) 0.038 0.063 0.047 0.053 0.079
KP rk LM p-value 0.000 0.000 0.000 0.000 0.000
CSVMDI Ratio - 1.364 1.323 1.404 1.914
R-Squared 0.96 0.96 0.96 0.96 0.96

Notes: Using data from Feenstra et al. (2015), the dependent variable is the log of GDP per capita. The unit of
observation is the country-year. The standard errors are reported in parentheses, are clustered at the country level,
and are robust to heteroscedasticity. The instrumental variable is the regional degree of democratization in year t — 1
(jackknifed). All regressions include country fixed effects and year fixed effects. The measures of democracy only
differ with regard to the aggregation technique. The bottom part of the table reports a number of test statistics to
substantiate the strength and the validity of the instrumental variable. The Anderson-Rubin (AR) Wald test evaluates
the null hypothesis Hy : v = 0, and is robust to weak instrumentation. The Stock-Wright (SW) test analyzes the same
hypothesis, using a Lagrange Multiplier (LM) procedure. The Cragg-Donald (CD) F-statistic indicates the overall
strength of the instrumental variable. The related critical value is denoted by SY 10% IV size and is taken from Stock
and Yogo (2005). Since the CD F-statistic may be invalid in the presence of cluster-robust standard errors, the table
also reports the Olea and Pfliiger (OP) F-statistic, which allows for standard errors that are clustered, heteroscedastic,
and serially correlated. The related critical value is denoted by OP 7 = 5%. The KP rk LM p-value documents the
p-value of the underidentification test proposed by Kleibergen and Paap (2006). UCI (lower) and UCI (upper) indicate
the boundaries of the union of confidence interval (UCI) test introduced by Conley et al. (2012). The following notation
is used to highlight coefficients that are significantly different from zero: *p < .10, * * p < .05, * * xp < .01.

Taken together, the empirical evidence presented in this section is suggestive of two
important conclusions. First, the 2SLS estimator cannot compensate for the measurement
errors that are produced by conventional aggregation techniques, and second, the economic
consequences of a democratic transition are overestimated when conventional aggregation

methods are used to create measures of democracy.

5 Conclusion

The question of how political institutions and economic development interact is arguably
one of the most contentious in political economy. This study provides novel insights in
this relationship and suggests that democracy and economic prosperity are more closely

related than presumed so far.

The most important contribution of this paper is a new method for data aggregation.
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This methodological innovation is a real step forward since we show that conventional ag-
gregation techniques rest on ad hoc assumptions and thus give rise to subprime measures
of democracy. The presented algorithm is based on a machine learning techniques for
pattern recognition—known as Support Vector Machine (SVM)—and has four valuable
features: (i) it does not require any assumption about the functional relationship between
the constituent parts as given by the raw data and the resulting overall degree of democ-
ratization, (ii) it computes continuous and dichotomous indicators, (iii) it is flexible with
regard to how the term “democracy” is conceptualized, and (iv) it provides indication of
measurement uncertainty.

We especially elaborate on why there is a need for sophisticated aggregation methods.
We show, for example, that the 2SLS estimator fails to compensate for the systematic
malfunctions that are produced by conventional aggregation techniques. We also demon-
strate that because of this failure, the effect of democracy on economic development is
overestimated and explain why political economists should take uncertainty in measures
of democracy into account.

Most studies on the socioeconomic consequences of democratization are based on con-
ventional aggregation techniques and thus do not allow checking whether their results are
robust to measurement uncertainty. We therefore suggest to replicate previous studies
and to investigate whether controversial findings can be attributed to the shortcomings
of conventional aggregation methods or to the uncertainty associated with the employed
measures of democracy. The SVM algorithm can also help to answer open questions about
the relationship between democracy and economic development. For example, one could
compute separate indicators for the various dimensions of democracy and analyze whether

some aspects are more conducive to economic development than others.
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Appendix for Online Publication

A Supplementary comments

A.1 Supplementary notes to Section 3

In this section, we use three well-known measures of democracy to illustrate why indicators
generated via conventional aggregation methods have often been criticized. For a more
comprehensive literature review, see Boix et al. (2013), Cheibub et al. (2010), Munck and
Verkuilen (2002), Munck (2009), Coppedge et al. (2011), and Griindler and Krieger (2016).

A multiplicative measure of democracy

Vanhanen (2000) assumes that the levels of electoral participation and political compe-
tition determine the degree of democratization. Participation is operationalized via the
voter turnout rate and competition through the share of votes received by the leading
party. The aggregation rule is multiplicative and the two characteristics are assumed to
be equally important.

The literature emphasizes three major deficiencies of this approach: First, as noted by
Vanhanen (2000), the weighting scheme is arbitrary. Second, it is presumed that a regime
is fully democratic only if voter turnout is 100 percent. Finally, measurement uncertainty
that arises from imprecise election statistics cannot be addressed, since the aggregation

rule does not allow for the calculation of confidence intervals (Pemstein et al., 2010).

An additive measure of democracy

The Polity index of Marshall et al. (2016) is an ordinal measure that ranges from —10 (most
autocratic) to +10 (most democratic) and comprises five characteristics determined by
experts.*® This measure lacks sophistication for a number of reasons: First, no theoretical
justification is provided for the assumption that the characteristics affect the degree of
democratization independently of one another or for why they are equally important.
Second, the equal weighting leads to double counting since some of the characteristics are
redundant. Finally, measurement uncertainties are not indicated via confidence intervals
(Cheibub et al., 2010, Munck and Verkuilen, 2002, Treier and Jackman, 2008).

A mixed measure of democracy

Acemoglu et al. (2014) combine the information of additive and multiplicative measures.
A regime is labeled “democratic” if Polity is positive and the additive index of Freedom

House (2015) [F-House| indicates “free” or “partially free”. The multiplicative measures

“8The characteristics are equally weighted and referred to as: (i) competitiveness of political participation,
(ii) regulation of political participation, (iii) openness of executive recruitment, (iv) competitiveness of
executive recruitment, and (v) executive constraints. For details, see Marshall et al. (2016).
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of Boix et al. (2013) and Cheibub et al. (2010) are used as additional decision criteria if
Polity or F-House is not available.4?

The approach of Acemoglu et al. (2014) has some weak points: First, a Polity score
greater than 0 is assumed to be a necessary condition for the existence of democracy in-
stitution. This assumption may be problematic since (i) Polity is an imprecise measure,
and (ii) the critical value is arbitrarily chosen.”® Second, the concept that is reflected by
the index cannot be explicitly specified because democracy is defined differently by each
of the four sub-indices.?! Third, the aggregation technique produces spurious regime tran-
sitions that must be removed manually (Acemoglu et al., 2014).52 Finally, measurement

uncertainty cannot be indicated.

A.2 Supplementary notes to Section 3.5

The analysis presented in Section 3.5 suggests that conventional aggregation methods
produce upward-biased indicators for certain autocracies and downward-biased indices for
established democracies. The consequence is an underestimation of institutional transi-
tions. One may argue that this problem only arises because of a strategic selection of the

characteristics. This section presents two supplementary analyses to allay this concern.

Alternative raw data

Teorell et al. (2016) use a concept of democratic institutions that requires the existence
of electoral participation, political competition, and political liberties. The authors refer

)

to this concept as “electoral democracy” and operationalize their definition through five
expert-based ratings, capturing information on: suffrage, the procedure to select govern-
ment officials, electoral fairness, freedom of expression, and freedom of association.
Teorell et al. (2016) present three measures of electoral democracy. The first is an
additive index. In Appendix Figure B.5, we present the cases of Myanmar and Russia to
illustrate that the additive indicator is upward-biased for certain autocracies. The second
measure of electoral democracy is multiplicative. The example of New Zealand suggests
that a downward distortion exists for established democracies (see Appendix Figure B.5).
Finally, Teorell et al. (2016) make use of a mixed indicator, i.e. they calculate the average of
the additive and the multiplicative measure of electoral democracy. Appendix Figure B.5
suggests that this index is upward-biased (downward-biased) for a number of autocratic

regimes (democratic regimes).

49There are two major reasons for missing information: (i) F-House is not available for the period from
1960 to 1972, and (ii) Polity is not available for small countries.

0For general concerns about the use of critical values, see Bogaards (2010) and Cheibub et al. (2010).

5!Furthermore, the concept is not consistent over time due to changes in data availability. For instance, civil
liberties are not included in the concept for some observations because the F-House was first published
in 1973.

52 Acemoglu et al. (2014) note explicitly that they must “remove spurious transitions created when countries
enter or leave the Freedom House, Polity, or our secondary sources’ samples.”

53For the sake of comparability, we use the SVM algorithm to produce our own measure of electoral
democracy. Appendix Figure B.5 illustrates that this alternative indicator is not systematically biased
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Taken together, these results show that our conclusion that the application of conven-
tional aggregation methods leads to an underestimation of institutional transitions holds

true if we use an alternative raw data set.

Alternative measures of democracy

In this subsection, we investigate whether standard measures of democracy are systemat-
ically biased at the upper and lower ends of the spectrum. We analyze four indicators:
the additive index developed by Marshall et al. (2016) [Polity], the multiplicative index
developed by Vanhanen (2000) [Polyarchy], the mixed index developed by Teorell et al.
(2016) [TCSL], and the latent variable index developed by Pemstein et al. (2010) [UDS].

The upper section of Appendix Figure B.6 compares the density functions of alternative
measures of democratic institutions. We observe that CSVMDI is bimodally distributed,
with modes at the lowest and highest ends of the spectrum. Polity and TCSL have
similar properties, however the location of the modes differs to some extent compared with
CSVMDI. Furthermore, it turns out that the modes of UDS are located at intermediate
degrees of democratization. We also observe that the distribution of Polyarchy is unimodal
and skewed towards zero.

The lower section of Appendix Figure B.6 presents measures of democracy for New
Zealand and Russia. These examples suggest that Polyarchy, TCSL and UDS (Polity,
TCSL and UDS) are downward-biased (upward-biased) for established democracies (elec-

toral autocracies).

at the upper or lower ends of the spectrum. This result strengthens the argument that the SVM algorithm
outperforms conventional aggregation techniques.
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B Supplementary figures
Figure B.1 Linear separation — One-dimensional case.
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Notes: Graph I is a one-dimensional example in which GPA is applicable. Graph II shows that more
than one hyperplane may separate the observations according to their labels. Graph III explains how

the margin ¢ is calculated. Graph IV illustrates that GPA selects the hyperplane with the largest
margin.

Figure B.2 Non-linear separation — One-dimensional case.
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Notes: Graph I shows an example in which GPA is not applicable in X = R. In Graph II, a function
P(z) = (1712) is used to map the input data from X = R onto a feature space H = R? and GPA
computes a dividing hyperplane in H. Graph III illustrates that the linear solution in H implies a
non-linear solution in X.
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Figure B.3 CSVMDI vs. additive measures of democracy — Democratic regimes
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Notes: This figure compares CSVMDI with two additive measures of democracy. All indices are
based on the same raw data, i.e. the differences in the degrees of democratization can be attributed
to the particular aggregation method. The figure shows that additive aggregation methods produce
downward-biased indices for established democracies.

Figure B.4 CSVMDI vs. additive measures of democracy — Autocratic regimes
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Notes: This figure compares CSVMDI with two additive measures of democracy. All indices are
based on the same raw data, i.e. the differences in the degrees of democratization can be attributed
to the particular aggregation method. The figure shows that additive aggregation methods produce
upward-biased indices for some autocratic regimes.
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Figure B.5 SVM algorithm vs. conventional aggregation methods — Alternative raw data
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Notes: This figure compares the performance of different aggregation methods, using the conceptu-
alization and operationalization proposed by Teorell et al. (2016). The figure allays concerns about
strategic selection of the characteristics.

Figure B.6 Comparison of different measures of democracy
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Notes: This figure compares CSVMDI with four measures of democracy. The alternative indicators
are developed by Marshall et al. (2016) [Polity], Pemstein et al. (2010) [UDS], Teorell et al. (2016)
[TCSL], and Vanhanen (2000) [Polyarchy].
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Figure B.7 Consequences of measurement uncertainty — Augmented model
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Notes: This figure investigates how the estimation results change when we take into account the
measurement uncertainty in continuous and dichotomous measures of democracy. For this purpose,
we use the distributions of the SVM indices (CDist, DDist) and estimate the regression model for
every percentile of the distributions. The left graph reports the point estimates of the second-stage
regressions, while the right graph presents the levels of statistical significance. All regressions control
for the first four lags of the log of GDP per capita, the investment share (¢ — 1), the inflation rate
(t—1), the degree of trade openness (¢t —1), country fixed effects, and year fixed effects. The dependent
variable is the log of GDP per capita. The regional degree of democratization in ¢ — 1 serves as the
instrumental variable. The number of observations is 6832.

Figure B.8 Consequences of measurement uncertainty — Difference GMM
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Notes: This figure investigates how the estimation results change when we take into account the
measurement uncertainty in continuous and dichotomous measures of democracy. For this purpose, we
use the distributions of the SVM indices (CDist, DDist) and estimate the regression model for every
percentile of the distributions. The left graph reports the point estimates of the Difference GMM
estimations, while the right graph presents the levels of statistical significance. All regressions control
for the first four lags of the log of GDP per capita, country fixed effects, and year fixed effects. The
dependent variable is the log of GDP per capita. The number of observations is 7436.
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Figure B.9 Alternative concepts of democracy — Measurement Uncertainty (2SLS)

Parameter estimates
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Notes: This figure investigates how the estimation results change when we take into account the measurement
uncertainty in continuous and dichotomous measures of democracy. For this purpose, we use the distributions
of the SVM indices and estimate the regression model for every percentile of the distributions. The baseline
concept of democracy requires the existence of political competition, electoral participation, and political discourse.
The concept “COMP” only requires the existence of political competition. The concept “MEDIA” urequires the
existence of political competition, electoral participation, political discourse, and media independence. The upper
graphs report the point estimates of the second-stage regressions, while the lower graphs present the levels of
statistical significance. All regressions control for the first four lags of the log of GDP per capita, country fixed
effects, and year fixed effects. The dependent variable is the log of GDP per capita. The regional degree of
democratization in t — 1 serves as the instrumental variable. The number of observations is 7606.
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Figure B.10 Alternative concepts of democracy — Measurement Uncertainty (Difference GMM)

Parameter estimates
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Notes: This figure investigates how the estimation results change when we take into account the measurement
uncertainty in continuous and dichotomous measures of democracy. For this purpose, we use the distributions of
the SVM indices and estimate the regression model for every percentile of the distributions. The baseline concept
of democracy requires the existence of political competition, electoral participation, and political discourse. The
concept “COMP” only requires the existence of political competition. The concept “MEDIA” requires the existence
of political competition, electoral participation, political discourse, and media independence. The upper graphs
report the point estimates of the Difference GMM regressions, while the lower graphs present the levels of statistical
significance. All regressions control for the first four lags of the log of GDP per capita, country fixed effects, and
year fixed effects. The dependent variable is the log of GDP per capita. The number of observations is 7436.
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Supplementary tables

Table C.1 Priming data — Selected country-years

Country Observations Years

Democratic regimes

Australia 48 1964, 196667, 1969-70, 1972-2014
Austria 50 1961, 1963-65, 1967-2012
Barbados 2 1981-82
Belgium 52 1963-2014
Brazil 15 1998-2000, 2002-13
Canada 48 1972-81, 1984-85, 1988-2014
Chile 9 2005-08, 2010-14
Costa Rica 40 1975-2014
Cyprus 22 1989-2010
Czech Republic 24 1991-2014
Denmark 55 1960-2014
Estonia 23 1992-2014
Finland 33 1967-71, 1987-2014
France 45 1970-2014
Germany 44 1971-2014
Greece 23 1989-2011
Hungary 6 1994-97, 2004-05
Iceland 46 1967-2012
Ireland 32 1968, 1976-81, 1985, 1987, 19902012
Israel 1 1999
Italy 40 1960-61, 1963-76, 1983-92, 1994-07
Japan 8 1980-1982, 1984-86, 1988-89
Luxembourg 35 1964, 1967-71, 1977-98, 2000-01, 2006, 2008, 2010-12
Malta 27 1973-75, 1989-2012
Mauritius 1 2004
Netherlands 55 1960-2014
New Zealand 51 1963-2013
Norway 47 1968-2014
Poland 21 1991-2012
Portugal 27 1985-86, 1990-2014
Slovakia 2 2010, 2012
Slovenia 8 2003-04, 2009-14
Spain 35 1979-2013
St. Kitts and Nevis 1 2010
Sweden 55 19602014
Switzerland 45 1970-2014
United Kingdom 32 1961, 1964, 1975-1989, 2000-2014
United States 36 1969, 1976-77, 1980-81, 19842014
Uruguay 26 1989-2014

Autocratic regimes

Afghanistan 28 1960-63, 1978-2001
Albania 23 196061, 1965, 1968, 1970, 1972-89
Algeria 14 1965-76, 1985, 1994
Angola 17 1975-91

Argentina 12 1966-1971, 1977-1982
Bahrain 13 1971, 1979-82, 1991-92, 1996-99
Benin 10 1973-78, 1984, 1986-87, 1989
Bhutan 47 1960-2007
Bolivia 7 1972-1977, 1980
Brazil 2 1968-69
Bulgaria 8 1980, 1983-89
Burkina Faso 1 1965
Myanmar (Burma) 39 1963-74, 1983-2008, 2010
Burundi 18 1967-81, 1988-89, 1991
Cambodia 16 1966-67, 1979-92
Cameroon 1 1988
Central African Rep. 16 1966—-80, 1988
Chad 20 1962-63, 1970, 1972-74, 1976-89
Chile 14 1974-87
China 33 1960-79, 1985, 1989-97, 2000, 2013-14
Congo (Democratic Rep.) 17 1965-70, 1972-76, 1983-89
Congo (Rep.) 7 1968-72, 1978-79
Cuba 47 1960-2005, 2007
Dominican Republic 1 1960
Equatorial Guinea 17 1973-91
Eritrea 17 1994-96, 2001-14
Ethiopia 29 1960-71, 1973-86, 1988-1990
Gabon 1 1968
Germany (East) 25 1960-66, 1969, 1972-88
Ghana 1 1965
Greece 6 1968-1973
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Table C.1 Priming data — Selected country-years (cont.)

Country Observations Years
Guatemala 3 1964—65, 1983
Guinea 15 1960, 1967-68, 1972-83
Guinea—Bissau 13 1977-1989
Haiti 21 1963-64, 1967-69, 1971-84, 1992-93
Indonesia 1 1965
Iran 12 1960-64, 1966-71, 1976
Iraq 40 1963-2002
Ivory Coast 2 196466
Jordan 18 1961-64, 196668, 1970, 1974-83
Korea (North) 55 1960-2014
Kuwait 12 1965-66, 1976-80, 1986-90
Laos 37 1976-88, 19912014
Lesotho 2 1970-71
Liberia 4 1980-83
Libya 42 1969-2010
Malawi 26 1964-66, 1968, 1970-87, 1989-92
Maldives 3 1965-67
Mali 7 1975-81, 1985
Mauritania 5 1979-83
Mongolia 7 1980, 1983-88
Morocco 9 1960-62, 1965-69, 1971
Mozambique 14 1976-89
Nepal 8 1960-65, 196768
Niger 12 1975-86
Nigeria 1 1966
Oman 21 1970-90
Pakistan 1 1980
Panama 3 1969-71
Paraguay 2 1960-61
Peru 3 1969, 1974-75
Philippines 5 1973-77
Portugal 9 1961-64, 1966-70
Qatar 45 1970-2014
Romania 6 1983-88
Russia (Soviet Union) 11 1962-69, 1984-86
Rwanda 5 197477, 1980
Saudi Arabia 55 1960-2014
Serbia (Yugoslavia) 20 1960-79
Somalia 19 1970-80, 1983-90
Spain 7 1960-66
Sudan 17 1960-63, 1969-70, 1989-97, 1999, 2001
Swaziland 11 1974-77, 1984, 1986-87, 1989-1992
Syria 30 1965, 196773, 1983-2002, 2011-12
Taiwan 9 1960-68
Togo 13 1968-79, 1985
Tunisia 1 1962
Turkmenistan 20 1992-2008, 2010-12
Uganda 8 1972-79
Uruguay 4 1976-79
Uzbekistan 16 1995-2006, 2008, 2010-12
Vietnam 14 1985-86, 1989-2000
Yemen 23 1960-70, 1976-1987

Notes: This table reports the country-years that are part of the priming data. The selected autocratic (demo-
cratic) observations belong to the lower (upper) decile of the index developed by Pemstein et al. (2010) or to

the lower (upper) decile of the index developed by Teorell et al. (2016).
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Table C.2 List of countries (by continent and region)

Continent Region List of countries
Africa Central East Africa  Cameroon, Central African Republic, Chad, Djibouti,
FEritrea, Ethiopia, Kenya, Somalia, South Sudan, Sudan
North Africa Algeria, Egypt, Libya, Morocco, Tunisia
Southern Africa Angola, Botswana, Burundi, Comoros, Democratic Rep.

of Congo, Republic of Congo, Equatorial Guinea, Gabon,
Lesotho, Madagascar, Malawi, Mauritius, Mozambique,
Namibia, Rwanda, Sao Tome and Principe, Seychelles,
South Africa, Swaziland, Tanzania, Uganda, Zambia,
Zimbabwe

Western Africa Benin, Burkina Faso, Cape Verde, Gambia, Ghana,
Guinea, Guinea-Bissau, Ivory Coast, Liberia, Mali, Mau-
ritania, Niger, Nigeria, Senegal, Sierra Leone, Togo
America Caribbean Antigua and Barbuda, Bahamas, Barbados, Cuba, Do-
minica, Dominican Republic, Grenada, Haiti, Jamaica,
St. Kitts and Nevis, St. Lucia, St. Vincent and the
Grenadines, Trinidad and Tobago

Central America Belize, Costa Rica, El Salvador, Guatemala, Honduras,
Mexico, Nicaragua, Panama
North America Canada, United States
South America Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador,
Guyana, Paraguay, Peru, Suriname, Uruguay, Venezuela
Asia and Central Asia Afghanistan, Armenia, Azerbaijan, Bhutan, Georgia, In-
Oceania dia, Iran, Kazakhstan, Kyrgyzstan, Maldives, Mongolia,
Nepal, Pakistan, Sri Lanka, Tajikistan, Turkmenistan,
Uzbekistan
East and South-East Bangladesh, Myanmar (Burma), Cambodia, China,
Asia Japan, Korea (North), Korea (South), Laos, Taiwan,
Thailand, Vietnam
South Asia and Australia, Brunei, East Timor, Fiji, Indonesia, Malaysia,
Oceania New Zealand, Papua New Guinea, Philippines, Samoa,

Singapore, Solomon Islands, Tonga, Vanuatu
West Asia Bahrain, Iraq, Israel, Jordan, Kuwait, Lebanon, Oman,
Qatar, Saudi Arabia, Syria, Turkey, United Arab Emi-
rates, Yemen
Europe Balkan Albania, Bosnia and Herzegovina, Bulgaria, Croatia,
Hungary, Kosovo, Macedonia, Montenegro, Romania,
Serbia (Yugoslavia), Slovenia

Central and North Austria, Belgium, Denmark, Finland, Germany, Ice-
Europe land, Ireland, Luxembourg, Netherlands, Norway, Swe-
den, Switzerland, United Kingdom
East Europe Belarus, Czech Republic, East Germany, Estonia, Latvia,
Moldova, Poland, Russia (Soviet Union), Slovakia,
Ukraine
South Europe Cyprus, France, Greece, Italy, Malta, Portugal, Spain

Notes: This table lists all 186 countries for which SVM indices are available and categorizes these countries by
continent and region.
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Table C.3 Democracy and economic development — Domestic controls

(1) (@) 3) (4) (5) (©) ™
Panel A: Second-stage estimates
Democracy 0.0362*** 0.0392*** 0.0367*** 0.0301** 0.0386™** 0.0367*** 0.0390™**
(0.0125) (0.0138) (0.0139) (0.0122) (0.0140) (0.0137) (0.0136)
Log GDPP¢ (¢t — 1) 1.182%** 1.170%** 1.166%** 1.155%** 1.171%%* 1.170%** 1.170%**
(0.0343) (0.0333) (0.0348) (0.0375) (0.0339) (0.0333) (0.0332)
Log GDPP€ (¢t — 2) -0.190*** -0.190*** -0.182%** -0.165*** -0.184*** -0.191%** -0.190***
(0.0317) (0.0313) (0.0320) (0.0290) (0.0297) (0.0312) (0.0313)
Log GDPP® (t — 3) 0.0351 0.0368 0.0379 0.0165 0.0292 0.0368 0.0367
(0.0307) (0.0301) (0.0308) (0.0324) (0.0301) (0.0298) (0.0300)
Log GDPP€ (t —4) -0.0595*** -0.0540*** -0.0611*** -0.0439*** -0.0515*** -0.0533*** -0.0534***
(0.0138) (0.0131) (0.0131) (0.0148) (0.0134) (0.0131) (0.0127)
Investment (¢t — 1) 0.0354* 0.0310 0.0293* 0.0303 0.0335™ 0.0351*
(0.0198) (0.0202) (0.0169) (0.0199) (0.0196) (0.0196)
Inflation (¢t — 1) -0.0335™* -0.0306™* -0.0273** -0.0322** -0.0335™* -0.0337**
(0.0159) (0.0149) (0.0133) (0.0155) (0.0156) (0.0158)
Openness (t — 1) 0.0181** 0.0179** 0.0105* 0.0193*** 0.0189*** 0.0184**
(0.00709) (0.00712) (0.00598) (0.00735) (0.00690) (0.00736)
Conflict (¢t — 1) -0.00284**
(0.00142)
Human Capital (¢t — 1) 0.0155*
(0.00889)
Log Life Expect (¢t — 1) 0.0357**
(0.0145)
Earthquake (t — 1) 0.00490*
(0.00297)
Storm (¢t — 1) 0.000418
(0.00170)
Flood (t — 1) 0.00444***
(0.00165)
Drought (¢t — 1) 0.00684***
(0.00230)
Landslide (¢t — 1) 0.00568™*
(0.00273)
Gov. Consumption (t — 1) -0.00667
(0.0156)
Panel B: First-stage estimates
Democracy (Reg.) 0.6034*** 0.5880*** 0.5829*** 0.5678%** 0.5783*** 0.5883*** 0.5896™**
(0.0806) (0.0839) (0.0854) (0.0903) (0.0829) (0.0837) (0.0842)
Observations 6,832 6,832 6,631 5,972 6,729 6,822 6,832
Countries 169 169 169 141 169 169 169
CD F-Stat. 612.69 558.74 557.25 462.72 541.83 557.74 561.61
SY 10% IV size 16.38 16.38 16.38 16.38 16.38 16.38 16.38
AR p-value 0.00 0.00 0.00 0.01 0.00 0.00 0.00
SW p-value 0.00 0.00 0.00 0.01 0.00 0.00 0.00
OP F-Stat. 93.38 97.90 96.01 54.82 67.72 97.44 97.14
OP 7 =5% 33.11 33.11 33.11 33.11 33.11 33.11 33.11
UCI (lower) 0.016 0.018 0.012 0.008 0.015 0.018 0.017
UCI (upper) 0.056 0.060 0.053 0.052 0.062 0.056 0.061
KP rk LM p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Equal. (p-value) - 0.823 0.971 0.619 0.861 0.973 0.836
R-Squared 0.96 0.96 0.96 0.96 0.96 0.96 0.96

Notes: Using data from Feenstra et al. (2015), the dependent variable is the log of GDP per capita. The unit of
observation is the country-year. The standard errors are reported in parentheses, are clustered at the country level,
and are robust to heteroscedasticity. Panel A reports second-stage estimates. Panel B presents first-stage estimates.
The instrumental variable is the regional degree of democratization in year t — 1 (jackknifed). All regressions include
country fixed effects and year fixed effects. The control variables are taken from Bluhm et al. (2016), Feenstra et al.
(2015), Guha-Sapir et al. (2015) and World Bank (2017). The bottom section of the table reports a number of test
statistics to substantiate the strength and the validity of the instrumental variable. The Anderson-Rubin (AR) Wald
test evaluates the null hypothesis Ho : v = 0, and is robust to weak instrumentation. The Stock-Wright (SW)
test analyzes the same hypothesis, using a Lagrange Multiplier (LM) procedure. The Cragg-Donald (CD) F-statistic
indicates the overall strength of the instrumental variable. The related critical value is denoted by SY 10% IV size
and is taken from Stock and Yogo (2005). Since the CD F-statistic may be invalid in the presence of cluster-robust
standard errors, the table also reports the Olea and Pfliiger (OP) F-statistic, which allows for standard errors that
are clustered, heteroscedastic, and serially correlated. The related critical value is denoted by OP 7 = 5%. The KP
rk LM p-value documents the p-value of the underidentification test proposed by Kleibergen and Paap (2006). UCI
(lower) and UCI (upper) indicate the boundaries of the union of confidence interval (UCI) test introduced by Conley
et al. (2012). Equal (p-value) refers to the p-value of the Wald test for equality of parameter estimates. The base of
comparison is the point estimates reported in Column (1). The following notation is used to highlight coefficients that
are significantly different from zero: xp < .10, * * p < .05, * * *p < .01.

o7



Table C.4 Democracy and economic development — Regional controls

(1) (2) (3) (4) (5) (6) (7)
Panel A: Second-stage estimates
Democracy 0.0356*** 0.0391** 0.0347** 0.0303* 0.0386** 0.0375** 0.0390**
(0.0123) (0.0155) (0.0151) (0.0157) (0.0154) (0.0157) (0.0156)
Log GDPP¢ (¢t — 1) 1.182%** 1.181%** 1.178%** 1.163*** 1.182%** 1.180*** 1.181%**
(0.0344) (0.0346) (0.0358) (0.0382) (0.0351) (0.0345) (0.0345)
Log GDPP€ (¢t — 2) -0.191*** -0.190*** -0.183*** -0.166*** -0.184*** -0.190*** -0.190***
(0.0318) (0.0319) (0.0320) (0.0294) (0.0304) (0.0318) (0.0319)
Log GDPP€ (¢t — 3) 0.0353 0.0351 0.0355 0.0154 0.0274 0.0352 0.0352
(0.0307) (0.0308) (0.0316) (0.0331) (0.0309) (0.0309) (0.0308)
Log GDPP€ (¢t —4) -0.0595™** -0.0591%** -0.0670*** -0.0458*** -0.0581*** -0.0591*** -0.0592***
(0.0138) (0.0137) (0.0140) (0.0145) (0.0141) (0.0137) (0.0134)
Reg. Investment (¢t — 1) -0.00277 -0.00302 0.0200 -0.00854 -0.00462 -0.00252
(0.0290) (0.0279) (0.0309) (0.0298) (0.0285) (0.0289)
Reg. Inflation (¢t — 1) -0.0282 -0.00940 0.0331 -0.0213 -0.0318 -0.0289
(0.0735) (0.0740) (0.0707) (0.0742) (0.0737) (0.0743)
Reg. Openness (t — 1) 0.00625 0.00372 0.000808 0.00664 0.00631 0.00603
(0.00774) (0.00759) (0.00770) (0.00785) (0.00761) (0.00778)
Reg. Conflict (t — 1) -0.00798***
(0.00287)
Reg. Human Capital (¢t — 1) 0.00753
(0.00890)
Reg. Log Life Expect (¢t — 1) 0.0138*
(0.00768)
Reg. Earthquake (t — 1) 0.00772
(0.00772)
Reg. Storm (t — 1) 0.00300
(0.00382)
Reg. Flood (t — 1) 0.00524
(0.00352)
Reg. Drought (¢t — 1) -0.00940
(0.00583)
Reg. Landslide (t — 1) 0.00485
(0.00650)
Reg. Gov. Consumption (¢t — 1) 0.00265
(0.0261)

Panel B: First-stage estimates

Democracy (Reg.) 0.6034*** 0.5503*** 0.5539%** 0.5195*** 0.5468*** 0.5431*** 0.5539***
(0.0806) (0.0919) (0.0939) (0.0990) (0.0925) (0.0926) (0.0916)
Observations 6,822 6,822 6,631 5,962 6,719 6,822 6,822
Countries 169 169 169 141 169 169 169
CD F-Stat. 612.69 452.11 463.53 344.70 441.95 431.71 456.05
SY 10% IV size 16.38 16.38 16.38 16.38 16.38 16.38 16.38
AR p-value 0.00 0.00 0.01 0.03 0.01 0.01 0.01
SW p-value 0.00 0.00 0.01 0.03 0.01 0.01 0.00
OP F-Stat. 93.38 83.77 81.11 70.51 82.35 80.76 77.08
OP 7 =5% 33.11 33.11 33.11 33.11 33.11 33.11 33.11
UCT (lower) 0.016 0.016 0.012 0.007 0.033 0.014 0.017
UCT (upper) 0.056 0.062 0.057 0.054 0.056 0.061 0.061
KP rk LM p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Equal. (p-value) - 0.852 0.919 0.707 0.876 0.933 0.858
R-Squared 0.96 0.96 0.96 0.96 0.96 0.96 0.96

Notes: Using data from Feenstra et al. (2015), the dependent variable is the log of GDP per capita. The unit of observation
is the country-year. The standard errors are reported in parentheses, are clustered at the country level, and are robust to
heteroscedasticity. Panel A reports second-stage estimates. Panel B presents first-stage estimates. The instrumental variable
is the regional degree of democratization in year ¢ — 1 (jackknifed). All regressions include country fixed effects and year fixed
effects. The control variables are regional averages (jackknifed) and taken from Bluhm et al. (2016), Feenstra et al. (2015),
Guha-Sapir et al. (2015) and World Bank (2017). The bottom section of the table reports a number of test statistics to
substantiate the strength and the validity of the instrumental variable. The Anderson-Rubin (AR) Wald test evaluates the null
hypothesis Hg : v = 0, and is robust to weak instrumentation. The Stock-Wright (SW) test analyzes the same hypothesis, using
a Lagrange Multiplier (LM) procedure. The Cragg-Donald (CD) F-statistic indicates the overall strength of the instrumental
variable. The related critical value is denoted by SY 10% IV size and is taken from Stock and Yogo (2005). Since the CD
F-statistic may be invalid in the presence of cluster-robust standard errors, the table also reports the Olea and Pfliiger (OP)
F-statistic, which allows for standard errors that are clustered, heteroscedastic, and serially correlated. The related critical
value is denoted by OP 7 = 5%. The KP rk LM p-value documents the p-value of the underidentification test proposed by
Kleibergen and Paap (2006). UCI (lower) and UCI (upper) indicate the boundaries of the union of confidence interval (UCI) test
introduced by Conley et al. (2012). Equal (p-value) refers to the p-value of the Wald test for equality of parameter estimates.
The base of comparison is the point estimates reported in Column (1). The following notation is used to highlight coefficients
that are significantly different from zero: xp < .10, * x p < .05, * * *p < .01.
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Table C.5 Democracy and economic development — Alternative aggregation techniques

CSVMDI Additive Multiplicative Mixed Latent
(Baseline) (Equal) (Equal) (Equal) Variable
(1) (2) (3) (4) (5)
Democracy 0.0198* 0.0354* 0.0307** 0.0334** 0.0379*
(0.0107) (0.0183) (0.0131) (0.0152) (0.0200)
Log GDPP¢ (t — 1) 1.169*** 1.167*** 1.168*** 1.167*** 1.166***
(0.0315) (0.0316) (0.0315) (0.0315) (0.0315)
Log GDPP¢ (t — 2) -0.189*** -0.188*** -0.189*** -0.188*** -0.188***
(0.0269) (0.0270) (0.0269) (0.0270) (0.0270)
Log GDPP¢ (t — 3) 0.0428 0.0425 0.0429 0.0427 0.0424
(0.0303) (0.0303) (0.0303) (0.0303) (0.0302)
Log GDPP¢ (t — 4) -0.0577*** -0.0568*** -0.0571*** -0.0570*** -0.0566***
(0.0141) (0.0141) (0.0141) (0.0141) (0.0140)
Observations 7,606 7,606 7,606 7,606 7,606
Countries 170 170 170 170 170
CF F-Stat. 844.80 463.02 746.28 629.55 380.92
SY 10% 1V size 16.38 16.38 16.38 16.38 16.38
AR p-value 0.06 0.05 0.01 0.02 0.05
SW p-value 0.04 0.04 0.01 0.02 0.05
OP F Stat. 111.72 88.89 112.98 101.52 89.26
OP 7 =5% 33.11 33.11 33.11 33.11 33.11
UCI (lower) 0.002 0.002 0.005 0.007 -0.003
UCI (upper) 0.038 0.068 0.056 0.060 0.079
KP rk LM p-value 0.000 0.000 0.000 0.000 0.000
CSVMDI Ratio - 1.788 1.551 1.687 1.914
R-Squared 0.96 0.96 0.96 0.96 0.96

Notes: Using data from Feenstra et al. (2015), the dependent variable is the log of GDP per capita. The unit of
observation is the country-year. The standard errors are reported in parentheses, are clustered at the country level,
and are robust to heteroscedasticity. The instrumental variable is the regional degree of democratization in year ¢t — 1
(jackknifed). All regressions include country fixed effects and year fixed effects. The measures of democracy only
differ with regard to the aggregation technique. The bottom part of the table reports a number of test statistics to
substantiate the strength and the validity of the instrumental variable. The Anderson-Rubin (AR) Wald test evaluates
the null hypothesis Hy : v = 0, and is robust to weak instrumentation. The Stock-Wright (SW) test analyzes the same
hypothesis, using a Lagrange Multiplier (LM) procedure. The Cragg-Donald (CD) F-statistic indicates the overall
strength of the instrumental variable. The related critical value is denoted by SY 10% IV size and is taken from Stock
and Yogo (2005). Since the CD F-statistic may be invalid in the presence of cluster-robust standard errors, the table
also reports the Olea and Pfliiger (OP) F-statistic, which allows for standard errors that are clustered, heteroscedastic,
and serially correlated. The related critical value is denoted by OP 7 = 5%. The KP rk LM p-value documents the
p-value of the underidentification test proposed by Kleibergen and Paap (2006). UCI (lower) and UCI (upper) indicate
the boundaries of the union of confidence interval (UCI) test introduced by Conley et al. (2012). The following notation
is used to highlight coefficients that are significantly different from zero: xp < .10, * * p < .05, * * *p < .01.
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Table C.6 Democracy and economic development — Alternative aggregation techniques

CSVMDI Additive Multiplicative Mixed Latent
(Baseline) (PCA) (PCA) (PCA) Variable
1) (2) (3) (4) (5)
Panel A: Second-stage estimates
Democracy 0.0392*** 0.0530*** 0.0473*** 0.0509*** 0.0636***
(0.0138) (0.0200) (0.0151) (0.0170) (0.0241)
Log GDP?° (t — 1) 1.170*** 1.168*** 1.169*** 1.168*** 1.167%**
(0.0333) (0.0339) (0.0332) (0.0335) (0.0340)
Log GDPP?€ (t — 2) -0.190*** -0.190*** -0.191*** -0.190"** -0.190***
(0.0313) (0.0313) (0.0313) (0.0313) (0.0314)
Log GDPP?* (t — 3) 0.0368 0.0358 0.0369 0.0364 0.0356
(0.0301) (0.0298) (0.0301) (0.0300) (0.0297)
Log GDP?¢ (t —4) -0.0540*** -0.0529*** -0.0527*** -0.0527*** -0.0521%**
(0.0131) (0.0129) (0.0130) (0.0130) (0.0130)
Investment (¢t — 1) 0.0354* 0.0357* 0.0367* 0.0361* 0.0356™
(0.0198) (0.0199) (0.0197) (0.0197) (0.0202)
Openness (t — 1) 0.0181%* 0.0178*** 0.0173** 0.0176** 0.0175***
(0.00709) (0.00685) (0.00693) (0.00689) (0.00677)
Inflation (¢t — 1) -0.0335** -0.0343** -0.0346** -0.0345** -0.0340**
(0.0159) (0.0162) (0.0161) (0.0162) (0.0166)
Observations 6,832 6,832 6,832 6,832 6,832
Countries 169 169 169 169 169
CD F-Stat. 558.74 418.60 594.22 545.09 310.27
SY 10% 1V size 16.38 16.38 16.38 16.38 16.38
AR p-value 0.00 0.00 0.00 0.00 0.00
SW p-value 0.00 0.00 0.00 0.00 0.00
OP F Stat. 97.90 83.63 99.37 92.81 83.97
OP 7 =5% 33.11 33.11 33.11 33.11 33.11
UCI (lower) 0.018 0.014 0.024 0.023 0.020
UCI (upper) 0.060 0.092 0.070 0.079 0.107
KP rk LM p-value 0.000 0.000 0.000 0.000 0.000
CSVMDI Ratio - 1.352 1.207 1.298 1.622
R-Squared 0.96 0.96 0.96 0.96 0.96

Panel B: Difference GMM estimates

Democracy 0.0198™ 0.0254** 0.0228** 0.0262** 0.0250™*
(0.0101) (0.0107) (0.0106) (0.0111) (0.0200)
Log GDPP?¢ (t — 1) 1.418*** 1.306*** 1.371%%* 1.341%** 1.305%**
(0.102) (0.109) (0.0993) (0.104) (0.103)
Log GDPP?° (t — 2) -0.446*** -0.295"* -0.394™** -0.346™* -0.301**
(0.129) (0.136) (0.129) (0.133) (0.128)
Log GDPP?°¢ (t — 3) 0.0778** 0.0477 0.0707* 0.0577 0.0533
(0.0363) (0.0363) (0.0365) (0.0364) (0.0349)
Log GDPP?¢ (t —4) -0.0518"* -0.0475** -0.0525** -0.0496™* -0.0520**
(0.0228) (0.0221) (0.0220) (0.0220) (0.0212)
Observations 7,436 7,436 7,436 7,436 7,436
Countries 170 170 170 170 170
Hansen p-value 0.072 0.038 0.041 0.035 0.027
AR(1) p-value 0.000 0.001 0.000 0.000 0.000
AR(2) p-value 0.201 0.799 0.327 0.546 0.724
Instruments 120 120 120 120 120
CSVMDI ratio - 1.283 1.152 1.323 1.263

Notes: Using data from Feenstra et al. (2015), the dependent variable is the log of GDP per capita. The unit
of observation is the country-year. Panel A presents second stage estimates and Panel B reports Difference GMM
estimates. The standard errors are reported in parentheses, are clustered at the country level, and are robust to
heteroscedasticity. The instrumental variable is the regional degree of democratization in year ¢t — 1 (jackknifed). All
regressions include country fixed effects and year fixed effects. The measures of democracy only differ with regard to the
aggregation technique. The bottom part of the table reports a number of test statistics to substantiate the strength
and the validity of the instrumental variable. The Anderson-Rubin (AR) Wald test evaluates the null hypothesis
Hyp : v = 0, and is robust to weak instrumentation. The Stock-Wright (SW) test analyzes the same hypothesis,
using a Lagrange Multiplier (LM) procedure. The Cragg-Donald (CD) F-statistic indicates the overall strength of the
instrumental variable. The related critical value is denoted by SY 10% IV size and is taken from Stock and Yogo
(2005). Since the CD F-statistic may be invalid in the presence of cluster-robust standard errors, the table also reports
the Olea and Pfliiger (OP) F-statistic, which allows for standard errors that are clustered, heteroscedastic, and serially
correlated. The related critical value is denoted by OP 7 = 5%. The KP rk LM p-value documents the p-value of the
underidentification test proposed by Kleibergen and Paap (2006). UCI (lower) and UCI (upper) indicate the boundaries
of the union of confidence interval (UCI) test introduced by Conley et al. (2012). The following notation is used to
highlight coefficients that are significantly different from zero: *p < .10, % * p < .05, * * xp < .01.
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